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Nuclear Waste 
Technical Review Board 
Correspondence with the 
Department of Energy

I n addition to published reports, the Board periodically writes letters to the  Director of 
the Department of Energy’s (DOE) Office of Civilian Radioactive Waste Management 
(OCRWM). The letters typically provide OCRWM with the Board’s views on specific 
technical areas earlier than do Board reports. The letters are posted on the Board’s 

Web site after they have been sent to OCRWM. For archival purposes, three Board letters 
written during the period covered by this report are reproduced here.

OCRWM typically responds to the Board’s reports and letters, indicating its plans to 
respond to the Board’s recommendations. Included here are OCRWM’s responses that 
were received during calendar year 2006. Inclusion of these responses does not imply 
Board concurrence. 

Letter from Paul M. Golan, Principal Deputy Director, OCRWM, to B. John Garrick;  �
May 5, 2006.

Subject: DOE’s responses to recommendations in the December 19, 2005, and 
March 6, 2006, letters.

Letter from B. John Garrick to Paul M. Golan, Acting Director, OCRWM;  �
June 14, 2006.

Subject: DOE’s participation at the May Board meeting.

Letter from Edward F. Sproat, III, Director, OCRWM, to B. John Garrick;  �
August 21, 2006.

Subject: DOE’s responses to recommendations in the June 14, 2006, letter.

Letter from B. John Garrick to Edward F. Sproat, III, Director, OCRWM; December  �
14, 2006.

Subject: DOE’s participation at the September Board meeting.

Letter from B. John Garrick to Edward F. Sproat, III, Director, OCRWM;  �
January 12, 2007.

Subject: Comments following the Board’s September 2006 Workshop on Localized 
Corrosion.

Letter from Edward F. Sproat, III, Director, OCRWM, to B. John Garrick;  �
November 20, 2007.

Subject: DOE’s response to recommendations in the January 12, 2007, letter.
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Letter from B. John Garrick to Samuel W. Bodman, Secretary, DOE;  �
February 13, 2007.

Subject: Comments following the Board’s January 2007 meeting.

Letter from Samuel W. Bodman, Secretary of Energy, to B. John Garrick;  �
April 10, 2007. 

Subject: DOE’s responses to recommendations in the February 13, 2007, letter.

Letter from B. John Garrick to Edward F. Sproat, III, Director, OCRWM;  �
April 19, 2007.

Subject: DOE’s participation at the January Board meeting.

Letter from Edward F. Sproat, III, Director, OCRWM, to B. John Garrick;  �
November 6, 2007.

Subject: DOE’s responses to recommendations in the April 19, 2007, letter.

Letter from B. John Garrick to Edward F. Sproat, III, Director, OCRWM; July 10, 2007. �

Subject: Additional comments on the Board’s September 2006 Workshop on Localized 
Corrosion.

Letter from Edward F. Sproat, III, Director, OCRWM, to B. John Garrick;  �
August 13, 2007.

Subject: DOE’s response to the Board’s Report to Congress and the Secretary of Energy, 
January 1, 2005, to February 28, 2006.
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

June 14, 2006 

Mr. Paul M. Golan
Acting Director
Office of Civilian Radioactive Waste Management  
U.S. Department of Energy  
1000 Independence Avenue, SW  
Washington, DC 20585  

Dear Mr. Golan:

 On behalf of the Nuclear Waste Technical Review Board, I thank you and the other 
Department of Energy (DOE) staff who participated in the Board’s meeting on May 9, 2006, in 
Washington, D.C.  The Board welcomed the opportunity to review technical and scientific issues 
important to the Yucca Mountain program. 

 The major topic of the meeting was DOE’s proposal to use a transportation, aging, and 
disposal (TAD) canister system for most commercial spent nuclear fuel.  Without the TAD 
canister, planned operations at the surface facilities of a repository at Yucca Mountain would 
likely involve removing individual spent-fuel assemblies from transportation casks and placing 
them in waste packages for disposal or in storage casks or site-specific canisters for aging, which 
could result in handling an individual assembly as many as four times.  The TAD canister system 
could reduce the number of times individual assemblies are handled because the canister and its 
contents would be handled in a single action.  This could improve facility throughput at Yucca 
Mountain and reduce the potential for accidents during handling operations.  The TAD canister 
system also has the potential to simplify the design and reduce the cost of repository surface 
facilities.  For these reasons, the Board considers the TAD concept promising. 

 It became apparent at the meeting that hurdles must be overcome for the potential 
advantages of a canister-based system to be realized.  Particularly important is the timing of the 
availability of TADs for storage at utility sites. At present, at-reactor spent-fuel storage pools are 
becoming filled and utilities are purchasing casks for on-site dry storage.  Some of these are 
dual-purpose casks (or use dual-purpose canisters), which can be used for both storage and 
transport.  If TADs are not available for use at utilities for at least 5-6 years, the quantity of spent 
fuel in dry storage at reactor sites will be significant.  How DOE deals with these storage casks 
and the spent fuel remaining in the spent-fuel pools for blending to DOE requirements will 
determine whether the TAD concept can accomplish its objective, i.e., avoiding handling of 
individual fuel assemblies for reblending at Yucca Mountain.
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 Also of importance is that the TAD canister concept would be part of a license 
application for a repository at Yucca Mountain.  While performance specifications are being 
developed for the TAD canister, a final determination on the acceptability of the TAD for 
disposing of spent fuel will not be known until the conclusion of the licensing proceeding for 
Yucca Mountain.  Therefore, there is considerable risk to DOE, utilities, and cask vendors in 
moving forward with design and fabrication of TAD canisters without knowing whether they 
will be approved by the Nuclear Regulatory Commission (NRC) for disposal in a repository at 
Yucca Mountain.

 Complicating this question is DOE’s insistence that it can accept only bare fuel 
(“uncanisterized” fuel) according to its interpretation of contracts it has with utilities.
Consequently, using DOE’s own bases for acceptance, it appears that DOE will not accept 
canister-based fuels, which is contrary to the essence of the TAD concept.  The Board also was 
told that, by law, DOE is not permitted to provide TADs to utilities for dry-cask storage.  Thus, 
while the Total System Model (TSM) assumes that it will be possible to place 90 percent of 
spent fuel at utility reactors in TADs, this assumption may not be realistic because of blending 
limitations at reactor sites and the amount of fuel in non-TAD storage containers.  The Board 
believes that these fundamental issues need to be understood better and resolved to allow a 
proper technical assessment of the TAD approach to managing spent fuel for the Yucca 
Mountain repository. 

