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QUANTITATIVE HAZARD ASSESSMENT OF A US PEPARTMENT OF ENERGY
NUCLEAR EXPLOSIVE OPERATION

by
David O'Brien, Stewart R. Fischer, and Eric R. Gerdes
Probabilistic Risk and Hazard Analysls Group
Engineering Science and Applications Group
Los Alamros National Laboratery

ABSTRACT

Quantitative hazard aisessments (QHAS) are b~ng used 10 suppen the US Deparunen of Energy
Integrated Safety Process (SS-21). Nuclear Explosive Safety Sivdy Group. aud Environmental Safety
and Health iauanves. The QHAs are used 10 idemify buzards associaed with nuclear explosive
operauons wvolving tooling and procedural processes -

The SS-21 prozram was used 10 integrate the assesunent of hazards with the E;cm of unproving
the safety of nuclear explosive operations. Three assessments of the spevific nuclear explosive
suncillance process have been performed or are in progress.

* A rough-cut hazard assessment of the hugh-risk areas of operntions o maximuze sufety
improvements during subsequent process redesign (completed).

e A bayeline hazard assessment of current operations to focus efforts on f1ak reduction and
uack overall umprovement following process redesign (in progresa)i.

e A rolhing assessment of hazards present 1n conceptual and iinal soluuons to improve safety
(LN progress).

Each of these QHAS has three pnmary objecuves.

e To facilitne the integration of safety im0 the design of the nuclear explosive
assembly/disassembly process through carly 1deptificauon of harards

e To suppon the idenuficauon of possuble intaung events and accident scenanos lfor the nsk
assessment of the nuclear explosive assembly/disassembly process

* To aid in meenng the Occupauonal Safery and Heatth Administranion process saicty
management requireme..is for the nuclear explosive assembly/disawsemibly process

The spectfic nuclcar explosive preliminary QHA «the rougr -cut assessmenr was used th 1ncus the
process design teams on probiem areas. This paper will summanze the preliminany QHA and how 1t
focused the design teams on the problem areas found by the ase>sment

I. INTRODUCTION

The Integrated Safety Process (55-211 program, which integrates environment. safery. and fiealth
«(ES&H) und nuclear explosive safety requirements under a single program. uses quantitative hazard
wsessments {QHA~1 w idenufy accidents dhat have the potential for worker injury and public health or
covironmentd impact. The $5-21 program requires the hazard assessment %) generie Informauon ©
suppurt the fvllowing requircmen®s: evaluate the ltkehihood of accident scquences thar have the
putcnuazl fur worker or public: inury ur environmental damage, idenuty safety-cnitical woling ana
prevedural sieps, idenufy vperational ~afety comrots, idenuty sufery-clasw/signiticant sy seins, stiuctures
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and comgonmrs. identify domunant eccident sequences. Jemonsirstie that the facuity  Saferr Analys
{SAR) design-basis accident envelops process-specific accidents: and produce a Hazard Ana
Repont (HAR) that can be used o suppont future change cootrol activiues

To address this mulutude of requirements bewng impused on the provess hazand assessment. Lin
Alamos National Laboraiory has developed a QHA methodology that b evolved from hazard
assessment effors conducied at the Los Alamos Plutonjum Facibiy. The methodology has now bee
Jsed 10 conduct several hazard assessments {or the B61 and W69 dismantlement eifons’~ as well o
ibe nuclear explosive surveillance program.

The Los Alamos QHA approacn inzegrates tradiuonal probabilisiic saiety asscssment tools (fault
rees. CVent Oees. uncertainty analysis. importance measures. cic.1 with qualitanive hazard assessmen
methods o develop an efrecuve QHA methodology ifor nuclear explosive operations. Thus paper
summarizes the result o date of a prelimunary QHA on nuclear explosive operations and 1te etiect ¢
the process redesigh DOW m Progress.

IL PROGRAM GOALS

The SS-21 process 1s based on the principle tha the real benefit of a QHA 15 in faciutanng nsk

reducuon dunng process design and development. By providing mmportance measures for hasic eve
e analyst can esamate which evenis conmbute the most to the accident frequency. Tooling and

process designers then would be able to iumplemem demign and procedure changes or tmnaic posiuve
meazures w0 miummuze the hikelihood of the important base events from occurnng  Thus weranve nsk

reducuon process forms the basis for the 3S-21 process.

