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1.0 INTRODUCTION 

On August 13–29, 2007, staff from the U.S. Nuclear Regulatory Commission (NRC), Division of 
High-Level Waste Repository Safety, and the Center for Nuclear Waste Regulatory Analyses 
(CNWRA) observed the Sandia National Laboratories – Lead Laboratory (SNL-LL) internal 
quality assurance (QA) audit LLQA–IA–07–008 in Las Vegas, Nevada, and Livermore, 
California.  Representatives from the State of Nevada and Clark County also observed this 
audit.  The auditors evaluated two SNL-LL analysis model reports:  ANL–EBS–MD–000003, 
Revision 3, General and Localized Corrosion of the Waste Package Outer Barrier (hereafter, 
corrosion model) and ANL–EBS–MD–000045, Revision 3, In-Drift Precipitates/Salts Model 
(hereafter, IDPS model) and QA programmatic activities related to the reports. 

The auditors’ objective was to evaluate whether scientific investigations related to SNL-LL 
Waste Package Degradation and Near-Field Environment technical products (i.e., the corrosion 
and IDPS models) result in technically sound and defensible model results.  The NRC 
observers’ objectives were to assess audit team effectiveness in meeting the audit objective and 
determine SNL-LL QA program implementation effectiveness relative to the activities audited. 

2.0 MANAGEMENT SUMMARY 

On October 8, 2007, SNL-LL issued audit report LLQA-IA-07-008 detailing the auditors’ findings 
and conclusions. The auditors identified thirteen conditions adverse to quality, ten opportunities 
for improvement, and four noteworthy practices.  The Clark County observer initiated an Audit 
Observation Inquiry (AOI) regarding whether or not new data on nitrate to chloride ratios will be 
factored into the corrosion model report.  The U.S. Department of Energy (DOE) will respond to 
this AOI directly to Clark County.  In the audit report, the auditors stated that they observed 
satisfactory performance related to:  1) the critical process steps of planning, performance, and 
documentation; 2) measurement criteria; 3) selected acceptance criteria from the Yucca 
Mountain Review Plan, and 4) the DOE Quality Assurance Requirements and Description 
(QARD).   

The NRC observers determined that the auditors performed effectively in the conduct of the 
audit and agreed with the auditors’ findings presented in the audit report.  However, in the audit 
report, the auditors did not provide their conclusions regarding the SNL-LL overall objective of 
the audit; i.e., whether scientific investigations related to the corrosion and IDPS models result 
in technically sound and defensible model results.  Absent these conclusions, the final results of 
the audit are not clear to the NRC.  

As a result of interactions during the audit and review of the SNL-LL audit report, the NRC 
observers made five observations, as detailed in Sections 4.5.1 and 4.5.2 below. 

3.0 AUDIT PARTICIPANTS 

Auditors 
Roxanna Scaglione, Audit Team Leader 
Russell Bisping, Auditor 
Bruce Foster, Auditor 
Kenneth Gilkerson, Auditor 
Richard Maudlin, Auditor 
Sheri Nance, Auditor 
Stanley Howard, Technical Specialist 
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Kathryn Johnson, Technical Specialist 
Jerry Weiser, Technical Specialist 
James Raleigh, Licensing Liaison 
Michael Fecht, Internal DOE Observer 
 
NRC Observers 
Thomas Matula, NRC, Observation Team Leader 
Bret Leslie, NRC, Technical Observer 
Michael Simpson, CNWRA, QA Observer 
Yi-Ming Pan, CNWRA, Technical Observer 
Xihua He, CNWRA, Technical Observer 
Miriam Juckett, CNWRA, Technical Observer 
 
Other Observers 
Susan Lynch, State of Nevada 
Donald Shettel, State of Nevada 
Englebrecht von Tiesenhausen, Clark County 
 
4.0 REVIEW OF THE AUDIT AND AUDITED ORGANIZATION 

The auditors conducted the audit in accordance with procedure QA–PRO–008, QA Internal 
Audit Program.  The auditors identified adverse conditions and recommendations in accordance 
with procedure AP–16.1Q, Condition Reporting and Resolution.  The NRC observers followed 
NRC Inspection Manual Chapter 2410, Conduct of Observation Audits. 

