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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.

o '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




3 1 Qutline

Overview of the NaSCoRD Database

» Database Overview
e Types of Components
» Data Quality Efforts

Focus on Sodium Valve Insights

« Data Processing Method
e Prior Distribution
e Posterior Distribution

Path Forward

« Temperature Dependency
e Other Components (e.g., Pump, Pipes, and 1&C)
e Requesting Access

T '



Overview of the NaSCoRD
Database
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Basic Structure of the NaSCoRD Database

NaSCoRD (2016 - ?)

Sodium System Component Reliability Database

Engineering [ Daiv o Event

Operations Data

Data | Run Hi , Data

N I N
| | I

CREDO Reports + Reactor Run Logs I

T

CREDO-I (1977 - 1993)

CREDO-II (2013 - 2016)

EBR-II, FFTF, GPL-1, GPL-1A, GPL-2, B-006, LMDL#1, EBR-II, FFTF, FERMI-I, SRE, HNPF
SASS-1, SASS-2, SCTI, SCTL, SPTF o v
0 _ 5 Combine 0 a Dat
_ , perations Data Duplicate perations Data
Engineerin Event , . —
gD . g : h Entries L_Dailv Historv | Event Data
o LBH.D_I;Q}IM s i Run History
, ) M
1 1 P I |
| CREDO Reports | | Reactor Run Logs

a0 | I S $ 30 e T



VALVES

GAS MOVERS

SIGNAL MODIFIERS

MONNUCLEAR SENSORS

MECHANICAL PUMPS

RECORDERS

CONTROL ROD DRIVE MECHANISMS

HEAT EXCHANGERS

MECHANICAL CONTROL DEVICES

COLD TRAPS AND VAPOR TRAPS

PLUGGING METERS

PENETRATIONS

ELECTRIC HEATER

ELECTROMAGNETIC PUMPS

INDICATORS

PUMP SPEED REGULATOR

PRESSURE VESSELS AMD TANKS

POWR SUPPLY

RUPTURE DEVICES

FILTERS/STRAINERS
GAS DRYERS

MOTORS

SIGNAL TRANSMITTERS

TURBINES

GENERATORS

INSTRUMENT CONTROLLERS

NUCLEAR DETECTORS

SUPPORT AND SHOCK DEVICES

ELECTRICAL BUSES

%0

0

doo 3591

0s

Cumulative Percent of the Number of Events By Component Entries

Number of Events By Component Entry

= 1 (=) P2
= wn = Lh
= = =1 =

[} wa o w =1 =
= = = = = =1
= = = = = =

Number of Events By Component Entries

= - n N
o w o w

§ § & § § ¢%

Cumulative Percent of the Number of Events by Component Enteries

w
=1
=1

w
o

=]
o

S

g

0SE

w
[

0o

%001

o¥

%00T

AYODSEN Ul POpJI023Y SIUDAT JO JaqWINN| ‘ 9




mOOO o AUO)F(:”?O;
Q.EOEQOQBOﬁQ
= D BS < 0 R0 B Q_‘z
§§@§ Q‘Q,_g 2 20 @«
S 98 “H38 2509 5
S 85 £2BSs o
Emag En&g‘
@e-:mH Q v(Du wn

= & 2¥:89 &

= 5 22 58 £

205 50 &3 S

= 2 5 9 g 5 g

g 2 Rz £, e = o)

S E gs > 6

Q. o 0 o Q.

Z 23 =

P

= g <

Number of Recorded Componet Failure Events

5 8

9seqele(] pPa13d®}3|n|y| PU® YdIy © Sapiaodd YODSEN ‘ L

COLD SHUTDOWN

HEATING UP

HOT SHUTDOWN/ HOT STANDBY
NULL

OTHER

1I-483

POWER OPERATIONS

REACTOR SCRAM

REFUELING

SHUTTING DOWN ([CONTROLLED)
STARTUP

COLD SHUTDOWN

COOLING DOWN

HOT SHUTDOWN/ HOT STANDBY
NULL

POWER OPERATIONS

4144

REACTOR SCRAM

REFUELING

SHUTTING DOWN (CONTROLLED)
STARTUP

ISOTHERMAL OPERATIONS

T-1d9

SHUTDOWN

ISOTHERMAL OPERATIONS

T 1d9

SHUTDOWN
DRAINED
ISOTHERMAL OPERATIONS

NULL

1L2S

SHUTDOWN

STARTUP

THERMAL/HYDRAULIC TRANSIENT OPERATIONS
DRAINED

ISOTHERMAL OPERATIONS

108

NULL
DRAINED

ISOTHERMAL OPERATIONS

41dS

STARTUP




g8 I Some Data Quality Issues Remain (h)
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10 I EG&G Insights

