LA-UR-96-188Y ; 5
CONF- 96093~ |

Los Alamos National |sbomiony @ opea by the Univenity of Calliomia lor the United Slnes Depanment of Enegy unoe commct W-7408-ENG-36

TITLE: nitiating-Event Frequencies for Nuclear Weapons
Dismantlement Hazard Analysis

AUTHOR(S):  Stephen W. Eisenhawer
Terry F. Bott

SUBMITTEDTO: International Meeting on Probabilistic Safety Assessment (PSA'96)
Scptember 29-October 3, 1996
Park City, Utah
DISCLAIMER

This toport was prepared as ab sccount of work sputsoced Uy wn agoncy of the Ualiad Slales
Governmmt.  Neitier the United States Grwarament nar sey dgeacy thereof, nor any of their
coploycss, makas sy warianty, cupress of implled, of assures any leyu! Uabllily o responsl-
hility for the accurncy, oomplessness, or usefuiness of any information, apparatus, prodeet, or
process dlsciosed, o represests that its wic would mul infriage peivaicly owned rights. Refur-
once herein (o any specific commercial roduct, provess, or servios by trade name, 1rademark,
manufsciurcs, or otherwite doss oot mecassarlly constitute o Imply its cadorsement, racom-
mendatlon, or lavering by the United Siates (hwvsinment w sny sgeacy theseil The views

end opimioss of awthors cxpycseed barein do mol accassarily state or roflect thase of the
Usited Statay Gaverasial ur sy ugeacy thaied,

UnAHm'WuILMMuuv mnmmmmmwm: 1» Upaisied by the Urdversity of Galdurtid o i U.S. Dumitnsnt of Enengy
Witiers LoVt W-7406-ENG-36 By suuaplarin 0 Hws wrivile, the (ublndwe taoignicen Hiat the U8 G W (wlakie @ (X e tuyalty e buatie b
kst o (wpertiue the pulssived lonw of the conkribuliun, o 40 sllaw oWhers ¥J 40 30, fuf UG Goverwment Dummes. Tiw Low Aleemou Nubtrel Laturalury

mmmvmnmmmmn-mﬂnmmmmcmmmmmuh Drgrarsrnntsl 04 By Lou Alsvon Nevimurvel Liemimey sirongly

LIT.1Y 'S AUTH Y0 pubissh; th , e ™OvY 83 an GBS 1l SNVINSE M Ve sru s OF &) JuDRCRIAWY O
mnmmﬂm

'LL-.,@ Q A” @,m @ S Los Alamos National Laboratory

Los Alamos, New Maxico 875456

DISTRIBUTION OF YHIS DOCUMENT (S UNLIMITCD f s u ER


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DISCLAIMER

Portions of this document may be iliegible
in clectronic image products. Images are
produced from the best available original

document.




INITIATING-EVENT FREQUENCIES FOR
NUCLEAR WEAPON DISMANTLEMENT HAZARD ANALYSIS

S. W. Eisenhawer and T. F. Boll
Probabilistic Risk and Hazards Analysis Group
Los Alamos National Laboratory
Los Alamos, New Mexico USA
{505) 667-2420/(505) 667-3563

ABSTRACT

A quantitative data base for initiating events encountcred during nuclesar weapons hand!
is described. This data base was assembied from incident reports at the plant where the
weapons are handled. The strengths and pitfalls of constructing such a data base are
claborated using examples encountered in the data. Insights gained into accident
sequences, human crror probabilitics, and other areas of concemn arc discussed.

I. INTRODUCTION

With the end of the Cold War, the United States is preparing to disassemble a I
number of nuclecar warhcads. This is scheduled to occur at the Department of Encrgy
(DOE) Pantcx facility near Amarillo, Texas. The DOE is working to reduce the likelihe
of accidents during disinantlement through an integrated program of tooling, procedura
and training upgrades. An integral part of this program is a concurrent hazard analysis
the dismantlement process. In a previous paper, we reported on a quantitative hazard
analysis for dismantlement of a particular wcapon.' As part of that cffort, it was neces:
to estimatc initiating-cvent frequencics associated with accident sequences icading to thy
energetic release of radioactive or toxic materials. In this paper, we describe the use of
plant operational data to estimate event frequencics. Operations with nuclear weapons
somewhat unusual, and the use of the actual plant data where available is preferable to
using surrogatc data from other industrics.