4.1 Scope of the Audit 

The auditors utilized a “vertical slice” technique to evaluate the corrosion and IDPS models and 
whether they satisfy applicable criteria of NUREG–1804, Yucca Mountain Review Plan.  The 
audit included evaluation of QA programmatic activities associated with the corrosion and IDPS 
model reports.  

4.2 Conduct and Timing of the Audit 

The NRC observers determined that the auditors performed the audit effectively and 
demonstrated knowledge of the applicable implementing procedures and QA program 
requirements.  The auditors conducted the audit through record reviews and personal 
interviews, challenging and questioning responses when appropriate, and effectively employed 
their checklists.  The auditors caucused daily to discuss current audit status and potential 
issues.  The Audit Team Leader and SNL-LL management met as necessary to review the audit 
status and any new and developing issues.  

DOE’s Office of Quality Assurance (OQA) assigned a representative to the SNL-LL audit team 
as an internal observer.  This individual was tasked with seeking opportunities for improvement 
in the overall Yucca Mountain Project audit process, (i.e., not specifically observing the results 
of the audit, but rather its conduct).  The NRC observers consider this to be a good practice and 
encourage its continued use. 

 



 4 

4.3 Audit Team Qualifications and Independence 

The observers reviewed the qualifications and independence of the auditors with respect to 
procedure QA–PRO–007, Audit Personnel and Quality Compliance Specialist Qualification.  
The observers determined qualification and independence to be appropriate and adequately 
demonstrated for auditors assigned to evaluation areas within the stated scope of the audit.   

4.4 Examination of Quality Assurance Elements 

The auditors reviewed QA elements as they applied to the corrosion and IDPS model reports.  
The auditors examined selected programmatic areas, using checklists as appropriate.  The 
auditors identified issues related to document control, records management, procurement, 
software control, procedure adequacy, measuring and test equipment, and corrective action 
(see Section 4.6).  Other areas reviewed included sample control, self-assessment, 
nonconformance and condition control, personnel training and qualification, and resolution of 
differing professional opinions.  The auditors also performed follow-up review of previously 
identified Condition Reports (CRs) to determine effectiveness of completed corrective actions 
and concluded that there were no repeat issues.  The auditors appeared to be skillful and 
thorough in accomplishing their reviews, and the NRC observers agree with their results. 

4.5 Examination of Technical Activities 

The auditors assessed the elements of the audit scope through parallel technical and process 
evaluations.  During technical evaluations, the auditors relied on checklist questions developed 
from the corrosion and IDPS model reports.  The audit included determinations of whether the 
two model reports satisfied selected criteria of NUREG–1804.  The auditors concluded that the 
model reports are in agreement with NUREG–1804.   

4.5.1 Corrosion Model 

The corrosion model report includes base-case models for general and localized corrosion and 
the effects of microbially influenced corrosion and fabrication processes on the waste package 
outer barrier.  The auditors prepared appropriate programmatic and technical questions in their 
checklists and adequately interviewed the document’s originators, checkers, and other technical 
staff.  The auditors identified an issue related to the exclusion of corrosion consideration on the 
inner surface of the waste package that should have been included as a feature, event, and 
process.   

The NRC observers noted technical matters in three areas that had not been completely 
addressed in the audit checklists or during interviews.  The first area involves the statement 
presented in Section 7.2 of the corrosion model where it states that the general corrosion model 
is validated against data obtained at temperatures as high as 180 Degree Celsius (°C).  During 
the audit, the NRC observers noted that the SNL-LL established the corrosion model using 
short-term electrochemical data for temperature dependence and 5-year weight loss data 
obtained at 60°C and 90°C only.  Because SNL-LL did not have data between 90°C and 180°C, 
the NRC observers questioned two points:  1) how SNL-LL validated the corrosion model 
between 90°C and 180°C; and 2) the validity of the model at temperatures above 90°C.   

Regarding validating the corrosion model between 90°C and 180°C, SNL-LL explained during 
the audit that they did not have their own corrosion data but used data obtained from open 
literature for Alloy C-4 tested at 150°C in sodium chloride brines and NRC/CNWRA data for 
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Alloy 22 in deliquescence brines at temperatures from 130–180°C.  SNL-LL stated that the 
model results are conservative compared to the validation sources.  As stated in the SNL-LL 
audit report, SNL-LL answered the NRC observers’ questions during the audit regarding the use 
of CNWRA data to validate the corrosion model.  However, because SNL-LL does not have 
their own corrosion data between 90°C and 180°C, it may be necessary to modify Section 7.2 of 
the corrosion model to amend the statement that the general corrosion model is validated 
against open literature data obtained at temperatures as high as 180°C. 

