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Abstract 
 
In June of 2012, the Nuclear Quality and Requirements Department at SNL TA-V conducted a 
survey of research facilities in the U.S. and internationally to determine 1) how they chose to 
implement QA and SQA and 2) to serve as a starting point for further questions.  The results, 
collected in July 2012, were a broad spectrum of locations, standard selection, and regulating 
bodies in the U.S. and internationally.  The results showed that standard selection, regulating 
agency, and resources allocated to implement QA (beyond a certain minimum) did not appear to 
have an impact on self-reported QA program effectiveness.  The single greatest indicator of self-
reported QA program quality effectiveness appeared to be the number of different techniques 
used to verify QA program effectiveness.  The responses to the survey are detailed in the 
following report, along with a list of suggested follow-on questions for specific facilities. 
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1.  INTRODUCTION  
 
The purpose of this report is to detail the results of a benchmark survey that analyzed how 
nuclear research reactors in both the U.S. and internationally have implemented their quality 
assurance (QA) and software quality assurance (SQA) programs.  The survey was disseminated 
in June of 2012, and the responses were collected by the end of July 2012.  As this was an 
external survey, Sandia National Laboratories (SNL) specific information was not included in 
the results.  The questions in this survey obtained subjective responses about the QA programs at 
individual nuclear research reactors.  This report provides the results of the survey and has a list 
of follow-on questions that will be directed to specific survey respondents.    
 
The U.S. government requires that all NRC and DOE regulated nuclear facilities implement a 
QA program.  These requirements are stated in 10 CFR 50 and 10 CFR 830, respectively.  In 
addition, 10 CFR 830 specifically states that DOE facilities must select and document a specific 
consensus standard of their choice to implement their QA program.  It does not recommend or 
require a specific standard.   
 
In 2008 when SNL, Technical Area Five (TA-V), implemented a new QA system, it selected 
ANS 15.8-1985 (Reaffirmed 2005) as the QA standard of record after reviewing a number of 
standards for their applicability toward research reactors. As part of our continuous improvement 
program, SNL (TA-V) wanted to understand how other research reactors conduct and implement 
their QA programs.    
 
1.1. Respondent Characteristics 
 
SNL (TA-V) sent the survey to fourteen 
facilities that served as a representative 
sample of research reactors.  In addition, the 
survey was sent out to The National 
Organization of Test, Research and 
Training Reactors (TRTR) with an 
additional demographic question that served 
to identify the facility and differentiate 
between pre-selected facilities.   
 
Eight of the fourteen facilities responded, 
and two additional responses were obtained 
from the TRTR.  Of the total ten responses 
to the survey, six were from the U.S. and 
four were from international facilities.  Half 
of the U.S. facilities were governed by DOE 
and the remaining U.S. facilities were regulated by either DoD or NRC.  The international 
facilities were all regulated by their respective national regulating bodies (figure 1).  SNL (TA-
V) felt that these survey respondents represented a good cross-section of nuclear research 
reactors, both nationally and internationally. 
  

Figure 1. Regulatory Agencies
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The power ratings of 
the surveyed research 
reactors fall between 
8 kW and 250 MW.  
The mean respondent 
reactor power is 39 
MW, the median and 
the mode both are 20 
MW.  The total 
number of employees 
at the facilities is 
between six and 400.  
Figure 2 shows the 
total employees 
divided the power 
rating in megawatts 
for the 2-250MW 
rated reactors.  Outside of the MW range the numbers become skewed (e.g. the 8 kW reactor has 
an employee/MW rating of 875).  The plot shows that while the total employee count generally 
increases with the power rating of the reactor, the employees per megawatt generally decreases.  
It also shows that there is a significant variability in total employees for a given power rating (the 
kW rated reactors had a similar variability). Whether this is due to the missions each reactor 
fulfilled, its method of counting employees or other unknown factors is a question for further 
study.   
 
Most of the reactors in the survey are pool/TRIGA type reactors, but pile type and bare core type 
reactors are also represented.   
 