The overall phulosophy of the SS-21 process is to reducs the nsk of nuclear explosive operauons
an accepuabie icvel and 10 proviae defense 1n deptn against potenuai accident scenanos. The goal o
romssnsmpmdxmsaxc.ofnucnnuﬂcﬁecuveopemumdmduxmmsafaytemmswredwc
ixelinood of accadent scenarios. that 1s. provide safery features thar are anven by deagn not by revr-
The prnciple of defense in depn inciudes such sems as

UALOE Conservativo dcsign margins and quahty assurance.

designing procosses (o cluninate accident sceiarnos:

cmploying confliguraion manugement 4cross the board.

cnsunng the usc ol highly wasncd and qualilica personnel.

cnsunng facility and opcrationdl readiness.

Jaing controlled. conservauvely developed. and testcd procedurcs. and
amplaying ~afcty analysis to evalums the cntire proces-.

Among the wCident Cayes 10 UC Conaldared afe 1. (lowing

e Acuidcnts. nadveriont acta. OF avtllonized &CLVILES that couid lead (o fire. hign exphesive
«HL; acflagrauon. or un.ntended HE actonation

I'wre. I1E deflagraton. or HE detonat.on given acciacnts oF inadvericni ucta
Dehberae unautnonzed acts that could lead to HE: deflugranion or HE actonation
I'ersonnel deathi. wn,ury. or acuidonts thar may result in luat worker tme

Ul. LANL QUAN1ITATIVE HAZARD ASSESSMENT PROCESS



A mentioged, 10 aldress the hazard assessment requirements bemg promalzated, Lo~ Aland thed
& QHA methodology thal provides a »vstemalic appecach to identifving hazards assaciated With nucicar
explosive msemblv/disassembly activines and for assessing qualitatively. o quantlatively. the r sk
mvociated «ith thoie hazards. A QHA :5 performed w answet three questions.

s What can barpen?
e How likely b it (frequency esumate:?
Wha is tke impact consequence cslmale)

A QHA is a formal. sysiematic. and in-depth method for evaluating a set of Dossibic sccudent scenanos
associaed with an acur ity. wency eslimates of cocurrence fer all suenarnios are amacssed tlong with
estimaes of the damage level. accident scenanc is assigned a "nsk ank™ bed vn the esumazes
of the frequency of occumrence and the consequence level. The eatire set of accident scenano- then can
e sared m sevenai ways—by the sevesity of the risk rank. by consequence lovel. ur by disassernbiy
ACUVILY.

Toe prumary co:ectves of the QHA are

e ¢ racilitate the micgrauon of safety o the design of the assemblvsdisassembiy process
wxrough eariy idenuiication oi hazards:

e 13 support ke identifizauon of possibic inibauag events ang & SKkicat scenanos ror the ok
assessmem of the assembiy/disassemdly process: and

e 1o a2id in meetng the Occupational Saiety and Health Admunsuranca 1OSHA S process ~afety
management requirements for the aisembly:disassembly proces=.

Figure 1 shows the integrazed hazard assessment process devclonea at Los » jamos 1o support the
35-21 and Department or Eaergy ( DOE! Nuclear Explosive Sajety Study 1 NESI1 sivities. A brei
dsscnpuot of the acovites shown ik F1g. 11 presented pelow:
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Figure 1. Integrated Hazard Asscssment Process
A. HA Prcparation

The success of 3 QA rolics heavily on the composition and competency of the analysts tcam,
nvnilllahnlily ‘c:’fhilnfommh i 1on aho:lk:‘w process.wdt\'o;o hm:hlls associated w;t:li;he mdwulmpl‘=rf component
faciliucs in whic process glwo and training o personnel performung
process ¢peranons. Each member dleHAmmmustbcknowI:tfguhlcmnncormmaspecls«
specific mbly process being studied. Process information should he collected and organizec
manner to facilitate its use during the QHA consisteat with the matunty of the process design. Inut
when only concﬂxunl information about res, the facility, and toolhing and cquipment desigr
available. the QHA focuses on the idon on and munirmization of activitics with the potentul tc
sigmficant risks.

B. Accldent-Sequence Identification

Soveral hazand ussessments ane performod as part of the S8-21 pracess: & prelinunary hazurd
ansewsmie of the cxisting process. inierim hazard assessmients of conceplual process mprovement
d Lingl hazard assessmcnt of the tial process. “The steps tfor accident-sequence 1dcidificalinom are
cxscntially the same tor cach asscasment. “The basic steps pertormicd dunng the LA proceas wee

1. low charting the process,

«. tnitial accident-sequence idcnufication,

3. detalled accident-sequence entitication, and
4. tull process ovaluution.

