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FOREWORD
The goal of this publication is to provide an assessment of an integrated list of 39 issues that have

been

assembled from three prior reviews of various forerunners of ASME Boiler and Pressure Vessel Code

(“BPVC”), Section Il Rules for Construction of Nuclear Facility Components, Division 5
Temperature Reactors, Code rules for metallic coolant boundary components and core supports
focus of the assessment has been on whether the current BPVC Section Ill, Division 5 Code
provide reasonable assurance of adequate protection against identified structural failure modes
respect to these issues.

High

. The

rules
with

stablished in 1880, ASME is a professional not-for-profit organization with more than"10(,000
embers promoting the art, science, and practice of mechanical and multidisciplinary engineering and

llied sciences. ASME develops codes and standards that enhance public safety, and ASME pro

ides

lifelong learning and technical exchange opportunities benefiting the engineering’and technaglogy

ommunity. Visit www.asme.org for more information.

TLLC is a not-for-profit limited liability company, with ASME as the sole.mémber, formed in

004

carry out work related to new and developing technologies. STLLC’s.niission includes meeting the

gdvance the application of emerging and newly commercialized science and technology and pro
the research and technology development needed to establish and,‘maintain the technical relevan
¢odes and standards. Visit http://asmestllc.org/ for more information.

eeds of industry and government by providing new standards-related products and services, which

ides
ce of
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EXECUTIVE SUMMARY

This gap analysis report provides an assessment of an integrated list of 39 issues assembled from three
prior reviews of various forerunners of BPVVC Section Ill, Division 5 Code rules for metallic coolant
boundary components and core supports. The focus of the assessment has been on whether the current
BPVC Section Ill, Division 5 Code rules provide reasonable assurance of adequate protection against
identified structural failure modes with respect to these issues. If gaps are identified, an attempt was
made to assess whether they are related to the adequacy or the optimization of the Code rules. For
example, extension to cover longer design lifetimes that does not affect the adequacy of the underlying

4

q

echnical basis of the rules corresponds o optimization. The 39 gaps and I1SsUes evaluated in this.r

riginated from four references: O’Donnell, Hull and Malik’s 2008 paper [1]; O’Donnell andGrif

Commission (NRC) NUREG report by Huddleston and Swindeman [4].

2007 STLLC STP-NU-010 report [2]; the 1985 paper by Griffin [3]; and the 1993 NuclearRegul

The comprehensive STP-NU-010 report by O’Donnell and Griffin [2] itemized 254tems that are
in Table 1. Each of the items is assigned a distinct item number for ease of reference. O’Donnell,

nd Malik’s paper in 2008 [1] summarized these issues and is largely based ofthe STP-NU-010 r

2],

Table 1: Safety Issues for Structural Design of Very High Temperature:R&actor and Gen 1V Systen
O’Donnell, Hull and Malik 2008 [1] and O’Donnell and)Griffin 2007 [2]

bport
fin’s
htory

isted
Hull
pport

Original Item

Item title

Corresponding Iss

ue

number number in this report
0G-1 Transition joints 1.1
0G- 2 Weld residual stresses .2
0G-3 Design loading combinations VIl. 1
0G-4 Creep-rupture and fatigue damage 1.4
0G-5 Simplified bounds for creep ratcheting 1.2
OG- 6 Thermal striping 1.8
0G-7 Creep-fatiguesanalysis of Class 2 and 3 piping 1.5
OG-8 Are limits of-Case N-253 for elevated-temperature Class 2 and 3 | VI.1
compenents met?
0G-9 Creep’buckling under axial compression — design margins .11
0G-10 Identify areas where Appendix T rules are not met 1.1
0G-11 Rules for component supports at elevated-temperature V.1
0G-12 Strain and deformation limits at elevated-temperature 1.3
0G-13 Evaluation of weldments .3
0G-14 Material acceptance criteria for elevated-temperature 1. 2
0G- 15 Creep-rupture damage due to forming and welding 1.1
0G- 16 Mass transfer effects VIl. 2
0G- 17 Environmental effects Vil. 3
0G- 18 Fracture toughness criteria VII. 5
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Original Item | Item title Corresponding Issue
number number in this report
0G- 19 Thermal aging effects .4
0G- 20 Irradiation effects VIl. 4
0G-21 Use of simplified bounding rules at discontinuities .9
0G- 22 Elastic follow-up 1.6
0G-23 Design criteria for elevated-temperature core support structures | V.2
and welds
0G- 24 Elevated-temperature data base for mechanical properties 1.3
0G- 25 Basis for leak-before-break at elevated temperatures VI 6
INote: The issues were not ranked in any particular order by the authors.

In the 1985 paper by Griffin “Elevated Temperature Structural Design Evaluation Issues in LM[FBR
ILicensing” [3], nine issues associated with elevated temperature structural design identified by the NRC
licensing review of Clinch River Breeder Reactor Plant (CRBRP) fop-a construction permit pvere
described. These nine items are listed in Table 2. It was noted in the paper that “the design criterig and
basic approach to design evaluation were accepted and that no mdjor inadequacies were discovered.”

Table 2: Elevated Temperature Structural Design Issues in Lighid Metal Fast Breeder Reactor Licensing
Identified by GriffinJ3]

Original Item | Item title Corresponding Issye
number number in this repI)rt
G-3.1 Weldment Safety Evaluation 1.2; 1.3
G-3.2 Notch Weakening V.3

G-3.3 Design Analysis Methods,.GCodes and Standards n.7

G-3.4 Steam Generator l.10

G-4.1 Elevated-temperature-seismic effects VI.5

G-4.2 Elastic follow-up-in' elevated-temperature piping 1.6

G-4.3 Creep-fatigtierevaluation 1.5

G-4.4 Plastic strain concentration factors 1.7

G-4.5 Intermediate heat transport system transition weld 1.1

Note: The issues«were not ranked in any particular order by the authors.

In addition, 23)items were identified in the 1993 NRC NUREG report by Huddleston and Swind¢man
[4]. The perspective of the Huddleston-Swindeman report is somewhat different in that it is intended
‘to identify any code design basis issues that could negatively impact (delay) the design certification
Process. ” Many of the 1dent1ﬁed issues are taken from Volume 1 of the four part Weldlng Resg¢arch
hture
Design [5], WhICh is discussed in more detall in the ASME NTB-2- 2019 report Background Information
for Addressing Adequacy or Optimization of ASME BPVC Section IlI, Division 5 Rules for Metallic
Components [6]. The WRC report is quoted extensively in the Huddleston-Swindeman report.
However, in terms of reactor types considered, the scope of Huddleston-Swindeman [4] is much
broader and the operating conditions potentially more demanding. Also, significantly, the full list of
issues is narrowed to ten major issues in the report. The 23 items identified by Huddleston-Swindeman
are listed in Table 3, and those identified as major issues by the authors are marked.
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Table 3: Material and Design Bases Issues in ASME Code Case N-47 Identified by Huddleston and
Swindeman [4]

Original Item title One of the | Corresponding

Item 10 major Issue number

number issues in this report

HS-1 Lack of Material Property Allowable Design Data/Curves for 60- | Yes .2;1.3
Year Design Life

HS- 2 Degradation of Material Properties at High Temperatures due to | Yes VII. 4
Long-Term Irradiation |

HS- 3 Degradation of Material Properties due to Long-Term Thermal No i’h
Aging

HS- 4 Degradation of Material Properties due to Corrosion Yes VIL|3
Phenomena

HS- 5 Lack of Property Allowables Based on Current Melting and No I.2;1.3
Fabrication Practices

HS- 6 Degradation Effect of Small Cyclic Stresses No VIR

HS- 7 Creep Induced Failures at Temperatures Below CCN47 Limits No VI.B

HS- 8 Use of Average vs Minimum Material Properties in Design No I. b

HS- 9 Lack of a Design Methodology for Modified 9Cr-1Mo Steel No I.p

HS- 10 Lack of Understanding/Validation of Effects of Short<Term No Vi.|4
Overload Events on Subsequent Mechanical Propérties

HS- 11 Lack of Validated Thermal Striping Materials and\Design Yes .8
Methodology

HS- 12 Lack of Reliable Creep-Fatigue Design Rules Yes 1.5

HS- 13 Difficult, Overly Conservative Ratchéting Design Rules No 1.2

HS- 14 Lack of a Validated Weldment Design Methodology Yes n.2; .3

HS- 15 Lack of Flaw Assessment Procedures Yes VIL|7

HS- 16 Uncertainty of Multiaxial Stress State Effect No [\VA

HS- 17 Uncertainty of Nonradial (Nonproportional) Loading Effect No V.2

HS- 18 Lack of Understanding/Validation of Notch Weakening Effects Yes IV

HS- 19 Lack of Conservatism in Code Rules for Simplified Fatigue No 1.7
Evaluations.Based on Plastic Strain Concentration Factors

HS- 20 Lack of Validated Rules/Guidelines to Account for Seismic Yes VL.|5
Effects at Elevated, Temperature

HS- 21 [ack of Inelastic Design Procedures for Piping Yes .y

HS- 22 Overly Conservative Buckling Rules No .11

HS- 23 Need for Thermal Stratification Design Guidelines No VL.[6

Note?)The issues were not ranked in any particular order by the authors.