1.2. Selection of a Quality Assurance Standard 
  
Internationally, there are two 
generally accepted reactor-
specific QA standards: ISO 
9000 and IAEA NS-R-4.  In 
the U.S., there are two 
additional ANSI standards, 
ANS 15.8 and NQA-1.  
There are also many other 
standards relating to 
environment and health and 
safety that can be used in 
creating a QA program, but 
these standards are not 
specific to the operation of 
nuclear reactors.       Figure 3. Facility Quality Standard(s) Selection

Figure 2. Employees per Power Rating of Reactor (for MW 
reactors)
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The initial survey asked questions to determine which standard(s) were used to implement QA, 
and why they were chosen (figure 3, figure 4).  One question asked if a facility chose their QA 
standard internally or upon the guidance of their regulating body.   

In the U.S., most 
respondents based their 
standard(s) selection on 
regulator guidance.  
Specifically, all DoD and 
DOE regulated respondents 
reported that they chose a 
single standard based on 
regulator guidance. The 
DOE regulated facilities 
chose NQA-1 and the DoD 
regulated facility chose 
ANS 15.8.  The NRC 
regulated respondents used 
the NRC endorsed 
standard, ANS 15.8, but 
did not site regulator 
guidance as the reason they 
chose this standard.  In 
addition to ANS 15.8, two 
of the three NRC regulated 
facilities also used ISO 9000 to create their QA program.   
 
Most international respondents chose to use ISO 9000 as a basis for developing their QA 
program.  However, one facility chose to use ANS 15.8 instead, and one facility used NQA-1, 
OHSAS 18000, ISO 14000, IAEA-R-4, and ISO 9000 in order to develop their QA program.   
 
In the U.S., there was no single, preferred standard selected, and the regulators endorsed 
different QA standards.  Internationally, ISO 9000 is the preferred standard. 
  

Figure 4. Standard(s) Selected for QA Programs
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2.  QA IMPLEMENTATION, EFFECTIVENESS, AND VERIFICATION  
 
The survey asked several questions to determine how each facility chose to implement their QA 
standard, how many resources they chose to dedicate to QA, how effective their QA program 
was, and how the program verified its effectiveness.  
 
2.1. QA Implementation  

 
Each facility was asked how it chose to implement its QA; with either a written and specific 
program, an informal program, or no distinct program.  All of the facilities surveyed chose to 
implement a written and specific QA program based either on a single standard or a compilation 
of several standards.  Even the facilities with minimal staffing (i.e., low power facilities) had a 
written and specific QA program.  Each facility was also asked how formally they implemented 
their chosen consensus standard(s) (figure 5).  Facilities chose to either implement fully, or to 
only generally follow their chosen standard(s).  Two facilities chose to use an average amount of 
grading (vice minimal).  No facilities used their standard(s) with minimal grading or ‘for 
guidance only’ when creating their QA program.  There was no correlation between the 
regulating agency and the formality of implementation.   
 
Several of the survey answers were compared to determine if there was any correlation between 
the regulatory agency and the “grading out” of sections of their selected standard when creating 
their QA program; the results showed that there was no correlation. The respondents were then 
grouped according to international, DOE, or NRC regulated facilities.  Each group had one 
facility that chose to formally follow their standard, and at least one facility that performed 

Figure 5. QA Standard Grading
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‘average’ grading or only generally followed the standard.  Of the facilities that chose to follow 
their standard(s) formally, two selected NQA-1, one used ANS 15.8, and one used both ISO 
9000 and ANS 15-8.   
 
The amount of grading each 
facility used was compared to the 
number of standards used (figure 6) 
Facilities that chose to use only one 
standard were much more likely to 
implement it formally; the only 
facility that chose to use a single 
standard and only follow it 
generally also rated its QA 
program effectiveness as 
‘immature.’  This implies that the 
amount of grading used to 
implement the chosen standard(s) 
is primarily a function of the 
number of standards chosen. 
 
 
2.2. QA Effectiveness   
 
One of the survey questions asked respondents to rate the effectiveness of their QA program.   
The responses were analyzed with several other responses to determine correlation between the 
effectiveness and several other factors.   
 