 The Board is interested in the performance specification for the TAD canister and its 
relationship to the postclosure thermal-management strategy.  The Board has a continuing 
interest in consistency in the multiscale model analysis and the identification of limiting 
conditions for the thermal loading of the repository.  The Board believes that these analyses are 
keys to understanding postclosure conditions and that such understanding is needed for properly 
assessing repository performance as it relates to water ingress and temperature limits on 
materials, drifts, and possible failure modes. 

 The Board notes that the success of the TAD concept appears to rely on construction and 
use of a rail line through Nevada for moving transportation casks from existing rail lines to the 
Yucca Mountain site.  The Board has commented previously on the need for contingency 
planning in the event that construction of the rail line is delayed.  To the extent that adoption of 
the TAD concept also causes changes in the design of the Yucca Mountain surface facilities, 
DOE’s ability to process legal-weight truck casks could be reduced.  If so, contingency planning 
for a rail line delay would be even more important. 

 Finally, as an overarching concern, the Board believes that the existing litigation between 
DOE and the nuclear utilities is a significant impediment to the technical resolution of key issues 
regarding TAD canisters and the overall spent-fuel management system leading to disposal.  The 
Board strongly urges DOE and the utilities to resolve their contractual differences with a sense of 
the urgent need for finding a waste-management solution. 
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 DOE’s TSM analyzed various scenarios involving use of TAD canisters, and the results 
of some of those analyses were presented at the meeting.  The Board applauds DOE’s 
development and use of TSM and encourages additional enhancements of its capabilities.  TSM 
is an excellent tool for evaluating the performance of the waste management system from 
acceptance to emplacement and under alternative designs, operating assumptions, and 
constraints.  Greater use of TSM is particularly important at this time, because the tool is 
demonstrating its value in identifying potential disconnects between various components of the 
waste management system.  The Board would like to see a base (reference) case analysis that 
reflects current system realities and the design of the planned surface facilities at Yucca 
Mountain.  TSM should be used to focus designers on credible scenarios for judging the viability 
of the waste management system, the design of the surface facilities (including aging pads), and 
the ability of the utilities to blend fuel so that the size of the aging pads can be minimized.   

 In addition, the Board recommends adding to TSM the capability to evaluate “upset” 
conditions, such as equipment breakdowns or closure of transportation routes, but only after the 
reference case is established.  Moreover, implementation of TAD will have implications for the 
thermal management strategy that do not appear to have been considered fully.  Consequently, 
the Board encourages adding to TSM the functionality to model DOE’s thermal-management 
strategy.  That could be accomplished by developing a constraint on waste package emplacement 
that ensures compliance with DOE’s line-load thermal limit for the underground facility.  For 
existing capabilities, as well as those that might be added in the future, realism will be important, 
if the results of TSM analyses are to be credible.  The Board encourages DOE to scrutinize the 
TSM input assumptions and parameter values to ensure that they realistically represent the 
system being modeled. 

 The presentation on surface-facility design did not provide sufficient information for the 
Board to make any assessment of its feasibility or safety.  The Board is interested in the details of 
the surface-facility design.  For example, the Board would be interested in the number of 
receiving bays under consideration, their function, size of spent-fuel storage pool, dry cask 
handling facilities, provisions for handling failed fuel, anticipated processing rates, processing 
uncertainties, and key assumptions.  The expectation is that TSM will be used to validate this 
design.  The Board looks forward to receiving and reviewing the documents that support the 
upcoming CD-1 decision on the design of the surface facilities.  The Board hopes to see these 
documents before the CD-1 submittal. 

 Despite recent efforts by DOE to reorganize the OCRWM program with the intent of 
improving Yucca Mountain Project management, the Board remains concerned about whether 
the appropriate level of Project integration is being achieved.  In particular, no definable office 
exists whose duty and authority is to ensure technical interaction and problem resolution among 
and between functional elements of preclosure and postclosure activities.  We also note that 
many of the key positions in the new organization chart are either unfilled or filled with people 
in “acting” positions.  For the success of the new organizational approach, we strongly 
recommend that these positions be filled as soon as possible. 

 Finally, the Board is concerned that the newly announced Global Nuclear Energy 
Partnership (GNEP) may negatively affect the technical and scientific focus on Yucca Mountain.  
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We encourage the Project to monitor the developments in GNEP to be sure that any effects that 
might occur can be accommodated:  for example, a change in the waste form for disposal in the 
future.  The Board would like to have a briefing on the status of this program and possible effects 
on the Yucca Mountain project.

 We look forward to future meetings with DOE during which we can address issues raised 
in this letter as well as other technical and scientific issues that the Board identifies that pertain 
to a repository for high-level radioactive waste and spent nuclear fuel repository at Yucca 
Mountain.

Sincerely,

{Signed by} 

B. John Garrick 
Chairman 
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UNITED STATES 

NUCLEAR WASTE TECHNICAL REVIEW 
BOARD

2300 Clarendon Boulevard, Suite 1300 

Arlington, VA 22201

December 14, 2006 

Mr. Edward F. Sproat III 
Director  
Office of Civilian Radioactive Waste Management  
U.S. Department of Energy  
1000 Independence Avenue, SW  
Washington, DC 20585

Dear Mr. Sproat:  

Thank you very much for attending the U.S. Nuclear Waste Technical Review Board 
meeting in Amargosa Valley, Nevada, on September 27, 2006, at which the Office of Civilian 
Radioactive Waste Management (OCRWM) presented its safety case for a high-level radioactive 
waste and spent nuclear fuel repository at Yucca Mountain.  Your update on the OCRWM 
milestones and objectives related to submitting an application to the Nuclear Regulatory 
Commission for construction of the repository was very informative, as were your comments on 
what will be needed to begin repository operation in 2017.  The Board also appreciated your 
participation throughout the meeting and hopes that you found the technical exchanges useful. 

The Board believes that the information presented by OCRWM at the meeting may 
indicate an evolving understanding of the importance of a safety case in building confidence in 
the Department of Energy’s estimates of repository performance.  However, the presentations 
also made clear that work remains to be done in developing key elements of a comprehensive 
safety case.  To be credible and effective in supporting the safety case, each element requires 
conceptual clarity and strong programmatic commitment.  Preclosure operations can have 
significant implications for postclosure performance; therefore, the integration of preclosure 
activities with postclosure issues, such as repository design and thermal management, requires 
careful consideration.  Some observations on OCRWM's safety case follow. 

Key Elements of the Safety Case 
An effective safety case should include a total system performance assessment (TSPA) 

supplemented by additional lines of evidence and argument, including performance-margin 
analyses, natural analogs, and a well-thought-out performance-confirmation plan. 