There is considerable overlap in the identified issues among these sources [1], [2], [3], [4]. Combining
all the items from these references, a total of 39 issues are recognized and are further grouped into 6
categories: (1) Issues Relating to Strain, Deformation, and Fatigue Limits; (2) Issues Relating to
Materials Properties; (3) Welds and Core Supports; (4) Multiaxiality; (5) Miscellaneous Issues; and (6)
Issues Outside of Division 5 Scope. Table 4 lists these 6 categories and the issues under each category.
The origins of these issues are also identified in Table 4.

Xi


https://asmenormdoc.com/api2/?name=ASME NTB-3 2020.pdf

ASME NTB-3-2020: GAP ANALYSIS FOR ADDRESSING ADEQUACY OR OPTIMIZATION OF ASME
BPVC SECTION IlI, DIVISION 5 RULES FOR METALLIC COMPONENTS

Table 4: Issues for Assessing the Adequacy or Optimization of the Current BPVC Section |11, Division 5
Rules and Code Cases in Construction of High-Temperature Reactors

Issue Number | Origin of Issue* Issue Title
Category I: Relating to Strain, Deformation, and Fatigue Limits
Issuel. 1 0G-10 Identify areas where Appendix T rules are not met
Issue l. 2 0G-5, HS-13 Simplified bounds for creep ratcheting
Issuel. 3 0G-12 Strain and deformation limits at elevated-temperature
Issue I. 4 0G-4 Creep-rupture and fatigue damage
Issuel. 5 0G-7, G-4.3, HS-12 Creep-fatigue analysis of Class 2 and 3 piping
Issue l. 6 0G-22, G-4.2 Elastic follow-up
Issuel. 7 G-4.4, HS-19 Plastic strain concentration factors/Lack of Conservatism,in Cofle Rules
for Simplified Fatigue Evaluation Based on Plastic Strain Concegntration
Factors
Issuel. 8 0G-6, HS-11 Thermal striping
Issuel. 9 0G-21 Use of simplified bounding rules at discontinuities
Issue l. 10 G-3.4 Steam generator tubesheet evaluation
Issuel. 11 0G-9, HS-22 Creep buckling under axial compression’— design margins
Category Il: Relating to Materials Properties
Issue ll. 1 0G-15 Creep-rupture damage due to’forming and welding
Issue ll. 2 0G-14, HS-1, HS-5 Material acceptance criteria for elevated-temperature
Issuelll. 3 0G-24, HS-1, HS-5 Elevated-temperature data base for mechanical properties
Issue ll. 4 0G-19, HS-3 Thermal aging effects
Issuell. 5 HS-9 Lack of a design methodology for Modified 9Cr-1Mo steel
Issue ll. 6 HS-8 Use of averagews." minimum material properties in design
Issue ll. 7 G-3.3, HS-21 Material property representation for inelastic analysis/Lack of [inelastic
design procedures for piping
Category Ill: Welds
Issue lll. 1 0G-1, G-4.5 Transition joints
Issue lll. 2 0G-2, G-3.1, HS-14 Weld residual stresses
Issue lll. 3 0G-13, G-3.1, HS-14._) Evaluation of weldments
Category IV: Multiaxiality
Issue IV. 1 HS-16 Uncertainty of multiaxial stress state effects
Issue IV. 2 HS-17 Uncertainty of non-radial (non-proportional) loading
Issue IV. 3 G-3.2, HS-18 Notch weakening/Lack of understanding/validation of notch wgakening
effects
Category V: Components and Core Supports
Issue V. 1 0G-11 Rules for component supports at elevated-temperature
Issue V. 2 0G-23 Design criteria for elevated-temperature core support structdyres and
welds
Category VI: Miscellaneous Issues
IssueVI. 1 0G-8 Are limits of Case N-253 for elevated-temperature Class 2 and 3
components met?
Issue VI. 2 HS-6 Degradation effect of small cyclic stresses
Issue VI. 3 HS-7 Creep-induced failures at temperatures below Code Case N-47 limits
Issue VI. 4 HS-10 Lack of understanding/validation of effects of short term overload
events on subsequent material properties.
Issue VI. 5 G-4.1, HS-20 Elevated-temperature seismic effects/Lack of validated
rules/guidelines to account for seismic effects at elevated
temperature
Issue VI. 6 HS-23 Need for thermal stratification guidelines

Xii
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Issue Number | Origin of Issue* Issue Title
Category VII: Issues Outside of Division 5 Scope
Issue VII. 1 0G-3 Design loading combinations
Issue VII. 2 0G-16 Mass transfer effects
Issue VII. 3 0G-17, HS-4 Environmental effects
Issue VII. 4 0G-20, HS-2 Irradiation effects
Issue VII. 5 0G-18 Fracture toughness criteria
Issue VII. 6 0G-25 Basis for leak-before-break at elevated temperatures
Tssue VIT. 7 HS-15 [ack of flaw assessment procedures

Note: (1) * Origin of Issue refers to the item numbers in Table 1, Table 2 and Table 3.
(2) The issues are not ranked in any particular order.

The issues discussed in this report, as well as those identified in the four references, werenot ran
in any particular order by the authors.

ed

he discussions of these 39 issues in this document use the O’Donnell, Hull and Malik 2008 papgr [1]

s the baseline, and the text explaining the issues is taken from that report. Duplication from the
riffin and Huddleston-Swindeman document is noted and discussed as appropriate. Additional
issues beyond those identified by O’Donnell, Hull and Malik [1] are diseussed.

In addition to the Summary of each tabulated issue, there is a General"Assessment of its significance,
aterial Specific Remarks as applicable, Required Actions, if any, and Conclusions regarding gaps or

ctions addressing the adequacy or optimization of BPVC Section 1, Division 5. Thus, for each

gnalysis perspective.

Xiii

bulated issue, there are five subheadings expanding on theissue and its determination from a gqp
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ABBREVIATIONS AND ACRONYMS

ACRS Advisory Committee on Reactor Safeguards
ASME American Society of Mechanical Engineers
BPVC Boiler and Pressure Vessel Code
CcC Code Case
CRBR Clinch River Breeder Reactor
CRBRP Clinch River Breeder Reactor Plant
DPMW Dissimilar Metal Weld
DPOE Department of Energy
EPP Elastic Perfectly Plastic
FEA Finite Element Analysis
FFTF Fast Flux Test Facility
Grol Modified 9Cr-1Mo
HTGR High Temperature Gas-cooled Reactor
HTR High Temperature Reactor
ISI In-Service Inspection
JSME Japan Society of Mechanical Engineers
I MFBR Liquid Metal Fast Breeder Reactor
LWR Light Water Reactor
MHTGR Modular High Temperature Gas-cooled Reactor
IN/A Not Applicable
INGNP Next Generation Nuclear Plant
INIMS NationalInstitute for Materials Science
NRC Nuclear Regulatory Commission
ORNL Oak Ridge National Laboratory
R&D Research and Development
SMT Simplified Model Test
$TELC ASME Standards Technology, LLC
UK United Kingdom
VHTR Very High Temperature Reactor
WRC Welding Research Council

Xiv
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1 RELATING TO STRAIN, DEFORMATION, AND FATIGUE LIMITS
1.1 Issuel. 1 -Identify Areas Where Appendix T Rules are not Met

1.1.1 Summary
O’Donnell, Hull and Malik [1] summarized this issue in Item OG- 10 as follows:

ApPPeENdix T 1 NH{ 7] provides three eXpressions for determmiming Strair range {81 using
elastic analysis and, if these rules cannot be satisfied, additional rules are provided,
presumably less conservative, based on the results of inelastic analyses which requiire
detailed constitutive models of material behavior under time varying loading conditions.
For the CRBR, these behavioral models were a contractual provision based{enn RDT
Standards. These applicable standards are no longer maintained and there. have been
numerous technical developments in this area since then [9]. Appendix T rules'cover strain,
deformation, creep and fatigue limits at elevated temperatures for 304SS/316 SS (816°C),
Alloy 800H (760°C), 2.25Cr-1Mo (593°C), 9Cr-1Mo-V (649°C). Development of material
models for materials not currently covered or for temperatures beyond their original range
of verification will be a considerable effort. Modifications in Appendix T rules for higher
temperatures and additional materials (e.g., Alloy 617, Hastelpy X/XR) may be needed.