Comparing formality 
and standard(s) chosen 
to effectiveness (figure 
7) showed that neither 
the formality of 
implementation nor the 
standard chosen had 
any impact on the 
effectiveness of the QA 
program.  There was 
also little or no impact 
on the effectiveness of 
the QA program if one 
standard or several 
standards were used.   
 
Two facilities reported immature effectiveness and their answers were analyzed to determine if 
there was a common factor(s).  One facility implemented ANS 15-8 and the other NQA-1.  Both 
facilities reported that they only generally followed their standard, but the majority of facilities 

Figure 7. QA Effectiveness vs. Standards Used 

Figure 6. Grading Standard(s) vs. Number of 
Standards Used for Program Development
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also chose to use that level of formality (or less) when designing their QA program.  The 
immature programs used an average amount of grading when they implemented their QA 
program, but several mature facilities also used an average amount of grading when 
implementing their QA program.  The data does not indicate that the amount of grading used 
when creating a QA program related to the maturity level of that QA program.  Other than 
average grading, the only thing the facilities with immature effectiveness had in common was a 
desire to put more resources into the QA program.  One of the facilities noted that it allocated 
only one staff member who only allocated 10% of their time to QA program at the facility.   
 
The total percentage of 
employees dedicated to QA 
implementation (figure 8) 
appeared to have little effect 
on the overall effectiveness of 
the QA program.  Although 
immature programs dedicated 
less than 10% of their staff to 
QA, an equal number of 
highly effective programs also 
dedicated less than 10% of 
their staff to QA.  There was 
no correlation between 
percentage of employees 
dedicated to implementing their QA program and the effectiveness of their QA program.   
 
SNL (TA-V) compared the 
percentage of employees 
dedicated to implementing QA 
to the total number of 
employees at each facility 
(figure 9).  Facilities with 10 
or less employees dedicated 
between 10-30% of their full 
time staff to implementing 
quality.  The data indicates 
that these small facilities have 
one, or perhaps two employees 
dedicated to QA.  Conversely, 
with the exception of the 
facility that used five QA 
standards to create their QA 
program, no facility with more 
than fifty people dedicated 
more than 10% of their staff to QA.  
 
 

Figure 8. QA Effectiveness vs. QA Resource Dedication

Figure 9. Total Employees vs. QA Dedication
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No facility reported that they 
would prefer to put QA 
resources elsewhere (figure 
10).  Of the respondents, 60% 
felt they had adequate (vice 
insufficient) resources 
dedicated to implementing 
QA.  QA effectiveness 
increased as more (relative) 
resources were allocated.  
However, even a highly 
effective facility reported that 
it would prefer more 
resources, while some 
moderately effective facilities 
felt they had the correct 
amount of resources.   
 
These results indicate that the 
standard(s) used, regulating agency, and formality of standard(s) implementation had no 
apparent influence on the QA program effectiveness from the perspective of the respondents.  
Although ineffective QA programs felt they had insufficient resources, the amount of resources 
allocated appeared to have limited impact on the effectiveness of the QA program, once that 
program was at least moderately effective.  The goal of future questions is to determine which 
additional factors impact effectiveness.   
  
 
2.3. Verification of QA  
 
The survey listed the following methods of verification of their QA program:  

 self-assessments 
 voluntary external independent assessments 
 mandatory external regulatory assessments 
 management review and action 
 data analysis and trending 
 performance metrics 
 risk management 
 issues management 
 other   

The facilities indicated which method(s) they used to verify the effectiveness of their QA 
program (figure 11).  No single method of verifying QA effectiveness was used by all facilities 
(e.g., not every facility used self-assessments), and only one facility indicated it implemented 
every verification method listed.   

Figure 10. QA Resources vs. Effectiveness
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Based on the survey results, the following were the most commonly used methods of QA 
program verification: self-assessments, management review and action, mandatory external 
regulatory assessments, and issues management.  Self-assessments, the most common method 
used, are performed by all facilities except one international and the two NRC governed 
facilities.  Mandatory external regulator assessments of QA were performed by all international 
facilities and one NRC facility, but no DoD or DOE facilities; the latter two generally used 
management review 
and issues 
management for 
assuring QA 
effectiveness.  
 