Regarding the validity of the model at temperatures above 90°C, because SNL-LL does not 
have their own corrosion data, it may not be appropriate for SNL-LL to take credit for these data 
in the corrosion model unless it is qualified under the requirements of the QARD.  

In the second area, the observers noted that the surface polishing treatment of crevice 
specimens used in the immersion tests deviated from what the scientific investigator specified 
prior to the tests.  Specifically, Section 6.4.3.5.2 of the corrosion model states, 

General corrosion rates of the crevice samples are higher than those of the 
weight-loss samples.  This may have been caused by different surface polishing 
treatments between the two sample groups (Wong, et al., 2004 [Document 
Information Reference System 174800]).  The weight-loss samples were 
polished on both sides and the crevice samples were only polished on one side.   

The Experimental Section in Wong, et al. (2004) states,  

The surface roughness of the weight-loss coupons was specified as root means 
square (RMS) RMS32 (~150 grit).  The surface roughness of the backside of the 
crevice coupons was also specified as RMS32, but the front side roughness was 
specified as RMS16 (~240 grit).  

The scientific investigators included scanning electron microscope photos of the weight-loss and 
crevice specimens from Wong, et al. (2004), which show that the backside of the crevice 
coupons have surface finish that is not characteristic of abrasive paper grinding.  By 
comparison, both sides of the weight-loss coupons exhibit surface roughness of RMS32 (~150 
grit).  The NRC observers noted that this deviation is not discussed in the Test Specimens 
section of the corrosion model report.  SNL-LL’s response to this observation was that a 
scientific investigator is free to not follow a standard without providing an explanation.  However, 
the NRC observers note that documenting deviation from specifications is good laboratory 
practice. 

In the third area, the NRC observers noted two matters.  First, SNL-LL chose the mill-annealed 
and the as-welded Alloy 22 to develop the localized corrosion model but, according to current 
specifications, the waste package outer barrier fabrication process includes both welding and 
solution annealing heat treatment.  In the corrosion model, SNL-LL states that the effect of 
fabrication processes on localized corrosion susceptibility is bounded by the as-welded 
condition (i.e., no solution annealing) without providing technical justification for this basis.  It 
may be appropriate that SNL-LL provide technical justification in the corrosion model for the 
stated basis that the effect of fabrication processes on localized corrosion susceptibility is 
bounded by the as-welded condition.   

Second, as noted above, SNL-LL chose the as-welded Alloy 22 to develop the localized 
corrosion model rather than the welded plus solution annealed material.  The NRC observers 
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noted that SNL-LL chose the equation for mill-annealed Alloy 22, from a CNWRA published 
paper to validate the localized corrosion model, although the paper showed that welding plus 
solution annealing increased localized corrosion susceptibility.  Therefore, the selection of the 
equation for a mill-annealed condition to validate the model may not cover all possible 
metallurgical conditions from the waste package fabrication processes.  It may be appropriate 
that SNL-LL address the effect of welding plus solution annealing on corrosion resistance in the 
corrosion model.  

4.5.2 IDPS Model  

The auditors assessed the IDPS model report for appropriate documentation and technical 
validity of the data.  The auditors examined software codes and associated 
demonstration/validation exercises provided in the model report and identified an issue 
regarding incomplete directions for installing and using the software.  The auditors also 
identified several documentation issues, most of which did not specifically affect model quality 
but did affect transparency.  For example, the auditors identified inconsistencies in tracking data 
between tables and figures as well as some figures that have not been updated to match 
corresponding data.  In addition, some data are not properly referenced and some cross-
references within the document are incorrect.  The auditors paid specific attention to 
qualification of external source data and their use in the IDPS model to corroborate existing data 
and whether or not data was input directly.  Review of the IDPS model report revealed some 
data being used from canceled documents, which will require an update to referenced versions 
of the document. 