1.1.2 General Assessment

Appéndix HBB-T of BPVC Section Ill, Division 5 provides’procedures to evaluate strain limits and
fatiglie damage using elastic analysis. Alternatively, for Same Class A materials, recent code cases prq
procedures based on Elastic-Perfectly plastic (EPP) analysis. If these rules cannot be satisfied, addit
ruleq are provided which are based on results of.inelastic analyses. However, inelastic analysis req
detailed constitutive models of material behaviop under time varying loading conditions. For the CH

reep
vide
onal
uires
RBR,

thesq behavioral models were based on Nuclear Standard NE F9-5T. This standard is no longer maintajined,

and humerous technical developments havebeen made since. However, ASME has established a wo
group to develop inelastic analysis methods and constitutive models for Class A materials for incorpor|
into BPVC Section 1ll, Division 5.'Models for several materials have been developed and are read
ASME Code action [10], and the development process continues in the working group for the rema
materials.

1.1.83 Material Specifie’Remarks

Nong.

1.1.4 Action-Required
(1) Complete the extension of the EPP methods to the remaining Class A materials, and (2) proce

king
ation
iy for
ning

pd to

ballgt the-recommended constitutive equations developed in the Working Group on Analysis Method

1.1.5 Conclusion

Categorized as Optimization.
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1.2 Issuel. 2 - Simplified Bounds for Creep Ratcheting

1.2.1 Summary
From O’Donnell, Hull and Malik [1] Item OG- 5:

The Draft Code Case for Alloy 617 imposes ratcheting strain limits that are similar to the
limits given in Subsection NH, but is restricted to an upper temperature limit of 649°C.

eting

ature
najor

The

ruleq are also complicated to apply. The BPVC Section Ill, Division 5 elastic rules for strain Iymits

evaldiation are based on the decoupling of creep and plasticity. For témperatures above a certain cut off

of Type 304 and 316 stainless steels does not depend on thezdecoupling of creep and plasticity. It has
demonstrated by tests to be applicable to the full temperature range permitted code allowable stre
inclyding very high temperatures where creep and plasticity are no longer decoupled. Cut off temperd
for the Class A materials have recently been established [12].
1.2.83 Material Specific Remarks

An Alloy 617 Code Case that includes thesEPP methodologies which do not depend on the decoupli
creep and plasticity, and hence do not have the 649°C upper temperature limit for Alloy 617 as in the cu
strain accumulation rules, is beinghaloted by ASME Code committees.

1.2.4 Action Required

(1) Gomplete the ASME-approval process for the Alloy 617 Code Case, and (2) complete the extensi
the BPP methods to the.remaining Class A materials.

1.2.5 Conclusion

Tentptively.categorized as optimization.

f, the
bsary
Ation
been
sses,
tures

ng of
rrent

bn of

1.3 | vlssue l. 3 = Strain and Deformation Limits at Elevated-Temperature

1.3.1 Summary
From O’Donnell, Hull and Malik Item OG- 12:

Current NH rules address these issues; however, extrapolation of creep- fatigue data is an
ongoing challenge particularly at the extremes of the creep regime. At the low temperature
end the concern involves the definition of negligible creep and at the very high temperature
end one of the issues is whether or not plasticity and creep can be separated. Although there
can probably be improvement in the current NH approaches, the major issues identified
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with NH, particularly with respect to other international Codes, is that NH is too
conservative by comparison [9]. The extrapolation of time-dependent data where fatigue is
present represents a very significant challenge to the design [13].

1.3.2 General Assessment

The temperature cut off issue is the same as the simplified bounds discussed in Issue I. 2 above. The
conservativism of the current BPVC Section 11, Division 5 elastic rules for strain limits evaluation above
the cut off temperature is currently being evaluated by ASME.

1.3.
Nong.

Material Specific Remarks

1.3.
Co

Action Required

lete the extension of the EPP methods to the remaining Class A materials.

1.3.
Cateporized as Optimization.

Conclusion

1.4 Issuel. 4 - Creep-Rupture and Fatigue Damage

1.4.

Fro

Summary
O’Donnell, Hull and Malik Item OG- 4:

Creep is expected to be a problem for VHTR (hot vessel option) and Gen IV. Subsection
NH design rules need extension to higher<temperatures to account for creep rupture,
excessive creep deformation, creep buckling, cyclic creep ratcheting, and creep-fatigue
damage. Fatigue, creep, and creep-fatigue interactions are expected to be technical issues
of concern [14], [15]. Improved. (correlations for creep and creep-fatigue have been
developed from research of the 1990s but are not yet included in the ASME Code [16].
New work has been proposed to ensure that recent technology developments are
incorporated [9].

1.4.2 General Assessment

The ponservatism of thecurrent creep-fatigue rules was increased with a more conservative design factor
basefl on the results<from the Eddystone Power Plant (supercritical steam plant) failure and subsequent
therrpal shock tests—results and analysis through a Department of Energy (DOE)/United Kingdom
collgborative pragram. As a result, the current BPVC Section 11, Division 5 creep-fatigue design rulgs are
consjdered to-be overly conservative and very complex to apply. There are efforts by ASME to reduge the
comyFIexity by developing EPP technology. The over conservatism is being addressed by the development

of infegrated EPP and Simplified Model Test (SMT) creep-fatigue design methodology.

1.4.3 Material Specific Remarks
None.

1.4.4 Action Required
Continue development of EPP and integrated EPP plus SMT design methodologies.
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1.4.5 Conclusion

Tentatively categorized as optimization.

15

Issue I. 5 — Creep-Fatigue Analysis of Class 2 and 3 Piping

1.5.1 Summary
From O’Donnell, Hull and Malik’s Item OG- 7:

Griff

Htheoperatimgtemperaturesfor Class—2and—3pipimyg—are T thecreep Tange forthe
materials then creep-fatigue analysis should be done that is beyond the scope of the current
Subsection NC (Class 2) and Subsection ND (Class 3). There are simplified creep-fatigue
analysis procedures for piping in the current Code Case N-253 [17] which supplemeént
Subsection NC and Subsection ND in the high temperature range.

resol

in’s [3] Item G-4. 3 “Creep-fatigue evaluation” discusses three specific CRBRP issues that
ed. The first was taking credit for increased creep damage resistance of 304SS and 316SS d

comypressive holds vs. tensile holds. (Note that this is incorporated in the current Huddleston effective s
factdrs used in inelastic analysis.) The second was consideration of high cycle fatigue beyond the then
at 1H6 cycles. The issue was resolved by demonstrating the conservatism:of the projects’ extrapolati
1E8 [cycles. The third concern was 2.25Cr-1Mo fatigue which was resolved by the use of the then
fatiglie curves that were approved by the ASME Code.

were
iring
tress
limit
bn to
new

Hudglleston and Swindeman (Iltem HS- 12) provide a morexcomprehensive discussion of postulated
inadgquacies in the current (then CC N-47) linear damage summation based design rules for evaluati
creep-fatigue damage. It is noted that the current simplified rules have been criticized as “empi
excepsively conservative, and difficult to understand and apply”. Specifically identified is the need for|
term|data, noting that current laboratory tests with acdfew hold times as long as 10 h fall far short of g

reac

1.5

Reg3
arer
5 de
Case
rules
requ
The

to th

The
ISsud
addr

r hold times that may range up to 1500 h.