TSPA provides quantitative estimates of repository performance that are the core of the 
safety case.  It is the primary tool for analyzing coupled interactions among multiple barriers 
that affect radionuclide transport, including the engineered barrier system, the unsaturated 
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zone, and the saturated zone.  To increase confidence in repository performance estimates, 
TSPA should include consideration of all credible and consequential phenomena that 
significantly affect dose over the period of regulatory compliance.  Given the importance of 
TSPA, the Board is especially interested in the results of new repository system performance 
assessments and how they affect the repository safety case. 

Assessing the realism of TSPA performance estimates can be challenging because some 
assumptions may be very conservative while others may be nonconservative.  The 
performance-margin analyses identified at the meeting can be very valuable in assessing the 
magnitude and effects of conservative and nonconservative aspects of TSPA. 

Natural analogs of many relevant repository phenomena can be used to challenge and 
evaluate conceptual and numerical models.  Analogs that have existed for periods of time 
commensurate with the regulatory compliance period proposed for the repository provide 
excellent cases for testing prevailing conceptual and numerical models of radionuclide 
transport and isolation. 

The purpose of performance confirmation is to critically evaluate analyses and assumptions 
underlying performance estimates.  Thus, the performance-confirmation plan should identify 
in detail what elements of the performance assessment are to be evaluated, how the elements 
will be tested or monitored, how information from testing and monitoring will be evaluated, 
what actions will occur as a result of those evaluations, and how frequently such evaluations 
will occur. 

Repository design and preclosure operations have significant implications for post-closure 
repository performance.  How decisions related to preclosure operations have been integrated 
into the postclosure safety case is unclear. 

Science and Technology 
Over the course of repository licensing, construction, and operation, there will be 

important opportunities for continuous learning and improvement in scientific and technical 
areas.  For example, as pointed out by your staff, prediction of coupled thermal, hydrological, 
mechanical, and chemical processes poses significant scientific and technical challenges.  
Together, these phenomena are the environmental controls on waste package and waste form 
degradation.  Thus, they are significant for radionuclide isolation and migration and for dose 
levels.  Investigations currently supported by the science and technology program have the 
potential over the long term to improve fundamental understanding in key areas and 
consequently to improve understanding of the repository’s ability to isolate radionuclides.  It is 
important that support for investigations sponsored by the Science, Technology and Management 
group is sustained and that formal links are established between these efforts and performance-
confirmation planning.  At the meeting, contractor staff identified a long-term science program, 
which also can help further the goal of continuous learning and improvement. 

Engineering Prototyping 

As mentioned at the meeting, the efficacy of engineering designs—including operational 
processes—can be tested using prototyping.  This is especially important in the case of the Yucca 
Mountain repository because many of the engineered elements are first-of-a-kind designs.  
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Examples of specific elements that could benefit from engineering prototyping include waste 
package fabrication, loading, sealing, and emplacement; robotics; and drip-shield emplacement.  
Experience gained from engineering prototyping will enable OCRWM to identify potentially 
high-consequence design and operational flaws in an orderly and efficient manner.  For example, 
contemporary industrial experience has shown that metal fabrication defects can be susceptible 
to localized corrosion.  This has important implications for performance of the repository waste 
packages.  Many engineering design specifications are important to TSPA calculations.  
Consequently, engineering prototyping can serve as an integrating mechanism and a cross-check 
for TSPA.  Finally, engineering prototyping can be helpful as the repository program moves its 
focus from research and analysis to implementation. 

Thank you again for participating in the Board’s meeting on the repository safety case.  
We look forward to additional interactions with you and your Yucca Mountain Project team on 
this important topic.   

Sincerely,

       {Signed by B. John Garrick} 

B. John Garrick 
Chairman 
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

January 12, 2007 

Mr. Edward F. Sproat III 
Director, Office of Civilian Radioactive Waste Management  
U. S. Department of Energy  
1000 Independence Avenue, SW  
Washington, DC  20585

Dear Mr. Sproat:  

The U. S. Nuclear Waste Technical Review Board’s (Board) Panel on the Engineered 
System conducted a public Workshop on Localized Corrosion of Alloy 22 on September 25-26, 
2006, in Las Vegas.  Workshop participants included employees and contractors of the 
Department of Energy, the Nuclear Regulatory Commission, the Center for Nuclear Waste 
Regulatory Analyses, the Electric Power Research Institute, Nye County, and the State of 
Nevada.  Three Board members, a Board contractor, and I participated in the entire workshop, 
and three other Board members attended part or all of the workshop. 

Following the workshop, Dr. Ronald Latanision and Dr. David Duquette, the two Board 
members who co-facilitated the workshop, assembled their comments on the issue of screening 
out deliquescence-induced localized corrosion.  Those comments, with which the Board concurs, 
are attached.  As is evident from the attached comments, significant uncertainties in evolution of 
environments and of corrosion behavior at high temperatures persist, and there are apparent 
contradictions among some experimental results.  Continuing research in deliquescence-induced 
localized corrosion is clearly warranted. 

Unlike deliquescence-induced localized corrosion, which the Project plans to screen out 
of the total system performance assessment (TSPA), seepage-induced localized corrosion is not 
screened out of TSPA.  Why seepage-induced localized corrosion and deliquescence-induced 
localized corrosion are not treated consistently in TSPA remains puzzling to us.  The important 
question is, “Does including deliquescence-induced localized corrosion significantly affect the 
dose received by the reasonably maximally exposed individual?”  Even if the effect is not 
significant, including this phenomenon would add to the completeness, robustness, and 
credibility of TSPA. 

Sincerely,

{Signed By} 

B. John Garrick 
Chairman 

Attachment 
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SCREENING OUT DELIQUESCENCE-INDUCED LOCALIZED CORROSION 
Comments Based on Information Conveyed at the Board’s 

 September 25-26, 2006, Workshop on Localized Corrosion of Alloy 22  
 
 
Background
 

Individuals with a wide range of expertise participated in the workshop to help 
address the issue of localized corrosion of Alloy 22.  Unfortunately, a definitive 
consensus about whether localized corrosion would occur at waste package crevices did 
not emerge.  The majority of the workshop dealt with the possibility of accumulated dust 
functioning as a crevice and causing localized corrosion.  Considerable data were 
presented but there was no general agreement on a number of the key issues.  Those 
attending the workshop seemed to have a genuine interest in evaluating the feasibility of 
the Yucca Mountain waste package design.  
 

As we are all aware, DOE has screened out deliquescence-induced localized 
corrosion of the waste package’s Alloy-22 outer barrier in the repository environment at 
temperatures to ~200°C.  DOE’s screening-out approach is based on a decision-tree or 
events-tree analysis consisting of the following questions [BSC 2005]:  
 

1. Can multiple salt deliquescent brines form at elevated temperatures? 
 
2. If deliquescent brines form at an elevated temperature, will they persist? 

 
3. If deliquescent brines persist, will they be corrosive? 

 
4. If deliquescent brines are potentially corrosive, will they initiate localized 

corrosion? 
 