1. Flow Charting the I'rucess. As the process matiwes, procodures can be used o develop u b
diagram ot the process that tocuscs the analysis activitics. Lixumples o1 top-lovel process Hlow cha



¢ analvzed nuclear explosive opetalicns are shown ic Figs 2 aid 3 Informat on related W toding
bhouvld be evaluated 1 identiiy possible failure modes or possible nusapplicanons thar could creane -
ontribute 0 an accident. Incident information should be asalyzed t2 wdectify vousual oocurrences «
ircumstspces that 2eed 10 be considered in determining what ©vpes of accidents are likely or credib
«uclear explosive component hazard infommanion sheoid be summanzed 1n a manner that suppons |
zam evalaation of the possible corsecuences of the response of the component 10 the types of surm
2l can result from postulated unassa, wocune=oes or circumsiances. Facility information should &
nady zed o identify facility responses w0 natLral phenumena and external events that cuuld affect th
afetv of disassembly operations. pessible faults in facility suppont svsienn thal couid Caune or prev
miigation of accidents. and possible effects of concurrent oper=iom on the saiety of disarsembly

werations. Personnel sxills and trsining information sbould be eviewed w ideatify situations in w:

Iacl: of required skil's o traming deiiciencies mas incregc the likelihood that opcraton will wke

nappruprisic activa and (v suppon extimation of < protability that vperaton will ke appropriae
<uen under both normz] and ucusual cucumstances.

SBY DELVERY

j-L .

"“lﬁ

1-pume 2 Niwheas Lxplsind Dsasweichls 'oess Flow Chap



h 4
l INSTALLATION L TESTING IL ASSEMBLY
% [ Losk Row Test J

Figure 3 Nuclear Explusive Assembly Process rlew Chan

2 Initiul Accident-Scquence Identification. Dunog the iniual accident-sequence wienuficat
phase. the tcam members shuuld review the procedure steps associated with each “block™ ol the
re wdeanfy putenual hazards and possible human errors ur equipment failures that could be iImtiay
evenis w on accident scenaric involviag these hazards. Actual walktuoughs or videotapes of a
walkthreugh of the proress combined with tradiional hazard analysis techngues. such as the use
“w hat if” questiuns or sude words. can be used 10 assisi the QHA team mn Uus process. The tear
should d=velop uccident scenanon for all cases where there is an imtiat:ng event with consequenc
public heulth und sufety. the environment. or faciliny employees. The accid=nt scenunus can be
categzunzed by their consequences using a table such as Table |

The hazard assessment focuses on identfving accident sdenanos by askmg the rundamenual g
“What can go wrongz?” To zuide the hazerd assessment. a process flow chan nceds 1o be develop
using acual procedures. For cach acavity. three comnplementary techmaues are used 1o identuty s
thing that can Fo wrong. Fint. istoncal incidents are reviewed to 1centriy acus iues where prob
have been encountered durins the assemblv or disassembly process 1or thas ur simular nuclew
explosives  Secoend. o predelined set ot pussible bazards 1y revicwed for applicabiiny. Huazard
wycrarmert oamn members also o encourured 1o think of dunes that could 2o wrony dun woeuld
sumulute Ui rWdenuflicd cuery suurces w Iclease eneipy of 1o vtilerwise expose workers o1 the pu
brazarduus mutenul.



Tahle 1. Consequence Severity Categorics

Definition
Category {Rosading 1]
Weorker Faclllty
A Lass of Life ax 2 msuli of Siguificans Feacilitsy Damape or
Catasophic | chemucal. physical (e.g.. contamyaation resulusg 1n loss of
explosion). or Ruclear-reumed wacuiny for fusere use.
hazard
e Lewnal chemucal >> ERPG-3
B Severe Injury/Fermaneat Madarata to Significant Facillly
High Digability Contamsinstion sad Damage
*  Exceod lfeume occupstional | Repawr and cleasup posasble
razation Lmits b qiluc cxpensive
*  Physcal injury resultng im
pormancnt desainlity
*__Chemica’ exposure > ERPPG-1
C Last Time Accident bai No Facllity Contuminstion
Maoderuic | Dby Miner Faclily Dusaye
=  Chemuca' exf »ure <FRPG3 {=  Repuir sl clesnep possinic at
e Excoed unnwalipuancrdy meruic cxpense
worker ruation doae limils
=__OSHA repoqtahle inwrv
D Mo Siguificant Impac: Minor or | Mimor or Ne Facllity
iow No Injury Contxmssaatien
=  Manor recordsbe 1jury =  Minor iscumy danugc
* __ Chemucal exposurc < ERPG-1
E o Imspact 10 Werker No Faciiity Danage
|_No Hazara

3. Detailed Accident-Sequence ldentification. A more detailed review of e process 1s conducted
following e review of accident scenanos. The process used 1s umilar 1o the HAZOP process.’ wiuch
wvolves combimng a scries of “guide words™ and “parameicrs.” The paramcters include acuviucs,
items, ana environmental condiuons. The acuvities include cverything that 1s 1o be accomplished in the
procedure steps encompassed withun the suxdy node. The puide words aie used w ensurc
comprehensiveness. not to limnt twie analysas. Thus. any usciul “what if”" question not sugpested by the
guiac words snould be considered in the analysis. In fact, when such questions are wdentiied. the
analyst shoula take the ume o0 determine whether adaiuonal guide words are approprnate.