P General Assessment

rding the Item OG- 7, BPVC Sectian' 11, Division 1, Class 2 and 3 elevated-temperature compo
b-designated as Class B components in BPVC Section 11, Division 5. The BPVC Section 111, Diy
ign rules for Class B compgnents are essentially the same as the BPVVC Section 11, Division 1

N-253. Piping is the only_component with a specified creep-fatigue design procedure in the ClI
rements for Class A.construction are satisfied.

bpecific CRBRPrissues discussed by Griffin under Item G-4. 3 were resolved by subsequent revi
b Code rules—No further action is required to address Class 2 and 3 piping nor the CRBRP issues

Huddleston and Swindeman discussion (Item HS- 12) was more broadly defined. As noted abo

bssedothrough efforts by ASME in developing EPP technology. The over conservatism is Kk

bn of
rical,
long
ctual

hents
ision
Code
hss B

. Recent ASME Code daction permits the use of Class A rules for Class B components provided all the

5ions

ve in

I. 4 £Creep-rupture and fatigue damage”, the complexity and difficulty of the current rules is heing

eing

addr

bssed h\}/ the dn\/nlnpmpm‘ of inmgmfnd EPP and SMT r‘rnnp-fnfiglm dncign mnfhnr{nlngy

1.5.3 Material Specific Remarks

None.

1.5.4 Action Required
Continue development of EPP and integrated EPP plus SMT design methodologies.
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1.5.5 Conclusion

Categorized as Optimization.

1.6

Issue I. 6 — Elastic Follow-Up

1.6.1 Summary
From O’Donnell, Hull and Malik (Item OG- 22), this is related to Item OG- 21 on the use of simplified

boun

ding rules at discontinuities:

Accounting for the effects of elastic follow-up is a significant part of simplified bounding
rules. This concern may depend on the specific design features of components (e.g. piping,
local reduction in size of a cross section or local use of a weaker materials) that may-cause
only a small portion of the structure to undergo inelastic strains while the major portion of
the structural system behaves in an elastic manner, then certain highly stressedareas may
be subjected to strain concentrations due to the elastic follow-up of the rest of the connected
structure [18].

Fronp Griffin’s Item G-4. 2 “Elastic follow-up in elevated-temperature piping?:

Itis

1.6.

Curr]
to p
expa
for s
fatig
the i

1.6.

Nong.

1.6.4
(1) E
pipin
the i

1.6.9

The issue was resolved by agreement between the NRC and the Project on a method for
guantifying elastic follow-up and a criterion for determinifig the portion of thermal
expansion stress to be treated as primary.

further noted that elastic follow-up was confirmed to be negligible in the CRBRP hot leg piping.

P General Assessment

ent rules do not provide explicit guidance for piping systems with large elastic follow up. This can
ptentially over conservative design due to <the consideration of stresses from restrained thg
nsion as being load controlled in estimating-the resultant strain accumulation. The EPP methodg
train limits can be used to assess piping-systems. However, further assessment is needed for
e damage evaluation of piping systems with large elastic follow-up, using either the EPP meth
ntegrated EPP and SMT methodology that is currently being developed.

B Material Specific Remarks

h

I Action Required

g systems with significant elastic follow-up, and (2) complete the development of the EPP metho
ntegrated’EPP and SMT methodology for creep fatigue for piping systems.

b wConclusion

lead
rmal
logy
reep
bd or

stablish a limitfor the applicability of the BPVC Section Il, Division 5 simplified bounding rules to

i and

Categorized as Optimization (since one can always fall back to full inelastic analysis.)
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1.7

Issue I. 7 = Plastic Strain Concentration Factors / Lack of Conservatism in

Code Rules for Simplified Fatigue Evaluation Based on Plastic St
Concentration Factors

1.7.1 Summary

rain

As described by Griffin in Item G-4. 4 “Plastic strain concentrations”: the NRC concern was with the use
of the Subsection NB factor, Ke, which allows the stress concentration to be taken as unity until the range
of primary plus secondary stress exceeds 3Sm.

Hudjileston and Swindeman’s Item HS- 19 “ Lack of Conservatism in Code Rules for Simplified Fa

Eval
4. 4.
1.7.]

This
factd
is ad

1.7.1

Nong.

1.7 4
Non

1.7.0
Cate

1.8

1.8.

Fronp O’Donnell, Hull and Malik-Item OG- 6:

hation Based on Plastic Strain Concentration Factors” is a repeat of the discussion in Griffin’s'lte
This is not one of Huddleston and Swindeman’s ten major issues.
P General Assessment

issue is no longer relevant as the procedures for determination and use of the stress concentr|
dressed.

B Material Specific Remarks

h

I Actions Required

b Conclusion
jorized as N/A.

Issue |. 8 — Thermal Striping

| Summary

Generally, the issug.is determination of thermal hydraulic response. Thermal striping may
be significant inliguid-metal (e.g., sodium) cooled reactors e.g. CRBR and lead-cooled
fast reactors (LLERSs) that may be considered for Gen IV options [19], but is not expected to
be such a significant issue for gas-cooled reactors. Thermal striping is considered possible
for internal structures of the hot duct in NGNP options and there is still some concern about
lack/of\validated thermal striping materials and design methodology [20]. The reactor
pressure vessel head and the absorber (control) rod “standpipes” have to be protected
against hot coolant convections (e.g., thermal striping) after a loss of forced helium

tigue
m G-

ation

r, K, are defined in HBB-T-1432 and the use of the Ke factor is restricted such that the NRC corcern

circudatinn 1131 Current NH rudes alreadv nrovide a framowark for assassment of structural
GHGEHaHORHo—SHHe Rt RHHHESaHeaGY-PFoHGE-a-HaeWo ROt ReR-o-SHUGHH<H

response.

Huddleston and Swindeman’s Item HS- 11 “Lack of Validated Thermal Striping Materials and Design
Methodology” discusses the results of thermal stripping tests and sometimes conflicting conclusions
developed by programs at Westinghouse and Rockwell. Abstracting again from reference [5] “Extension
of the ASME Code fatigue curves into the high cycle regime will ultimately be necessary for resolution of
the thermal striping issue. Procedures for characterizing the actual fluid and metal temperatures under
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realistic mixing conditions are also needed.” This was categorized as both a “material and data base” and a
“design bases issue” and was considered one of the top ten major issues.

1.8.2 General Assessment

Current Subsection HB, Subpart B rules provide a framework for assessment of structural response.
Generally, the thermal striping problem is determining the thermal-hydraulic response at the component's
surface rather than determining the structural response. Computational fluid dynamics techniques may be
need for the thermal-hydraulic analysis.

1.8.83 Material Specific Remarks
Nong.

1.8.4 Action Required

High cycle fatigue data are needed for fatigue damage evaluation under thermal\striping conditjions.
Extension of the fatigue design curves for Class A materials to higher cycle counts is needed, e.g.,| 1E9
cycles.

1.8.% Conclusion

Cateporized as adequacy.
1.9 Issuel. 9 - Use of Simplified Bounding Rules at Discontinuities

1.9.1 Summary
Fronp O’Donnell, Hull and Malik Item OG- 21:

Current simplified inelastic methods and" stress classification techniques need to be
assessed for very high temperature_applications, and improved or alternate approaches
developed [21]. This is an importadtissue that is the subject of ongoing R&D efforts [9].

1.9.2 General Assessment

Appé¢ndix HBB-T currently contains “simplified” bounding rules for the evaluation of strain limit§ and
creep-fatigue damage at discontinuities. However, these so-called simplified rules are actually puite
complex. A new methodolegy'based on EPP analysis has been developed which avoids the complexities of
the qurrent rules. The current rules have restrictions on geometry and service level transients. The cyrrent
ruleq are also based en the separation of creep and plasticity, as discussed under Issue I. 3. The new|EPP
Code Cases for strain limits and creep-fatigue damage evaluations have been approved by the ASME for
application to some Class A materials. Development of the EPP methodology for other Class A matgrials
is in[progress: The current BPVC Section Ill, Division 5 simplified bounding rules for strain limit$ and
creep-fatigue are being evaluated by the ASME.

AA 4 H L Y B 1
1.9.0 viatcliidl opCUlIiv RETMTAlr RS

The EPP Code Cases have been approved for use for Type 304 and 316 stainless steels. They are under
Code Committee approval process for Alloy 617. The modification of the EPP methodologies for cyclic-
hardening materials to cyclic-softening material (Gr91) has been established and will be submitted to Code
Committee consideration.

1.9.4 Action Required
Complete the development of EPP methodology for the other Class A materials.
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1.9.5 Conclusion

Categorized as Optimization.

1.10 Issuel. 10 — Steam Generator Tubesheet Evaluation

1.10.1 Summary
This issue is discussed by Griffin in Item G-3. 4 “Steam Generator”:

Tubesheets are complex three-dimensional structures that are difficult to analyze. Section
Il provides a simplified method of analysis based on the equivalent plate congept:
However, this method is not applicable for the CRBRP tubesheet where the loading’is
dominated by large thermal gradients, and deformations are inelastic.

