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Motivation

Knowledge Management and Preservation
◦ US operational data from reactors and test loops was feared lost after  ORNL lost control of  the data in the 

mid-1990s.

◦ In 2016, JAEA transferred the “flat” version of  the US portion of  the  Centralized Reliability Data 
Organization (CREDO) database.

Future test complex insights
◦ CREDO contains failure data and operational records from the FFTF  and EBR-II reactors and the WARD 

and ETEC loops.

◦ New loops will use similar physical components to those used in the  historical facilities and can learn from 
their experiences.

Probabilistic Risk Assessment (PRA) support
◦ CREDO data was used to support MONJU, PRISM, and EBR-II PRAs.

◦ This data can be a valuable resource to future SFR PRAs.

This paper is the first in a series of papers 

focusing on various components in the database
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Overview of the NaSCoRD Database

• Database Overview
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• Data Quality Efforts

Focus on Sodium Valve Insights

• Data Processing Method

• Prior Distribution
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Path Forward

• Temperature Dependency

• Other Components (e.g., Pump, Pipes, and I&C)

• Requesting Access



Overview of the NaSCoRD 
Database



Basic Structure of the NaSCoRD Database5



Number of Events Recorded in NaSCoRD6

Reactor Test Loop



NaSCoRD Provides a Rich and Multifaceted Database7

The NaSCoRD database 
records:

◦ State of  the system or facility 
(operational, standby, 
maintenance, …)

◦ Component Descriptions, 
Operating Conditions, Design 
Levels

◦ Human interactions with
components

◦ Links to additional records (if
still available)



Some Data Quality Issues Remain8

Original data collection efforts occurred in the 
early days of  PRA

◦ Failure boundaries were not always well defined

◦ Data was passed back and forth from ORNL 
and JAEA

◦ Data quality issues remain but should be 
resolvable when NaSCoRD is combined with 
other data sources. 

EBR-II



Focus on Sodium Valve Insights



EG&G Insights10

EG&G (INEL) took an initial attempted at evaluating failure 
probabilities for sodium components in the early 1990s. 

◦ CREDO data was examined but was not used exclusively in their 
recommendations

◦ EG&G suggested changes to the CREDO data given current best 
practices. 

◦ This report was used as our primary source for a diffuse informed 
prior



Basic Approach – Bayesian Updating11
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Impact of EG&G Revised Failure Modes on the Results12

SNL has updated NaSCoRD’s reported failure 
modes based upon EG&G’s recommendations.

◦ Did these changes significantly impact the final 
results?

◦ Was there enough data to overwhelm and EG&G
recommendations?



The EG&G estimates are fairly reflective of the NaSCoRD Dataset13

Valve Failure Mode EG&G Prior Mean

Evidence    (Hours, 

Failures) Posterior Mean

95% Probability 

Interval

Check External Leakage 5.0E-07 (7.7E06, 2) 2.5E-07 (7.1E-08, 5.3E-07)

Internal Leakage 5.0E-07 (7.7E06, 1) 1.5E-07 (3.4E-08, 4.3E-07)

Plug 5.0E-07 (7.7E06, 0) 5.8E-08 (3.4E-09, 2.1E-07)

Total 1.5E-06 (7.7E06, 3) 3.9E-07 (1.6E-07, 7.9E-07)

Hydraulic/

Pneumatic

External Leakage 1.0E-06 (1.6E07, 12) 7.0E-07 (5.4E-07, 8.7E-07)

Internal Leakage 1.0E-07 (1.6E07, 1) 2.3E-07 (1.4E-07, 3.8E-07)

Plug 3.0E-08 (1.6E07, 0) 6.0E-09 (3.9E-10, 1.4E-08)

Spurious Operation 3.0E-07 (1.6E07, 6) 1.1E-07 (4.3E-08, 1.9E-07)

Total 1.4E-06 (1.6E07, 21) 1.5E-06 (1.3E-06, 1.8E-06)