After the things that could go wrong have been identificd. it 1s necessary 1o determunc their possible
caues. \Whit could cause the h::8‘1:1&1-’1(0 fai to remove the MCXXX X" What could cause the operator
Lo scicCt 4 other than the for emoval? The specific causes nced to be developed 1n
sufficient detail to obtan eshmaies of the probability of me event. In some cascs. it may be passible for
a postuiated cvent to have been caused by. or made possible by. 4 contnbuting cvent at a previous study
node. In such cascs. the analyst should reexanunc the resuits of the analysis of that study node (0
determine whether such a contnbutiag event could hav~ occurred to estimate 1ts probability

It is during this stage that the prelimmary QHA 15 done as parr ¢f ine Baseline Hazard Assessment
tsecona block ot Fig. 11

4. Full Process Evajuation. After prehiminary evaluauons of a process have been conducted and
the results passed 10 th~e redesicning the procoss. a full examinaton of the pracess may begin. A
detailed spreadsheet fol.owing all the steps of a process 18 developed aod used o document all possible
accidet sequences  Tne spreadsheet 1s completed inrougn a thoroien examenation of written



pracedures, walkibrougndemoretraticns, and videotapes of the process. Thus usvally reyuines severad
days of meetings hetween pracess eng:neers. hazard analysis. and aubrect matier cxpens

C. Accident-Sequence Quantification/Categorization

As an aud in determining which process steps require .cuon for risk reducuon. a categorization
scbeme has been established based on both the Lik=lihood of an 2verr occuming and its frequency for
ccourr=nce. This caregonizanon is cnly ok the finar. complete List of acciden: scenarios
developed from the checkiist The ki for each accident sequence should be -sumated wing
hsd;hoodc:.:ﬂomsmgm,uunhommtatq:oq 1} to Improbtable (Category V). w.th associaed
prctabilities asst by the hazard 1eam members. Similarly. the consequence for eacn accident
sequenze sheuld be estimated using categon=s like these bisted in Taole 1. A risk rank mamx such s
Tarie 2 then should be used tc provide a cansisient esumae of their cverall significance :i.c.. risk rank
irem i ©4). Consznsus recommencanion: slwould be developed ior reduciag nsks for significan:
sc=dent scenanos and ransminted 0 e vanous 3S-21 wsk ieams.

D. HA Documentation

Depending oc e hazard xssessment perfonmed. a vanery of documeiuts is prepared 19 transmit
reselts to those rescomable for the process. ronhcptehrmnm nazard ascessment pesTorme: betare
the “vaiktrcogh). this :s simply a table of rmbers of acoident sequenses from tne imutiai accident
:deadificanon. As the process coatinucs. monthiy CTOZTESS repornts are submined 10 anagement
ideniving ugh-nsk arex thar, ar least vo that pont 1 analysis. wiil regaire acuon.  Also. formai
Frisentatiocs are provided 15 tne momagement to present these findings and o discuss concep:iuai
SErToATnes 1 sorucens it will sddress sk management concems.

rolswing the completon of spreadsineets for the taschae process flow or reviseo spreadsneets 1©

refleCt process improvements ( (e NLCTIM N2zard assessmant 1791, & formal nazard asses ment
Jgacument 1s crepared. When the finai process assign has been developed and ine associc.cd nsiks nave
besn reacea to the maximum exient pracucabie, the resulis of e nazard assessment are docunented 1n
a Nucicar Explosve Hazard Assessment iINEHA) ana HAR. This shouid include. at a mrrumem. a brief

cesSripuon Sf the domunant nsk ascidents and tewr associated “requencies and consequcroes, the
mAModIoLY used 1o idenuf and JUAnu.Y IRSSe AcTKWIes, anc the nsk reducuon recommensatons
rade 12 ine 53-21 2ams and the disposition ol these recommendanons. Addhizonalin . i peer revew ©f
i entie racard assessment sboss.. be conducted befure 1in 1inz ascrmentation.
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IV. CONDUCT OF PRELIMINARY NUCLEAR EXPLOSIVE HAZARD ASSESSMENT

For the preliminary hazard assessment (the second block of Fig. 2). only the existing prucess was
analyzed. In addition. to date. the accident-sequence identification has only identified potential
accidents and ther worst consequences. The intent is w refine the analysis to provide more
detailed understmnding. , the analysis to date bas provided insight into which poruons of the
mmuhbechmgedmmwde&mﬂmkmbyndmgﬂ:hmmmbnotpmmﬂ
accidenys in the nuclear explosive’s most vulnerable configuration.

