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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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DOE U.S. Department of Energy

ENFE Evolution of Near-Field Environment
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KEY TECHNICAL ISSUE LETTER REPORT
 (RESPONSE TO GEN 1.01)

1. GEN 1.01

This report addresses Key Technical Issue (KTI) general agreement (GEN) 1.01.  This
agreement was reached during the U.S. Nuclear Regulatory Commission (NRC)/U.S.
Department of Energy (DOE) Technical Exchange and Management Meeting on Range of
Operating Temperatures held September 18 to 19, 2001 (Reamer 2001a).  The meeting was
conducted by a three-way videoconference between the NRC (Rockville, Maryland), the DOE
(Las Vegas, Nevada), and the Center for Nuclear Waste Regulatory Analyses (San Antonio,
Texas).  This was the second of two technical exchange and management meetings on the range
of operating temperatures.  The first meeting was held in Rockville, Maryland, on August 2,
2001 (Reamer 2001b).

At the first meeting, DOE presented a summary of its Supplemental Science and Performance
Analyses (SSPA) (BSC 2001a, BSC 2001b).  This report was produced as a supplement to the
Yucca Mountain Science and Engineering Report (DOE 2001), released in May 2001, that
presented technical information supporting the consideration of the possible site
recommendation.  The studies and analyses described in the SSPA provided additional technical
information on (1) quantitative uncertainty analyses, (2) updates in scientific information, and (3)
lower-temperature operating mode analysis.

The second meeting focused on comments raised by the NRC regarding the SSPA.  The NRC
comments and DOE response to the comments are listed in Enclosure 1 (Reamer 2001a).  A
number of the NRC comments were determined to be concerned with issues that were already
subject to existing KTI agreements.  These comments were incorporated into GEN 1.01, a KTI
agreement in which the DOE agreed to address the comments when the related KTI agreements
were addressed.  The related KTI agreements were identified in the DOE responses to NRC
comments.

Wording of the agreement is as follows.

GEN 1.01

For NRC comments 3, 5, 8, 9, 10, 12, 13, 15, 16, 18, 21, 24, 27, 36, 37, 41, 42,
45, 46, 50, 56, 64, 69, 75, 78, 81, 82, 83, 93, 95, 96, 97, 98, 102, 103, 104, 106,
109, 110, 111, 113, 116, 118, 119, 120, 122, 123, 124, and 126, DOE will address
the concern in the documentation for the specific KTI agreement identified in the
DOE response (Attachment 2). The schedule and document source will be the
same as the specific KTI agreement.

2. RELATED KEY TECHNICAL ISSUE AGREEMENTS

Each of the comments listed in KTI agreement GEN 1.01 is related to one or more KTI
agreements.  The related agreements are listed in Table 1.
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3. RESPONSE

The majority of comments in GEN 1.01 have been addressed in DOE responses to other KTI
agreements, either in individual KTI letter reports or in technical basis documents.

Table 1 shows the disposition of each of the GEN 1.01 comments.  The first column shows the
NRC comment by number.  The second column, entitled “related KTI agreements” refers to the
KTI agreement(s) identified in the initial DOE response to the NRC comment.  The status
column indicates one of the following: (1) complete, as identified in an NRC letter issued on the
date indicated; (2) submitted, indicating that the DOE response to a comment has been submitted
to the NRC and no review of the response has been received from the NRC; or (3) resubmitted,
indicating that a revised DOE response to a comment has been submitted following an NRC
determination that the initial submittal did not contain sufficient information.  The disposition
column shows the document in which the DOE response has been addressed or the letter by
which the NRC determined a response to be complete.

Table 1.  Related KTI Agreements and Comment Disposition

Comment Related KTI Agreements Status Disposition
3 RDTME 3.15, 3.16, 3.17, 3.19 Submitted Addressed in TBD #4, Appendix C
5 TEF 2.05 Submitted Addressed in TBD #5, Appendix M
8 CLST 2.04,2.05, PRE 7.04,7.05 Submitted Addressed herein
9 CLST 1.12, 2.05 Submitted Addressed in TBD #6, Appendix G
10 CLST 1.12, 2.05, 6.01 Submitted Addressed in TBD #6, Appendix G
12 CLST 1.10 Submitted Addressed herein
13 TSPAI 3.07 Submitted Addressed in TBD #3, Appendix J
15 TEF 2.08 Submitted Addressed in TBD #3, Appendix A
16 TSPAI 3.07, TEF 2.05 Submitted Addressed in TBD #5, Appendix M
18 TSPAI 3.23 Complete Complete per NRC Letter of 4/22/03
21 TSPAI 3.03, CLST 1.01, 1.02, 1.09,