The NRC observers noted that an SNL-LL implementing procedure and its corresponding 
QARD requirement do not consider alternative conceptual models of features and processes 
that are consistent with available data and current scientific understanding and do not evaluate 
the effects that alternative conceptual models have on the performance of the geologic 
repository.  The auditors agreed that the QARD and SNL-LL procedure SCI–PRO–006 do not 
address these points and initiated a CR. 

The NRC observers also questioned the applicability of the Pitzer thermodynamic database 
referenced in the IDPS model report.  The report indicates that the database is qualified at 25°C 
and that the database was used over the entire temperature range of the model.  Such use 
beyond the qualified temperature may be incorrect unless validation exercises were performed.  
The auditors determined that robust validation exercises had been performed but were not 
clearly documented in the main body of the report to indicate that the database was applicable 
over the range of the model. 

4.6 Audit Findings 

SNL-LL issued their audit report on October 8, 2007.  The report documents audit conclusions 
and audit issues.  Issues are subsequently categorized as either: 1) CRs, which document 
various levels of conditions adverse to quality (CAQ) and opportunities for improvement (i.e., 
recommendations) that are formally entered into the corrective action system; 2) noteworthy 
practices; or 3) otherwise handled (e.g., cancelled).  The auditors identified thirteen CAQs, ten 
recommendations, and four noteworthy practices, as detailed in the audit report.  Additionally, 
the auditors canceled one issue and satisfactorily resolved another during the course of the 
audit.   

Conditions Adverse to Quality 
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• Referencing of superseded document 
• Nonconformance report forms not appropriately completed 
• Inadequate acceptance of supplier documentation 
• Inconsistent measurement data sheets 
• Inadequate corrective action evaluation (extent of condition) 
• QA record not captured 
• Lack of traceability to source regulation 
• Documentation input errors 
• Data reference errors 
• Lack of auditor independence 
• Inaccurate document control management references 
• Software installation, validation, and demonstration issues 
• External source data qualification issues 
 
Opportunities for Improvement 
• Define “calibration” 
• Clarify references in corrosion model report 
• Recommended enhancements to corrosion model report 
• Improve transparency of data in sources to the corrosion model report 
• Recommended enhancements to IDPS model report 
• Record deviations from standards in corrosion model report 
• Clarify disposition path for Total System Performance Assessment Data Input Packages 
• Improve personnel access to the corrective action program database  
• Improve cross-reference of corrective actions 
• Expand scope of compliance reviews in future audits 
• Add CR reference in model report 
 
Noteworthy practices 
• Principal Investigators (PIs) review of measuring and test equipment measuring 

calibration documentation 
• Particular scientific notebook regarded as exceptional documentation 
• Particular technician’s laboratory maintenance practices regarded as exceptional 
• Model report review by particular checker regarded as exceptionally thorough  
 
The Clark County observer initiated an AOI regarding whether or not new data on nitrate to 
chloride ratios will be factored into the corrosion model report.  The U.S. Department of Energy 
(DOE) will respond to this AOI directly to Clark County.   
 
5.0 NRC STAFF FINDINGS 

5.1 NRC Observation Summary 

The NRC observers determined that the auditors performed effectively in the conduct of the 
audit and agreed with the auditors’ findings presented in the audit report.  However, the audit 
report did not include the auditors’ conclusions regarding SNL-LL’s overall audit objective; i.e., 
whether scientific investigations related to the corrosion and IDPS models result in technically 
sound and defensible model results.  Absent these conclusions, the final results of the audit are 
not clear to the NRC. 

The NRC observers identified the following areas during the audit: 
• Corrosion data not included for entire temperature range (Section 4.5.1) 
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• Sample preparation deviated from pretest specification without explanation 
(Section 4.5.1) 

• Use of mill-annealed/as welded Alloy 22 vs. as-welded/solution annealed Alloy 22 
(Section 4.5.1) 

• Need for increased clarity in model validation exercises (Section 4.5.2) 
• The QARD and SNL-LL procedure SCI–PRO–006 do not completely address               

alternative conceptual models (Section 4.5.2)  
 
DOE’s OQA assigned a representative to the SNL-LL audit team as an internal observer who 
offered timely comments and suggestions for improving future audits.  The NRC observers 
consider this to be a good practice and encourage its continued use. 

5.2 NRC Audit Observer Inquiry 

The NRC observers initiated no AOIs during this audit. 
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