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Note Regarding the Status of Supporting Technical Information

This document was prepared using the most current information available at the time of its development.  This
Technical Basis Document and its appendices providing Key Technical Issue Agreement responses that were
prepared using preliminary or draft information reflect the status of the Yucca Mountain Project’s scientific
and design bases at the time of submittal.  In some cases this involved the use of draft Analysis and Model
Reports (AMRs) and other draft references whose contents may change with time.  Information that evolves
through subsequent revisions of the AMRs and other references will be reflected in the License Application
(LA) as the approved analyses of record at the time of LA submittal.  Consequently, the Project will not
routinely update either this Technical Basis Document or its Key Technical Issue Agreement appendices to
reflect changes in the supporting references prior to submittal of the LA.
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APPENDIX S

WASTE PACKAGE AND DRIP SHIELD MATERIAL ANALYSIS
(RESPONSE TO CLST 2.03 AIN-1)

This appendix provides a response for Key Technical Issue (KTI) agreement Container Life and
Source Term (CLST) 2.03 additional information needed (AIN)-1.  This agreement relates to
providing additional information regarding the appropriate failure mechanisms for the drip shield
and waste package materials.

S.1 KEY TECHNICAL ISSUE AGREEMENT

S.1.1 CLST 2.03 AIN-1

Agreement CLST 2.03 was reached during the U.S. Nuclear Regulatory Commission
(NRC)/U.S. Department of Energy (DOE) Technical Exchange and Management Meeting on
Container Life and Source Term held September 12 and 13, 2001, in Las Vegas, Nevada
(Kelmenson 2000).  This KTI agreement was addressed in a licensing letter report dated
September 27, 2002 (Ziegler 2002).  The NRC requested additional information in a letter dated
March 20, 2003 (Schlueter 2003).

The wording of the agreement is as follows:

CLST 2.03

Demonstrate how the Tresca failure criterion bounds a fracture mechanics
approach to calculating the mechanical failure of the drip shield. DOE stated that
it believes its current approach of using ASME Code is appropriate for this
application. Additional justification for this conclusion will be included in the
next revision of AMR ANL-XCS-ME-000001, Design Analysis for the
Ex-Container Components, to be completed prior to LA.

The NRC reviewed the DOE submittal (Ziegler 2002) addressing agreement CLST 2.03 and
provided a response (Schlueter 2003).  In general, the NRC found the approach used by the DOE
to establish the governing failure mechanism (i.e., brittle fracture or plastic collapse) for the drip
shield and waste package materials using failure assessment diagrams was found to be
appropriate.  However, the response to the agreement failed to adequately establish the
appropriate failure mechanisms for the drip shield and waste package materials because the
various material properties used in the analysis have yet to be satisfactorily justified.

The wording of the AIN is as follows:

CLST 2.03 AIN-1

(a) Clarification of the material failure criterion expected to be used for assessing
the response of the drip shield and waste package to mechanical loading
(i.e., ASME Boiler and Pressure Vessel Code stress intensity or maximum normal
stress theory).  If the maximum normal stress theory criterion is to be used, its
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applicability to ductile metals must be justified.  (b) Justification of the fracture
toughness values obtained from empirical correlations with Charpy V-notch
impact toughness data.  (c) Justification for adjusting the ultimate tensile strengths
from engineering stress to Cauchy stress (i.e., true stress) values.  (d) The effect of
variations in the fracture toughness and plastic collapse stress of Titanium
Grade 7 and Titanium Grade 24 on drip shield failure.  (e) Justification for not
considering a combined mode of fracture failure in the Titanium Grade 7 drip
shield plate when subjected to rock block impacts.  (f) The effect of fabrication
and stress mitigation processes and allowed variations in alloy composition on the
fracture toughness of Alloy 22.

S.1.2 Related Key Technical Issue Agreements

This KTI is related to agreements PRE 7.03 (Appendix T) and PRE 7.05 (Appendix U).

S.2 RELEVANCE TO REPOSITORY PERFORMANCE

The primary focus of the KTIs related to CLST is the adequacy of the technical basis for the
models describing the degradation of the engineered barrier system design in order to provide
reasonable expectation that models capture the range of expected processes and process
interactions.

CLST 2.03 is related to the effects of phase instability and initial defects on the mechanical
failure and lifetime of the waste packages and drip shields, specifically how the Tresca failure
criterion bounds a fracture mechanics approach to calculating the mechanical failure of the drip
shield.  The waste package and drip shields are key components of the engineered barrier system
for repository performance.