1.10.2 General Assessment

The major advances in Finite Element Analysis (FEA) technology and computing capacity since CRBRP
havel made this issue obsolete although simplified approximations could be.useful in preliminary design
evalyations.

1.10.3 Material Specific Remarks

Nong.

1.10.4 Actions Required
Nong.

1.10.5 Conclusion
Cateporized as N/A.

1.11 Issuel. 11 - Creep Buckling Under Axial Compression — Design Margins

1.114.1 Summary
Fromp O’Donnell, Hull and Malik Item OG- 9:

Load controlled\time-dependent creep buckling factors in Appendix T (T-1522) to
Subsection NHM7] may perhaps need to be reviewed for higher temperature expected in
VHTR (hat{vessel option) and Gen IV. Neither generic issues nor inconsistencies within
the creepg-buckling rules are expected to be of major concern — particularly for thick walled
components. There may be concerns that should be reviewed such as local crimping issue
for.very large diameter, thin walled vessels [9].

The Huddleston and Swindeman discussion in Item HS- 22 “Overly Conservative Buckling Rules” fo¢uses
on buckling in the plastic regime in general and piping elbows specifically. There is particular concern
regarding the requirement that combined displacement-controlled loading and load controlled loading use
the more conservative load factors required for load controlled buckling.

1.11.2 General Assessment

Subsection HB, Subpart B does not provide explicit guidance for evaluating creep buckling but does require
that creep buckling be assessed for complex geometries and/or components that do not meet the time-
dependent buckling exemption criteria. The Code committee responsible for Subsection HB, Subpart B is
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not aware of any generic issues or inconsistencies with the provided load factors and exemption charts. The
current requirements were successfully implemented for the CRBRP.

1.11.3 Material Specific Remarks

None.

1.11.4 Action Required

While the current BPVVC Section 111, Division 5 rules permit creep buckling to be evaluated, guidelines on
the Use of inelastic analysis methods for the creep buckling analysis should be developed by ASME:

1.1145 Conclusion
Cateporized as Optimization.
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2

2.1

RELATING TO MATERIAL PROPERTIES

Issue ll. 1 — Creep-Rupture Damage due to Forming and Welding

2.1.1 Summary
From O’Donnell, Hull and Malik’s Item OG- 15:

This is related to elevated temperature structural integrity issue, Iltem OG- 2, concerning
weld residual stresses. Damage accumulation data are needed due to long-time high

2.1.

temperature exposure. Particular attention is needed in the area of welding to ensure that
the issues of hot cracking and premature creep failures in the heat-affected-zones cof
ferritic/martensitic and ferritic steels, observed in the fossil industry, are adequately
addressed [21]. There are also still forming/cold work issues [22].

P General Assessment

Class

steel

The |ssue relating to weld residual stress is covered under Issue Il1. 2 in Category IN: Welds below. BPVC
Section I11, Division 5 HBB-4212 provides rules and restrictions related to forming/cold work for all
A materials.

2.1.3 Material Specific Remarks

The phenomenon of Type IV cracking is only applicable to ferritic/martensitic steel (Gr91) and ferritic
(2.28Cr-1Mo) and is not applicable to Type 304 and 316 stainless steels, Alloy 800H and Alloy 617.
2.1.4 Action Required

Nong.

2.1.% Conclusion

Cateporized as N/A.

2.2 | Issue ll. 2 — Material Acceptance Criteria for Elevated-Temperature

2.2.1 Summary

Fronp O’Donnell, Hull andMalik Item OG- 14:

This may need:to be re-evaluated for use in Gen IV systems. Concerns about material
property allowable design data/curves for 60-yr design life are still germane [20]. The
target design life of Gen IV components is generally 60 years (526,000 h), which
significantly exceeds lifetimes currently allowed by Subsection NH. The extension of the
required data bases and ASME Code acceptance of the materials for RPV service will need
toobe developed and closely coordinated with the high- temperature design methodology

activities [21]. The recent DOF/ASME Materials Project Task 1 has pointed the way for
the methodology and data required to extend NH coverage for both time and temperature.
Although the reactor may have a 60-yr design life at 900-950°C outlet, the components
generally have much lower temperatures and/or shorter design lives. The HTGR concepts
isolate pressure boundary components from the full extremes of both time and temperature.
It is not clear that Code action is required until more details are available in component
design specifications regarding material choices and component design and operating
temperatures [9].

10
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In Item HS- 1 “Lack of Material Property Allowable Design Data/Curves for 60-Year Design Life”,
Huddleston and Swindeman similarly note the need to extend property allowable design data/curves to 60-
yr. In Item HS- 5 “Lack of Property Allowables Based on Current Melting and Fabrication Practices”,
examples of premature failures associated with unintended consequences of melting and fabrication

processes are cited. In addition, it is noted that melting practice has changed for 304 and 316 stainless

steel

and more modern representative data should be incorporated in the determination of allowable stress values.

Item HS- 1 is one of Huddleston and Swindeman’s ten major issues, but Item HS- 5 is not.

2.2.2__General Assessment

The purrent time dependent allowable stresses in BPVC Section |11, Division 5 are based on extrapollating

creep data out to a 300,000-h design life. Based on the availability of additional data, design‘need:s
opergting experience, allowable stress values are subject to re-assessment. The need for a 60-year d

largdr data base, including longer term data, has been accumulated by the international’cemmunity. A

Code¢ Committees are re-assessing the current allowable stresses, including the extension to 500,000 .

Extrapolation of creep data out to 500,000 h is challenging and the methodology for extrapol3
recognizing the potential changes in the creep deformation mechanisms, is continually being assessed
example, a new "region-split" extrapolation method has recently been developed and applied to some B
Section 1lI, Division 5 material. Extrapolation of the creep data t0¢500,000 h is being done and
accofdance with the time-factor guideline described in BPVVC Section)lll, Division 5, Appendix HBB

Currently, reassessment of the allowable stress values resulting from the application of the onset of te
creep criterion has led to increased conservatism in the allowable stress values for some Class A mate
The [significance of the onset of tertiary creep criterioft is currently being re-evaluated base
experimental component test results.

The turrent efforts to extend allowable stress values-also incorporate more modern data from the Nat
Instijute for Materials Science (NIMS) database in Japan and available European data. Addit
restr|ctions have been placed on certain grades of material and fabrication induced strains are limited.,

and
psign

e, or longer, has been identified. Since the development of the 300,000-h allowable-stresses a much

SME

tion,
. For
PVC
is in
LY.

tiary
rials.
i on

onal
onal

Survgillance specimens could be used tostpplement the rules of BPVC Section Ill, Division 5 to provide

verifjcation of extrapolation methodologies.

2.2.83 Material Specific Remarks
Alloy 617 is being considered for incorporation into BPVC Section Ill, Division 5 as a Class A ma

erial

via 4 BPVC Section Il1,-Division 5 Code Case. It is expected that the balloting process will be complleted

in 2420. The maximum.use temperature is 1750°F (954°C) and a maximum design life of 100,000 h.

2.2.4 Action Required

(1) Gompletecdhe extension of the allowable stresses to 500,000 h, (2) complete the incorporation of /
617 Code Case into BPVC Section Ill, Division 5, and (3) initiate development of long-term surveil

Alloy
ance

spec|{mens to supplement BPVC Section 111, Division 5 rules.

2.2.5 Conclusion

Categorized as Optimization.
2.3 Issuell. 3 - Elevated-Temperature Data Base for Mechanical Properties

2.3.1 Summary
From O’Donnell, Hull and Malik Item OG- 234

11
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This is related to Item OG- 14 on Material acceptance criteria for elevated-temperature and
Item OG- 23 on Design criteria for elevated- temperature core support structures and welds.
These data bases eventually need to be extended to higher temperatures regimes expected
in VHTR and Gen IV. The synergistic effects of aging, environment, loading, and
temperature need to be better understood, and the effects of aging on toughness must be
characterized [11]. It is not clear that Code action is required until more details are available
about component design specifications regarding material choices and component design
and operating temperatures [9]. The issue regarding the effects of aging on toughness is
related to Alloy 617 and should also be considered under ltem OG- 13 on evaluation of

Huddleston and Swindeman’s related discussions in Items HS- 1 and HS- 5 are summarized-under Iss

2in

2.3.]

Formpal uniform code book guidance on data requirements for mechanical properties was not availal

the t
Divi

weldments, Item OG- 18 on fracture toughness criteria, and Item OG- 19 on thermal aging
effects.

