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AB.STRACT 
This paper summarizes the nuclear explosive hazard 

assessment activities performed to support US Department of 
Energy (DOE) Stockpile Stewardship Demonstration Project 
SS-21, better known as the "Seamless Safety" program. Past 
practice within the DOE Complex has dictated the use of a 
significant number of post-desigdfabrication safety reviews 
to analyze the safety associated with operations on nuclear 
explosives and to answer safety questions. These practices 
have focused on reviewing-in or auditing-in safety vs 
incorporating safety in the design process. SS-21 was 
proposed by the DOE as an avenue to develop a program to 
"integrate established, recognized, verifiable safety criteria 
into the process at the design stage rather than continuing the 
reliance on reviews, evaluations and audits." The entire 
Seamless Safety design and development process is verified by 
a concurrent hazard assessment (HA). 

The primary purpose of the SS-21 Demonstration Project 
H A  was to demonstrate the feasibility of performing 
concurrent HAS as part of an engineering design and 
development effort and then to evaluate the use of the HA to 
provide an indication in  the risk reduction or gain in safety 
achieved. To accomplish this objective, HAS were performed 
on both baseline (Le., old) and new (i.e. SS-21) B61-0 Center 
Case Section disassembly processes. These HAS were used to 
support the identification and documentation of weapon- and 
process-specific hazards and safety-critical operating steps. 
Both HAS focused on identifying accidents that had the 
potential for worker injury, public health effects, facility 
damage, toxic gas release, and dispersal of radioactive 
materials. A comparison of the baseline and SS-21 process 
risks provided a semi-quantitative estimate of the risk 
reduction gained via the Seamless Safety process. 

INTRODUCTION AND PURPOSE 
This paper describes HAS of the dismantlement of the B61- 

Mod 0 that were performed in support of Stockpile Stewardship 
Demonstration Project SS-21 (Bott, 1995). The purpose of 
this project was to develop a program that would integrate 
established, recognized, verifiable safety criteria into the B61 
dismantlement process at the design stage rather than relying 
on reviews. evaluations, and audits to analyze and demonstrate 
safety. The HAS were intended to (1) provide positive 
verification of the Seamless Safety process (leading to an 
incremental reduction of risk); (2) identify major contributors 
to worker and public risk; and (3) provide timely information 
to other SS-21 task areas, such as disassembly procedure 
development, tooling design, training, and facility equipment 
and layout, to support risk reduction. The H A  was intended to 
support the identification and documentation of weapon- and 
process-specific hazards and safety-critical operating steps and 
to provide a measure of the reduction in risk resulting from the 
application of the Seamless Safety design process to the 
dismantlement of the B61-0. The HA focused on identifying 
the high-probability dominant single failures i n  the 
disassembly process. The identification of complex events 
involving multiple human and hardware failures, which 
requires developing comprehensive event and fault trees 
typical of a true Probabilistic Risk Assessment, was not the 
purpose of the SS-21 HA. 

The SS-21 HA was performed in two phases. The first phase 
evaluated the existing hazards associated with the "old" or 
Baseline disassembly process, procedure, and tooling in  a 
qualitative or semi-quantitative manner. The second phase 
evaluated the new, revised, or SS-21, disassembly process 
(i.e., the product of the SS-21 design process) to identify 
hazards and risks to the public, the workers, and the facility. 
Comparing the Baseline and SS-21 process risks identified in 
the respective HAS provided a semi-quantitative estimate of the 
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risk reduction gained through the Seamless Safety process and 
led to the establishment of a common methodology to address 
future weapon assembly/disassembly activities. 

The HA also was used to provide structured input about 
weapon dismantlement hazards to the US DOE Nuclear 
Explosive Safety Study (NESS) process by identifying 
dominant hazards and potential accident scenarios (Bott, 
1995). In addition, the HA provides a basis for developing 
engineering instructions to address possible nonconforming 
conditions, proposed design changes to facilities and 
equipment used in dismantlement, engineering evaluations, 
etc. Accordingly, the HA should be maintained as a "living 
document" to support screening of future operational concerns. 
Additionally, the HA provides a documented basis for further 
risk reduction efforts addressing both worker and public risk. 

