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A Probabilistic Risk Assessment of the LLNL Plutonium Facility's 
Evaluation Basis Fire Operational Accident 

Gregg P. Brumburgh 

The Lawrence Livennore National Laboratory (LLNL) Plutonium Facility conducts numerous 
programmatic activities involving plutonium to include device fabrication, development of 
improved and/or unique fabrication techniques, metallurgy research, and laser isotope separation. 
A Safety Analysis Report (SAR) for the building 332 Plutonium Facility1 was completed in July 
1994 to address operational safety and acceptable risk to employees, the public, government 
property, and the environment. This paper outlines the PRA analysis of the Evaluation Basis Fire 
(EBF) operational accident The EBF postulates the worst-case programmatic impact event for the 
Plutonium Facility. 

OVFRVIEW; 

The EBF scenario assumes a human e m r  as the most likely initiator for a f i e  evolving in a 
laboratory room. After ignition, the fireq~eads to a glovebox consisting of multiple workstations 
containing plutonium. A fuel load er unit surface area of 15 kg/m2 with a ventilation flow rate of 

The glovebox confinement barrier is breached through the melting of either the gloves or the 
windows. At this point, the plutonium can either be ignited by the fire or through an exothermic 
oxidation process caused by the air entering the glovebox resulting in the release of airborne 
contamm * 'on into the laboratoq room and possibly the environment. 

1.7 kg/sec in a room area of 148 m 5 for a time duration of 2 hours was used for this assessment2 

The methodology used in this assessment is a systems analysis approach as outlined by DOE 
Standard 3009-93: Preparation Guide for the U.S. Department of Energy Nonreactor Nuclear 
Facility Safety Analysis Reports3 Event and fault tree techniques were uti€ized to model failure 
mechanisms for the top event systems. The Integrated Reliability and Risk Analysis System 
(IRRAS) 5.0 computer program was used to conduct the fault tree and event tree sequence 
calculations. 

' 

To facilitate in the development of the systems analysis, the below listed assumptions were 
stipulated: 

1. 

2. 
3. 

4. 

if the fire suppression system fails, the fire department will not respond in time 
to prevent the glovebox barrier from being breach& 
a generic laboratory room contains two fuse-link sprinkler heads, 5 

the spmding of plutonium airborne contaminants to an adjoining room or hallway 
will not occur through the glovebox exhaust system due to the prompt clogging of 
the HEPA exhaust filter; and, 
a generic laboratory room contains two different types of fm alarms - two smoke 
detectors and one flow switch. 

*This work was performed under  the auspices of the U . S .  Department o f  Energy 
by Lawrence Livermore National Laboratory under  contract  No. W-7405-Eng-48. 



The EBF system event tree is txhibited in Figure 3-9. A total of five accident sequences have been 
identified. Consequences of these sequences range from no release to a total release of airborne 

- -  plutonium particulate to the environment. The values indicate that only sequences 1 and 2 fall into 
the crwlible range. An accident characterized by sequence one has an outcome of no release while 
a sequence two category accident yields a consequence below the EBF standard values deemed 
necessary for analysis. 

The Plutonium Facility employs three safety systems to mitigate the effects of any fire initiated in a 
laboratory room. A fourth safety system, the glovebox, is conservatively removed based upon 
assumption one since a frre of sufficient energy is postulated to penetrate the glovebox gloves 
and/or windows if the LLNL Fue Department fails to respond immediately. As shown by Figure 
3-9, these safety systems (fm suppression, fire department response, and ventilatiodfiltration 
(HVAC)) are displayed in order of response to a iaboratory room fire. Each system is described in 
the succeeding paragraphs. 

