
TOPICS FOR DISCUSSION

CONFERENCE CALL WITH HOLTEC ON AUGUST 19, 2009

HI-STAR 180 METAMIC-HT

1. The MMV depends more strongly on the number of tests than does P95. That is, more
testing will alter the MMV more than P95. For a large number of tests (Le., 30 as in Rev. 1 of
the Sourcebook), MMV is more likely to be less than P95. However, for smaller numbers of
tests (Le., those associated with the QA plan), MMV is less likely to be less than P95.

Therefore, Holtec should describe how many tests will be conducted for each critical
characteristic for those extrusions that are sampled under the QA plan. Based on this
number of tests, the applicant should demonstrate that the MMV is a more conservative
characterization of the material properties than is P95 in order to justify this claim in the Rev.
1 report.

2. The report indicates that "pre-existing cracks are not permitted in the extruded Metamic-HT
Panels. "

How are the extruded panels inspected to ensure that preexisting cracks are not evident?

What is the minimum detectable flaw size and probability of detection as a function of flaw
size for the inspection method.

3. Based on the CVE values for the base material , it is expected that Metamic-HT will have
relatively low fracture toughness values (Le., low K1c) .

Based on the yield strength and CVE at room temperature, the K1c value is expected to be
approximately 30 ksi--vin (based on CVE correlations for steels). Because the K1c values are
potentially so low, failure from defects induced during manufacturing or service are a
potential failure mode.

Additionally, no fracture toughness testing of the weld material has been performed .
Typically, defects (i.e., cracks) are more likely in weld material and, for many materials, weld
metal fracture toughness is less than for extruded base material.

Can the applicant justify why no weld metal fracture toughness tests (either CVE or K1c) were
performed?

Can the applicant justify why a damage tolerant evaluation has not been conducted
determine the critical flaw sizes in both the weld and the as-extruded materials? Such an
evaluation would initially determine the minimum flaw that could result in failure under
design basis loadings, and then consider growth of this flaw over the life of the canister (l.e.,
growth due to creep or fatigue, etc.) to determine a minimum tolerable flaw at the beginning
of life. Then, an inspection plan is developed. This type of evaluation is important because
the deflection of the cells is a limiting design consideration. If welds or the extruded material
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are cracked, the deflection could be much higher than has currently been analyzed in the
SAR.

4. It is still not clear either how the MGV values were determined and how these values are
used in design to ensure that cask performance is acceptable (l.e., acceptable
deformations), or are they only used for quality assurance limits.

Please clarify how the MGVs were determined and the use of the MGV values in design
and/or cask analysis.

5. Rev. 1 states that lithe test data shall be obtained under the as-extruded condition at room
temperature. The implicit assumption in this practice is that a material that meets the MGV
property requirement under one set of conditions will pass under all others as well (a fact
supported by test data in this report. " Because the mechanical property values vary
consistently with temperature, with no expected changes in failure mode, the assumption
that a material with adequate room temperature properties will retain adequate properties at
higher temperatures appears reasonable. The test data also indicates that material which
passes the room temperature MGVs will also pass the higher temperature MGVs . The test
data has also demonstrated that aging has little effect on the mechanical properties. This is
to be expected for this particular alloy system.

However, the test data demonstrates that irradiation clearly affects the mechanical
properties. Irradiation elevates the crys, crull, EL, especially at higher temperatures, while the
eVE and RA are reduced, especially at lower temperatures.

Therefore, it is not clear that an as-extruded coupon which passes the eVE and RA MGV
requirements will necessarily meet these requirements in the irradiated state. Therefore, the
applicant should demonstrate that, if the as-extruded material passes the room-temperature
MGVs, the irradiated material will meet the MGV requirements or alternatively, that it is
acceptable if the irradiated material does not meet the MGV requirements.

6. Material properties obtained from small lots (often called laboratory heats) are often different
from properties obtained from large lots (often call production heats). Production heats also
typically demonstrate more material property variability.

The applicant should describe their approach for demonstrating, once the production facility
has been developed, that the properties and lot-to-lot variability from production heats is
either consistent with the laboratory heat properties and variability, or acceptable.

7. A prior RAI asked the applicant to demonstrate that the material property variability can be
adequately described by a normal distribution as assumed. In Rev. 1, several material
properties are plotted on probability plots. However, Rev. 1 provides no description about
how these plots were developed.

Please describe how the plots were developed. This summary should describe how the
measured data was assigned rank probabilities and how the properties of the fitted line were
determined.

8. The probability plots provide some qualitative measure of how well data is described by a
normal distribution. Some of the data appears to follow a straight line indicative of normality
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(e.g., EL data) while other data (e.g., O'ys) does not appear to follow a straight line
relationship.

However, there are many tests for normality that provide a quantitative measure of how well
the data can be described by a normal distribution. The applicant should either provide a
quantitative measure of the applicability of the assumption of normality for the measured
data, or justify why such an assumption is not important within either the QA plan, or for
evaluating material performance.

9. While more mechanical property testing was conducted in campaign III and summarized in
Rev. 1, it is still not clear what data is associated with different lots. A prior RAI asked that
the lot associated with each test data be identified. This information has still not been
provided, and it is necessary to evaluate lot-to-lot material variability in a meaningful way.