The HA methodology used for the Stockpile Stewardship 
Demonstration Project for the B61-0 is consistent with the 
guidance in DOWAL Supplemental Directive 5610.1 1 and has 
formed the basis for the guidance being promulgated in  the 
Interagency Engineering Procedure, EP401 I I O/A, Integrated 
Safety Process For Assembly And Disassembly of Nuclear 
Weapons. Additional guidelines for the conduct of HAS for 
nuclear weapons operations will be forthcoming in DOE-STD- 
XXXX-95, "Preparation Guide for U.S. Department of Energy 
Safety Analyses of Nuclear Explosive Operations and Nuclear 
Explosive Hazards Assessments for Nuclear Explosive Safety 
Studies." 

The B61-0 center case disassembly operations will be 
performed in  an assembly/disassembly cell at the Pantex 
Plant, which is sometimes referred to as a "Gravel Gertie." The 
walls and floor of the building are constructed of thick, rein- 
forced concrete that is designed to contain the internal pres- 
sures of a high explosive (HE) detonation. The roof of the 
building is composed of over 2000 tons of gravel supported by 
steel, catenary cables. In the event of the accidental detona- 
tion of a large quantity of HE, the roof is designed to lift. vent- 
ing the blast pressure, and then collapse, confining any spe- 
cial nuclear material that may have been dispersed by the blast 
Full-scale tests of the Gravel Gertie design have shown it  to be 
quite effective in confining radioactive material particles. 

Nuclear explosive operations and associated activities are 
performed by trained and qualified production technicians (ITS) 
using special tooling and equipment in accordance with care- 
fully designed and thoroughly reviewed operating procedures. 

An important part of the Seamless Safety Project was to 
develop a methodology that could be used for future weapon 
operation HAS. The HA methodology used in this study is an 
extension of the preliminary and process hazards analysis 
methods described in  AIChE documents (CCPS, I989 and 
CCPS, 1992) and is similar to the HA process used for the Los 
Alamos Plutonium Facility Hazard Assessment (Sasser, 1994) 
and LOS Alamos Mixed Waste Storage and Treatment Facility 
Hazard Assessment (Sasser, 1994). The techniques used in thc 
Los Alamos studies were modified to account for the differences 
between nuclear explosive operations and the types of 
production processes for which the AIChE methods were 
designed. The HA was performed by a team of experts from the 
DOE weapon design laboratories and the Pantex Plant. The HA 

team included experts in nuclear weapon system design. human 
reliability, weapons disassembly, weapons response, and 
other relevant disciplines. Events that occurred during past 
nuclear explosive assembly/ disassembly operations were 
reviewed for relevancy and to help with event quantification. 
The HA team considered a wide range of possible accident 
scenarios. including worker physical injury, toxic gas uptake, 
radioactive gas releases, and high explosive (HE) detonation 
or deflagration, including detonations leading to dispersal of 
plutonium. Traditional industrial hazards generally were not 
addressed specifically unless they could lead to a more 
significant accident. All identified credible accident scenarios 
were ranked by likelihood of occurrence and severity of 
consequence by the HA Team. 

Hazards Analvsis (HA) Methodoloay 
[a The H A  methodol- 

ogy employed for SS-21 is a systematic approach for identi- 
fying hazards associated with nuclear explosive operations and 
assessing qualitatively or semi-quantitatively the risk associ- 
ated with those hazards . A hazard can be defined to be an 
inherent physical or chemical characteristic that has the 
potential for causing harm to people, property, or the 
environment. 

c 

The HA attempts to answer three questions. 
What can happen? 
How likely is it to happen (frequency estimate)? 
What is the damage if it does happen (consequence 
estimate)? 

H A  is a formal, systematic, and in-depth method for 
assessing the possible accident scenarios associated with an 
activity. Frequency-of-occurrence estimates for all scenarios 
are assessed along with estimates of the damagc level or 
consequence. Credit is taken for existing protective features 
for reducing the likelihood of occurrence or consequence of 
each accident scenario. Each accident scenario is assigned a 
"risk rank" based on the frequency-of-occurrence estimate and 
the consequence. The entire set of accident scenarios then can 
be sorted in several ways-by the severity of the risk rank, by 
consequence level, or by operational activity. 