5. Once initiated, would localized corrosion penetrate the waste package outer 

barrier? 
 
According to DOE, if the answer to any of these questions is NO, then localized 
corrosion of the waste package’s outer barrier due to deliquescence can be screened out, 
i.e., excluded from consideration in the total system performance assessment for license 
application (TSPA-LA). 
 

We agree that DOE’s approach is reasonable. 
 
The Board has conducted public meetings on deliquescence-induced localized 

corrosion twice.  The first meeting, which was part of a May 2004 meeting of the Board 
in Washington, D. C., was on the topic of localized corrosion caused by deliquescence of 
inorganic divalent chloride compounds, e.g., calcium chloride.  On the basis in large part 
of information conveyed at that meeting, the Board concluded that significant amounts of 
calcium chloride were unlikely to accumulate on waste package surfaces during the 
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preclosure period and therefore, that significant corrosion during the subsequent thermal 
pulse due to corrosive calcium-chloride-rich brines formed by the deliquescence of 
calcium chloride would be unlikely [NWTRB 2004].  In that case, then, the answer to the 
first question was NO, so there was no need to address the next questions. 

 
The second public meeting was a day-and-a-half corrosion workshop held on 

September 25-26, 2006, in Las Vegas, Nevada.  The workshop focused on deliquescence-
based localized corrosion of Alloy 22 at high temperatures.  The issue arose because of 
the determination made by DOE that salt mixtures containing sodium and potassium 
nitrates and chlorides would deliquesce at atmospheric pressure at temperatures up to and 
exceeding 200°C, even in the low-relative-humidity environments likely to be present in 
a repository in Yucca Mountain during the thermal pulse [DOE 2004].  Unlike calcium 
chloride, these salts are likely to be present in the dusts deposited on waste package 
surfaces during the preclosure period.  The workshop was held because the Board had 
expressed its opinion, in December 2005, that the technical information available at that 
time did not seem sufficiently compelling to support screening out deliquescence-based 
localized corrosion [NWTRB 2005a].  The Board’s opinion was based on the lack of 
corrosion data above 150°C and the questionable relevance of corrosion-stifling data 
taken at significantly lower temperatures to corrosion at higher temperatures.  
 
Workshop Observations 
 

Workshop participants seemed to agree that the answer to the first question was 
YES.  There was less consensus on the other questions, particularly the last two. 
 

DOE’s and EPRI’s positions are that the answers to the final two questions are 
NO.  Their positions appear to rely on the role of nitrates both in the deliquescence 
process and in mitigating corrosion, based on the following observations/assumptions: 
 

1. The chemical environment that may exist on the package surfaces is a solution 
of a multisalt assemblage containing NaCl, NaNO3, KNO3 and Ca(NO3)2 
[Bryan 2006].  These salts are found in small amounts in airborne dusts in the 
Yucca Mountain vicinity.  

 
2. Any stable chloride-containing brines formed by deliquescence at high 

temperatures must have significant fractions of nitrates [Rebak 2006]. 
 
3. Brines formed by deliquescence at high temperatures may change with time, 

e.g., by degassing HCl or HNO3 [Bryan 2006; King 2006].  Degassing may 
result in a decrease in the amount of brine, an increase in pH, and an increase 
in the nitrate-to-chloride ratio. 

 
4. Only limited amounts of salt and brine are available to initiate corrosion.  

Calculations indicate that the upper bound of brine volume in the dust 
deposited on waste package surfaces can be only 1.8 L/cm2, resulting in a 
brine layer ~18 m thick, assuming no geometric isolation due to inert dust 
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particles.  (Note that these calculations are for 120°C; volumes should be less 
at higher temperatures).  DOE claims that much of the brine would be held in 
the dust by capillary forces and that rapid mass transport in the dust would 
hinder establishing chemical gradients.  DOE believes that these effects, 
coupled with the small volume of aggressive brine, would prevent initiation of 
localized corrosion [Brown 2006]. 

 
5. If corrosion does initiate, progression of corrosion will be stifled because of 

(a) obedience to a power law corrosion rate for localized corrosion 
propagation, with the time exponent in the power law being 0.5 or less;        
(b) physical retention of brine in the corrosion products; and (c) chemical 
sequestration of brine components in the corrosion products [Brown 2006]. 

 
Several possibly conflicting, or at least confusing, data sets and opinions were 

presented during the corrosion workshop.  Among these were the following: 
 

Localized corrosion of Alloy 22 was reported in Na-K-Cl-NO3 brines at 160°C and at 
220°C.  NO3/Cl ratios of 7.4 and NO3 concentrations as high as 18.5 molal were not 
sufficient to inhibit localized-corrosion initiation [Rebak 2006]. 
 
Alloy 22 general corrosion rates on the order of 1 m/yr and as high as 10 m/yr were 
reported in Na-K-Cl-NO3 brines at 150 – 180°C.  However no localized corrosion 
was observed in these studies [Yang 2006]. 
 
Contrary to the apparent implicit assumptions of many workshop attendees that 
conditions on waste package surfaces during the decline of the thermal pulse evolve 
slowly and are in thermodynamic equilibrium, corrosion environments may be cyclic 
because of changes in barometric pressure and differential condensation/evaporation 
due to temperature-difference-driven gas flows along the drift [Walton 2006]. 
 
EPRI presented an analysis that raises questions about whether any nitrate-containing 
salts would be present in airborne dusts in the vicinity of Yucca Mountain [Arthur 
2006; King 2006].  (If no nitrate salts are present, deliquescence would not occur at 
high temperatures, and the answer to the first question would be NO.)  
 
Although degassing of Na-K-Cl-NO3 brines can be made to occur under certain 
laboratory conditions, the range of temperatures within which degassing would occur 
under conditions that would pertain in a Yucca Mountain repository is unclear.  Rates 
of degassing are highly uncertain, and it is not known whether HCl or HNO3 
preferentially degasses.  Degassing was observed in one set of experiments [Yang 
2006], but not in another set [Rard 2006]. 
 
Initial salt concentrations will not support localized corrosion, because high 
concentrations of nitrates will effectively displace HCl in crevices [King 2006].  
HNO3 is a passivator and will inhibit localized corrosion.  
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If localized corrosion is initiated, the deepest penetration that will occur will be only 
on the order of 5 mm after 200 years, assuming diffusive limitation of mass transfer 
that result in a power-law growth rate with an idealized exponent of 0.5.  
Experimental results suggest a power-law exponent closer to 0.1, resulting in wall 
penetration of less than 1 mm in 2,000 years [King 2006]. 

 
Apparent stifling of crevice corrosion propagation was reported in 5M NaCl/2x10-4M 
CuCl2 solutions, at 95°C [He 2006].  
 