S.3 RESPONSE

Each of the items in the AIN is addressed in the following sections.

S.3.1 Material Failure Criterion for Mechanical Loading

The Tresca criterion (maximum shear stress criterion) is one of two generally accepted failure
criteria for ductile materials (Dieter 1976, Section 3-4).  The other is the von Mises criterion
(distortion-energy criterion).  The Tresca criterion predicts yielding at lower stresses than the von
Mises criterion and is, therefore, conservative for the present application.  As illustrated in
Figure S-1, the maximum-shear-stress yield locus falls inside of the von Mises yield ellipse.  The
limits used for the waste package and drip shield are based on the values provided in the ASME
Boiler and Pressure Vessel Code (ASME 2001) and on stress classification concepts contained in
the code.

The following discussion is from Commercial SNF Waste Package Design Report (BSC 2004,
Section 7.1.2.2).
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NOTE: σ1 is the algebraically largest principal stress; σ3 is the algebraically smallest principal stress; and σ0 is the
uniaxial yield strength.

Figure S-1.  Comparison of Tresca and von Mises Yielding Criteria for Plane Stress

The failure criterion is broken into tiered screening criteria shown below.  The most restrictive
and easiest to apply criteria are applied initially.  If these criteria cannot be met, more realistic
screening criteria that require additional analysis are imposed.  These screening criteria, in
increasing order of realism, are given in Table S-1 (an element’s total stress intensity is equal to
twice the element’s maximum shear stress (ASME 2001, Section III, Division 1, NB-3000)):

If the wall-averaged σint limits cannot be met, a rigorous code evaluation is performed using the
six stress components (and a cubic equation for principle stress direction values is solved) and
(or) multiple stress classification lines are used to extrapolate to governing wall locations when
they have significant nonmembrane primary stress intensity contributions.

If the average primary shear limit cannot be met, then the appropriateness of using a stress
classification plane rather than a stress classification line is reviewed.
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Table S-1.  Screening Criteria for Material Failure for Mechanical Loading

Criteria Condition of Acceptance
Maximum σint < 0.7σu?
No.

Yes: Meets Pm and PL limits without the need for wall
averaging.

Maximum σint < 0.77σu?
No.

Yes: Meets PL limit without the need for wall averaging, but the
stress field must not be uniform around the entire
circumference (only a concern for vertical drop events).

Maximum wall-averaged σint < 0.7 σu?
No.

Yes: Meets Pm and PL limits.

Maximum wall-averaged σint < 0.77σu?
No.

Yes: Meets PL limit if the stress fields are not uniform around
the entire circumference (only a concern for vertical drop
events).

Maximum wall-averaged σint < 0.84σu and wall-
averaged σint <0.77 σu at tR ⋅  surrounding
maximum location?
No.

Yes: Meets PL and average primary shear limit.

Maximum wall-averaged σint < 0.9σu and wall-
averaged σint <0.77σu at tR ⋅  surrounding
maximum location?
And wall-average of each shear stress on the
stress classification line (Txy, Tyz, and Txz)
<0.42σu? (x,y,z are element (not global)
directions)
No: Fails simplified screening criterion.

Yes: Meets PL and average primary shear limit orthogonal to
the stress classification line)

NOTE: σint is the stress intensity.
σu is the ultimate tensile stress.
Pm is the general primary membrane stress.
PL is the local primary membrane.
Pb is the primary bending.
R is the median wall radius.
t is the wall thickness.

S.3.2 Fracture Toughness Values

S.3.2.1 Fracture Toughness of Alloy 22

After review and evaluation of literature data and Charpy test data generated by the project, the
need for additional data is considered unnecessary at this time.  Information exists to specify
minimum values for Charpy data for both Alloy 22 base material and weldments (see Haynes
International 1997).  This specification will ensure adequate performance of Alloy 22 base
material and weldments against failure by fracture.

S.3.2.2 Fracture Toughness of Titanium Alloys

Since failure by fracture is determined by both material susceptibility and minimum flaw size for
propagation, the design approach for the drip shields is to control flaw size during fabrication to
ensure that flaws will not nucleate to form fractures.
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S.3.3 Adjustment of Engineering Stress Values

The modification of engineering stress values to true stress is an inherent requirement of elasto-
plastic structural analysis and is appropriate.  Furthermore, this adjustment is endorsed by a
national consensus code (see Section S.4.3).