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

Table 2. Mechanical component (sodium working fluid) recommended failure rates

MEGUNICAL CONPONENT (SODIUM WORKING FLUID) FAILLRE RATE CONPARISON

SOURCES
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EGG-SSRE-8875

GENERIC COMPONENT FAILURE DATA BASE

FOR LIGHT WATER AND LIQUIDV SODIUM REACTOR PRAs

Steven A. Eide
Stefan V. Chmielewski
Tammy D. Swantz

February 1990

EG&G IDAHO, INC.
IDAHO FALLS, IDAHO 83415

Prepared for the
U.S. Department of Energy
Idaho Operations Office
Under DOE Contract No. DE-ACO7-76I1D01570
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Basic Approach — Bayesian Updating

Prior
. 2 1 —(In A—p)?
EG&G : p(/1|0 ,,u) = —Nmexp( -, ) forA>0
Ba/la—le—ﬁﬂ.

Noninformative : p(Ala = 0, = 0) = =11 fora>0

I'a)

Likelihood — NaSCoRD Data
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Impact of EG&G Revised Failure Modes on the Results

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?

x10~6

97.5% B NaSCoRD Data
. EG&G Updated Data

Posterior Mean

Failure Rate (Failures per hour)

Motor Hydraulic Solenoid Check Manual
Pneumatic

Valve Type

Table A-1. (continued)

No. _Event _Failure Mode Revised Failure Mode Include?
23. FF800083 SPURIOUS NOMOVE YES
24. FFB00035 NOMOVE YES
25. FF850058 ABNORMOP NO
26. SL730003 NOMOVE YES
27. SL770007 LEAK(small) YES
28. 56770001 LEAK(small) YES
29. SG7 70006 ABNORMOP NOMOVE YES
30. SGT70007 ABNORMOP NOMOVE YES
3l. 5G770008 ABNORMOP NOMOVE YES




13 I The EG&G estimates are fairly reflective of the NaSCoRD Dataset

Valve Failure Mode EG&G Prior Mean Failures Posterior Mean Interval

Check External Leakage 5.0E-07 (7.7EQ6, 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 (7.7EQ6, 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/ External Leakage 1.0E-06 (1.6E07, 12) 7.0E-07 (5.4E-07, 8.7E-07)
Pneumatic 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 (1.6EQ7, 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)
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)
External Leakage 5.0E-07 (7.4E06, 2) 1.3E-07 (2.4E-08, 4.6E-07)
Internal Leakage 5.0E-07 (7.4EQ6, 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 (4.7EQ6, 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)
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Impacts of Prior Information on the Results were Minimal but Increased =
when Examining Failure Modes ()

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.

|






16 | Requesting Access to the NaSCoRD Database

NaSCoRD i1s 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.

Employee Locator Q

Sandia
@{“:g:gg?gnes ABOUT  PROGRAMS  RESEARCH  WORKING WITH SANDIA  NEWS  CAREERS

Sodium System and Component Reliability
Database (NaSCoRD) nOs -6

Yesterday Informing Tomorrow

Contact

NaSCoRD
Intro d uct | on NaSCoRD@sandia.gov
This database was developed as part of a United States DOE Nuclear Energy Advanced Reactor
Technologies program. The project's mission is to re-create the capabilities of the legacy Centralized
Reliability Database Organization (CREDO) database. The CREDO database provided a record of
component design and performance documentation across various systems that used sodium as a
working fluid but was lost by its US custodian in the 1990s. Raw data of US origin was only recently
recovered from the Japan Atomic Energy Agency (JAEA) with whom the US had established a joint
database. This NaSCoRD database uses reconstructed CREDO data (CREDO-I) with reliability
information sourced from operational documents, unusual occurrence reports, and design documents
called CREDO-II

Database Access

To allow the domestic sodium industry access to
this data, Sandia has established a controlled
access website for users to directly explore SQL
reports. Access to NaSCoRD can currently be
requested through the DOE-NE ART sodium
reactor program manager. Request access by

e-mailing NaSCoRD@sandia. gov.
Capabilities

CREDO-|, CREDO-II, and Sodium System Component Reliability Database (NaSCoRD) will
immediately benefit sodium system designers who can extract engineering, operational, and safety
insights from these data sets. The ability to examine the failure modes for sodium components and the
environments that led to multiple and repeated component failures will allow for future sodium loop and
sodium reactor designers to leverage the expansive legacy of domestic sodium reactor operations. The
future expansion of NaSCoRD to new facility data sources provides the domestic industry with the best
opportunity to develop a broad database to support future Probabilistic Risk A ent (PRA)
applications V71

Resources

T [\aSCoRD SAND Report
Creation of the NaSCoRD
Database

(3.97 MB PDF)
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17 I Conclusions

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.

o 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.