The only practice 
common to 
facilities with, self-
assessed, highly 
effective QA 
programs was 
management review 
and action, although 
most also utilized 
self-assessments, 
issues management, 
and data analysis 
and trending.  Any 

Figure 12. Number of QA Program Assurance Methods vs. QA 
Program Effectiveness 

Figure 11. Frequency of QA Effectiveness Methods 
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method that was used less than 50% of the time was only used at highly effective facilities.   
 
The number of different verification methods a facility used strongly correlated to the 
effectiveness of the program (figure 12).  On average, highly effective programs used twice the 
number of methods to assure effectiveness as moderately effective programs.  No immature QA 
program implemented more than one method of assuring QA program effectiveness.  Although 
correlation is not causation, this indicates that tracking the number of ways a facility assures its 
QA program is a strong indicator of effectiveness.   
 
The survey also asked if the facility had objective evidence to verify the effectiveness of their 
QA program.  Having objective evidence of QA program effectiveness was also a strong 
indicator of program effectiveness.  All of the highly effective programs had evidence.  Less than 
half of the moderately effective programs had evidence, and none of the immature effectiveness 
programs reported that they had evidence that demonstrated their QA program’s effectiveness.    
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3. SQA AND SAFETY SOFTWARE IMPLEMENTATION AND 
EFFECTIVENESS 

 
The second half of the survey 
asked a series of questions 
about implementation of 
software and safety SQA 
(figure 13).  Only one facility 
reported that they 
implemented SQA as a 
separate program (via NQA-
1).  In addition, one facility 
indicated that software was 
not included in its QA 
control, but intended to 
implement SQA (also via 
NQA-1) in its next upgrade.  
This reduced the amount of 
data collected from the 
survey questions that were 
specific to SQA.  Two of the 
facilities said that SQA was 
beyond the scope of their operations.  Lastly, only one facility specifically indicated that they did 
not use a consensus standard for SQA.   The remaining four facilities also did not have a separate 
SQA program, but did not specify what, if any, consensus standard they reviewed for the SQA 
portion of their QA programs.   
 
All of the facilities that listed a SQA consensus framework/standard selected NQA-1.  One of the 
facilities also referenced Capability Maturity Model Integrated (CMMI) and IEEE 7-4.3.2 in 
addition to NQA-1.  One site noted that they used the CMMI as a reference standard.  CMMI is a 
framework for process improvement which stems out of the software world. This shows that a 
additional tools were also utilized to increase QA effectiveness at a research reactor. 
 
Most facilities did not specify a method for identifying safety software.  Those that did specify a 
method used either DOE G 414.1, a site-specific form, or incorporated SQA in their change 
control process.  Likewise, most facilities did not give an approach for grading safety SQA.  
Those that did grade their safety software used DOE G 414.1 or an ISO-based grading.  If a 
facility chose to have a process for safety software (only 30% did) then that facility created an 
individual process for each piece of software depending on its application. This indicates that 
there is still a maturing process and application basis across the research reactor community for 
the identification of safety software.  
 
Of the three facilites that documented an SQA consensus standard and approach for grading 
software, one categorized itself as highly effective with evidence of effectiveness, and the 
remaining two graded themselves as moderately effective.  The other facilities did not reply to 
specifically give an effectiveness of their SQA program. 

Figure 13. Implementation of SQA 
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4. QUALITY ASSURANCE FOR EXPERIMENT, TEST, AND RESEARCH 

ACTIVITES 
 
Although not part of the scope of 
questions for implementation of 
QA and SQA programs, SNL 
(TA-V) included a few questions 
specifically referring to QA for 
experiment, test, and research 
activities to determine what, if 
any, additional QA was 
incorporated with these processes 
(figure 14).  Only one facility used 
a specific QA standard for 
experiments; it chose NQA-1, 
which has an optional section for 
experimental QA.  
 
 
 
5. CONCLUSIONS AND FOLLOW-ON QUESTIONS 
 
5.1. Conclusions 
 
This quality assurance benchmarking survey was initially intended to answer the question “what 
standard(s) do you use to implement QA at your research reactor facility, and why.”  It was 
intended to be a simple survey in order to obtain the maximum amount of data and act as a 
starting point for more detailed inquiry.  Although the subjective responses were based on the 
perspective of the respondents, SNL (TA-V) feels that the survey achieved both primary 
objectives.   
 