S.3.4 Effect of Variability in Structural Parameters

Variability in structural parameters will be treated appropriately to the application.  For
postclosure analyses, variations in material properties will be assessed against the uncertainty in
the variables important to performance.

S.3.5 Combined-Mode Failure in Drip Shield Plates

As noted in Section S.3.2, flaw size will be controlled to ensure that flaws do not propagate in
fracture.

S.3.6 Effect of Fabrication and Mitigation Processes and Composition Variations on
Fracture Toughness of Alloy 22

Material specifications will be appropriately written to ensure that Alloy 22 structural
performance is limited by plastic collapse rather than by fracture failure.

This information in this report is responsive to AIN request CLST 2.03 AIN-1.  This report
contains the information that the DOE considers necessary for NRC review for closure of this
agreement.

S.4 BASIS FOR THE RESPONSE

S.4.1 Material Failure Criterion for Mechanical Loading

The following discussion is from Commercial SNF Waste Package Design Report (BSC 2004,
Section 7.1.2.3.1.2).

For structural analyses of preliminary design configurations that consider material nonlinear
behavior, the maximum-shear-stress or Tresca criterion is used in determining stress limits.  In
general terms, this criterion ensures that the design is safe as long as stress intensity (defined as
the difference between the maximum and minimum principal stress) remains below a certain
limit.  In particular, the failure criterion chosen was the acceptance criteria for plastic analysis
outlined in the ASME Boiler and Pressure Vessel Code (ASME 2001, Appendix F, F-1341.2,
Section III, Division 1).  This is an acceptable choice of ASME Boiler and Pressure Vessel Code
acceptance criteria for service loadings with Level D Service Limits for vessel designs in
accordance with NC-3200 (Safety Class 2 Vessels) when a complete stress analysis is performed
(ASME 2001, NC-3211.1(c), Appendix XIII and Note (4) to Table NC-3217-1).
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The ASME Boiler and Pressure Vessel Code (ASME 2001, Section III, Division 1, Appendix F,
F-1341.2) suggests the following primary stress intensity limits for plastic analyses:

• The general primary membrane stress intensity shall not exceed 0.7 tensile strength for
ferritic steel materials included in ASME Boiler and Pressure Vessel Code
(ASME 2001, Section II, Part D, Subpart 1, Table 2A) and the greater of 0.7 tensile
strength and yield strength + 1/3 (tensile strength – yield strength) for austenitic steel,
high-nickel alloy, and copper-nickel alloy materials included in ASME Boiler and
Pressure Vessel Code (ASME 2001, Section II, Part D, Subpart 1, Table 2A).

• The maximum primary stress intensity at any location shall not exceed 0.9 tensile
strength.

• The average primary shear across a section loaded in pure shear shall not exceed
0.42 ultimate strength.

The Pressure Vessel Research Council of the Welding Research Council has provided
recommended guidelines (Hechmer and Hollinger 1998) to the ASME Boiler and Pressure
Vessel Code (ASME 2001) rule committees for assessing stress results from three-dimensional
finite element analysis in terms of stress limits in the design-by-analysis rules of ASME
Section III, Class 1, NB and Section VIII, Division 2 (ASME 2001).  These guidelines were
developed for linear analyses and the Pressure Vessel Research Council recommends that future
research work should be conducted to generate state-of-the-art guidelines for applying inelastic,
large-deformation analyses.  Therefore, a cautious use of the Pressure Vessel Research Council
recommendations was made in developing methodologies for postprocessing LS-DYNA
nonlinear plastic simulations to ensure bounding representations of the general primary
membrane stress intensity and maximum primary stress intensity.

The Pressure Vessel Research Council recommendations also refer to an earlier Pressure Vessel
Research Council (Phase 1) report that recommended ASME Boiler and Pressure Vessel Code
(ASME 2001) Appendix F should be revised to provide a limit on effective plastic strain that is
more appropriate for events that are energy controlled, rather than load controlled, which is all
that was considered when that appendix was written.  Strain-based or deformation-based criteria
may be more appropriate than stress-based limits for evaluation of the credible preclosure
sequence events (Mecham 2004, Section 4.1.4.1); however, the project applies the ASME Boiler
and Pressure Vessel Code (ASME 2001) for structural analyses, and until the ASME Boiler and
Pressure Vessel Code rule committees prepare rules in ASME Boiler and Pressure Vessel Code
Appendix F for using strain limits, primary stress intensity limits will be used.