HA PreDarat ion I The success of an HA relies on the 
composition and diversity of the analysis team and the 
availability of information about the nuclear explosive oper- 
ation, the hazards associated with the individual weapons 
components, the facilities in  which disassembly takes place, 
and the skills and training of the personnel performing nuclear 
explosive operations. Thus, the major HA preparation activ- 
ities are the selection of the H A  team, the collection of the 
nuclear explosive process information needed to perform the 
HA, and collection of relevant historical and experimentall 
test data. 

Process information to be collected includes operating 
procedures. descriptions of the tooling used, hazard studies on 
similar processes, incident histories. and other empirical 
information. Nuclear weapons component hazard information 
required includes component design information, the identifi- 
cation of any hazardous materials or energy sources contained 
in the component, a description of the manner in which the 
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hazardous materials and energy sources are confined, and an 
assessment of the sensitivity of the energy sources to external 
stimuli (e.g., shock or electrostatic potential) that might 
trigger the release of stored energy. Required facility informa- 
tion includes design information abut the facility and support 
systems (e.g., heating ventilation and air conditioning sys- 
tems, fire protection system, and electrical systems), identi- 
fication of other facility activities that could be conducted 
concurrently with the disassembly, and information about 
facility response to natural phenomena (e.g., earthquakes and 
tornadoes). Personnel skills and training information required 
include identification of the training and qualification require- 
ments for performing specific nuclear explosive operations 
and descriptions of the associated training programs, 
including training objectives, curriculum, and examinations. 

Procedures are used to develop a process block diagram that 
focuses the hazard analysis process on key activities. 
Information related to tooling is evaluated to identify possible 
failure modes or possible misapplications that could create or 
contribute to an accident. Incident information is analyzed to 
identify unusual occurrences or circumstances that need to be 
considered in determining what types of accidents are likely or 
credible. Weapons component hazard information is 
summarized in a manner that supports HA team evaluation of 
the possible weapon component response consequences from 
the types of stimuli that can result from postulated unusual 
occurrences or circumstances. Facility information is analyzed 
to identify: (1) facility responses to natural phenomena and 
external events that could affect the safety of disassembly 
operations; (2) possible faults in facility support systems that 
could cause or prevent mitigation of accidents; and (3)  
possible effects of concurrent operations. Job skills and 
training information are reviewed to identify situations in 
which lack of required skills or training deficiencies may 
increase the likelihood that operators will take inappropriate 
action and to support estimation of the probability that 
operators will take appropriate action under normal and 
unusual circumstances. The objective of the collection and 
analysis of this material is to ensure completeness by enhanc- 
ing the productivity of the HA sessions and helping ensure 
comprehensive consideration of the hazards and possible 
accident initiators associated with each step of the process. 

H A  Re view Process, The principal steps to be 
followed in performing a HA are delineated in Fig. 1. For the 
most part the steps presented in Fig. 1 are self explanatory. 

The HA focuses on identifying accident scenarios by asking 
the fundamental question "What can go wrong?" To guide the 
HA, a process flowsheet needs to be developed using actual 
procedures. For each activity, three complementary techniques 
are used to identify specific things that can go wrong. First, 
historical incidents are reviewed to identify activities where 
problems have been encountered during the assembly or 
disassembly process for this weapon or similar weapons. 
Second, a predefined set of possible hazards is reviewed for 
applicability; a sample of these is shown in Table 1. HA team 
members also are encouraged to think of things that could go 
wrong that would stimulate the identified energy sources to 
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FIG. 1. HAZARD ANALYSIS PROCESS 

release energy or to otherwise expose workers or the public to 
hazardous material. 