Section 2.2.

P General Assessment

me of the CRBRP. This issue has been addressed recently in Appendix;HBB-Y of BPVC Sectio
bion 5. See also remarks under Section 2.2.2 “General Assessment”noted previously. This iss

esse

actign is to complete the extension of the allowable stresses to 500,000 h.

Devglopment of an in-situ surveillance program to augment the rules of BPVC Section 111, Division 5 W
suppprt the assessment of potential long-term degradation dué-to irradiation and coolant chemistry eff

2.3.

Alloy 617 is identified as a construction material ifnnthe heat transport system of a VHTR with core g
tempgeratures that could be as high as 950°C. A BRVC Section Ill, Division 5 Code Case for Alloy 617

amal
such
2.3.4

(1) d
617
surv

2.3.4
This

2.4

tially the same as Issue I1. 2 “Material acceptance criteria for elevated-temperature” where the req

Material Specific Remarks

imum use temperature of 1750°F (954°C) is being balloted by the ASME Code Committees to su
an application. It is expected that the:balloting process will be completed in 2020.
I Action Required

omplete the extension of the.allowable stresses to 500,000 h, (2) complete the incorporation of A
Code Case into BPVEC Section IlI, Division 5, and (3) initiate the development of long
illance specimens torsupplement BPVC Section 11, Division 5 rules.

b Conclusion

issue is similar'to Issue Il. 2, and is categorized as Optimization.

Issue Il. 4 — Thermal Aging Effects

e 11.

le at
n i,
ue is
hired

ould
ects.

utlet
with
pport

Alloy
term

2.4.

Summary

From O’Donnell, Hull and Malik Item OG- 19:

The potential for long-term thermal aging was identified as being one of the five most
significant phenomena in the high temperature materials area [23]. The effects of thermal
aging on mechanical properties and code compliance over long term will be critical issues
for each option [11], [24]. Thermal aging and sensitization is known for LWR temperatures
but may result in less than expected lifetime at HTGR temperatures. Thermal aging effects
are currently addressed in ASME BPV Section Il Subsection NH. Article NH-2160

12
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addresses deterioration of material in service including how long-time, elevated
temperature, service may result in the reduction of the subsequent yield and ultimate tensile
strengths (while stating that consideration of deterioration of material caused by service is
generally outside the scope of this Subsection). Thermal aging and cyclic softening are
important issues for creep-fatigue evaluation of Grade 91 and methods for dealing with
these issues are addressed in the DOE/ASME Materials Project and follow-on tasks [9].

In Item HS- 3 “Degradation of Material Properties due to Long Term Thermal Aging”, Huddleston and
SWlndeman [4] S|m|IarIy dlscuss the need to address thermal aglng effects with an emphasls on the need

The
are

setti
dam
fatig

Long

prog
forr

2.4,

Nong.

2.4.
1) g
(2)d
rules
2.4}

Cate
2.5

2.5.

In Itg
discu
and

alloy

effects of thermal aging on yield and tensile properties were not considered in the<CRBR desigr,

ow accounted for in the BPVC Section Ill, Division 5 code rules. The creep data that are use
g time dependent allowable stresses include the effects of thermal aging. .0.the extent that
ge in the creep-fatigue rules is calculated using these time dependent pupture strengths, the ¢
e rules also account for the effects of thermal aging.

term thermal aging data, as noted, are difficult to obtain. Howevet, incorporation of a surveil
ram would enable long term verification of postulated effects befofe deviations would become cr
pactor operation.

B Material Specific Remarks

h

I Action Required

evelop a plan for a surveillance program:te supplement extension of the BPVC Section IlI, Divis
and the In-service Inspection rulesrof\BPVC Section XI.

b Conclusion

jorized as Optimization.
Issue ll. 5 - Lack of a Design Methodology for Modified 9Cr-1Mo Steel

| Summary

ss the @dvantages of Modified 9Cr-1Mo steel and also areas where its behavior, e.g. cyclic softg
Jifficulty in distinguishing between creep and rate dependent plasticity, differs from the other
s Fhus, there is a need for appropriate allowable stress values and design methodology. Note tha

omplete the extension of the yield and tensile strength factors due to thermal aging to 500,000 h,

m HS- 9 £Lack of a Design Methodology for Modified 9Cr-1Mo Steel”, Huddleston and Swind¢

but
d for
reep
reep-

ance
tical

and
onb5

man
ning
Code
t this

issu

was defined prior to the approvat of Wodified SCr-1ivio im BPvC-Section tit, Division 5.

2.5.2 General Assessment

Modified 9Cr-1Mo in BPVC Section Ill, Division 5 is currently approved for use in BPVVC Section I,
Division 5 applications. A number of the identified issues have already been addressed and additional
improvements addressing the effects of cyclic softening on strain limits evaluation using the EPP
methodology have been developed and started the Code approval process.
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2.5.3 Material Specific Remarks

None.

2.5.4 Actions Required

Com

plete Code approval process for strain limits modifications for Gr91.

2.5.5 Conclusion

Cate
2.6

2.6.

In Itq
guot

2.6.

Inter
prior
mini
discu
abou
not 3
chan

JUI ;Lcd as C'Jt;lll;Lat;Ull.
Issue Il. 6 — Use of Average vs. Minimum Material Properties in Design

| Summary

 extensively from reference [5]. Briefly, the issue is summarized in the following quote:

In general, strain accumulation and fatigue damage increase with@-decrease in yield
strength of the material, whereas, creep damage increases with an incréase in yield strength.
Therefore, an appropriate selection of material properties for structural analysis is not
obvious. For example, when design limits are marginally satiSfied, it may be necessary to
bound analytical predictions by at least two analyses with-average and minimum material
property assumptions.

P General Assessment

pstingly, the discussion in Item HS- 8 also statestthat “in practice, it is not possible to determi
i, the worst combination of properties for each loading condition, nor would sud

ssion of a probabilistic study at Oak Ridge*National Laboratory (ORNL) indicating that while th
t a 50% chance of exceeding strain limits'(ibid. this is not necessarily critical since the strain limit
ssociated with a failure mode), there)is very little chance, 1.8%, of exceeding creep damage, ar
ce of exceeding fatigue limits.«This supports the ASME Code position as quoted by Griffin ||

char
Sect

2.6.1

Nong.

2.6.4

Nong.

Sect*on 2.7.2 below that strain~limits and damage evaluations should be based on average

cteristics. Note that damage calculations are based on minimum creep-rupture properties in B
on |11, Division 5.

B Material Specific Remarks

h

I Actions Required

h

m HS- 8 “Use of Average vs. Minimum Material Properties in Design”, Huddleston and Swind¢

man

he, a
h a

mum/maximum combination be physicallyconsistent with actual material behavior.” There is also a

Bre is
S are
d no
3] in
flow
PVC

2.6.5 Conclusion
Categorized as N/A.
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2.7

Issue Il. 7 — Material Property Representation for Inelastic Analysis / Lac
Inelastic Design Procedures for Piping

2.7.1 Summary

k of

Griffin [3] identifies inelastic material property representation in Item G-3. 3 “Design analysis methods,

code

In It
from

They

up
2.7.

The
ini

ther
in pi

diredtly incorporates the effects of component elastic follow-up on creep-fatigue damage. With rega
the yse of average properties, the following is quoted from Griffin [3]:

2.7.
Non

2.7.4 Actions.Required

(1) Proceedita ballot the recommended constitutive equations developed in the Working Group on Ana
Methods;.and (2) continue the development of high temperature design methods based on EPP and

proc

s and standards”. The focus of the NRC concern as identified by Griffin is that

creep-rupture damage calculated using average properties may be too low when compared
with the considerable strain and (‘\J/(‘Iir‘ hnrdpning that _qccurs dllring fabrication and

operation, and that the fatigue damage and accumulated strains may be too low if the actual
yield strength is below the average value used in design analysis.

reference [5], and more specifically, focus on the need to

reach a consensus agreement on a standardized method of analysis and the*associated
definitions, to carefully document that method, and then to incorporate.the standardized
method in the ASME Code or into NRC regulatory guides.

additionally focus on the need “for an experimentally validated procedute for assessing elastic fo
articularly for piping.