1.11, 5.03, 5.06; PRE 7.04, 7.05
Submitted Addressed in Response to CLST 5.03, 5.04

and 5.05; ENFE 5.03 and RT 4.03
24 TSPAI 3.23 Resubmitted Addressed in TBD #2, Appendix I
27 RT 1.02 Submitted Addressed in TBD #10, Appendix A
36 TSPAI 3.17, TEF 2.05 Submitted Addressed in TBD #8, Appendix F
37 ENFE 4.03, 4.06 Submitted Addressed in TBD #8, Appendix B
41 RT 1.05, 2.10 Submitted Addressed in TBD #11, Appendix K
42 RT 2.01 through 2.09 Complete Complete per NRC Letter of 8/30/02
45 RT 3.08 Submitted Addressed in TBD #11, Appendix M
46 RT 3.07, TSPAI 3.30 Submitted Addressed in TBD #8, Appendix D
50 CLST 1.01, 1.10, ENFE 2.15, 2.17 Complete Complete per NRC Letter of 6/25/04

56 TSPAI 4.01 Complete Complete per NRC Letter of 10/11/02
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Table 1.  Related KTI Agreements and Comment Disposition (Continued)

Comment Related KTI Agreements Status Disposition
64 TSPAI 3.03, CLST 1.01, 1.02, 1.09,

1.11, 5.03, 5.06; PRE 7.04, 7.05
Submitted Addressed in Response to CLST 5.03, 5.04

and 5.05; ENFE 5.03 and RT 4.03
69 TSPAI 3.23 Resubmitted Addressed in TBD #2, Appendix I
75 USFIC 4.07 Complete Complete per NRC Letter of 8/20/02
78 TSPAI 3.38 Resubmitted Addressed in Response to TSPAI 1.02, 3.37,

3.38, 3.39, 3.41, 4.01, 4.03, 4.04 and 4.06
81 ENFE 1.05 Submitted Addressed in TBD #5, Appendix B
82 TSPAI 3.11 Submitted Addressed in TBD #3, Appendix K
83 RDTME 3.20 Submitted Addressed in TBD #3, Appendix G

93 ENFE 1.05 Complete Complete per NRC Letter of 6/25/04
95 TSPAI 3.07 Submitted Addressed in TBD #3, Appendix J
96 TSPAI 4.01 Resubmitted Addressed in Response to TSPAI 1.02, 3.37,

3.38, 3.39, 3.41, 4.01, 4.03, 4.04 and 4.06
97 RDTME 3.20 Submitted Addressed in TBD #3, Appendix G
98 ENFE 1.05 Complete Complete per NRC Letter of 6/25/04
102 RT 1.05, 2.10 Submitted Addressed in TBD #11, Appendix K
103 USFIC 5.11 Complete Complete per NRC Letter of 2/5/03
104 ENFE 1.05 Submitted Addressed in TBD #5, Appendix B
106 TSPAI 3.24 Submitted Addressed in TBD #2, Appendix B
109 ENFE 2.15, 2.17 Submitted Addressed in TBD #5, Appendix K
110 ENFE 1.05 Complete Complete per NRC Letter of 6/25/04
111 TSPAI 4.04 Submitted Addressed in Response to TSPAI 1.02, 3.37,

3.38, 3.39, 3.41, 4.01, 4.03, 4.04 and 4.06
113 CLST 1.01 Complete Complete per NRC Letter of 6/25/04
116 TSPAI 3.14 Submitted Addressed in TBD #7, Appendix A
118 CLST 1.01 Complete Complete per NRC Letter of 6/25/04
119 CLST 1.12, 1.15 Submitted Addressed in TBD #6, Appendix G
120 CLST 1.12, 1.13, TSPAI 3.41 Resubmitted Addressed in TBD #6, Appendix G.
122 CLST 1.01, 6.01 Submitted Addressed in TBD #5, Appendix A
123 CLST 1.08 Submitted Addressed herein
124 CLST 1.01, 3.07 Submitted Addressed in TBD #5, Appendix A
126 ENFE 3.03, 3.04, CLST 3.05, 3.06,