The fire suppression system consists of two fuse-link sprinkler heads with a temperature rating of 
165'F and a flow rate of 0.15 gpm/ft2. The primary source of water supply is the Laboratory's 
domestic water system. The emergency backup water supply is provided by two pressurized 
tanks. Only the larger (7500 gallons) tank supplies Increment 1. The tanks are pressurized by the 
Facility's compressed air system and is backed up by a series of pressurized nitrogen tanks. The 
entire system - sprinklers, pipes, and tanks - are engineered to withstand the Plutonium Facility's 
design basis earthquake. Numerous types of fue extinguishers are also present through out the 
RMA and the Building 332 personnel receive periodic training in the use of fire extinguishers. The 
fault tree for this system is shown in Figure 2. Inspection shows that the left side (fire 
extinguishers faii to put out fixe) dominates the failure pmbability values which is as expected since 
both are associated with 'oi gates. Thus, suppression of the fm is primarily dependent upon the 
automatic sprinkler system. For the most part, this is a system with redundancies with the 
exception of the water pipes. This accounts for the lower than expected probability values. 

The fire department response top event indicates two prompt modes of warning that a fue is in 
ppogrcss. Two smoke detectors per l3borato1-y room which arc linked to the system #2 conmi 
panel, backed by an Unintcmptible Power Suppiy (UPS), sound an alarm in direct response to a 
fue. The conml panel relays the signal to the LLNL Fie  Department which is manned 24 hours 
per day, is located approximately 200 meters from Building 332, and has an expected response 
time of three minutes. An indinct annunciator of a fm in progress is a flow switch located in the 
sprinkler water supply piping. This switch indicates that water is flowing the room sprinklers and 
is also connected to the System #2 conmi panel and its actoation is relayed to the Fire Department. 
Figure 3 contains the fault tree for this system. It clearly shows that the dominating contributor to 
system failure is the fre system #2 panel. Failure of this subsystem discioses that the Fire 
Depanment wil l  rcccivt a much delayed warning. 

, 

The Ventilation/FiItration (HVAC) system is designed to confine the spread of radioactive 
contamination to the room in which it is released and minimizc releases to the endnment  during 
routine as well as accident conditions. A pressure gradient within the building directs ventilation 
air flow from areas having a low potential for the presence of radioactive contamination toward 
areas having a higher potentiai. Glovebox and mom exhaust gases flow into once-through internal 
HEPA filters and then two HEPA filters in series in a common exhaust plenum prior to being 
released to the environment. The building's ventilation supply does not pass through HEPA 
filtration: however, back draft dampers are provided in supply ducts to prevent back flow if over- 
pressurization occurs. Each ventilation train consists of collection ducting, a manual shut off 
damper, a spray/demister plenum, a HEPA filter plenum, redundant fans, and damper control 
lines. During n o d  operation one fan is operating in the lead configuration while the redundant, 
or lag unit, is in the standby configuraaon. A low pressure signal triggers the lag fan unit. 



I 
Figures 4 and 5 (obtained from a parallel analysis) exhibit the HVAC fault tree which only 
considers the failure of elecmcal and mechanical aspects of the system. Additionally, it only 
analyzes the systems' capability to maintain a negative pressure condition in the fire room/building 
and not the ability to Nter contaminated particulate. Inspection seems it indicate that loss of power 
would dominate the system failure; instead, the high failure probabilities of the failure for the lead 

-- fagto continue running and the failure of the lag fan to start governs this probability. 

Failure rate data used for this analysis were acquired from many different sources. Initially, 
maintenance and incident reports, the facility SARI, and previous safety analysis documents were 
examined for system and component operational data. Unfortunately, very little information was 
uncovered. Other sources included the IEEE standard 500-19844, a Generic Component Data 
Base5, and the Savannah River site Human Error Data Base6. Where no data existed, expert 
opinion, via facility personnel was employed. Due to a compressed time schedule, no uncertainty 
analysis was perfoxmed 

In numeric terms, only sequences 1 and 2 provide values which are credible and both of these 
provide no plutonium release in excess of EBF evaluated release consequence values. Yet, 
constrained by inadequate failure probability values which lead to point estimates, no uncertainty 
analysis, and a limited time schedule, it would be prudent to not to dismiss sequences 3 and 4 
without further justification. The consequences for these sequences are a release to the room of 
origination and possibly to other areas of the increment. Sequence 5, a release to the outside 
environment, is deemed incredible. 
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