General Assessment

orking Group on Analysis Methods is balloting a propesal defining constitutive models to be
plementing the design evaluation rules for Class A materials based on inelastic analysis. Additior
pcently adopted rules based on EPP analysis provideavehicle for assessing inelastic strain distrib
Jping systems. There is a current R&D program-addressing the use of SMT creep fatigue datg

The rationale, which was established;and reaffirmed by a strong national consensus, is that
it is impractical to determine the worst case combination of minimum and/or maximum
strength and deformation properties for each load combination. Nor would it be
representative of actual jiaterial behavior because the worst case combinations are not
physically consistent.

B Material SpecificyRemarks

pdures and data.

bm HS- 21 “Lack of Inelastic Design Procedures for Piping”, Huddleston and Swindéman [4] quote

low-

used
ally,
Lition
that
rd to

lysis
SMT

2.7.5 Conclusion

Cate

gorized as Optimization.
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3 WELDS
3.1 Issue lll. 1 — Transition Joints

3.1.1 Summary
From O’Donnell, Hull and Malik Item OG- 1.

Improper joint design has been a concern in the field for Grade P91 material (modified Fe-
9Cr-1Ma steel) joined to dissimilar alloys [24] The modified 9Cr-1Mao steel is the

primary/potential RPV candidate in several Gen-IV HTR programs and the Areva hot
vessel concept. Although very high temperature joints are generally not part of the cade
boundary, other Code boundary transitions joints may be of concern. The code specified
approach is to model the joint with base metal properties to the weld centerline and’then
include differences in the connecting base metal properties in the weldment stress‘analysis.

Addftional discussion from Griffin in Item G-4. 5 “Intermediate heat transport system transition
focuges on the tri-metallic joint consisting of type 316H, Alloy 800H and 2.25Cf-1Mo. The issug
ed by a commitment to perform analysis using the methods and criteria'to be developed un

Required Actions

or has to qualify the Dissimilar Metal Weld (DMW) weld wire and develop appropriate stress ru
factdrs for BPVC Section 1Hl, Division 5 applications.

3.1.% Conclusions

Cateporized as Optimization.

3.2 Isstielll. 2 — Weld Residual Stresses

eld”
was
ler a
weld

line.
reep-
Vo at
bd in

bture

3.2.1 USummary

From O’Donnell, Hull and Malik Item OG- 2:

CRBR-related safety concerns are applicable to VHTR and Gen-1V systems [1]. There is
a need to evaluate potential for crack initiation at weldments due to thermal fatigue,
residual stresses, and damage caused by the welding process. Weld residual stresses were
not considered in the current NH methodology based on the premise that the initial weld
would be ductile and that subsequent load cycling and creep would wipe-out residual
stresses.
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From Griffin in Item G-3. 1, “Early weldment cracking, particularly in components subjected to repeated
thermal transient loadings was identified by NRC as the foremost structural integrity concern.” Also noted
by Griffin was that “although an experimentally based procedure that accounts for reduction in creep
rupture strength of weldments has been developed, it has not yet been adopted by the Code.” (Note that this
is reference to the stress rupture factors included in the current Code.) Resolution of this issue required the
completion of a comprehensive confirmatory program.

Huddleston and Swindeman in Item HS- 14 “Lack of a Validated Weldment Design Methodology”, recap
some of the discussion in Griffin plus citing further discussion and recommendations from the reference
[5]. THe e HS= 12 Tecommendation 1S i five phases: (A) probienT Teview and assessIment, (B wettment
flaw| characterization, (C) design methodology development, (D) confirmatory structural) tésting
(particularly under thermal transient conditions), and (E) Code rule/regulatory guide package development.
Item|HS- 14 is one of Huddleston and Swindeman’s ten major issues.

3.2.2 General Assessment

Thislissue is not considered in the Subsection HB, Subpart B methodology — the current approach spegifies
weld wires and welding process to produce ductile welds. Subsequent load“cycling and creep reduce
residual stresses. (See also Issue I1l. 3 assessment in Section 3.3.2.)

3.2.3 Material Specific Remarks
Nong.

3.2.4 Action required
No action is required.

3.2.%5 Conclusion
Cateporized as N/A.

3.3 Issue lll. 3 — Evaluation of' Weldments

3.3.1 Summary
Fronp O’Donnell, Hull and Malik Ttem OG- 13:

CRBR-related safety-concerns identified by NRC are also applicable to VHTR and Gen IV
systems [1]. Theydevelopment of joining and design methodologies are still considered
important issues in component construction and long-term performance [20] and concerns
previouslyidentified [3], [4] for transition welds and lack of validated weldment design
methodology still remain. There are a number of provisions in NH and related documents
that@ssure reliable weld joints. NH methods go far beyond what is currently required for
pon*nuclear applications and nuclear applications below the creep regime. There are
planned investigations to evaluate quantified, creep crack growth approaches for eventual
incorporation. Probably & crack growttt basedmethodotogy would—tiave greatest
applicability in assessment of ISI results [9].

Griffin’s Item G-3. 1 “Weldment Safety Evaluation” and Huddleston and Swindeman Item HS- 14 “Lack
of a Validated Weldment Design Methodology” have discussed this issue and they are summarized in
Section 3.2 above.
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3.3.2 General Assessment

There are a number of ways in which BPVC Section Ill, Division 5 addresses welds. Some were
implemented after the NRC / Advisory Committee on Reactor Safeguards (ACRS) review of the CRBRP
license application.

Stress rupture factors were introduced for the creep rupture strength of a restricted number of weld processes
and weld rod compositions to be used in both the initial sizing of the weld and the evaluation of its cyclic

life.

Only

The
from

The

theTdentified processes and-compositions are permitted:

nccumulated strain at welds is limited to half that of base metal and the allowable number.of-c

a fatigue design curve is half that of base metal.

pnalysis of strain and creep-fatigue at welds is based on stress and strain concentrations at the \

as-byilt surface geometry of the weld.

BPV
volu

All
temg

Base
and 1
the H
High
I, O

3.3.1

Nong.

3.3.4
Non

3.3.%

Cate

D

B

p

L

D

C Section Ill, Division 5 has additional limitations on weld joint geometry, and requires dc
metric examination, either radiography plus ultrasonic or double angle radiegraphy.

he other weld and welder qualification requirements of the Code afe also required at ele
erature.

d on the above, ASME Code committees judge that the BPVC Section 11, Division 5 design, inspe
abrication procedures provide adequate assurance of the structural integrity of the welds fabricat]
BPVC Section 111, Division 5 rules. In addition, a joint BPVC Section XI and Il Working Groy

Temperature Flaw Evaluation has been formed to develop BPVC Section XI rules for BPVC Se
ivision 5 components.

Material Specific Remarks

Action Required

Conclusion

jorized as N/A since these are BPVC Section XI rules.

ycles

vorst

uble

ated

ction
ed to
p on
ction
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4

4.1

MULTIAXIALITY

Issue IV. 1 — Uncertainty of Multiaxial Stress State Effects

41.1 Summary

In Item HS- 16 “Uncertainty of Multiaxial Stress State Effects”, Huddleston and Swindeman identify the
need for multiaxial laboratory or component experimental tests of sufficient duration (> 10% of design life)
to adequately validate the accuracy of the current rules, particularly for a 60-year design life. This is not

categ

4.1.1

Thes
of in
this

4.1.

Nong.

4.1.4

Nong.

41"
Cate

4.2

4.2.
In It

Howf
valid
4.2.1

Thes
of in

orized as a major Issue.

P General Assessment

e would be very long tests, 5- or 6-year, probably at several different temperatures foy-€ach ma
erest. In the absence of indications of inadequacy of the current rules, it would be difficult to prio
oncern.

B Material Specific Remarks

h

I Actions Required

p

b Conclusion

porized as N/A.
Issue IV. 2 — Uncertainty of Non-Radial (Non-Proportional) Loading

| Summary
m HS- 17 “Uncertainty of Non-radial)(Non-proportional) Loading”, Huddleston and Swindeman

There is almost no laboratery or component data to validate CC N-47 rules as relates to
long term (> 10% of design life) non-radial loadings. Current CC N-47 rules treat both
creep and fatigue damage as scaler quantities, whereas data show damage accumulation to
be tensorial (directional) in nature.

ever, it is also noted that limited creep-rupture tests at ORNL under non-radial conditions te
ate the equivalent stress and strain assumption. This is not categorized as a major issue.
P General Assessment

e wolld be very long tests, 5- or 6-years, probably at several different temperatures for each ma
erest’ Further, it is indicated that available data suggest that the current scaler treatment is conserva

erial
ritize

btate:

nd to

erial
itive.

4.2.3 Material Specific Remarks

None.

4.2.4 Actions Required

None.

