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DATA BANKS FOR RISK ASSESSMENT

AT THE SAVANNAH RIVER SITE (U)

ABSTRACT

One of the lessons learned from many years of risk assessment
experience is that mistakes of the past are soon forgotten if no
method is available to retrieve and review these events. Savannah

River Site has maintained a computerized data bank system for
recording, retrieving and reviewing its incident history. The system
is based on a series of compilations developed primarily for risk
assessment but has been found ,to be invaluable for many other uses
such as equipment reliability, project justification, and incident

. investigations. Five such data banks exist for reprocessing, fuel
fabrication, waste management, tritium, and the Savannah River
Technology Center (Slide 1).

DISCUSSION

The original data bank was developed in 1973 for the SRS nuclear
fuel reprocessing plants (including waste management facilities).
Dates of entries range back to site startup in 1953 and include
equipment failures, process upsets, operating errors, facility and
personnel contamination, personnel injuries, environmental insults,
etc. Basically, if the event was of sufficient concern to record
someplace, it was considered sufficiently important to abstract into
the data bank. As of 1992, these data banks contain approximately
one third million entries (Slide 2).

About 193 internal sources of data are routinely searched for
information. These sources are either published; that is, any report
that is typed, or unpublished; such as shift turnover log books that
are hand written. Examples of published reports are operating
incident reports, special hazards investigations, site technical
monthly reports, fire department reports, and criticality audits
(Slide 3). Two digit codes that identify each source of information
are stored in a code thesaurus and linked to the computer data
bank. For example, the code 04 identifies the "Daily Teletype".
Because the data bank contains abstracts rather than full text,

applicable sections of the source document are highlighted and
assigned the code for that source to enable the data bank clerks to
determine the information to be processed (Slide 4).
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Examples of unpublished logs include senior supervisor log books,
health protection log books, burial ground log books, and
decontamination and maintenance log books (Slide 5).
Approximately 25,000 pages are scanned annually for items of
interest. Despite an occasional legibility problem, the logs are the
most valuable source of the less significant events (Slide 6).

There are three other code thesauri in addition to the source code

thesaurus. These thesauri contain codes corresponding to the
facility, unit operation within the facility, and keywords that
describe the specific occurrence. Each entry is coded to record
source, facility, operation and keyword information. Information
such as the date of the incident and the applicable plant are also
recorded (Slide 7). An almost unlimited number of plants, facilities,

" unit operations, and key words can be applied to a single entry
(Slide 8). The repair time (the time between detection of a fault and
restoration of the system) and the consequence where it can be
expressed numerically are recorded from the general text of the
entry. Data may be retrieved by searching any combination of the
specifications using either "or", "and", or "not" logic. The retrieved
entries may be sorted by date or any combination of the stored
information (i.e. facility, source, operation, and/or keywords). In
addition, embedded words or phrases in the text may be specified.

Although the data banks were originally intended as a source of
information for the probabilistic risk assessments performed at the
Savannah River Technology Center, many other uses have been
discovered. These include failure rate data, equipment breakdown
histories, and generic incident histories (Slide 9), Reference 1.

Ali incident investigations are required to be accompanied by a
search of the data bank for similar events. This provides immediate
evidence even to less experienced personnel whether a recurring
problem exists. It also provides additional information for root
cause analysis.

Where quantitative statistical information is required, such as for
safety analysis reports, the data bank and its accompanying
statistical analysis packages provide an invaluable resource (Slide
10). Data for a given scenario is retrieved, sorted by date, and
stored in a file directory. A computer code named STATPAC-3 is
evoked to react to the dates of the sorted information. STATPAC-3
determines the best fit distribution of the times-between-
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occurrences from normal, lognormal, Weibull, exponential, and log
uniform equations. From the distribution, mean, median, and
standard deviation values are calculated for the frequency of the
ev_ .. In ad:_:tion, plots of the data fit (Slide 11) and trend as a
function of time (Slide 12) are provided. Repair times and
consequences (Slide 13) are calculated directly from the data bank
based on the data recorded in specific fields.