All research reactors that responded to the survey indicated that they had a formal, written QA 
program.  In the U.S., the respondents that were regulated by either the DoD or DOE indicated 
that they chose their standard based on regulator guidance, either ANS 15.8 or NQA-1, 
respectively.  The NRC regulated facilities used its recommended standard, ANS 15.8, but most 
used ISO 9000 as well.  Internationally, most facilities used ISO 9000, and one facility used 
several other standards as well.      
 
Three key data points came out of the survey response set.  Firstly, the regulator, standard 
selection, and the amount of grading used when the standards were implemented seemed to have 
little or no impact on the effectiveness of the QA program.  Secondly, once enough resources are 
allocated to create an adequate QA program, allocating further resources appeared to have 
limited impact on increasing effectiveness.  Larger facilities apparently needed a smaller 
percentage of employees for implementing an effective QA program.  Thirdly, there was a strong 
relationship between the number of verification methods to assure effectiveness of a QA 

Figure 14. QA Standard for Conduct of Experiments
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program, and the effectiveness of the program itself.  The presence of evidence was also a strong 
indicator of QA program effectiveness.   
 
The responses indicated via comments that there is a variety of attitudes toward QA at the 
research reactors.  One respondent said that QA was the centerpiece of their operations, and had 
significantly more resources allocated to QA than the other respondents.  Conversely, one 
respondent indicated that QA was an afterthought, and essentially put little to no resources into 
QA.  Understanding the culture of QA at nuclear research reactors is one of the primary goals of 
the follow-on questions and research.      
    
 
5.2. Follow-On Questions 
 
Having established contacts with a willingness for further questions, SNL (TA-V) intends to 
follow-up with individual facilities to better understand the implementation of their QA 
programs.  In addition to the questions discussed in the next section, which will be addressed to 
applicable facilities, SNL (TA-V) will also ask questions to get a sense of the facilities’ QA 
culture, and how it functions during normal operations. 
 
 
5.3. List of Questions for Further Consideration 
 
*Questions will be asked to facilities as applicable. 
 

1) How does your facility deal with contradictions between selected standards? 
 

2) For the highly effective QA programs, what optimization(s) do you use to implement 
your QA program with <10% dedicated to QA?   

 
3) In particular, two international facilities have identically rated reactors with about the 

same number of employees, similar assurance methods, and highly effective QA 
programs.  However, one allocates greater than 30%, and the other allocates less than 
10% percent of their staff to QA.  What is the difference in development and 
implementation of the QA program that enables both to be highly effective? 
 

4) Why do similarly rated reactors have substantially different numbers of employees?  Was 
it due to counting methods, different missions, or something more significant? 

 
5) How and why did you choose the consensus standards you reviewed?   

 
6) How did you choose to implement that grading process? 

 
7) What, if any, are the pressing issues with your QA program that are hindering your 

effectiveness? 
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8) For the larger facilities, do you have any particular economies of scale that help you 
streamline your QA program? 
 

9) How did you choose the verification methods you used for assuring QA program 
effectiveness?   
 

10) Did your verification methods help to defend your standard selection? 
 

11) How do you incorporate SQA into your QA program if you don’t have a separate SQA 
program? 

 
12) Do you use a consensus standard for safety SQA, and, if so, what is that standard?  

 
13) How do you consider safety software in your QA process?  What is your process for 

determining/identifying safety software, if any?   
 

14) What are your specific safety software determination/identification questions, if any? 
 

15) Do you have a graded approach for software/safety software, and, if so, what is your 
process for grading safety software? 

 
16) Do you re-evaluate your safety software for determinations and grading level, and if so, 

how often? 
 

17) What issues do you face in your safety SQA program? What would help resolve those 
issues? 

 
18) What standards and/or frameworks are reviewed to define SQA activities for safety 

software applications? 
 

19) If there was no differentiation or no response about a specific QA standard for the 
conduct of experiment, test, and research activities, how do you incorporate these 
typically “one-off” activities with normal operations? 
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