The ASME Boiler and Pressure Vessel Code (ASME 2001) design-by-analysis guidance
recognizes the differences in importance of different types of stresses and provides guidance on
their correct assignment to the different categories of stress intensity used to evaluate different
types of failure modes.  The three types of stresses are membrane, bending, and peak stresses.
The three categories of stress intensity are primary, mP , LP , and bP  (general primary membrane,
local primary membrane, and primary bending, respectively), secondary (Q), and peak (F).
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A primary stress is defined in ASME Boiler and Pressure Vessel Code (ASME 2001, Section III,
Division 1, Appendix XIII, XIII-1123(h)):

Primary stress is a normal stress developed by the imposed loading which is
necessary to satisfy the laws of equilibrium of external and internal forces and
moments.  The basic characteristic of a primary stress is that it is not self-limiting.
Primary stresses which considerably exceed the yield strength will result in failure
or, at least, in gross distortion.

A secondary stress is defined in ASME Boiler and Pressure Vessel Code (ASME 2001, Section
III, Division 1, Appendix XIII, XIII-1123(i)):

Secondary stress is a normal or a shear stress developed by the constraint of
adjacent parts or by self-constraint of the structure.  The basic characteristic of a
secondary stress is that it is self-limiting.  Local yielding and minor distortions
can satisfy the conditions which cause the stress to occur and failure from one
application of the stress is not expected.

A cited example of a secondary stress is bending stress at a gross structural discontinuity.  A
gross structural discontinuity is defined in ASME Boiler and Pressure Vessel Code (ASME
2001, Section III, Division 1, Appendix XIII, XIII-1123(b)):

Gross structural discontinuity is a source of stress or strain intensification which
affects a relatively large portion of a structure and has a significant effect on the
overall stress or strain pattern or on the structure as a whole.

Cited examples of gross structural discontinuities are head-to-shell junctions and junctions
between shells of different thickness.

A local primary membrane stress is also defined in ASME Boiler and Pressure Vessel Code
(ASME 2001, Section III, Division 1, Appendix XIII, XIII-1123(j)):

Cases arise in which a membrane stress produced by pressure or other mechanical
loading and associated with a discontinuity would, if not limited, produce
excessive distortion in the transfer of load to other portions of the structure.
Conservatism requires that such a stress be classified as a local primary-
membrane stress even though it has some characteristics of a secondary stress.

The other differentiating feature of a local primary membrane stress is that it is localized.  ASME
Boiler and Pressure Vessel Code (ASME 2001) guidance is provided for evaluating whether
membrane stress fields are adequately local to be assigned a PL classification, rather than a more
restrictive Pm classification.

Per Pressure Vessel Research Council recommendations (Hechmer and Hollinger 1998,
Guideline 1), the failure mode being addressed by the general primary membrane stress intensity
(Pm) limit is collapse. For this purpose, collapse includes tensile instability and ductile rupture
under short-term loading.  The principal failure mode being addressed by the maximum primary



Revision 2

No. 6:  Waste Package and Drip Shield Corrosion S-8 July 2004

stress intensity (PL + Pb) is excessive plastic deformation.  However, it also relates to tensile
instability due to the nature of Pb.

The sequence of events considered in this discussion are not repetitive where fatigue cracking or
incremental collapse might be an issue.  It follows that evaluation of secondary stress intensities
(Q) or maximum total stress intensities (PL + Pb + Q + F) is not appropriate.  Brittle fracture is
also precluded by the high ductility of the outer boundary material, Alloy 22, at the temperatures
experienced after waste form loading.  Although the high-stress areas are composed of primary,
secondary, and peak stresses, only the primary stress intensities (Pm, PL, and Pb) contribute to
tensile instability and ductile rupture (characterized by tearing of metal accompanied by
appreciable gross plastic deformation and expenditure of considerable energy), and, therefore,
only the primary stress intensities are evaluated for the sequence events.

Use was also made of the stress classification guidance in the ASME Boiler and Pressure Vessel
Code (ASME 2001, Section III, Division 1, Appendix XIII, Table XIII-1130-1) to determine
which stress fields should be classified as primary and which should be classified as secondary
when evaluating the sequence events.  It was decided to conservatively classify all membrane
stress fields as primary.  Classification of the bending stresses was more involved.

Review of representative analyses for the sequence of events indicated that the most significant
wall-bending stresses were occurring near (within tR ⋅ , R = outer barrier mid-radius, t = outer
barrier thickness) gross structural discontinuities.  Some of these gross structural discontinuities
were integral to the outer boundary, and some were introduced by the constraint of adjacent parts
or impact surfaces.