The location of particularly vulnerable operations to any given event
may also be determined directly from the data bank. For example,
the overall frequency of a transfer error may be determined bv
analyzing data pertaining to the error itself; however, the most
vulnerable location is immediately evident (Slide 14).

• The data bank provides information necessary for reliability studies
of process equipment by use of a Weibull analysis. The Weibuli
analysis was developed to predict the characteristic life of
equipment in which some of the units had failed while others have
not. For example, based on data contained in the bank for process
agitators, the characteristic life is calculated to be 6040 days (Slide
15).

The cost of maintaining a data bank has through the years been of
concern to a number of managers at other DOE sites. The initial
8000 entries were abstracted by five technical people over a four
month interval. Because of significant enhancements to the data
bank management system, the full-time equivalent of two technical
people is required for marking entries to be abstracted, editing,
coding, and computer support. In addition, a computer system
analyst, a data bank specialist and three clerks manage and support
information flow and data processing (Slide 16).

Since the data bank was first implemented, many enhancements
have been made that have significantly reduced costs. When
personal computers became available, manual abstraction of data
was replaced. Electronic storage on disks and tape replaced the
outdated punch cards, and placed more reliance on clerical
personnel rather than technical personnel. Recently, advances in
data storage and retrieval technology have led to the migration of
the data banks to an interactive database management system
designed and customized to reflect ali activities associated with data
banks. Coding is automatic, retrieval and output of information can
be tailored to the user's specifications and statistical analysis is
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handled within the system. Update to the information can be
interactive or handled in batch. The thesauri are available for
browsing to aid users in searching for information. Ali of the data
banks are ti " togethe( by a central menu (Slide 17).

A detailed history and description of the data bank is contained in
an IEEE publication, Reference 2 (Slide 18). In addition, data on a
number of accidents or types of process eqaipment have been
published in DOE research and development reports including
evaporators, manipulators, cranes, agitators, pumps, centrifuges,
and adverse experience with nitric acid, References 3-9 (Slide 19).
Data that are not already published can be obtained by contacting
the authors; however, release of the data is subject to review and
approval of the U. S. Depertment of Energy. Unpublished data do

+ not represent official records of specific events nor are they
intended to include information of a personal and confidential
nature; eg, personnel radiation and medical records.

Some typical examples of information contained in the data bank
include data on robots (Slide 20), fires (Slide 21), instrument
pluggage (Slide 22), criticality potential (Slide 23), and computers
(Slide 24).

The validity of the data bank depends heavily on the coding of the
entries. Improperly coded data can provide erroneous results. It is
important that the data be consistently coded. At present, each
facility has an individual responsible for the coding of the data from
that facility. Therefore, a thorough understanding of the coding
techniques and the meaning of the various codes is limited to a few
individuals. To maintain the integrity of the data bank, it is
imperative that this knowledge be captured for future use. An
expert system has been developed to encompass the present
knowledge about coding of the data and provide helpful assistance
to individuals attempting to use the data. The system is expected to
be operational in late 1992.

Future system improvements may include development of a lexicon
for fault tree failure rate, consequence, and repair time data with
auto-input from data banks; use of the expert system for coding
entries, voice activated system for data carry, and direct access of
data to other DOE sites (Slide 25).
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In conclusion, the data banks have been invaluable resources to the
safety analysis and risk management effort at Savannah River. We
anticipate that the banks will continue to grow and future
developments will t. forthcot,_'_Z to further reduce the cost and
increase the utilization.

REFERENCES

1. W.S. Durant, L. W. Gray, R. M. Wallace, and W. W. F. Yau.
"Explosions and Other Uncontrolled Chemical Reactions at
Non-Reactor Nuclear Facilities of the Savannah River Plant".
DP-MS-88-15. E. I. du Pont de, Nemours and Company.
Savannah River Laboratory, Aiken, SC 29808-0001, September
1988.

2. W.S. Durant, C. R. Lux, and W. D. Galloway. "Data Bank for
Probabilistic Risk Assessment of Nuclear-Fuel Reprocessing
Plants". IEEE Transactions on Reliability, Vol. 37, No. 2, pp.
138-143. June 1988.