Accident sequences leading to the production of a radioactive acrosol require the
application of somic energy rource o the weapon pit—the tissionable material lacated i
primary section of a thermonuvclear weapon. During dismanticment, the system is in
various configurations from full-1p weapon to individual components, including
hemispheres of high explosive (HE) and the pit. Specific accident sequences are assoc
with these configirations. A primary cnecgy source and one of more enabling events v
identified for each sequence. Hnergy sources are exiernal (earthquake), tacillty (fire),
process (M) related. Enabling cvents allow a particulir enerpy sonirce to operate on a
weapom configucation, We scarched the datatuse for energy sources and enabling
conditions identiticd in the accident sequences. Major categories for which frequency «
were obtained included all mcidents related to weapon HE, detonators, and pits. We
consiidered various insults to these componeats, including drops (manal or daging hoi
operations), strikes by otlier objects, fires, and various facility tailures. External-cven
frequencies were not considered. Far these categories, we provide occimence fiegueil
on a per-weapon basis.,
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The maximum likelihood estimators for frequency f or probability p of occurrence
using operational data of n occurrences in T total time on test or N trials respectively are”

f=%_
p=34 .

In these point-value estimates, the number of occurrences is in the numerator, and
some count of the number of trials or time on trial is in the denominator. In this paper, the
source for the numerator will be called event data; that for the denominator will be called
population data. in general, no attempt was made to define prior distributions for these
occurrence frequencies. The rationale for this was that many of the operations associuted
with nuclear weapon disassembly are cither unique or sufficiently rare that identifying
suitable surrogate data is problematic. In only one case, the occurrence of fires in
disassembly ceils, did we use a Bayesian approach: this is discussed separately below.

QOne obvious source for event data for nuclear weapons processing at the Pantex
Plant is the Unusual Occurrence Report (UOR) collection generated at the facility over the
years. UORs are gencrated when certain types of cvents occur during nucleur weapons
handling or storage. Thest types of events include as a susct the types of events of
intercst in weapons safety assessment. Thus, the UORs offered great promise as an event
data source.

The Pantex UOR databasc includes approximately 1600 incident reports tor the tume
period from November 1976 to June 1990, Many of these incidents arc not directly related
to nuclcar weapons and arc simailar to thosc seen in other DOE facilitics. Earlier
investigators from the threc weapons laboratories (Los Alamos, Livermore, and Sandia
National Laboratories) had filtered the UOR database to eliminate nonnuclear incidents.
‘The result was a n uch smaller sct of 208 records referred to as the TriLab databasc. UORs
in the Trilab datal ase were judged to be of significance with respect to nuclear operations
at Pantex. Incidents in the databasc arc identificd according to weapon type, componcents
involved, and time of day. A short description of the incident is given as well, An attcingt
was made to determine whether human crror played a role in the incident and, if so,
whether a procedure violation had taken place. Supporting documentation for these
judgments is no longer available.

Pructical difficultics with using the ditabase exist. Records for the years 1986
through 1988 arc nnt contained in the database. Titles ot the UORS for these years were
prescrved, but the reports themscelves were destroyed accidentally betcre microfilniing,
The requirements for UOR reporting changed duning the time perind covered by the
datahase, and the tevel of detail in the records is inconsistent. However, it is belicved thas
all incidents directly related to nucleur weapon operations at I'untex were entered o the
reporting system.

Figwe | shows the number of UORS per year for the Trilab database. Maost
incidents were tlugged in the database as involving human erod. This I8 st surprising
hecause weapon assembly and disassembly are lubor-intensive. ‘The database contains data



on specific procedure violations as well as more generic human error; these judgments were
made by the database compilers. The fraction of procedure violations was small.

The total number of nuclear-significant UORSs per year varies by over 4 factor of §
for the tink period used. Occurrence frequencies should be related to the plant activity, and
this is considered below. Two areas of interest are the small number of incidents in the
human error category for 1979 and the fact that no procedure violations were reported in
1982. This is suggestive of changing reporting requirements and will be examined later.
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Figure 1. LIORs in the ‘Tl ab database. Shown are the subwategories for mman arvor,
procedure violations, and others reported,

N, POPULATION DATA

Mant production data were used to convert UORs per unit tine to UORs per
weapon handied. Praduction data may he a time on test, a number of opportunities tor
ervor, or a munher of cycles. Production data for the Pantex Mlant were used to eatithate
the number of apportunitics for certain types of production errors. ‘The praduction data
wero divided into activities, Activities that involved assembly or disassemibly usually were
combined when opportunities foe [IE draps or strikes were calculated. Table 1 pives the
annual tecquencies for varous initlating events of interest for the quantitative nisk
asgessmont, ‘These are grouped Tirst according to weapon-specitic encrgy sources and then
hy process~ und facility-related classes, A particular concern was dropplug, of weapon
subassomblies or tooling, and this subcategory Is shown at the end of the table,