The third approach to identifying things that could go 
wrong is similar to the HAZOP process (CCPS, 1992) and 
involves combining a series of "guide words" and 
"parameters." The parameters include activities, items, and 
environmental conditions. The activities include everything 
that is to be accomplished in the procedure steps encompassed 



TABLE 1 
EXAMPLE WEAPON DISMANTLEMENT HAZARDS 

Chemically Toxic) 

Electronics Package 

Electrically Powered Radiation 
shock 
Short circuit or other malfunction leading to worker electrical 

Static Electricity Static Electricity Generating Detonationlfiring of electro-sensitive components 
Materials and Electrc-Sensitive 
Components 
Static Electricity Generating 
Materials and Flammable 
Materials 

Ignition of flammable materials 
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within the study node. The items include all components 
operated on and all tooling or equipment used in the procedure 
steps encompassed within the study node. The environmental 
conditions include all of those aspects of the work 
environment that must be controlled to accomplish the 
activities spelled out in the procedure steps encompassed 
within the study node. 

The activities and items normally must be combined to 
produce meaningful parameters (e.g., remove item MCXXXX, 
unscrew lifting fixture). Environmental conditions normally 
are examined to identify the effect of environmental 
changedsupport system failures on the successful completion 
of the study node activities. Seven basic guide words are 
shown in Table 2, but alternate forms and special cases also 
may be useful for analyzing certain study nodes. It also 
should be noted that the purpose of the guide words is to 
ensure comprehensiveness, not to limit the analysis. Thus, 
any useful "what if" question not suggested by the guide words 
should be considered in the analysis. In fact, when such 
questions are identified, the analyst should take the time to 
determine whether additional guide words are appropriate. 

After the things that could go wrong have been identified, 
it is necessary to determine their possible causes. What could 
cause the operator to fail to remove the MCXXXX? What 
could cause the operator to select a part other than the 
MCXXXX for removal? The specific causes need to be 
developed in sufficient detail to obtain estimates of the 
probability of the event. In some cases, i t  may be possible 
for a postulated event to have been caused by, or made possi- 
ble by, a contributing event at a previous study node. I n  such 
cases, the analyst should reexamine the results of the analysis 
of that study node to determine whether such a contributing 
event could have occurred to estimate its probabiIity. 

The causes of these events will normally fall within one of 
the following categories. 

Weapon Condition-One or more components of the 
weapon have changed as a result of aging, have been dam- 
aged, or are not in the anticipated condition (e.g., a squib 
has fired) because of the effects of aging, the field environ- 
ment, or errors in initial assembly or subsequent mainte- 
nance activities (e.g., replacement of limited life 
components). 

TABLE 2 
SEVEN BASIC GUIDE WORDS 

Error of omission-procedure step 

Human Error-The operator fails to perform a procedure 
step. turns a screw or bolt in  the wrong direction, misreads 
a gauge, or misinterprets an instruction. (Human errors are 
almost always caused by error-likely situations, such as 
poorly written procedures or deficiencies in tooling design 
or training, and should be corrected by eliminating the 
error-likely situation rather than by expecting operators to 
compensate for them.) 
Hardware  Failure-The tooling breaks, fails to 
function as intended, or permits movement in an 
unintended direction. 
Support System Malfunction-The lighting fails; 
pneumatic power to a tool is less than or greater than 
intended; the heating ventilation, and air conditioning 
malfunctions; a radiation alarm annunciates; or the deluge 
system activates. 
External Events -There is a lightning storm, an 
earthquake, or an explosion in a nearby facility. 

The HA Team, usually with expert assistance, breaks the 
overall accident sequence into discrete events that can be 
quantified individually. The HA Team then makes an 
assessment of the individual event frequencies and possible 
consequences. The event frequency estimate can be based on 
( I )  the historical frequency of the event or similar events 
under analogous circumstances i n  weapon disassembly or 
assembly processes, (2)  published information about 
equipment failure rates, (3) results from relevanUapplicable 
experiments or tests, (4) external event frequency estimates 
derived from historical data, (5) methods for estimating 
human error frequencies, or (6) expert judgment in the absence 
of additional information. For complex tooling, Failure 
Mode and Effect Analyses (FMEA) studies or fault trees may 
need to be developed to help identify possible or credible 
failure modes. The overall likelihood or accident-sequence 
frequency includes both the likelihood that a particular 
sequence of events will occur as well as an associated conse- 
quence. The probability. likelihood, or expected frequency of 
an entire accident sequence then is assigned to one of the 
qualitative categories, in Table 3 to support the estimation of 
the risk associated with the postulated accident sequence. 