Stifling of localized corrosion will occur because of cathode current capacity, 
electrolyte resistance, and incompatibility of anode/cathode coupling [Payer/Kelly 
2006]. 
 
Crevice corrosion was shown to arrest in 4M NaCl solutions at 100°C [Payer/ Kelly 
2006]. 

 
Discussion
 
 That there are considerable differences of opinion related to the interpretation of 
experiments conducted to date is obvious.  For example, the apparent contradiction in 
results of localized vs. general corrosion reported by Rebak and Yang was explained by 
differences in experimental techniques.  The experiments presented by Rebak were 
conducted in autoclaves where acid gases were allowed to reflux, while Yang’s 
experiments were conducted under environmental conditions where gaseous species were 
allowed to evolve (degas) and were captured in a condenser.  The condenser solutions 
became acidic with time, indicating evolution of acid gases.  Few of the experiments that 
were conducted were performed in environments expected to be found in the repository.  
For example, the He and Payer/Kelly experiments were conducted in chlorides alone (no 
nitrates) and at temperatures well below anticipated surface temperatures of the waste 
packages.  Nevertheless, it is possible to address the possibility of screening out localized 
corrosion during the thermal pulse, based on reasonable interpretations on scientific and 
engineering results obtained to date, with the caveat that experiments and tests currently 
under way may provide new evidence that will further advance the state of knowledge of 
the repository environment and its potential effects on the waste packages. 
 
 For discussing the possibility of initiating and propagating localized corrosion on 
waste packages in a repository environment, understanding the current state of the art for 
the initiation and propagation of localized corrosion in aqueous chloride solutions is 
important.  Passivity on metals and alloys is effected by maintaining an oxidizing 
potential on the metal or alloy surface.  In most engineering situations the oxidizing 
species is oxygen, dissolved in the aqueous solution from air in contact with the solution.  
However, in many engineering applications, the oxidizing potential is supplemented by 
the addition of strong oxidizers, such as nitrates, molybdates, and tungstates.  The 
function of the oxidizing species is to establish a thin, oxygen-rich protective film on the 
surface and to repair the film if it is chemically or mechanically damaged.  When crevices 
are present on passive metal surfaces, the interior of the crevice becomes depleted in the 
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oxidizer, and the limited diffusion path for admitting more oxidizer establishes a 
differential oxidation cell.  The differential oxidation cell establishes a large surface for 
reduction of the oxidizer on the passive surface outside of the crevice.  The inside of the 
crevice, depleted of the oxidizer, becomes reducing, resulting in a large cathode (the area 
outside of the crevice) coupled to a small anode (the area inside of the crevice).  
Corrosion at the anode accelerates because of the large cathode/anode surface area ratio, 
which results in the rapid solubilizing of metal ions at the anode. 
   
 Initially, the solution in the crevice exhibits approximately the same pH as that 
outside of the crevice, but metal cations resulting from corrosion in the crevice combine 
readily with water, and hydrolysis takes place forming hydrated metal hydroxides and 
hydronium ions, which causes the solution in the crevice to become highly acidic.  Thus, 
a gradient in charge concentration is established between the anode and the cathode.  The 
charge imbalance can be accommodated by the diffusion of negative ions into the crevice.   
Anions in solution at relatively high concentrations will tend to migrate into the 
crevice because of conventional concentration gradient considerations.  If the anions in 
the external solution are Cl-, the solution in the crevice will become a concentrated HCl 
solution.  It is well known that HCl is a strongly reducing acid that will dissolve passive 
films.   
 
 In nickel-based alloys, such as the Ni-Cr alloys, there is a further complication 
that the solutions in the crevice eventually become saturated in metal chlorides.  At room 
temperature, the pH of a saturated NiCl2 solution is 2.7 and that of a saturated CrCl3 
solution is -1.4.  The crevice-corrosion process then is considered to be autocatalytic in 
that, while the large cathode-to-small anode couple may be maintained, the solution 
inside the crevice is sufficiently aggressive that it need not be maintained to support 
corrosion.  The only limiting factor to crevice-corrosion crack growth becomes the 
continuous supply of Cl- to maintain the reducing acid inside the crevice.  Under 
laboratory conditions where the crevices are purposefully tightly clamped and times are 
relatively short, diffusion of chloride into the crevice may be curtailed as the crevice 
propagates, precipitation of solid corrosion products may occur near the mouth of the 
crevice where the solution attempts to return to neutrality, and the crevice may effectively 
be “stifled.”  In practice, however, the crevice-corrosion propagation rate may  slow 
down until the interior of the crevice can be replenished in chloride, to form HCl and 
allow the reaction to continue.  Crevice corrosion seldom is observed to be stifled under 
industrial conditions.  If it were, crevice corrosion would not be a particular problem for 
practical applications.   
 
 Under repository conditions, where the times will be exceptionally long, it is 
doubtful that any crevice corrosion that might occur because of chlorides would be stifled 
because of diffusion considerations.  Laboratory studies such as those conducted by He 
and by Scully [Scully/Bocher 2007]1 do not appropriately model a chloride-induced 
crevice condition since they are performed with concentrated chloride solutions, often 
with low pHs.  Thus, no appreciable concentration gradients are established.   
 
                                                 
1 See page 34 of Joe Payer and Rob Kelly’s workshop presentation [Payer/Kelly 2006].  

djd009vf  5



116 Report to The U.S. Congress and The Secretary of Energy

 In general, crevice corrosion tests performed in a laboratory are highly useful in 
determining if crevice corrosion is likely to occur for an environment-alloy couple, 
assuming that the service environment can be reasonably simulated.  Laboratory tests to 
determine propagation morphology or rates are less useful because of variabilities in 
crevice geometries, crevice-forming devices, and time constraints.  For example, in tests 
performed specifically for the Yucca Mountain project, just changing the crevice former 
from a ceramic to PTFE had major consequences in the crevice-corrosion attack observed 
in simulated repository environments [Payer/Kelly 2006].  Accordingly, the use of 
laboratory experiments, or exposure tests, to screen out localized corrosion propagation 
— or even localized corrosion initiation — due to deliquescent salts is highly 
questionable. 
 
 On the other hand, a consideration of the environments likely to be present in the 
repository suggests that crevice corrosion due to deliquescent salts during the thermal 
pulse may allow the phenomenon to be screened out under the following circumstances : 
 

1. Concentrated chloride/nitrate brines have been postulated to degas both HCl 
and HNO3 in the open repository environment, and at least one laboratory test 
confirmed volatility of some acid species [Yang 2006].2  Assuming degassing 
and subsequent volatilization, the questions become (a) the rates of degassing 
and volatilization and (b) which of the two acids degasses/volatilizes more 
rapidly.  If EPRI is correct in that both acids are highly volatile, the salts in the 
repository may very well be dominated by sulfates and carbonates, and brines 
either would not form during the thermal pulse or would be essentially benign.  
If HNO3 is more volatile, the result would be a concentration of acid chlorides 
on the waste package surfaces, which would be detrimental.  However, if HCl 
is more volatile, waste package surfaces will become more concentrated in 
nitrates, and initiation and propagation of localized corrosion due to 
deliquescence at high temperatures likely would be mitigated. 