Table 1. Average Initiating-Event Frequencies for UORs of Interest

Avg.Inciden Avg. Incidents
Incident Type per weaponu1 Incident Type per weapon
High Lxplosives ]
Total HE UORs 1.6CG-3 Hoisting Incidents
Drops Total Hoisting UORs 1.6E-3
By Hand—Hemis 6.0E-5 Smikes/Drops/Tips— 3.6E-1
(w/c)
By Hand—Fragments/ Hoist Component 4.8E4
Tiles Failures
By Vacuum Fixture 3.0CE4 Rotocage Hoisting 54E4
Failures
Stukes on HE 6.6E-4 Hoist Procedure Fail. 7.8E4
Pressing Incidents 1.26-4 Weapon Snags/Tuhe 12E4
Bends
Pirs orklift Incidenis
Total Pit UORSs 2.7E-3 Total Transport UORs 1.2E-3
Drops General Operations 6.01:4
By hand 6.0E-5 Strikes/Drops 2.4C4
With vacuum fixture 3.0E4
Defective Pits {.8E-4 Facilitv Failures
Broken/Bent Tubes 1.BE-3 Loss of Power 1.2E-3
Loss of Vacuum—cell 1.2F4
Detonator /Cable UORs 1.2E-3 Loss of Vacuum-—-fixiurg 6.0E-5
Electrical—grounding/ 5.4E-4
shorting
Tips of Assemblies/Parts |.2E-4 Deluge/Sprinkler T'rips 24E4
Sticking Parts 3.06E4 Fires 6.0E-5
Tooling: Incorrect; defects 71.2E-4
Operator Clothing 24E4 Firearm incidenss 2.4L-4
Incidents
Drops—Total 2.01-3 Towed Trilaly Database 9.7E-3
HE (all forms) 3.0E-4
Pits 2454
Detonators 1.25-4
Fixtures/Tooling, 4,24
Componeat/Assemblics 6.6E-4
Weaponi: 2.4L-4

Yeuarly variation in fiequency (or gecidents was reduced considerably when yewly
variations in the production were cousidered, Figure 2 shows thie nuaber of UORSs pre
weapon us o functon of time. An appuarent reduction in the frequency of UORY per
weapon vver the e span covered by the dat is seen, This reduction, especiudly coupled
withr ait increusing emphusis on compliance with UOR repurting over the yours, gives some
evidence thut incident rates may be decreasing with improved procedures und more sticy

wdministrative conuols,
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Figure 2. UORSs per weapon as a function of time.,

Each weapon assembly/disussembly preseats a certain number of opportunities (on
average) for error. This number of opportunities was estimated based on discussions with
senior Pantex production technicians and engineering personnel. Some examples of
opportunity estimates are shown in Table 2.

Table 2. Examples of Estimated Numbcer of Opportunitics

Opportunities per Weapon
Activity Apsembly/Disussembly
HE Hand Camies 6
Pit Hand Carnies 3
Hoists 6

These opportunity multipliers are the number of rrunitics per weapon, For
examplc. based on Pantex interviews, we determined that the average number of HY: carries
per weapon disassembly or assembly for all weapons is about six. Thus, the approxinuie
probubility of a hand-carricd HE drop per opportunity is the average number of drops per
weapon divided by the average number of apportunitics per weupon; from Table 2, this is
$ix.

1V, INSIGHTS FROM DATA ANALYSIS

i\tran from the quantititive estimutes of accident initiating-cvent frequencics
calculated from the cvent and population dta discussed carlier, 4 number of insights into
potential weapons J)mccssing accident sequences was gained from the UOR diy, Some of
these insights arc discussed below.



A. Accident-Sequence Identification

Great effoct was expended in the safety analysis to identify potential accident
sequences &s exhaustively as possible. Fault-tree analysis was used to identify accident
sequences that were developed further by constructing event trees. Whal-if and hazard
analysis methods were used to generate accident sequences through a step-by-step
cvaluation of weapons handling procedures by a team of weapons processing expents. An
extensive study of safery literature for weapons processing was undertuken as well. In
spite of thesc efforts, some accident sequences were identfied ordy through a careful study
of the UORs.