3. W.S. Durant and W. D. Galloway. "Evaporator Operating
Problems and Equipment Failures - H-Canyon Reprocessing
Facility at the Savannah River Plant". DP-1681. E. I. du Pont de
Nemours and Company, Savannah River Laboratory, Aiken, SC
29808-0001, June 1984.

4. W.S. Durant and W. D. Galloway. "Manipulator Operating
Problems and Equipment Failures - Fuel Reprocessing Facilities
- Savannah River Plant". DP-1696. E. I. du Pont de Nemours

and Company, Savannah River Laboratory, Aiken, SC 29808-
0001, January 1985.

5. W. S. Durant and W. D. Galloway. "Hot Canyon Crane
Operating Problems and Equipment Failures - F-Canyon
Reprocessing Facility - Savannah River Plant". DP-1713. E.I.
du Pont de Nemours and Company, Savannah River Laboratory,
Aiken, SC 29808-0001, February 1986.

6. W.S. Durant and J. B. Starks, and W. D. Galloway. "Process
Pump Operating Problems and Equipment Failures - F-Canyon
Reprocessing Facility - Savannah River Plant". DP-1731. E. 1.
du Pont de Nemours and Company, Savannah River Laboratory.
Aiken, SC 29808-001, February, 1987.



WSRC-MS-92.

REFERENCES (cont'd)

7. W.S. Durant, J. B. Starks, J. M. Low, and W. D, Galloway.

"Process Agitator Opera_:. Probler"_ and Equipment Failures
F-Canyon Reprocessing Facility - Savannah River Plant". DP-
1775. E. I. du Pont de Nemours and Company, Savannah River
Laboratory, Aiken, SC 29808-001, September, 1988.

8. W.S. Durant, M. L. Cowen, and D. F. Baughman. "Process

Centrifuge Operating Problems and Equipment Failures in
Canyon Reprocessing Facilities" WSRC-RP-89-1359.
Westinghouse Savannah River Company, Savannah River Site,
Aiken, SC 29808-0001, December, 1989.

• 9. W.S. Durant, D. K. Craig, M. J. Vitacco, and J. A. McCormick.
"Adverse Experiences with Nitric Acid at the Savannah River
Site". WSRC-TR-91-22, Rev. 1. Westinghouse Savannah River
Company, Savannah River Site, Aiken, SC 29808-0001, June,
1991.

ACKNOWLEDGMENT

This paper was prepared in connection with work done under Contract No. DE-AC09-89SR18035
with the U. S. Departmentof EneCgy. By acceptanceof this report, the publisherand/orrecipient
acknowledgesthe U. S. Government'srightto retaina nonexclusive,royalty-freelicensein and to
any copyrightcoveringthis report,along with the right to reproduceand to authorizeothers to
reproduceali or part of the copyrightedreport.



' WSRC-MS-92-

SLIDE #1

DATA BANKS FOR RISK ASS"'_SMENT AT SRS

W. S. DURANT, C. S. TOWNSEND,D. F. BAUGHMAN,AND P. HANG

BANK NUMBER OF ENTRIES

REPROCESSING 247,0 00

WASTE MANAGEMENT 3 5,1 00

FUEL FABRICATION 26,500

, TRITIUM 12,000

SRTC 4,1 00

SLIDE #2

FAULT TREE DATA BANKS

• MAINTAINED SINCE 1973 WITH DATA RANGING BACK TO 1953

• CONTAIN > 324,700 ENTRIES

• ENTRIES INCLUDEEQUIPMENTFAILURE, PERSONNELERROR,
PROCESSUPSETS,ETC.

• ABOUT 193 INTERNAL SOURCES OF DATA ARE ROUTINELY
ABSTRACTED

NU_ PROZF_SES SAFETY RESEARCH
SAVANNAH RIVER TECHNOLOGY CENTER
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SLIDE #3

SELECTED PUBLISHED SOURCES OF DATA

• OPERATING INCIDENTREPORTS

• SPECIAL HAZARDS INVESTIGATIONS

• PLANT TECHNICALMONTHLY REPORTS

• DAILY TELETYPES

• FiRE DEPARTMENTREPORTS
,s

, WORKSENGINEERINGMONTHLYREPORTS

• WASTEMANAGEMENTMONTHLY REPORTS

• CRITICALITY AUDITS

• POWER DEPARTMENTINCIDENTREPORTS

NUCLEAR PR_SES SAFETY RESEARCH
SAVANNAH RIVER TEC'HNOLOGY CENTER
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SLIDE # 4

TO: T.A. MOORE, 703-A

_: I.K. SULLIVAN, 703-H
R. J. VERO, 703-F

H-AREA SWE-ES DAILY REPORT

PERSONNEL

$, R. GRUNDY - Attended the final new employee orientation today.
" Health Protection and Security were the topics of discussion.