As stated, the HA team also estimates the possible conse- 
quences of an identified accident sequence. The consequences 
are the results that would be expected if the sequence of events 
occurs. Some consequences may be hazardous (e.g.. a static 
potential is applied to a squib or HE is dropped) or present an 
operational difficulty (e.g., a piece of tooling is broken or a 
weapon component is damaged in a manner that precludes 
following the procedure for the remaining activities) or may 
be trivial (e.g., a part is removed safely even though the 
procedure steps are performed out of order). 
The HA process can consider various risk measures or 
attributes to risk, i.e., worker safety, public safety, facility 
safety, programmatic impact, environmental impact, cleanup 
cost, etc. For the SS-21 HA, only worker safety and facility 
damage were considered because the cell is designed to con- 
tain plutonium in  the event of a high-energy violent reaction 
(HEVR) as discussed previously. Therefore, there is little 



TABLE 3 
PROBABILITY OR FREQUENCY CATEGORIES 

Category Definition 
1- 
N d  

Events that are planned or expected ro occur wrrh a 
frequency between once per weapon dismantled to once 
in every 1000 weapons dismantled These events would 
be expected to Occur one or more times per dismantlement 
campaign (nominally 1 OOO weapons) 
(1 > Probability per dismantlement 2 I@’) 
Incidents or events of moderate frequency that may occur 
once or more during the dismantlement campaign 
(nominally IO00 weapons). 

II- 
Anticipated 1 

I ( l o 3  >Probability per’dismantlement 2 IO’) 
111 -Unlikely I Incidents or events not expected but that may occur I 

during the dismantlement campaign (nominally loOD 
weapons). 
( I  O%Probability per dismantlement L IO’) 
Incidents or events that are credible hut not expctcd 10 
occur during the dismantlement campaign (nominally 
1000 weapons). 
(IO-’ > Probability per dismantlement 2 
Exceedingly low probability incidents or events that 
cannot be judged incredible over the life of the facility 
but are exaemely unlikely to occur during the 
dismantlement campaign (nominally 1 OOO weapons). 
( l o 9  > Probability per dismantlement) 

Iv- 
Very Unlikely 

V- 
Improbable 

public health or environmental impact even for a possible 
tritium release. No attempt was made to evaluate the program- 
matic risk attribute, although an accident (i.e., an HEVR or 
tritium release) clearly could have a large programmatic 
impact through its effect on future nuclear weapon operations. 

The consequences of a postulated accident should be 
assigned to one of the categories in Table 4 to support the 
estimation of the associated risk. The binning process used 
in Table 4 is self-explanatory. Radiological and chemical 
consequences and worker injury were considered when 
defining these consequence bins. 

With the frequency and consequence categories determined 
from Tables 3 and 4, respectively, risk severity levels can be 
assigned to each accident sequence in accordance with the 
matrix in Table 5. These risk severity levels then can be used 
to identify those postulated accidents that represent unaccept- 
able risks and to rank recommendations for risk reduction. 

Consensus recommendations should be developed for 
reducing risks for any postulated accident sequences with risk 
severity levels of 1 or 2. In some cases, the HA team may 
want to recommend actions to reduce the risks associated with 
postulated accident scenarios having risk severity level 3 or 
4.  
B- An integral part of the 

B61-0 Demonstration Project was the comparison of the risk 
for the baseline dismantlement process and with the risk for 
the revised or new process to measure the effectiveness of the 
SS-21 disassembly process enhancements. The risk ranking 
process allows for a relative comparison of the risk identified 
for various accident sequences. Because the HA was not a 
comprehensive risk assessment, a simple comparison of 
numerical risk estimates for the two disassembly processes 
was not possible. Furthermore, considering the uncertainties 
associated with the likelihood and consequences of some of 

TABLE 4 
CONSEQUENCE SEVERITY CATEGORIES 

I Definition 
Category (Bounding Consequences) 
fi Facilit - 

A -  
Catastrophic 

Loss of Life as a result of I Significant Facility 

B -  
High 

C -  
Moderate 

D -  
Low 

chemical. physical (e.g.. 
explosion). or nuclear-related 
hazard. 