An example of such an accident sequence involves overbeid crune maintenunce.
Ap accident sequence that had been identified by fault-tree unalysis was the fall of an
overhead bridge crane from its track; one primary cause was failure (o restore afier
maintenance. This accident sequence was assigned a very low probability based on
industrial data. However, a study of the UOR data revealed that there had been actual
irstances of, not the entire crane, but parts of the crane falling when the crane was used to
hoist loads. These parts ranged in mass from small bolts to quite massive chain covers.
Thus, the UOR data revealed accident initiating events that had lower energy but were
much more likely than the accident sequences identified through the standanrd systematic
analysis procedures.

B. Human Error Rates

Predicting human error rates is a notoriously inexact art in safery analysis. The
depth of this problem was illustrated by the UOR data base. Estimates of the probability of
dropping HE during manual handling had been predicted in past studies using the Accident
$equence Evauation Program (ASEP) technique.’ This method gave a relatively high
px('ﬁ)ability of such un oecurrence. However, a search of the UOR data base indicated that
dropping HE is a rare occurrence. The ASEP estimate for this operation was on the order
of 102 per handling, whercas the UOR record indicated a frequeacy of less than 104 per
fvndling. The lower value is supported by interviews with operational experts, even the
.nost expericnced of whom could not recall any occurrences. Based on the reporting
requirements, the use of the rwo-person rule, and the candid observations of experienced
wechnicians. the UOR data on dropping HE was fielt 1o be representative of the actial
experiznce.

The obscrved low error probabilitics arc consistent with theorctical models of
human performance.’ Standard human reliability techniques usually deal with rute-based
behavior rathier than skill-based behavior, such as manualty handling HE. Human error
probabilitics for skill-based behavior are thought to be lower than for rule-based ehavior,

The perceived hazards attendant on dropping HE are likely o produce a facilitative
stress in the handler that inercases vigilance and care, thus reducing crror probabilitics.
Another obscrvation in the data supports this contention. Other objects with sizes and
shapes similar to HE, such as pits, are handled manuzlly by the same technicians during the
jrocess. 'The UOR data indicate that the probability of dropping a pit per opportunity 1s
significantly higher than that for HE. Dropping these objects would create administrative
consequences, but it does not present the immediate tatal hazards of dropping HIS. Thus,
the UOR data provide qualitative corroboration of some common assumptions used 1n
hrman reliability.



C. Time-of-Day Dependence of Freguencies

The incident times for ail incidents indicale a strong peak in the data in the 1000-
1100 and 1300-1400 time intervals. These intervals comresponid to the moming break und
the return from lunch. This result is in accordance with models of ;ule-based behavior.
According to these models, the technicians are more likely to commit errors of omission by
skipping steps after an interruption. Models also would predict that vigilance is reduced,
especially after lunch, making both omissions and slips more likely. No corresponding
increase for rzturn from the afiernocn break was noted. This discrepancy may arise
because the technicians are more likely to stop weapon-handling activities following the
aftemoon break; observations at Pantex indicate that the late afiernoon is the most common
time to perform noaprocessing tasks such as cleanup, paperwork, or training.

D. Event Distributivn Characteristics

The .vue distribution of events was as expected fof most types of incidents, but
some quirks were noted. One such aberration is the unnatural clumping of what should be
randomly occurring events. For example, UORs generated by facility problems are
rclatively infrequent and do not appear to occur uniformly eitier in time or as a funcdon of
plant activity. This would indicate that reporting standards for this type of incident were
probably not consistent. No specific cause and effect could be identified, but the general
rcasons for this clumping are discemible.

Inconsistency in reporting can arise from changes in the guidelines for UOR
reporung in this case or from evolving viewpoints among the technicians who report the
incidents. Depending on which cadre of technical personnel is assigned the reporting,
coverage may vary. Discussions with technicians indicated that facility events arc not
considered in the same light as process faults by this group of experts but were considered
very imponant by facilitics personnel. This example highlights one of the pitfails of
compiling operational data over long periods. Reporting requirements and standards witl
change with time and with changes in management or oversight regulatiosi. The “report of
the week syndrome™ has been observed in other operationad data bases using UORs, and
the analyst must be on guard for such a bias.”