BUSINESS

QUICKSET PAN/TILT - D. C. DEL VECCHIO - E & l is continuing to wire
the new connectors and install them in the third Quickset Pan/Tilt.
Probable completion and installation on the Hot Crane is by 3/8/85.

10 TON HOIST FLEXIBLE COUPLING - J. W. WQNG - SWE-ES and
Maintenance-will install flexible coupling on 8-4 shift, 3/6/85.

CRA..NELUBRICATION - J. W. WONG - Necessary lubricants for
maintenance of 221-F&H Hot and Warm Cranes have been ordered per
scope of work found in SWE-ES Crane Lubrication Evaluation memo.

D. (_. DEL VECCHIO/J.W, WQNG - Area=H and Facc-A and Opcc=17 and
equipc-200 and 208 and 443 and 227

WARM CRANE- D. C. DEL VECCHIO/J. W. WONG -Operation Routine.

IMPROVED SPECIFICATIONS DISSOLVER LID GASKET- B. A. SHINN -
Contacted Purchasing to determine current vendor and specifications
for 6.4 dissolver !id gasket. Purchasing does not have records of
current vendor, and material specifications would not be located.
Investigation will continue to determine this information. Use of an

NUCTEAR PROCESSES SAFEI'Y RESEARCH
SAVANNAH RIVER TECHNOLOGY CENTER
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SLIDE # 5

SELECTED UNPUBLISHED SOURCES OF DATA

. SENIORSUPERVISORLOGBOOKS

• HEALTHPROTECTIONDEPT.LOG BOOKS

• BURIALGROUNDLOGBOOKS

• WASTEMANAGEMENTLOGBOOKS

" • SALVAGEYARD RECEIPTRECORDS

• CANYONCRANELOGBC_KS

• DECONTAMINATIONAND MAINTENANCE LOG BOOKS

NUCLEAR PROCESSES SAFETY RESEARCH
SAVANNAH RIVER TECHNOLOGY CEN'IER
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SLIDE # 6

LOGBOOKENTRIES

._..g__._.,,.,,,,....._.,a,.,,,_,l. v _.

_ ._____,._t___'___ _,_#.............
41¢:.,........ f 2:___....-...,.;--._..¢__,,,t. ___1_..____ _.__--:_x_;:3

iii ................. " ........

_ ____.,._ __,,_._ _.,,. .......
_ __.__,J_._:__ __. .......

.....• __:,_ ......... n_..,.f.__..,,.__ ,q_,.

....... _...___._..__ _ ._,g,__.

NUCLEAR PROCESSES SAFETY RESEARCH
SAVANNAH RIVER TECHNOLOGY CEN'IER
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SLIDE # 7

• PLANT AREA

• FACILITY

° UNIT OPERATION

• KEYWORD

• SOURCEOF INFORMATION

• "AND", "OR", "NOT" LOGIC

• DATEOR RANGEOF DATES

• EMBEDDEDWORDS OR PHRASES IN ]P _F

NUCLEAR PROCESSESSAFETY RESEARCH
SAVANNAH RIVER TECHNOLOGY CEN'IER
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EQUIPMENT: VENTILATION,FAN, BEARING

FACILITY: CANYONS

AREA: F

ACCESSION DATE OF
NUMBER INCIDENT OPERATION:

• VENTILATION
INFORMATION

SOURCE

r r r

292-F, NO 1 CANYON EXHAUST FAN OUTBOARD FAN BEARING

FAILED. PILLOW BLOCK DAMAGE REPAIR TIME.