 
2. Aqueous nitrates apparently have a higher transfer rate than chlorides [King 

2006].  This is an important observation because the charge imbalance in the 
crevice must be neutralized by the migration of some ion into the crevice.  If 
nitrate exists in concentrations in excess of 1:1, and if it in fact has a higher 
transference number, the charge neutrality will be achieved by nitrate 
migration, resulting in a passivating environment in the crevice.  Proof of this 
concept must await an analysis of the crevice chemistry from corrosion tests 
performed in appropriate environments at appropriate temperatures.  

    
3. It has been postulated that nitrates are effective inhibitors at [NO3

-]:[Cl-] ratios 
as low as 0.5 at temperatures as high as 200°C [King 2006].  

   

                                                 
2 The experiments presented at the workshop by Yang were not at Yucca Mountain conditions.  For 
example, it appeared that the activity of water was higher than would be expected in deliquescent brines.  
Higher water activity could lead to increased degassing. 
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4. Individual dust particles may be too small to support crevices, or the dust 
layer may be permeable to oxygen [King 2006].   Crevices at manufacturing 
defects and mechanical design features are likely to function very differently 
than a layer of accumulated dust.  At this time, however, no quantitative data 
have been presented to the Board on the size or shape of the dust particles or 
on the permeability of dust layers that would deposit on waste-package 
surfaces. 

 
5. Insufficient liquid water may be present to provide a continuous water film 

under dust particles, because much of the water will reside in interstices 
between the dust particles [Bryan 2006]. 

 
6. For the environments postulated for the repository, with acid degassing, the 

evolution of the relative humidity in the repository is such that the package 
will not be wet until temperatures have declined to the vicinity of 100–120°C 
— when deliquescence-induced crevice corrosion may be unlikely [King 
2006]. 

 
Conclusions
 
 If any of the conditions cited in 1–6  are met, crevice corrosion due to 
deliquescence during the thermal pulse period could be screened out.  Of each of these 
six scenarios, preferential charge neutralization by nitrate in the crevice is perhaps the 
most important, because the nitrate will be an effective inhibitor inside any crevices that 
are formed, at least for temperatures up to ~160°C.  
 
 The Board understands that the chemistry of the crevice environment is currently 
under study.   Demonstrating an adequate technical basis for screening out deliquescence-
based localized corrosion during the thermal pulse requires (a) determining the nitrate-to-
chloride ratios that are inhibitive for the entire range of temperatures that deliquescent 
brines may occur on waste package surfaces and (b) confirming the hypothesis that the 
preferential migration of nitrate ions into the crevice is sufficient to maintain nitrate-to-
chloride ratios that are inhibitive. 
 

Although deliquescence can occur at any temperature below about 200ºC, our 
concern about deliquescence-induced localized corrosion is principally in the higher part 
of the temperature range, i.e., 150-200ºC.  On the other hand, seepage-based corrosion 
may not occur above approximately 100ºC.  Conceivably, deliquescence-based localized 
corrosion could occur on a waste package and then be followed by seepage-based 
localized corrosion at the same place on the package later during the thermal decline.  
Any damage caused by deliquescence-induced localized corrosion could result in earlier 
penetration by subsequent seepage-based corrosion than would occur in the absence of 
deliquescence-induced localized corrosion.   Cumulative damage due to the combined 
effects of deliquescence-induced and seepage-based localized corrosion was not 
discussed at the workshop.  However, the topic merits some analysis to determine its 
possible significance.  
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As things stand now, seepage-based localized corrosion is included in TSPA and 

deliquescence-induced localized corrosion is excluded.  This always has struck us as 
incongruous because the processes are the same and particularly because the temperature 
range of concern about deliquescence-based localized corrosion is higher.  We wonder 
whether the same degree of conservatism that is being applied to “screen out” 
deliquescence-induced localized corrosion is being applied to “screen in” seepage-based 
corrosion.   

 
Additional Observations 

 
 The topic of general corrosion arose during the workshop in conjunction with 
experiments to obtain information about localized corrosion.  Localized corrosion was 
observed in the LLNL autoclave experiments [Rebak 2006], so general corrosion would 
be expected to occur, also.  However, no useful data on general corrosion could be 
obtained from those experiments.  In contrast, localized corrosion seemed not to occur in 
CNWRA experimental results obtained under somewhat similar conditions [Yang 2006], 
but general corrosion was observed.   The rates of general corrosion rates derived from 
that data were unexpectedly high and showed a maximum with respect to temperature, 
which also is unexpected.  These anomalies require explanation.  In any case, particularly 
since the proposed regulations for Yucca Mountain [70FR173, pp 53313-53320] require 
general corrosion to be modeled in TSPA, deliquescence-based general corrosion should 
be included in such modeling.  
 
 Mill-annealed and welded specimens prepared for the experiments discussed at 
the workshop generally were polished to a uniform surface finish before being placed in 
the experimental apparatus.  The polishing step is useful for helping compare results 
within a laboratory or among laboratories.   However, the actual waste packages 
emplaced in a repository will have been treated to remove the scale caused by heat 
treating by, e.g., blasting with abrasive particles or electropolishing, and will have 
scratches, dents, etc. from handling.  Although some experimental investigation of the 
effects of surface condition on Alloy 22 corrosion has been undertaken, we are not sure 
that the effects have been investigated adequately.  The discussion of the effect of surface 
condition on corrosion in the Alloy 22 corrosion AMR [BSC 2004], for example, is brief 
and is limited to the effect of surface condition on crevice corrosion. 
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

February 13, 2007 

The Honorable Samuel W. Bodman 
Secretary
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington, DC  20585

Dear Secretary Bodman: 

The U.S. Nuclear Waste Technical Review Board held its first public meeting of 2007 on 
January 24 in Las Vegas, Nevada.  At the meeting, senior managers from the Department of 
Energy’s (DOE) Office of Civilian Radioactive Waste Management (OCRWM) presented a 
series of updates on the status of the Yucca Mountain repository program.  The Director of 
OCRWM, Edward Sproat, led the presentations with an overview of his management objectives 
for the program.  An important part of the meeting was a presentation on newly configured 
surface facilities that take into account the potential implementation of the transportation, aging, 
and disposal canister concept. 