Before the condnct of the hazard assessment, an exiensive data-gathering effort was undertaken. 1n
particular to evaluate nuclear explosive in the disassembly accident environments and to obtain
information on past operaimg incidents. vwngavdeoupeol'm:dlsmembl /assermnbly process
and reviewing the procedure steps, the hazard assessment tcam members used the guide words and
comparable hisworical events and drew irom their exparience and traming to develop “what if” questions.
These were recorded by the team member serving as scribe and examined by the ream under the
leadership of the hazard assessment team leader. In cases where the events postulazed in response to the
“what if” questions conld pose a hazard. they were developed 1010 a postlated accident sequence by the
hazard assessment team and then documented.

The deveioped accudent scenarios, along with the scenario consequences, were discussed in dewul by
the team. To racilitate furure evalnation of the identified accident sequences., cach sequence was
assigned a keyword—industrial accident. radiation dose. ex and equipment o .acihity damage.
Ihe wam dezermmned the consequence severity for each of the two nsk attnbutes— Worker Safety and
Famlity Damage—using Table 1. The hazard asseasment team noted those parts of the process where
the nuclear explosive became more vulnerabie to drops. impact. and electrostatic discharge (ESD)
(noted by the shaded areas of the respective process flow chans in Figs. 2and 3 This would facilitate
esumanng. based on numbers of poiential accidents and vulnerability of the nuclear explosive, where
cfiorts at process redesign showid occur.

V. RESULTS OF PRELIMINARY HAZARD ASSESSMENT

The results of the preliminary hazard assessment to date are shown in Tables 3 and 4 for the
disassembly and asscmbly processes illustrated in Figs. 2 and 3. The shaded arcas m these tables
mdicate the portion of the process where the nuclear explasive 1s more vulnerabie 1o drops. impact. and
ESD. L should be noted that those potential accidents which could cause a Facility Category A or B
conscqueuce also would causc a Worker Catcgory A or B consequence. llowever. these are not counted
in the total for Worker Category A or B consequences at present.

Tabic 3. Poicntial Process Relaled Accidents tor Nuclear Explosive Disasscmply Operations.

ajor Acuvity Porenta) Process Related Acodents
“Facility Tacility | Worker | Worker |

Cxegory A | Category B (‘.amgo;y A | Cacpory C

or

ns) on and U Kin ] — 7 ) JE)
I Releane Assembiv lEc.-,mcnral 1 6 10 0
1Al Components Disassembly 1 3 ) 4
FMcckanioal Disssembly & E % 0~ -




Table 4. Powential Process Relaled Accidents for Nuclear Explosive Assembly Operations.

[Major Activity “Potental Process Related Accidents
Facility | Facility | Worker Worker
Caicgory A | Carcgory B | Category A | Caregory C

The hazard assessment team recommended. based on the number of potential accdenis and nuclear
explosive vulnerability, that the process redesign teams concentrale on those area of the pracess shown
shaded in Figs 2 and 3 (and Tables 3 and 4). The major inihators in these areas are drops. impacts. and
ESD. By reducing the potential for drops, impacts, and ESD by redesigning 1ooling and procedures, the
process risk will be reduced. In addition, the hazard ass2ssment team will be provading the pracess
design teams additional information as the baseline hazard assessment progress 10 redesign the ather
process areas to reduce the likelinood of the identified potential accidents.

Vi. FUTURE WORK

The hazard assessment team will be completsng the preliminary QHA on the haseline process by the
end of Sepizmber 1996 while praviding continuou- feedback via monthly memos and bnefings 1o the
process design teams on any additional problem areas discovered. This prelimunary QHA will provide a
risk ranking of potential accidents using Table 2 and estimates of the likebhood and consequences of the
idenufied potential accidents. In addition. hazard assessment t2am members are partic.pants on the
various process des.gn teams. This will allow the process design feams 1o be kept abreast of informatnv
from ihe baselinc hazard ssscssment as well as provide feedback on convepis develored by 1he leant
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