Severe InjuryPermanent 
Disability 

Exceed lifetime occupational 

Physical injury resulting in 

Lethal chemical >> ERPG-3 

radiation limits 

permanent disability 
Chemical exposure>ERPG-3 

Lost Time Accident But No 
Disability 

Chemical exposure< ERPG-3 
Exceed annual/quarterly 
worker radiation dose limits 
OSHA reportable injury 

No Significant Impac(: Minor 
or No Injury 
* Minor recordable injury 

Chemical exposure < ERPG- 
I 

~ Damage or contamination 
resulting in loss of facility 1 for future use. 

~ 

Moderate to Significant 
Facility Contamination 
and Damage 

Repair and cleanup 
possible but quite 
expensive 

Facility Contamination 
Minor Facility Damage 

Repair and cleanup 
possible at moderate 
expense 

Minor or No Facility 
Contamination 

Minor facility damage 

I No Facility Damage I 1 No Impact lo Worker 

TABLE 5 
RISK MATRIX 

the possible accidents (e.g., accidents involving the 
dropping of HE) it is far from obvious that such a simple 
comparison would be meaningful even in  a quantitative risk 
assessment. 

The comparison ofthe baseline and the SS-21 disassembly 
process for the B61-0 was complicated because the two 
processes differed so significantly. With these different 
processes, which may involve different or unique types of 
hazards, determining whether there has been a net overall 
reduction in risk can be a challenge. For example. the SS-21 
B61-0 disassembly process significantly reduces the likeli- 
hood of manual drops of components containing HE. On the 
other hand, the SS-21 process involves more work on HE 
components in a workstand using various turning fixtures for 
which there i s  some possibility of manual drops of these 
fixtures onto HE. 
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It is difficult to distinguish between different types of 
hazards. For example, how do HE detonation hazards compare 
with tritium exposure hazards? Are 20 process steps in which 
an accident resulting in significant tritium exposure is 
possible a lower or a higher hazard than a single process step 
in which a 3-ft HE drop accident is credible? The risk matrix 
reflected in Table 5 can be modified to reflect public and 
political risk perception as desired. 

Conduct of the Baseline and SS -21 HA 
The sequence of tasks outlined in Fig. 1 was followed by 

the HA Team. Before the conduct of the HA, an extensive 
data-gathering effort was undertaken, in particular, to evaluate 
weapon response in the disassembly accident environments 
and to obtain information on past operating incidents. Both 
the baseline and SS-21 process HAS were performed over a 
2-day period following a walk-through of the procedure in the 
cell with the B61-0 trainer. After viewing a videotape of the 
disassembly process and reviewing the procedure steps, the 
HA team members used the guide words and comparable 
historical events and drew from their experience and training 
to develop "what if '  questions. These were recorded by the 
team member serving as scribe and examined by the team 
under the leadership of the HA Team Leader. In those cases 
where the events postulated in response to the "what i f  
questions could pose a hazard, they were developed into a 
postulated accident sequence by the HA team and then 
documented. 

The developed accident scenarios, along with the scenario 
consequence, were discussed in detail by the HA Team. To 
facilitate future evaluation of the identified accident 
sequences, each sequence was assigned a keyword-industrial 
accident, radiation dose, explosion. and equipment or facility 
damage. The HA Team then developed an estimate of the 
likelihood or probability of the accident sequence as well as 
the conditional probability or likelihood of the consequence 
given that the accident sequence occurred. Detailed analysis 
of HE response in disassembly environments as well as 
Human Reliability Analyses for typical PT activities were 
performed and documented by Bott (1995) but are not 
discussed in this paper. The overall likelihood of the accident 
occumng with the stated consequence was the product of the 
accident-sequence and consequence-likelihood probabilities. 
This product was used in Table 3 to determine the overall 
likelihood bin for the risk-ranking process. The HA Team 
determined the consequence severity for each of the two risk 
attributes-Worker Safety and Facility Damage-using Table 
4. 