4.05, 4.06, TSPAI 3.08, 3.14
Submitted Addressed in TBD #7, Appendix A

NOTE: CLST = Container Life and Source Term; ENFE = Evolution of the Near-Field Environment; PRE = Preclosure;
RDTME = Repository Design and Thermal-Mechanical Effects; RT = Radionuclide Transport; TEF = Thermal Effects
on Flow, TSPAI = Total System Performance Assessment and Integration, USFIC = Unsaturated and Saturated Flow
Under Isothermal Conditions. TBD #2 = Technical Basis Document No. 2: Unsaturated Zone Flow; TBD #3 =
Technical Basis Document No. 3: Water Seeping into Drifts; TBD #4 = Technical Basis Document No. 4: Mechanical
Degradation and Seismic Effects; TBD #5 = Technical Basis Document No. 5: In-Drift Chemical Environment; TBD #6
= Technical Basis Document No. 6: Waste Package and Drip Shield Corrosion; TBD #7 = Technical Basis Document
No. 7: In-Package Environment and Waste Form Degradation and Solubility; TBD #8 = Technical Basis Document No.
8: Colloids; TBD #10 = Technical Basis Document No. 10: Unsaturated Zone Transport; TBD #11 = Technical Basis
Document No. 11: Saturated Zone Flow and Transport.
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The three remaining GEN 1.01 comments are addressed below:

NRC Comment 8

The determination of the probability for improper heat treatment of the WP
closure welds is not transparent. Non-destructive evaluation methods to determine
if the final closure weld have been properly heat treated by induction annealing
have not been identified or demonstrated.

Basis:

Improper heat treatment of the closure weld is considered in the SSPA. The
probability of improper heat treatment is calculated to be 2.23 x 10-5 based on an
event tree analyses provided in the Analyses of Mechanisms for Early Waste
Package Failure AMR. This probability includes the probability of an independent
laboratory check to verify that the heat treatment was done properly (with a
probability of success estimated to be 0.99 or alternatively a probability of failure
of 0.01). For the final closure weld, a non-destructive assessment of the final heat
treatment may not be possible. Methods to assess the final closure weld after
induction annealing have not been presented in DOE documents. If the final
assessment cannot be performed then the probability of improper heat treatment
may increase. This may have a significant effect on dose for the early WP
failures.

Initial DOE Response to Comment 8 (from September 2001 Technical Exchange)1

This study represents a sensitivity study designed to evaluate the possible effects
of improper heat treatment processes. Under existing CLST KTI agreements 2.4
and 2.5, DOE plans to continue the fabrication process development program
including an assessment of stress mitigation process for the end closure weld and
associated probability for improper heat treatment.

Applying the Poisson distribution implicitly assumes that failures of the waste
packages are independent, and is therefore an approximation that does not include
consideration of common-mode failures. Future work will include development
and testing of welding, heat treating and inspection equipment and processes.
Data from this program will be used to evaluate the potential for common-mode
failures, and to refine prediction of the failure rates to be applied in future
performance assessment.

The issue of improper heat treatment for a potential LA will be addressed again
when the Analyses of Mechanisms for Early Waste Package Failure AMR is
revised. Work to support the revision of the AMR is covered under the preclosure
KTI items PRE 7.04 and PRE 7.05.

                                                
1 The study mentioned is documented in Analysis of Mechanisms for Early Waste Package Failure (CRWMS M&O
2000, Section 6.2.3.1).
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Response

Induction annealing is no longer being considered by the DOE for the heat treatment of the waste
package final closure weld area.  Therefore, the specific issue of induction annealing is no longer
applicable.

With regard to the general issue of closure weld treatment, a description of the postweld stress
mitigation techniques to be used is presented in Technical Basis Document No. 6: Waste
Package and Drip Shield Corrosion, Sections 1 and 3, with technical details contained in
Appendix Q (Response to CLST 2.04, CLST 2.05, and GEN 1.01 (Comment 7)), Appendix T
(Response to PRE 7.03), and Appendix U (Response to PRE 7.05).

The latter appendix specifically analyzes laser peening, the currently baselined stress mitigation
method for closure welds, and controlled plasticity burnishing, a potential alternative process.  It
concludes that either stress mitigation process would produce a shallow near outer surface cold
work gradient and would be expected to increase strength properties, decrease ductility and
toughness, and potentially accelerate thermal aging processes.  The closure lid weldments are
fully expected to meet the requirements used for waste package performance calculations.

An analysis of the probabilities of events leading to improper laser peening treatment is
contained in Analysis of Mechanisms for Early Waste Package/Drip Shield Failure (BSC 2003).
Event trees are developed that identify scenarios that could lead to improper laser peening of the
outer lid weld of the waste package, and probabilities of event occurrence are developed.

NRC Comment 12

The use of cyclic potentiodynamic polarization may not be an appropriate method
to obtain critical potentials for the initiation of localized corrosion. During the
anodic potential scan, transpassive dissolution may occur rather than localized
corrosion. Alternative test methods that avoid high potentials and limit
transpassive dissolution may result in the consistent initiation of localized
corrosion as well as significantly lower critical potentials for the initiation of
localized corrosion.