On the basis of information presented at the meeting and the Board’s ongoing technical 
and scientific review, the Board believes that the new OCRWM leadership is moving the 
technical aspects of the program positively toward achieving DOE’s mission of safely disposing 
of spent nuclear fuel and high-level radioactive waste in a deep geological repository.  We are 
encouraged by the greater responsiveness recently shown by OCRWM management to Board 
suggestions for ways to enhance the technical basis for DOE’s repository performance estimates.  
The Board sees such enhancements as important in establishing a credible safety analysis and in 
engendering public confidence in DOE’s technical work.

The Board also views sustained support of a viable science and technology (S&T) 
program as critical to strengthening basic knowledge associated with the safety analyses of 
repository design and operations.  Thus, we are disappointed that DOE’s fiscal year 2008 budget 
request for OCRWM proposes to eliminate funding for the S&T program and postpones 
activities carried out under the auspices of the program until FY 2009.  Although the principal 
goals of the S&T program are long term in nature, information derived from S&T investigations 
already has increased confidence in the technical bases for aspects of the license application that 
OCRWM intends to submit in June 2008.  The Board is concerned that large funding variations 
for the S&T program may make it difficult to attract and retain high-quality scientific and 
technical investigators.
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The Board urges DOE to continue assigning high priority to work on the repository.  We 
realize that DOE must consider and perhaps accommodate new options for reducing the volume 
of spent fuel that will require disposal.  However, any such option would still require a repository 
for disposing of nuclear waste.  Delays in progress toward achieving the goal of developing a 
safe repository would be counterproductive, especially now that there are strong indications that 
OCRWM is working toward resolving outstanding issues in a focused way. 

The Board looks forward to continuing its ongoing review of DOE’s technical activities 
related to managing and disposing of spent nuclear fuel and high-level radioactive waste.  We are 
pleased that Mr. Sproat has indicated his willingness to engage with the Board on key issues to 
ensure that DOE’s technical basis for estimating repository performance is sound.   

Sincerely,

{Signed by} 

B. John Garrick 
Chairman 
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

April 19, 2007 

Mr. Edward F. Sproat III 
Director  
Office of Civilian Radioactive Waste Management  
U.S. Department of Energy  
1000 Independence Avenue, SW  
Washington, DC 20585

Dear Mr. Sproat:  

Thank you very much for participating in the U.S. Nuclear Waste Technical Review 
Board’s meeting in Las Vegas, Nevada, on January 24, 2007.  The Board appreciates the efforts 
of Office of Civilian Radioactive Waste Management (OCRWM) senior managers in presenting 
an overview of the Yucca Mountain Project. The Board believes that the Department of 
Energy’s (DOE) proposed management initiatives — establishing a nuclear culture, initiating 
effective integration of preclosure and postclosure safety, and integrating the science and 
engineering programs — will enhance the technical basis of DOE’s work at Yucca Mountain.  

 Your presentation made it clear that the Project’s key milestones and issues are tied to the 
goal of submitting a license application (LA) by June 30, 2008.  The Board recognizes your 
commitment to implementing initiatives that will help meet that objective and supports the 
Project’s long-term emphasis on fostering intellectual continuity from repository licensing to 
closure.  The Board also believes that the appointment of a director for the Office of Quality 
Assurance is a positive step. We look forward to hearing more about the Project’s strategic 
licensing decisions and how those decisions will influence the repository design.

Waste Management System 
It is clear from the waste management system (WMS) presentation that considerable 

progress has been made in designing repository surface facilities.  The Board looks forward to 
continuing its review of the surface facility conceptual design.  We are particularly interested in 
obtaining information on how the design will conform to preclosure safety requirements (i.e., the 
event sequences that require analysis and the implications for dose from those events).   

The Board continues to believe that a “systems” analysis is needed to evaluate the 
interrelationships among diverse components of the WMS.  The Total System Model can play a 
valuable role in analyzing the operational interdependencies of the WMS and the utility of the 
transportation, aging, and disposal (TAD) canister.  Improvement is needed in developing a well-
thought-out and clearly articulated thermal management strategy that forms the basis for 
integrating waste management activities.  It is not clear, for example, how the Initial Handling 
Facility (IHF), used solely to handle canisterized high level waste and naval spent fuel fits into 
the Project’s thermal-management strategy.  In general, the role of the IHF needs to be explained 
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more fully.  The Board also believes that lessons learned from associated activities can be used 
to assess the interactions of WMS components.  Accordingly, the Board is interested in hearing 
how experience gained from safety and facility maintenance in the Exploratory Studies Facility 
could be applied to subsurface repository design and operations.   

The Board encourages DOE to evaluate surface-facility designs and operational concepts 
for opportunities to reduce the number of times waste is handled.  For example, DOE should 
assess the need for and, to the extent practicable, limit the size of large aging pads called for in 
the current surface facilities design.  An issue not covered at the meeting that may affect the 
number of times that waste is handled is disposal of spent fuel currently stored in dual-purpose 
canisters (DPC’s).  The Board urges DOE to evaluate the safety, operational, and economic 
issues related to opening, unloading, and disposing of empty DPC’s in comparison to possible 
direct disposal of DPC’s in Yucca Mountain.  DOE’s position on the related issues of criticality 
and burn-up credit should be clarified in the LA as part of an assessment of the feasibility of 
direct disposal of DPC’s.  In addition, the Board requests an explanation of the technical basis 
for the selection of borated stainless steel as a neutron absorber in TAD canisters. 

The Board notes with some concern the following:  First, while technical interaction 
between DOE and the nuclear utilities is ongoing, it is not apparent to the Board that this 
dialogue includes all key issues warranting coordination within a successful waste management 
system.  Second, DOE has assigned postclosure planning responsibility to the Office of the Chief 
Scientist, while preclosure planning responsibility has been assigned to the Office of the Chief 
Engineer.  The Board has not observed a systematic or comprehensive linking of these two 
components or recognition by DOE of the interdependencies of important repository design and 
operating elements (e.g., thermal management).  Finally, the Board notes that DOE preclosure 
safety analysis starts with shipment receipt at the surface facility and does not take into 
consideration safety factors related to waste transportation or waste acceptance sites.  
Consequently, DOE waste-management strategies that might reduce risk at surface facilities but 
increase risk during waste acceptance would be viewed as a reduction of risk rather than a 
transfer of risk. 

The Board is encouraged by the Project’s efforts in developing a strategic transportation 
plan and will follow with interest the evolution of the national and Nevada transportation 
systems.  DOE should monitor the upcoming Department of Homeland Security and Pipeline and 
Hazardous Materials Safety Administration rulemakings on routing criteria and route risk 
assessments involving radioactive material shipments by rail.  DOE should also monitor the 
anticipated changes being made by the Federal Motor Carrier Safety Administration concerning 
security route risk assessments for motor carrier transport of radioactive materials to ensure that 
DOE’s approach is consistent with this legislation and guidance. 