Likelihoods were assigned to the discrete events in the 
accident sequences by reviewing occurrence reports and data 
relating to equipment failure probabilities and human relia- 
bility. Accident consequences were estimated based on a 
review of historical and experimental data and models related 
to accident phenomena, such as evaluation of HE tests con- 
ducted at Pantex and at Los AIamos National Laboratory to 
determine the probability of detonation if an  HE component 
were dropped. 

Js 
Dominant Accident Sequences 

This section provides a qualitative summary of risk reduc- 
tion in B61-0 disassembly activities that was achieved 
through the SS-21 Integrated Safety Process. Several differ- 
ent measures of process risk were used to compare the 
Baseline and SS-21 disassembly processes. The HAS for the 
two processes were performed by the same HA Team and were 
viewed from the same perspective using the same input infor- 
mation and data, thus allowing for a relative comparison of 
process risk. 

Table 6 presents a comparison of the Baseline and SS-21 
process from the overall risk-rank perspective. For the 
Baseline process. the HA Team identified 107 accident 
sequences; for the SS-21 process. the Team identified only 
74. That is. the SS-21 process showed about a 25% reduction 
in potential accident sequences from the viewpoint of the HA 
Team. When viewed from the overall risk-rank standpoint, 
the SS-21 process shows a 67% reduction in Risk Rank 2 
sequences. Risk rank 3 scenarios are about the same for both 
processes. The SS-21 process shows about a 50% reduction 
in Risk Rank 4 scenarios. 

Table 7 summarizes potential HEVR events for both 
processes. Oddly, both processes appear to have about the 
same number of possible HEVR accident scenarios. However. 
the SS-21 process resulted in an 80% reduction in Risk Rank 
2 accident sequences-from 15 to 3. Implementation of the 
SS-21 Integrated Safety Process appears to have resulted in  
shifting many of the Baseline process Risk Rank 2 scenarios 
to Risk Rank 3 scenarios in the SS-21 process. 

As summarized in Table 8, the dominant risk-rank HEVR 
accident sequences for the Baseline process involve manual 
hand carries or manipulations of HE hemishells with a 
potential for a drop to the floor. The highest risk activities 
identified in the HA involve hand carrying the HE hemishells 
from the inspection table to the AN storage cans and the 
manual carry of the hemishells from the assembly/disassem- 
bly press to the inspection table. 

TABLE 6 
OVERALL RISK RANK COMPARISON 

Rkk Rank Baseline Process SS-21 Process 
I 0 0 
2 18 6 
3 56 52 
4 91 IS 

TABLE 7 
COMPARISON OF HEVR EVENTS 

I Risk Rank (HEVR Events) I Baseline Process I SS-21 Process 1 
1 0 0 
2 15 3 
3 26 36 
4 0 0 



TABLE 8 
SUMMARY OF RISK RANK 2 HEVR ACCIDENT 

SCENARIOS FOR BASELINE PROCESS 

Scenario Category Description I Number of Similar Scenarios 
Press-related activities I 2 
Weapon toppldfall 3 
Hand cany of HE hemishell a 
Safety review process deficiency 1 
Impact or strike onto weapon 1 

Another, more meaningful, way to look at the HEVR events 
is to compare the likelihood of occurrence of each event. In 
Table 9, the Baseline and SS-21 process HEVR events are 
summarized by likelihood. This may be a more appropriate 
way to compare processes because the risk matrix shown in 
Table 5 that was used for this effort, treated all high- 
consequence HEVR events as Risk Rank 3 events regardless 
of likelihood. That is, all likelihood IV and V HEVR events 
are binned into a Risk Rank 3. 

As presented in Table 9, the SS-21 process shows a signifi- 
cant reduction in the likelihood of HEVRs when compared 
with the Baseline process. Of the three HEVR events in the 
SS-21 process, one is identical to that discussed for the 
Baseline process, Le., that associated with an unanalyzed 
situation encountered during disassembly and the potential 
for a less-than-adequate engineering safety evaluation being 
performed and resulting in a HEVR. The other two HEVR 
sequences are nearly identical and are the result of failing to 
fully retract the separation wedges during removal of the 
Separation Fixture. In the first sequence, the HE hemishell 
potentially could be lifted with the Separation Fixture and 
then dropped back onto the other hemishell, the workstand or 
floor, or, in the second sequence, the HE hemishell could fall 
back onto the pit, the workstand, or floor. 