10. Were analysis of variance (ANOVA) testing performed to determine if the differences among
lots are statistically significant? Is there enough data for separate lots to allow for
meaningful ANOVA testing? If ANOVA testing was not performed, how did the applicant
determine that ..the results show consistent and repeatable Metamic-HT properties across
lots "from only the mean data provided in Tables 4.38 and 4.39?

11. The applicant compared the material property variability between coupons from Campaigns
II and III and concluded that "... the properties of Metamic-HT do not vary any more than
standard metals such as carbon steel and stainless steel. " It is not clear why property
differences between the two campaigns are expected unless processing techniques were
changed between the two campaigns. Any differences are expected to be more strongly a
function of lot-to-Iot variability. Why did the applicant believe that differences in material
properties between the two campaigns could exist?

12. Please verify that the value for the Lot F O'ull in Table 4.38 contains a typographical error. If
so, also please report the correct value .

13. Section 4.13 provides the reasons for discarding data. One of the reasons states that the
.. ... test engineer made a mounting or handling error ... ". It is not clear if this means that the
coupon was damaged, that the test specimen was damaged, that the specimen was not
tested correctly, or something else. Could the applicant please clarify what this means?

Another reason states that a "...software anomaly ... affected some coupons requiring
baseline correction ... ". It is not clear if this anomaly refers only to the tensile tests, nor is it
clear what is meant by baseline correction. It may mean that some specimens had no
preload at beginning of test or something else.

Could the applicant please clarify what the baseline correction is, how it was performed, and
how the software anomaly resulted in errant test results in these cases.

14. The sampling plan, as described in Rev. 1, is based on guidance in MIL STD-105E. This
standard has well defined guidance on the development and implementation of QA sampling
plans based on required acceptable quality levels . There are normal , tightened, and relaxed
inspection plans, and explicit rules for switching between these plans.
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In contrast, the Rev. 1 document identifies tier 1, 2, and 3 sampling plans. The tier 1 plan is
the most restrictive while the tier III plan is the most relaxed and seem to loosely correspond
to the normal, tightened, and relaxed plans in MIL STD-105E.

Could the applicant please verify what guidance was adopted from MIL STD-105E in the
proposed sampling plan? This description should indicate significant deviations from MIL
STD-105E, provide details on the testing sample size (i.e., number of test samples for each
mechanical property), the number of lots tested for each set of mechanical property tests ,
and the percentage of production lots that are sampled for the tier I inspection plan.

15. Table 4.41 indicates that 60% of extrusions in the lot are sampled under tier I. However ,
Section 4.14 indicates that 20% of the coupon population is tested . The relationship
between test specimens, test coupons, extrusions, and lots is unclear in this description.
For example, it is not clear how many extrus ions make up a lot, how many coupons make
up an extrusion (or if the entire extrusion is tested), and how many test specimens are
obtained from a test coupon. Also, it is not clear how many production parts are obtained
from a single extrusion. Finally, it is not clear if the relationship among specimens, coupons ,
extrusions, and lots is the same for both laboratory and production heats. Please clarify
these issues .

16. Please verify that "... one set of critical characteristics ... " described in the sampling plan
refers to the seven mechanical properties in Table 1.3. If not, please identify what
constitutes the set of critical characteristics.

17. Please clarify the temperature(s) for the density measurements.

18. The specific heat values reported in Table 6.2 at 100C and 200C in Rev. 1 are nearly 20%
less than the values reported at similar temperature in the Rev. 0 report . Please provide a
reason for these differences. Are these differences a reflection of lot-to-Iot variability?

19. As with the mechanical property data, the lot numbers are not identified on the thermo
physical property data. Please indicate the lot numbers associated with each data sample .
It is also not clear if lot-to-Iot variability affects the thermo-physical properties.

Was the effect of lot-to-Iot variability examined for these properties? If not, please justify
why this is not an important consideration. If so, please describe and justify the method to
quantitatively (or qualitatively) evaluate lot variability, summarize the results of this analysis,
and provide conclusions. Much of this information was requested in previous RAls M.8 and
M.14.

20. The analysis used to justify that the deflection limit ( amax) is a conservative criterion is
performed with stainless steel instead of Metamic-HT. Please clarify why stainless steel
was used for this analysis and not Metamic-HT and justify why the use of stainless steel is
an acceptable representation of Metamic-HT for this demonstration.

21. Part of an earlier RAJ (M.14) , asked the applicant to justify why the reported CTE values are
representative or conservative over the smaller temperature range expected in service given
that testing was conducted between 26 and 537C. The applicant responded that the
.. ...thermal expansion of Metamic-HT is essentially linear over the range of measured
temperatures...". However, the applicant provides no basis for this statement. Is this
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linearity predicted by analysis or has it been observed during testing. The applicant should
provide information, including test data if appropriate, to justify this statement.

22. In response to previous RAI M.16, the applicant provided details on the experimental
approach to measure emissivity (Appendix B to Rev. 1). While the description of the
approach is clear, the document does not provide information to justify the accuracy,
precision, and bias of the technique. The document also does not identify how the
technique relates or is traceable to other standardized techniques to measure emissivity
(e.g., ASTM E408, ASTM E1933) . These details should also be provided .
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