Office of the Chief Scientist  
The Board found interesting the presentation on science investigations supporting the LA 

and believes that maintaining a core scientific effort is very important.  The technical and 
scientific activities assigned to the Office of the Chief Scientist are numerous but necessary in 
supporting performance and operational concepts.
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New estimates of infiltration of precipitation into the hydrogeologic unsaturated zone are 
higher than previously estimated.  For example, the mean present-day infiltration rate was 
reported to be 13.4 mm/year—approximately 3 times higher than previously estimated.  Because 
the rate of infiltration is a factor in controlling radionuclide transport and dose, the Board wants 
to understand thoroughly, the technical basis of DOE’s new infiltration estimates.  The Board’s 
panel meeting on infiltration on March 14, 2007, in Berkeley, California, provided an excellent 
forum for addressing and discussing these issues. 

The engineering update highlighted the importance of understanding the long-term 
cumulative effects of seismicity on the geologic environment.  The Board realizes that seismic 
risks are generally of low probability but that such events could diminish waste isolation during 
the postclosure period, especially if the repository compliance period is extended to 1 million 
years.  Estimates of seismic ground motion during the period of repository operation 
significantly affect the engineering design of surface facilities.  For example, for meeting current 
preclosure safety requirements, the current surface facility design includes structural walls made 
of steel-reinforced concrete that are more than 4 feet thick.  The Board long has encouraged 
DOE to develop more-realistic estimates of ground motion for both preclosure and postclosure 
periods and supports DOE scientific and engineering activities aimed at developing such realistic 
estimates.  

The Project is to be commended for the sustained support of the Probabilistic Volcanic 
Hazard Assessment Update (PVHA-U).  That long-term effort benefits from a rigorous, well-
defined, and state-of-the-art methodology and from careful examination of a number of potential 
buried basaltic volcanic deposits (or “anomalies”) that were delineated through a high-resolution 
aeromagnetic survey.  Many of those anomalies have been investigated by drilling into them, and 
the preliminary conceptual and numerical models have been updated to reflect the results of the 
investigation.  This investigation is proceeding on its own schedule, independent of the LA, but 
may be completed in 2008.  When the PVHA-U becomes available, it will aid in a realistic 
assessment of the significance of low-probability volcanic hazards at Yucca Mountain. 

The Project has continued to evaluate the 36Cl problem.  The most recent studies have not 
determined conclusively the origin of sporadic measurements of 36Cl in samples collected from 
within Yucca Mountain.  This remains an outstanding issue whose resolution could greatly 
enhance confidence in understanding fluid flow within Yucca Mountain.

Science and Technology (S&T) program 

The Board strongly supports scientific activities currently performed under the S&T 
program.  The Board is concerned, however, that budget constraints in fiscal year (FY) 2007 and 
the elimination of funding for this purpose in OCRWM’s budget request for FY 2008 will 
negatively affect the continuation of these activities that otherwise might support the technical 
basis of important elements of the LA.  Of particular importance is work on the source term, 
natural barriers, and materials performance.  Scientific efforts in other areas also are potentially 
important.  DOE appears to be making progress on waste package corrosion, potential use of 
cementitious materials in the repository, and understanding how heat and water vapor will move 
in three dimensions through the mountain for hundreds to thousands of years after the waste is 
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emplaced in the drift tunnels.  The Board also is interested in recent results from the backfill 
thermal conductivity test, which seem to point to a potential means of mitigating both seismic 
and igneous consequences by using backfill.  

In general, in reviewing the information presented at the January meeting, the Board is 
encouraged by project management initiatives and progress made in addressing technical and 
scientific issues. 

                                 Sincerely, 

        {Signed By} 

B. John Garrick 
Chairman 
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UNITED STATES 
NUCLEAR WASTE TECHNICAL REVIEW BOARD 

2300 Clarendon Boulevard, Suite 1300 
Arlington, VA 22201

July 10, 2007

Mr. Edward F. Sproat III 
Director, Office of Civilian Radioactive Waste Management 
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington, DC  20585 

Dear Mr. Sproat: 

 The U.S. Nuclear Waste Technical Review Board held a public workshop on localized 
corrosion of Alloy 22 on September 25-26, 2006, in Las Vegas, Nevada.  Following the 
workshop, the Board conveyed its comments and conclusions on screening out deliquescence-
based localized corrosion in a letter to you dated January 12, 2007.  The Board stated in that 
letter that “demonstrating an adequate technical basis for screening out deliquescence-based 
localized corrosion during the thermal pulse requires (a) determining the nitrate-to-chloride 
ratios that are inhibitive for the entire range of temperatures that deliquescent brines may occur 
on waste package surfaces and (b) confirming the hypothesis that the preferential migration of 
nitrate ions into the crevices is sufficient to maintain nitrate-to-chloride ratios that are inhibitive.”  
The following extends and supplements the Board’s January 2007 letter. 

 In addition to (a) and (b) above, the Board believes that the technical basis for screening 
out deliquescence-induced localized corrosion would be strengthened by showing that inhibitive 
nitrate-to-chloride ratios would persist during the thermal pulse under expected repository 
conditions.  The importance of establishing the continued presence of inhibitive nitrate-to-
chloride ratios was reinforced by the results of recent analyses of dust collected from the cool-
down phase of the drift-scale thermal test, which show that nitrate may have been depleted under 
the testing conditions.  The Board believes that factors and processes that contribute to a decline 
in nitrates under potential repository conditions should be analyzed and understood.

An example of such factors is the composition of dusts that will be present in the 
repository.  Most of the nitrate in deliquescent brines comes from inorganic salts contained in 
dust that deposits on waste package surfaces, primarily during the ventilation period.  However, 
the dust also contains organic materials and carbon that have not been included in DOE’s 
representation of dust likely to be present in repository tunnels.  DOE should evaluate the 
potential effects of the depletion of nitrate that would occur from a reaction with organic material 
under repository conditions during the thermal pulse.    
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152 Report to The U.S. Congress and The Secretary of Energy

As discussed in the Board’s January letter, screening out localized corrosion requires 
determining the nitrate-to-chloride ratios that would exist in brines on waste package surfaces 
under varying repository conditions during the thermal pulse.  Providing convincing evidence 
that inhibitive nitrate-to-chloride ratios will persist under repository conditions could strengthen 
the technical basis for screening out localized corrosion.  Therefore, DOE should analyze the 
effects of the full range of factors that would affect such ratios (e.g., organics in dust, acid-gas 
devolatilization, radiolysis).

Sincerely,

       {Signed by} 

B. John Garrick 
Chairman 
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