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

INTRODUCTION: 

The Lawrence Livermore 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 separa
tion. A Safety Analysis Report (SAR) for the building 332 Plutonium Facility was completed 
in July 1994 to address operational safety and acceptable risk to employees, the public, gov
ernment property, and the environment. This paper outlines the PRA analysis of the Evalua
tion Basis Fire (EBF) operational accident. The EBF postulates the worst-case programmatic 
impact event for the Plutonium Facility.' 

OVERVIEW: 

The EBF scenario assumes a human error as the most likely initiator for a fire evolving in a 
laboratory room. After ignition, the fire spreads to a glovebox consisting of multiple worksta
tions containing plutonium. A fuel load per unit surface area of 15 kg/nr with a ventilation 
flow rate of 1.7 kg/sec in a room area of 148 m2 for a time duration of 2 hours was used for 
this assessment.2 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 contamination into the laboratory room and possibly the environment. 
ANALYSIS: 

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 Reports.3 Event and fault tree techniques were utilized to model fai
lure 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. if the fire suppression system Mis, the fire department will not respond in time 
to prevent the glovebox barrier from being breached; 

2. a generic laboratory room contains two fuse-link sprinkler heads; 
3. the spreading 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, 

4. a generic laboratory room contains two different types of fire alarms - two 
smoke detectors and one flow switch. 

The EBF system event tree is exhibited in Figure 3-9. A total of six accident sequences have 
been identified. Consequences of these sequences range form no release to a total release of 
airborne plutonium particulate to the environment. The values indicate that only sequences 1 
and 2 (both having no release consequences) fail into the credible range. However due to the 
lack of a concise database and no error analysis, further analysis is required. 

Work performed under the auspices of the U.S. Department of Energy by the Lawrence Livennore National8 

Laboratory under Contract W-7405-Eng-48. 
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The Plutonium Facility employs four safety systems to mitigate the effects of any fire initiated 
in a laboratory room. As shown in Figure 3-9, these safety systems (fire suppression, glove-
box barrier, fire department response, and ventilation/filtration (HVAC)) are displayed in 
order of response to a laboratory room fire. Each system is described in the succeeding para
graphs. 

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 Labora
tory's domestic water system. The emergency backup water supply is provided by two pres-
suried tanks. Only the larger (7500 gallons) tank supplies Increment 1. The tanks are pressur
ized by the Facility's compressed air system and is backed up by a series of pressurized nitro
gen tanks. The entire system - sprinklers, pipes, and tanks - are engineered to withstand the 
Plutonium Facility's design basis earthquake. Numerous types of fire 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 die left side (fire extinguishers fail to put out fire) dominates the failure probability 
values which is as expected since both gates are 'or' gates. Thus, suppression of the fire is 
primarily dependent upon the automatic sprinkler system. For the most part, this is a system 
with redundancies with the exception of water pipes. This accounts for the lower than expect
ed probability values. 

Gloveboxes are fabricated from Type 304 stainless steel ranging from . 11 to 1 inch in thick
ness. Typical laboratory rooms contain from three to four gloveboxes. Each glovebox con
tains numerous windows and glove ports. The windows are constructed from a non-combusti
ble or approved fire resistant polycarbonate material. The gloves are made of various types of 
rubber and come in different thicknesses. The most likely point of failure on a glovebox is the 
glove ports followed by the windows. The fault tree for this system is displayed in Figure 3 
and simply consists of one 'or' gate. The probability for failure of the glove during a fire is 
slightly higher then that of the window. 

The fire department response top event indicates two prompt modes of warning that a fire is in 
progress. Two smoke detectors per laboratory room which are linked to the system #2 control 
panel, backed by an Uninterruptible Power Supply (UPS), sound an alarm in direct response to 
a fire. The control panel relays the signal to the LLNL Fire 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 indirect annunciator of a fire 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 control panel and its actuation is re
layed to the Fire Department. Figure 4 contains the fault tree for this system. It clearly shows 
that the dominating contributor to system failure is the fire system #2 panel. Failure of this 
subsystem discloses that the Fire Department will receive a much delayed warning. 

The Ventilation/Filtration (HVAC) system is designed to confine the spread of radioactive 
contamination to the room in which it is released and minimize releases to the environment 
during routine as well as accident conditions. A pressure gradient within the building directs 
ventilation air flow from areas having a low potential for die presence of radioactive contami
nation toward areas having a higher potential. Glovebox and room 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 normal operation one fan is operating in the lead 
configuration while the redundant, or lag unit, is in the standby configuration. A low pressure 
signal triggers the lag fan unit. Figure 5 exhibits the HVAC fault tree which only considers 
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the failure of electrical 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 filter 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 fan to continue running and the failure of the lag fan to start governs this probability. 

SUMMARY: 

In numeric terms, only sequences 1 and 2 provide values which are credible and both of these 
provide no plutonium release since the glovebox is still intact. Yet, due to the suspect nature 
of many failure probability values and the fact that no error analysis was conducted, definitely 
sequence 3 is important to consider and perhaps even sequence 4. The consequence for these 
two sequences is a release to the room of origination and possibly to other areas of the incre
ment. A release to the outside environment by this scenario is deemed incredible. 

1. Building 332 SAR October 1992 
2. CHP 3 Hazard and Accident Analysis SAR Rev 0 July 1 1994 
3. Kartik's Paper 
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