As an example of the opposite to ciumping problem, the number of total
transportation UORs is disuwributed approximately uniformly over time and docs not even
appear to be a strong function of the production rate. One would expect the accurrence rte
of transportation cvents 10 be strongly correlated 1o the production rate because the rate of
trunsport of weapons should be a ncurly lincar function of production. The explanition off
this anomaly is found by a closc examination of the UORs. The UORSs involve naot only
transportation incideats in which weiapons asctually anc involved but other transportation
incidents as well. The amount of transportation occurring in the plant is nearly independent
of whether weapons are being transported because most of the transport is for reasons
other than wecapons handling. Some of the incidents have nothing to do with events that
could posc a risk to weapons, but most of them involve vehicles and focations that coutd
potentially have an cffect on weapon safety. For example, any incidence of hot-rodding
with forkiifis in the plant is relevant to weapon safety because it is an indication of
disregard for safety rules, It is important t remember that any plant trans,;oet can aftect
waapon safety because it gencrates opportunitics for collisions. The cffect of such a safety
violation is mitigated by a special precaution \aken during transport of a weapon. During,
wungun transport, a walker in front of the forklift verifics that the path is clear and that
personned in the anca are aware that a weapon is in transpont. Such administrative controls
also would be expected to reduce the rate of forklift UORS actually invalving a anclear
weapon to well below the rate for all in plant transportation accidents.



Another poteatial anomaly in operational data is intentional undermeponing because
of fear of reprisal or punishment. The operations at Pantex are closely supervised, and the
technicians expressed a true fear of the consequences of failing to report a reportable
incident. They uniformly feit that the risk of reporting was much less than (he risk of
trymgtocoven;_pbmuwtheyfclnhcpmbabxhtyofduoovcrywashnghmdmc

failing to report were far worse than those of reporting an error. The use
ofatwo-m.mruk constant indoctrination in the importance of comphiunce with orders, and
the observed survival of personn:l who report errors all muke uademeporting a secondury
concern ir our opinion.

E. Bayesian Updating

For fires, the UOR data were used in 2 Bayesian update of surrogate industrial dala
ruther than directly. This was done because few fires of significant duration and intensity
at Pantex were reported during the period covered by the UORs. Nuclear reactor
containmeats.® were judged to be similar in usage and flammable content (o assembly cclis
at Pantex. andthmfom. data collected for thesc rooms were used o generate a prior
distriburion. This distribanion was updated using Pantex dati, where two fires were
experienced in approximately 200 celi-years. Figure 3 shows the prior and posterior
distributions for fire occurrence frequency. The mean value is 1.4 x 10° per year. The
result is believed 10 be conservative for the Pantex Plant.
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Figure 3. Probability density tunction for Pantex cells using NRC containtient posterior as
the Pantex prior distribution.



V. CONCLUSIONS

A quantitative database of initiating-event frequencies was constructed from incident
reports involving nuclear weapons handling and processing. These data were used either
directly or through aggregation with surogate data through Bayesian updaling in a
quantilative safety analysis of nuclcar wespons dismanternent. Many of the data generited
are applicable 10 follow-on programs planned at the Puntex Plant and will serve as a basis
for future quantitative analysis.

In addition o providing a quantitative basis for frequency or probabulity estimates.
the study of the UOR database helped to identfy accident sequences that vsere not
recognized through any of the systerratic analytical techniques traditionally used to idenufy
potential accidents. Some of the human error provabilities based on the data were very
different from predictions made using commonly used apaiytical methods for predicting
human error rates. This was especially true for skill-based behavior under moderute suess.

Examples of situations that complicate the application of operationally based data
were encountered during the analysis. These include changes in reporting requirements,
shortcomings in the classification and search methods for the dawbase, and changes in
Qperaling pararmeters.

REFERENCES

!. T.F.Bor and S. W. Eisenhawer, “A Hazards Analysis of a Nuclear Explosives
Dismantement.” Proceedings of the 1995 ASME Intemational Mechanical Enginesring
Congress and Exposition, PVP-Vol, 320, SERA-Vol. 5. American Sociery of
Mechanical Engineers (1995).

[

H.F. Manz and R. A. Waller, Bavesiar: Reliabilitv Analysis, John Wiley and Sons.
New York, New York (1982).

3. A.Swain. “Accident Sequence Evaluation Program Human Reliability Analysis
Pracedure.” US Nuclear Regulatory Commission repont NUREG-4772 (1987).

4. A.Swain and H. Guttmann, “Handbook of Human Reliability Analysis with an
Emphasis on Nuclear Power Plant Applications,” US Nuclear Regulatory Comnussion
report NUREG- 1278 (1983).

5. T.F. Bott, “Building a Database from UORs.” Proceedings of the EFCOG Satery
Analysis Working Group, Subgroup on Data Banks for Risk Assessinent,
February 2-3, 1993 (1993).

6. M. Kazarians and G. Apostolakis. “Firc Risk Analysis of Nuclear Power Plants,” US
Nuclcar Regulatory Commission report NUREG/CR-2258 (1981).