19


https://asmenormdoc.com/api2/?name=ASME NTB-3 2020.pdf

ASME NTB-3-2020: GAP ANALYSIS FOR ADDRESSING ADEQUACY OR OPTIMIZATION OF ASME BPVC
SECTION 111, DIVISION 5 RULES FOR METALLIC COMPONENTS

4.2.5 Conclusion

Categorized as N/A.

4.3

4.3.

Issue IV. 3 — Notch Weakening / Lack of Understanding / Validation of Notch

Weakening Effects

1 Summary

This issue is not included in O’Donnell Hull and Malik

Fro

Hud

validation of notch weakening effects”. It is additionally noted that there Wwere apparently no in-
programs addressing this issue at that time. This is classified as one of their ten major issues.

4.3.2 General Assessment

The
they

the g
spec|{men at the root of the notch. A similar assumption istnade in other international and domestic ele
temperature design criteria. Materials that preferentially rupture at the notched section are referred

“not
com
char
load
Add
duct

4.3.3 Material Specific Remarks
Nong.

4.3.4 Actions Required
Contlinue the R&D)program and consideration of notch weakening effects.

4.3.

Cateporized as Optimization.

Griffin Item G-3. 2 “Notch weakening”:

The major concern of the NRC is that the design limits for fatigue and creep rupture are
based on tests of smooth sided specimens that do not include possible effects of stress
gradients in notches. They are also concerned about loss of ductility under<léng term
loadings due to prior cyclic and monotonic straining.

lleston and Swindeman similarly addressed this concern in Item HS- 18, “Lack of understand

mplied assumption in the current Rules for BPVVC Section [, Division 5, Class A materials i
are “notch strengthening”, wherein the creep rupture strenigth of a notched specimen is greater

h weakening.” Notch weakening is currently” a topic of consideration in the relevant A

ittees and there is a DOE sponsored Research and Development (R&D) program specifi
Fred to address this issue. The rules currently under consideration for implementing primary sustd
ng limits based on EPP analysis methods have provisions for addressing notch weakening behg
tionally, there are limitations to the-time and temperature allowable stress regime where low
lity is considered to be an issuet

h

Conclusion

ing /
lepth

that
than

reep rupture strength of an un-notched specimen with>the same cross-sectional area as the noiched

ated
to as
SME
cally
ined
vior.
reep
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5 COMPONENT AND CORE SUPPORTS

5.1 Issue V.1 - Rules for Component Supports at Elevated-Temperature

5.1.1 Summary
From O’Donnell, Hull and Malik OG- 11:

Rules are provided in Code Case N-201 for Core Support Structures. Component supports
other than care support strictures are not covered in the creep regime nor has there been
any indication that they will be needed. The preapplication SER [25] for the modular high-
temperature gas-cooled reactor (MHTGR) referenced the 1981 version of NUREG-0806,
Section 3.9.3, “ASME Code Class 1, 2 and 3 Components, Component Supports, and Core
Support Structures.”

This|was revised in March 2007 to accommodate new reactors.

5.1.2 General Assessment

Formpal, uniform code book guidance on data requirements for mechanical properties was not availafle at
the time of the CRBRP. This has been addressed recently in Appendix*HBB-Y of BPVC Section IlI,
Divigion 5. If supports other than core structures are in the creep regime’fora specific design, the Subseftion
HB, |Subpart B rules can be used for the structural evaluation. For example, a code case invoking the
apprppriate rules from Subsection HB, Subpart B can be generated‘for such applications.

5.1.83 Material Specific Remarks
Nong.

5.1.4 Action Required
Nong.

5.1.% Conclusion
Cateporized as N/A.

5.2| Issue V. 2 - Design Criteria for Elevated-Temperature Core Support
Structures andyWelds

5.2.1 Summary,
Fronp O’Donnelly Hull and Malik Item OG- 23:

The €levated temperature core support rules where creep is significant are based on
Subsection NH. There is an ongoing effort to directly reference NH for much of the N-201
data and rules. ASME Code Case N-201-4 (current max allowable temperatures of 760°C)
and ASME Draft Code Case for Alloy 617 (currently a maximum Tife of 100,000 h above
427°C and 815°C for 304/316 SS for core support structures) may have to be revised to
address higher expected temperatures (900 to 1000°C) and design lives (over 300,000 h)
[21]. Interestingly and counter to what one would intuitively expect, the core supports for
the current VHTR concepts do not operate at very high temperatures and when they are in
the creep regime it is for a short time at relatively low temperatures [9].

It is noted that welds are only identified in the title of this issue in both references [1], [2] and that specific
concerns with welds are addressed in Section 3 WELDS above.
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5.2.2 General Assessment

In accordance with ASME code policy, environmental effects such as irradiation and coolant chemistry are
not considered directly in the BPVVC Section Ill, Division 5 design rules for core support structures and
welds. The elevated temperature core support rules where creep is significant are based on Subsection HB,

Subpart B and are given in Subsection HG, Subpart B.

Development of an in-situ surveillance program to augment the rules of BPVC Section Ill, Division 5 would
support the assessment of potential long-term degradation due to irradiation and coolant chemistry effects.

5.2.83 Material Specific Remarks

For metallic structural components, it is not realistic to design for very long service lives, e.g-~300,300 h
or beyond, at temperatures of 900 to 1000°C, unless the stresses in the components are ‘negligible.
Othgrwise, they would have to be designed as replaceable components with more realistic compgnent
lifetimes, e.g., 100,000 h. Alloy 617 with a maximum use temperature of 954°C and“design lifetime of

100,000 h is being balloted by ASME Code committees for inclusion in BPVC Section 111, Division
a code case.

5.2.4 Action Required

Devglop a plan and procedures for in-situ surveillance to supplement the rules of BPVC Sectio
Divigion 5.

5.2.% Conclusion

Cateporized as Optimization.

b via

h 11,
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6
6.1

MISCELLANEOUS ISSUES

Issue VI. 1 — Are Limits of Case N-253 for Elevated-Temperature Class 2
3 Components Met?

6.1.1 Summary
From O’Donnell, Hull and Malik’s Item OG- 8:

Code_Case N-253 [17] prn\/idnc rules for Class 2 and 3 r‘nmpnnnnfe for elevated

and

6.1.
As 0

temperature service. Code Case defaults to Subsection NC and Subsection ND, if the
time/temperature criteria in Appendix E are met. If they are not met, then the rules of N-
253 apply. The rules in N-253 are essentially the same as in BPVC Section VIII, Djvision
1 with supplemental rules for cyclic analysis of piping.

P General Assessment

iscussed in the General Assessment of Issue I. 5, Division 1, Class 2 and\3 elevated temper

components are re-designated as Class B components in BPVC Section Ill, Division 5. The BPVC Se

I, [
N-25
B co

6.1.

Nong.

6.1.4
Non

6.1.1
Cate

6.2

6.2.

Hud
The
to ve
6.2.1

With

Division 5 design rules for Class B components are essentially the samefas the Division 1 Code
3 except that the use of the design rules for Class A components havé-recently been approved for
mponents provided that all other requirements for Class A construction are satisfied.

B Material Specific Remarks

p

I Action Required

b Conclusion
jorized as N/A.

Issue VI. 2 — Degradation Effect of Small Cyclic Stresses

| Summary

lleston and Swindéman define this issue in Item HS- 6 “Degradation Effect of Small Cyclic Streg
concern is the acceleration of creep-rupture strength degradation in cyclic softening ferritic steel
ry small cyclicstrains superimposed on primary stresses. This is not one of their major issues.

P General Assessment

respect to the degradation effect of small cyclic stresses, the construction of the modified Goo

ature
ction
Case
Class

ses”.
5 due

dwin

diag

am Is a gnnri nppmnr‘h to pctahliching whether or not dpgradafinn should he pxpprtpd The dia

gram

plots creep strength on the abscissa against cyclic strength on the ordinate for specific times. However,
curves for times out to 500,000 h would be needed and any frequency effects would alter the trend of the
curves in the region of interest (small cyclic stresses). At high temperatures, small cyclic stresses could
extend strength (life) and data for nickel alloys suggest this. A small cyclic thermal stress superimposed on
the primary pressure stress may lead to degradation and there is some evidence of this in power plant
experience, but the specific product form is not known. Jetter et al. [26] reference reports by Riou et al. [27]
and Asayama and Tachibana [28] as not attributing any reduction in creep rupture strength to cyclic
softening (noting that more testing is required); more recent testing of Modified 9Cr-1Mo does indicate an
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