Manual External Leakage 3.0E-07 (2.4E07, 3) 1.1E-07 (7.4E-08, 1.4E-07)

Internal Leakage 5.0E-08 (2.4E07, 2) 5.9E-08 (3.6E-08, 8.2E-08)

Plug 5.0E-08 (2.4E07, 2) 4.9E-08 (3.3E-08, 6.9E-08)

Total 4.0E-07 (2.4E07, 9) 3.1E-07 (2.5E-07, 3.9E-07)

Motor External Leakage 5.0E-07 (7.4E06, 2) 1.3E-07 (2.4E-08, 4.6E-07)

Internal Leakage 5.0E-07 (7.4E06, 4) 4.8E-07 (1.8E-07, 9.4E-07)

Plug 5.0E-08 (7.4E06, 1) 5.8E-08 (8.2E-09, 2.1E-07)

Spurious Operation 5.0E-07 (7.4E06, 3) 1.4E-07 (1.2E-08, 4.3E-07)

Total 1.6E-06 (7.4E06, 24) 3.5E-06 (2.5E-06, 4.9E-06)

Solenoid External Leakage 1.0E-06 (4.7E06, 0) 6.0E-08 (2.7E-09, 1.9E-07)

Internal Leakage 1.0E-07 (4.7E06, 2) 2.7E-07 (1.2E-07, 4.4E-07)

Plug 3.0E-08 (4.7E06, 1) 4.3E-08 (1.6E-09, 1.2E-07)

Spurious Operation 3.0E-07 (4.7E06, 0) 3.2E-08 (3.2E-09, 1.1E-07)

Total 1.4E-06 (4.7E06, 3) 6.3E-07 (3.5E-07, 9.1E-07)



Impacts of Prior Information on the Results were Minimal but Increased 
when Examining Failure Modes14

The reduced total amount of  data in the NaSCoRD data when compared to the CREDO data forces 
caution when looking at specific categories since there is a greater potential for insufficient failure 
data. 

◦ In many of  the valve type and failure mode combinations there were categories that had few to no recorded 
failure events. 

◦ The estimated rates were predictably sensitive to the choice of  prior. 

◦ The biggest impacts of  the prior distribution occur when there were less than two observed events in a valve 
type and failure mode combination. 

◦ The choice of  prior dominated the posterior in nine instances. Most of  the combinations were in the check 
valve and solenoid valve categories because there were one or fewer recorded failure events. 

When studying specific failure modes, it is recommended that the analyst considers how many failures are 
present. A small number of  failures may affect the reliability of  the data.



Wrapping Up



Requesting Access to the NaSCoRD Database16

NaSCoRD is access controlled

◦ To request access, go to 
www.sandia.gov/nascord

◦ DOE and SNL approvals are required before 
access is granted.

◦ NaSCoRD access is provided to external users
via Microsoft SQL HTML reports.

http://www.sandia.gov/nascord


Conclusions17

The posterior failure rates for sodium fast reactor valves produced in this analysis were consistent 
with failure rates produced from the CREDO data prior to 1990. 

◦ Many factors were tested that could have potentially changed inferences regarding the valve failure rates such 
as prior assumptions and cleaning recommendations from SNL and EG&G. 

◦ Despite these differences, the inferred failure rates were consistent for each valve type and even the different 
failure modes within each valve type. 

◦ This suggests that the current NaSCoRD data is robust not only to different reasonable prior assumptions 
but also slight changes due to data cleaning. 

◦ The information lost due to the absence of  the JAEA data does not seem to have changed the conclusions 
regarding average valve failure rates.

Prior assumptions had a greater impact when subdividing valve failure rates such as for specific 
failure modes within specific valve types. 

◦ Certain subdivisions of  data do not have enough observed failure data to overwhelm a diffuse prior 
distribution.

◦ Conclusions based off  such data will not be as robust to different prior distributions.