The integral gross discontinuities in the outer barrier are similar to code vessel details, such as
shell-to-lid junctures and step-changes in wall thickness.  The bending stresses are created by
self-constraint and ASME Section III, Division 1, Appendix XIII, Table XIII-1130-1 (ASME
2001) classifies these bending stresses as secondary.  The only exception to this classification is
stress at the shell-lid junction, where concern about the predictability of the lid’s central stresses
leads the code (ASME 2001, Section III, Division 1, Appendix XIII, Note (4) of
Table XIII-1130-1) to caution about classifying the bending stresses as Pb.  However, this is not
appropriate guidance for inelastic analyses because the increased flexibility of the juncture due to
inelastic behavior is correctly captured, and the lid’s central stresses will be accurately predicted.

The bending stresses created by the constraint of adjacent parts or impact surfaces (which can be
considered as temporary adjacent parts) were reviewed as individual cases with attention to the
amount and type of constraint introduced.  In the design analyses to date, the constraint of the
adjacent part (e.g., trunnion sleeve) or impact surface (e.g., emplacement pallet, crane hook, or
rock) created local yielding and minor local distortions in the outer barrier.  The outer barrier
distorted shape reduced the outer barrier bending stresses, while increasing the outer barrier
membrane stresses.  The bending stresses in these locally yielded regions are, therefore,
self-limiting and satisfy the basic characteristic of a secondary stress.

The structural criterion developed for the outer boundary for the sequence events was to directly
address the dominant failure mode and tensile instability, and to limit the membrane stresses to
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acceptable limits.  The use of inelastic analyses ensures that local thinning or shape changes that
could increase membrane stresses will be properly accounted for.

The inelastic analyses were conducted using true-stress based and true strain-based constitutive
relationships.  In accordance with the ASME Boiler and Pressure Vessel Code (ASME 2001,
Section III, Division 1, Appendix F, F-1322.3(b) and F-1341.2), for Alloy 22 (UNS N06022), the
limit on Pm is 0.7σu, and the limit on PL is 0.9σu, where Pb = 0, and σu is the true tensile strength
at temperature.

As stated earlier, the ASME Boiler and Pressure Vessel Code (ASME 2001, Section III,
Division 1, Appendix XIII, XIII-1123(j)) provides guidance on how local PL must not be
classified as a more restrictive general primary membrane stress intensity, Pm.  Interpretation of
this guidance with respect to the Appendix F limits requires PL values exceeding 0.77σu to not
extend for greater than tR ⋅  in any direction (not just the meridional direction), where R is the
midsurface radius and t is the thickness of the outer barrier.

Rigorously performed, the calculation of the primary membrane stress intensities requires the
following steps:

• Identification of the governing wall location, which may not necessarily contain the
maximum stressed point (Hechmer and Hollinger 1998, Guidelines 3a, 3c, and 4d).

• Identification of the orientation of the stress classification line, typically normal to the
mid-plane of the shell or lid thickness (Hechmer and Hollinger 1998, Guideline 4d).

• Identification of stress component (σx, σy, σz, τxy, τyz, τzx) fields across the wall of the
outer barrier.

• Averaging of the stress component fields to create wall-averaged stress components.

• Translation of these wall-averaged stresses to principal stress directions by solving a
cubic equation.

• Calculation of the difference between the maximum (σ1) and minimum (σ3) principal
stress direction values.

To simplify the calculation, the wall-average of the element total stress intensity (twice the
maximum shear stress) values through the outer corrosion barrier is used to define the primary
membrane stress intensities.  This is a bounding representation because it does not include the
favorable effect of the possible changing of the principal stress planes through the wall and
includes the secondary and peak stress contributions.

The third (ASME 2001, Section III, Division 1, Appendix F) limit on average section shear was
imposed whenever a location was governed by the 0.9σu PL limit.  When the wall-average of the
total stress intensity exceeded 0.84σu, an additional check was imposed that each of the three
wall-averaged shear stresses is less than 0.42σu.
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S.4.2 Fracture Toughness Values