Basis:

The potential based localized corrosion initiation model is based on the initiation
of localized corrosion at critical potentials obtained in cyclic potentiodynamic
polarization tests. The use of potentiodynamic polarization may result in the
initiation of transpassive dissolution rather than localized corrosion. If
transpassive dissolution is initiated the measured current density rapidly increases
as a function of potential. During the reverse scan of the potentiodynamic
polarization curve, the transition from transpassive dissolution to passive
dissolution will likely occur much higher potential compared to repassivation
potentials if localized corrosion is initiated.

Recent tests conducted at the CNWRA have shown that cyclic potentiodynamic
polarization does not result in the consistent initiation of localized corrosion of
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Ni-Cr-Mo alloys. During the anodic scan, there is insufficient time for the
initiation of localized corrosion prior to reaching high potentials where
transpassive dissolution is observed. A modified test method using a combination
of a potentiostatic hold at a potential where localized corrosion is initiated
preferentially to transpassive dissolution, followed by a slow scan rate to reach
the repassivation potential yields critical potentials for the initiation of localized
corrosion that are much lower than those obtained using the cyclic potentiostatic
polarization method.

Initial DOE Response to Comment 12 (from September 2001 Technical Exchange)

The creviced repassivation potential may lie above either the transpassive
dissolution potential or the oxygen evolution potential because of the relatively
high localized corrosion resistance of Alloy 22 in YMP relevant environments.
Under existing CLST KTI agreement item 1.10, DOE is developing data based on
potentiostatic polarization tests over a range of potentials, environments and
temperatures. It is planned to utilize both uncreviced and creviced specimens.

Response

The creviced repassivation potential may lie above either the transpassive dissolution potential or
the oxygen evolution potential because of the relatively high localized corrosion resistance of
Alloy 22 in relevant environments. The DOE has conducted additional critical potential
measurements using other methods, such as the Tsujikawa Hisamatsu Electrochemical (THE)
testing, on crevice samples.  Results from these tests are in general agreement with the critical
potentials obtained from the cyclic potentiodynamic polarization methods.  Some of the data
from the “THE” method are documented in the response to CLST 1.10 and 1.11 (Technical Basis
Document No. 6: Waste Package and Drip Shield Corrosion, Appendix O).

While sufficient data have been developed to address this NRC comment, the DOE is continuing
to develop data based on potentiostatic polarization and THE tests over a range of potentials,
environments, and temperatures using both uncreviced and creviced specimens.

NRC Comment 123

In p. 7-67, most of archaeological evidence came from the reducing environment?
If that is the case, are the quoted examples relevant to the YM project?

Initial DOE Response to Comment 123 (from September 2001 Technical Exchange)

Section 7.3.7.3 of SSPA Vol. 1 documented any existing natural and
archaeological analogues that could provide additional lines of evidence for long-
term degradation of waste package materials under repository relevant exposure
conditions. The documented analogues, except the iron pillar of Asoka, India and
iron and nickel-iron alloys from meteorites, were exposed to varying degrees of
reducing environments. Although the documented analogues do not provide direct
quantitative evidence of long-term waste package degradation in the potential
repository, their long-term durability in their respective exposure conditions
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provides very useful implications to the potential longevity of waste packages in
the potential repository.

Additional corroborative data on the natural and industrial analogues are being
obtained under existing KTI agreement CLST 1.8.

Response

The DOE is no longer using the SSPA approach (BSC 2001a, Section 7.3.7.3) for corroborating
the long-term general corrosion of the waste package outer barrier using natural and
archaeological analogs. Instead, the additional lines of evidence are obtained through
experimental data on passive film characterization on Alloy 22 and other industrial analogs, such
as stainless steels and other nickel alloys.  Details are discussed in the responses to CLST 1.08
and 1.09 (Technical Basis Document No. 6: Waste Package and Drip Shield Corrosion,
Appendix N).

Additional corroboration of the general corrosion rates of Alloy 22 are obtained from longer term
exposures of test samples in the Long Term Corrosion Test Facility (documented in the response
to CLST 1.07-AIN-1 in Technical Basis Document No. 6: Waste Package and Drip Shield
Corrosion, Appendix A) and other short-term electrochemical testing (documented in Technical
Basis Document No. 6: Waste Package and Drip Shield Corrosion, Appendix V).

4. CONCLUSIONS

Comments addressed in previous KTI agreement responses (Table 1) and in this report are
responsive to agreement GEN 1.01 made between DOE and NRC.  This report contains the
information that DOE considers necessary for NRC review for closure of this agreement.

5. REFERENCES
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ENCLOSURE 1:  SUMMARY OF NRC COMMENTS AND DOE RESPONSES
FROM THE SEPTEMBER 2001 TECHNICAL EXCHANGE ON

RANGE OF THERMAL OPERATING MODES
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