REPAIR TIME

NUCLEARPROCESSESSAFETYRESEARCH
SAVANNAHRIVERTECHNOLOGYCENTER
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SLIDE # 9

AF_PLOCATOONSOF FAULT T_.F_,E._3ATA _A_:!<$

• FAILURE RATE DATA
• EQUIPMENTBREAKDOWNHISTORIES
• GENERIC INCIDENTHISTORIES

• DATA FOR SYSTEMS ANALYSES AND SAFETY ANALYSIS
REPORTS

• DATES OF SPECIFIC INCIDENTS
• DATA FOR DESIGN STUDIES

• DATA FOR QUALITY ASSURANCE STUDIES
• TREND ANALYSES
• DATA FOR PROJECT JUSTIFICATION

SLIDE #10

QUANTITATIVE STATISTICAL INFORMATION
GENERATED FROM DATA BANK

• FREQUENCYOF EVENTS
- FITTEDTOSTANDARDDISTRIBUTION(LOGNORMAL,

WEIBULLETC.)
- CALCULATESMEAN,MEDIAN,STD.DEVIATIONVALUES
- PFIOVIDESTRENDPLOT

• REPAIR TIMES FOR EQUIPMENT
- CALCULATEDDIRECTLYFROMDATABANK

• CONSECgJENCESOF ACCIDENTS
CALCULATEDDIRECTLYFROMDATABANK

NUCLEAR PROCF.SSF_ SAFETY RESEARCH
SAVANNAH RIVER TECHNOLOGY CENTER
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SLIDE # 11

FRL...tUENCYOFTIMEBETWEENOOCURRENCES
OBSERVEDDATAFITTEDBYWEIBULLDISTRIBUTIONCURVE

ECANYONTRANSFERERRORS

=!'
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NUCLEAR PROC-T_SES SAFETY RESEARCH

SAVANNAH _R TECHNOLOGY CEN'IER
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SLIDE # 12

NO.OFOCCURRENCESOVEROBSERVATIONPERIOD
CANYON_'[RANSFERERRORS
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NUCl,EAR PROCF_SES SAPEI_ RESEARCH
SAVANNAH R]'VER TECHNOLOGY CEN"IER
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SLIDE # 13

MASSES OF MATERIALS INVOLVED
IN TRAN_F_R ERRORS*

SY$'[EM MEAN,LB MEDIAN. LB 90% ERRORBOUNDS. LB

Canyon Process
material 3,1 70 2,460 434 9,000

Chemicals 14,620 2,865 133 - 72,250

Water 36,290 2,920 252 - 290,000

" Ion exchange
material 280 94 16 - 2,720

SLIDE # 14
TRANSFER ERRORS--

CANYON SYSTEM IN WHICH ERROR WAS INITIATED

NUMBEROFRECORDED FREQUENCY,
SY. ES 1961-1986 QCCURRENCES/HR

Cold Chemicals 45 2 x 10-4
Dissolving 14 6 x 10-5
Ion Exchange 14 6 x 10-5
Solvent Extraction 13 6 x 10-5
Evaporation 12 5 x 10-5
FB-Line 10 4 x 10-5
Solvent Recovery 5 2 x 10-5
Sumps 4 2 x 10-5
Waste Disposal 4 2 x 10-5
211-F 2 9 x 10-6
Head End 1 4 x 10-6
Drain Header 1 4 x 10-5
Bucket Storage 1 4 x 10-6
Not Identified 2 9 x 10-4

TOTAL 128 6 X 10-4

NUCLEAR PROCESSES SAFETYRESEARCH
SAVANNAH RIVER TECHNOLOGY CEN'IER
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SLIDE # 15

FIGURE 4. Weibull Failure Analysis of F-Canyon Agitators

NUCLEAR PROCESSES SAFETY RESEARCtt

SAVANNAH RIVER TECHNOLOGY CEN'IER
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SLIDE # 16

• THREE TECHNICAL PEOPLE

• MARKING ENTRIESTO BE ABSTRACTED

• EDITING

• CODING

" • COMPUTERSUPPORT

• 1 DATA BANK SPECIALIST

• 3 DATA BANK CLERKS

NUCLEAR PROCESSES SAFETY RESEARCH
SAVANNAH RI OERTECHNOLOGY CEN'iER
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SLIDE # 17