Table 10 presents a comparison of worker injury (excluding 
HEVR) events for the Baseline and SS-21 processes. Both 
processes have three Risk Rank 2 events. Two of these 
events are the same for both processes, i.e., the bulkhead 
press scenarios and the removal of a stuck cover plate. The 
SS-21 process shows over a 50% reduction in Risk Rank 3 
scenarios. 

Table 11 presents a comparison of the number of possible 
accident sequences resulting in radiation exposure to the 
worker. As discussed previously, radiation doses are all Risk 
Rank 4 events for both processes because the HA Team con- 
cluded that the expected dose would be below the quarterly 
limit for all identified radioactive material release scenarios. 
However, the SS-21 process shows about a 50% reduction in 
the number of accident scenarios that could result in radiation 
exposure. 

Table 12 compares the number of events for both processes 
that could result in facility damage or contamination (exclud- 
ing HEVRs). These events are really the same as those that 
could result in radiation exposure to the worker. Again, the 
SS-21 process shows a 60% reduction in the number of Risk 
Rank 3 events that could result in contamination of the cell. 

TABLE 9 
COMPARISON OF HEVR EVENT LIKELIHOODS 

SS-21 Process Event Likelihood 1 Baseline Process I 
I n I A 

t -  II I 0 I 0 
111 15 3 1 

TABLE 10 
COMPARISON OF INDUSTRIAL 

ACClDENTlWORKER INJURY EVENTS 

RiskRank I Baseline Process I SS-21 Process 
I I n I n 
2 3 3 
3 21 10 
4 2 3 

TABLE 11 
COMPARISON OF EVENTS RESULTING IN 

WORKER RADIATION DOSE 

Baseline Process SS-21 Process 

3 
4 29 14 

TABLE 12 
COMPARISON OF FACILITY 
CONTAMINATION EVENTS 

Risk Rank Baseline Process SS-21 Process 

4 

Both processes have five Risk Rank 4 events that could result 
in  facility contamination. As discussed previously, most 
material release events result in a Risk Rank 3 for facility 
damage because the release would generally contaminate the 
cell, requiring shutdown and clean-up/decontamination. 

I n  summary, from a qualitative perspective, the new SS-21 
designed B61-0 disassembly process results in  a significant 
reduction of HEVR, worker injury, accidental worker radiation 
exposure, and facility contamination risks, This conclusion 
is based on a decrease in the absolute number and in the risk 
ranking of the HA-identified accident scenarios. 
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CONCLUSIONS 
From the risk or hazards assessment perspective, the 

Stockpile Stewardship Demonstration Project (SS-21) was 
extremely successful. As demonstrated by comparing the HAS 
for the Baseline and SS-21 disassembly processes, the SS-21 
concurrent engineering design process, when properly 
implemented, appears effective in reducing the risk associated 
with nuclear weapon operations. This includes risk reduction 
associated with HEVRs, plutonium dispersal, worker injury, 
worker radiation exposure resulting from postulated 
accidents, and facility contamination. 

The effectiveness of the HA methodology outlined in this 
paper was demonstrated through the successful conduct of the 
HAS for the Baseline and SS-21 disassembly processes as part 
of the SS-21 Demonstration Project. This HA methodology 
should be used for future weapon operations HAS. The HA can 
be used to support the USDOE Nuclear Explosive Safety Study 
Group requirements by identifying dominant accident 
scenarios for which more detailed analyses should be 
performed. The HA results also can be used to identify risk- 

I 

reduction opportunities by providing a semi-quantitative 
evaluation of the reduction in risk or gain in safety associated 
with proposed process, procedural or tooling changes. The 
HA, i f  maintained as a living document, can be used to 
evaluate nonconformances, proposed design changes. or 
Unusual Occurrence Reports. 
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