S.4.2.1 Fracture Toughness Issues for Alloy 22

The Alloy 22 (UNS N06022) material to be used for the outer corrosion barrier of the waste
package is a very tough and ductile material.  As indicated in Appendix U, Table U-3, the
Charpy notch toughness (energy absorbed) for solution annealed Alloy 22 plate is greater than
260 ft-lb and weldments containing ERNiCrMo-10 as-deposited weld metal have Charpy weld
metal values in the range of about 120 to 150 ft-lb.  In addition, as indicated in Appendix U,
Section U.4.2.1, solution annealing of Alloy 22 weldments is expected to further increase weld
metal notch toughness.  With respect to the expected toughness of Alloy 22 weldments
containing ERNiCrMo-14 weld filler materials, recent Charpy testing using half-size samples
yielded Charpy toughness values for an appropriate subset of ERNiCrMo-14 deposited weld
chemistries in the range of about 50 to 125 ft-lb with higher values obtained for postweld
solution heat treated material.  Since the measurements were made with half-size specimens, the
expected toughness would be approximately twice these reported values (see discussion in
Appendix T).  Consequently, additional fracture toughness testing of Alloy 22 is unnecessary.
As part of ensuring quality control of as-fabricated waste package materials, a minimum Charpy
value will be specified for Alloy 22 materials, including base and weld materials.

S.4.2.2 Fracture Toughness Issues for Titanium Alloys

When considering the failure of the titanium alloys used in the drip shield, two failure modes are
possible.  The first is plastic collapse (e.g., the Tresca failure criterion); the second is failure by
fracture propagation.  The tendency toward fracture failure is governed by two considerations.
The first is the behavior of the material.  Some materials are intrinsically more likely to
propagate fractures.  Other materials, like Alloy 22, have a failure mode dominated by plastic
collapse.  The other governing factor is the size of an existing flaw that will propagate as a
fracture to failure.  If the maximum flaw size is sufficiently small, even a material that is
characterized by mixed mode failure will fail in plastic collapse.  Therefore, the design approach
for the drip shields is to control flaw size during fabrication to ensure that flaws will not nucleate
to form fractures.

S.4.3 Adjustment of Engineering Stress Values

The modification of engineering stress values to the true stress is an industry-accepted technique
when performing elastic-plastic analysis for ductile material (Dieter 1976, Section 3.3).  This is
also the approach used in the ASME Boiler and Pressure Vessel Code (ASME 2001, Section III,
Division 1, Appendix F, F-1322.3(b)).

S.4.4 Effect of Variability in Structural Parameters

Current evaluations for drip shield buckling under static load (BSC 2003) have used conservative
structural properties from the ASME Boiler and Pressure Vessel Code (ASME 2001, Section II,
Part D).  For future evaluations, either consensus standard values or nominal values may be used.
If nominal values are used, then the appropriateness of the values used must be determined.  In
the case of postclosure evaluations, for which long-term effects are important, the variations in
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material properties must be assessed against the uncertainty in the variables important to
performance.

An example of this approach may be found in the model abstraction for low probability seismic
events.  In that abstraction, the process variables with the greatest variability are the ground-
motion time histories, the assumed values of the friction coefficients between the engineered
components, and those between the engineered components and the natural system features.  The
resulting variability in results easily dwarfs the variability due to uncertainty in the structural
properties of the engineered components; therefore, nominal values for those properties are used.
This abstraction is described in Appendix D of Technical Basis Document No. 14: Low
Probability Seismic Events.

S.4.5 Combined-Mode Failure in Drip Shield Plates

The minimum flaw size necessary to propagate a fracture in the material must be considered.
While this flaw size is not available at present, limits on acceptable flaw sizes will be imposed
during drip shield fabrication.  This will ensure that fracture propagation is not important to drip
shield plate performance against loads generated by rockfall.

S.4.6 Effect of Fabrication and Mitigation Processes and Composition Variations on
Fracture Toughness of Alloy 22

As noted in Section S.3.2, a testing program using seven different base materials and seven
different weld metal compositions (49 combinations) was completed recently.  As expected,
Charpy impact specimens made from typical commercial or near commercial composition
Alloy 22 plate materials showed high Charpy toughness values.  However, for noncommercial
plate material compositions produced to contain major alloying and residual elements near the
high end of the ASME SB-575 specification limits (ASME 2001, Section II, Part B), it is
possible to obtain reduced Charpy toughness values.  This compositional variations program and
mechanical property results for plate and weld metal are described in detail in Appendix T.
Effects of waste package–specific fabrication processes on fracture toughness of Alloy 22 plate
and weldments are described in Appendix U.  Results presented in these appendices show that
currently proposed fabrication processes result in high fracture toughness values.  These results
and those from ongoing work will be used to optimize composition requirements for Alloy 22
plate and weld material.
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