COMPARISON OF 1974 AND i992
DATA MANAGEMENT PRACTICES

1974 1992

DATA BANK CAPACITY 99,999 DATA BANK CAPACITY UNLIMITED

DATA ABSTRACTED BY HAND DATA ABSTRACTED BY MAC II's

DATA ENTERED TO MAIN- DATA ENTEREDVIA ELECTRONIC
FRAME VIA PUNCHED CARDS TRANSFER

,p

PUNCHED CARD BACKUP FILE MULTIPLE MAGNETIC TAPE
BACKUP FILES

MANUAL DATA COMPRESSION AUTOMATICCOMPRESSION

DATA PROCESSEDBYEXEMPT DATA PROCESSED BY NON-
TECH._ICAL PERSONNEL EXEMPTCLERICALPERSONNEL

MANUAL STATISTICAL COMPUTER STATISTICAL
ANALYSIS ANALYSIS

BATCH SORTING INTERACTIVE SORTING

MANUALCODING EXPERTSYSTEMCODING

NUCLEAR PROCESSES SAFEI'Y RESEARCH
SAVANNAH RIVER TECHNOLOGY CENTER
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SLIDE # 18

_]_]STOIRYA.N_ ,D'F..SCR:lgT:]O_]OF DAT_ 8'Ai.J_(

W. S. Durant, C. h. Lux, and W. D. Galloway. "Data Bank For Probabiliti_._
Risk Assessment of Nuclear-Fuel Reprocessing Plants." IEEE
Transactions On Reliability, VOL. 37, No. 2, pp. 138-143. June 1988.

SLIDE # 19
PUBLICATIONS CONTAINING DATA

o W.S. Durant and W. D. Galloway. "Evaporator Operating Problems
and Equipment Failures H-Canyon Reprocessing Facility at the

. Savannah River Plant." DP-1681 (Ju;le 1984).

o W.S. Durant and W. D. Galloway. "Manipulator Operating Problems
and Equipment Failures- Fuel Reprocessing Facilities - Savannah
River Plant." DP-1696 (January 1985).

o W.S. Durant and W. D. Galloway. "Hot Canyon Crane Operating
Problems and Equipment Failures - F-Canyon Reprocessing
Facility - Savannah River Plant." DP-1713 (February 1986).

o W.S. Durant, J. B. Starks, and W. D. Galloway, "Process Pump
Operating Problems and Equipment Failures - F-Canyon
Reprocessing Facility - Savannah River Plant. °' DP-1731
(February 1987).**

o W.S. Durant, J. B. Starks, J. M. Low, and W. D. Galloway. "Process
Agitator Operating Problems and Equipment Failures F-Canyon
Reprocessing Facility." DP-1775 (September 1988).**

o W.S. Durant, M. L. Cowen, D. F. Baughman, "Process Centrifuge
Operating Problems and Equipment Failures in Canyon
Reprocessing Facilities." WSRC-RP-89-1359(1989).*"

o W.S. Durant, D. K. Craig, M. J. Vitacco, and J. A. McCormick.
"Adverse Experiences with Nitric Acid at the Savannah River
Site." WSRC-TR-91-22, Rev. 1. Westinghouse Savannah River
Company, Savannah River Site, Aiken, SC 29808-001, June 1991.

"" Includesfailure rateanalysis

NUCLEAR PROCESSES SAFETY RESEARCH
SAVANNAH RIVER TECHNOLOGY CENTER
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SLIDE # 25

DEVELOPLEXICONFOR FAULTTREE FAILURERATE,CONSEQUENCE.
AND REPAIR TIME DATA WITH AUTO-INPUT FROM DATA BANKS.

USEOF EXPERTSYSTEMFORCODINGENTRIES.

VOICE ACTIVATED SYSTEM FOR DATA ENTRY.

- DIRECT ACCESS OF DATA TO OTHER DOE SITES.

NU_ PROCESSES SAFEI3( RESEARCH
SAVANNAH RIVER TECHNOLOGY CENTER
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