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and environments experiments, was a combustion-induced, over-pressure event that exceeded 
the chamber’s capabilities to contain pressure effects of experiments. The IA team analyzed physical barriers 
and related processes and identified root causes that relate to improvements needed in the following areas: 
processes to analyze, assess, and review experiments and associated analysis in the chamber, including the peer 
review process; expertise utilized in areas of chemistry and chemical combustion and evaluation of combustible 
materials and other attributes of chamber protection; communication of chamber pressure boundary and 
operating limits; and inspection and maintenance of the chamber’s physical barriers. As a result of the direct, 
apparent, and root causes and analysis efforts, the IA team and TA team have developed 64 recommendations 
encompassing attributes of fielding experiments from the design phase through data collection and chamber 
maintenance and recovery. 

Issue Statement 

Release of combustion products and contamination after an experiment at the CFF with personnel present in 
the affected areas.  

Event 

On Thursday, June 10, 2021, at approximately 1630 hours, experiments were executed at the B801 CFF. Within 
moments of execution, a call was received over the radio that a release of combustion products from the firing 
chamber had occurred–smoke was observed in multiple areas. Two areas had personnel present. Automated 
alarms in the facility triggered a Lab FD response. 

During the shot, 33 personnel were in B801A. Of the 33, 15 personnel were located south of the chamber in the 
Vault Type Room (VTR), and one person was in the Capacitor Discharge Unit (CDU) west of the chamber. Other 
personnel were in room 111 (control room) and room 2036. Note that due to COVID controls, all personnel were 
wearing face coverings.  

Workers described what they heard and saw seconds after the initial detonation. These testimonies are 
described below in no particular order: 

• Heard a suction, pressure noise, and then a pop. Thought maybe there was a breach in the wall
somewhere through the overlay. The equipment door puffed and stopped, so it appeared that the
pressure went somewhere else, maybe towards the VTR. 

• Heard a noise like a tea kettle boiling louder and louder. Then heard a pop like a seal broke, and smoke
came through the platform. 

• Had time to disable lasers but was not able to save the data.

• Shot sequence, a rumble, ceiling flakes. Saw data on scopes, then heard something ramping up, then a
pop. Smoke entered the room from where a floor tile used to be. 

• There was a pop, and then the VTR filled with smoke. The smoke traveled faster than we did. I was in
smoke the entire way out. It smelled like burnt rubber. 

• Heard whistling and then a pop. The first sign of smoke came through a floor tile from a hole around the
cables. When I saw smoke, I turned around, and the whole room was filled with smoke. 

• Heard more of a vacuum suction sound, thought that is not right. Worker said, “I think we need to get
out” and then saw greyish-brown smoke coming in from the floor. Could not see to go out the 
emergency exit so walked across the room to the other exit. 

(b) (7)(F)
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• Heard a soft hissing sound that grew louder.

• Did not see smoke immediately, but eventually brownish-black smoke started leaking into the VTR. One
worker saw a co-worker yelling something; however, the hissing sound was so loud that he could not 
make out what his co-worker was saying but evacuated the facility. 

• Workers noted that the hallways and VTR were filling up with smoke.

• There was smoke across the entire VTR. A worker yelled to get out–took a whiff of smoke.

• Was close to the emergency exit, but it soon became hard to see, so the worker rushed to the other
door to exit, the door that most workers were exiting. Worker said had he waited a few seconds he 
would have been blind to see the exits into the room due to how fast the smoke was filling the VTR. 

• Heard a boom, diagnostics reported in, everything looked good. Heard whistling at first, but it went
away and then heard something like a jet engine spinning up. Continued post-shot tasks when saw 
smoke coming into the room. Upon evacuation, received a lungful of bad air. 
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Chamber Penetration Checklist and the Chamber Penetration Checklist for FXR Operation Beaming into the 
Chamber.  

Work Planning and Control (WP&C) is an activity-level implementation of the core functions and guiding 
principles of LLNL’s Integrated Safety Management System (ISMS). This system provides a standard set of 
expectations, procedures, tools, and training that are applied consistently to the planning, control, and conduct 
of work and is implemented through policy document POL-2010, “Work Planning and Control” and DES-2012, 
“The LLNL Work Planning and Control Program.” The WP&C system produces a work control document (WCD) or 
work package that bounds the work scope, identifies the hazards, and specifies the controls for work activities. 
WCDs are written to provide clear, concise direction for the workers performing those work activities. There are 
several WCDs related to experimental execution and post experimental clean-up used for this experiment: 

• WP&C document No. 100133, “Firing Areas Laser Diagnostics Operations and Maintenance”;

• WP&C document No. 100146, “Firing Area Camera Diagnostics and Maintenance”;

• WP&C document No. 100336, “Firing Areas Post Experiment or Maintenance Recovery”;

• WP&C document No. 100451, “Firing Areas Electronics Operations”;

• WP&C document No. 100712, “Firing Areas Radiography Operations”;

• WP&C document No. 100852, “Firing Area Chamber and Table Operations and Maintenance.”

All WCDs were reviewed for applicability, but only relevant WCDs and associated tasks are documented as 
analyzed in the change analysis.  

LLNL has an institutional peer review process for risk management of explosives-related experiments that is 
covered in ES&H Manual Document 17.1, Explosives. Peer reviews are performed for experimental explosives 
work to ensure that factors adversely affecting the success or safety of the experiment are identified/mitigated 
and controlled prior to performing this work. The peer review is a process that is a thorough and objective 
review by designated experts that involves new processes, experimental conditions, materials, or work that is 
otherwise required by FSPs. Peer reviews examine the physics, chemistry, and engineering aspects of the 
process. LLNL uses peer reviews as a tool to assure that an explosives experiment can be safely executed. Peer 
reviews do not specify new safety controls; however, if they are needed, they shall be addressed in the 
appropriate safety document that controls the operation (i.e., WCD). The peer review process begins when an 
individual initiates the work by submitting a completed a peer review form with supporting documentation 
describing the work. Peer reviewers examine these documents for completeness, accuracy, and potential safety 
concerns. Peer reviews are valid for up to one year and kept on file. 
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Analysis and Results 

The issue for analysis is combustion products and contamination were released from the CFF’s chamber soon 
after an experiment was initiated, releasing material into nearby rooms where personnel were present.  

Interviews were performed with over 30 personnel and included the following roles (listed alphabetically): 

• Assembly personnel,

• Associate DTED leader for operations,

• Bunker supervisors (including acting),

• Chamber operators,

• Conducts of operations subject matter expert (SME),

• Console operators,

• Engineers including engineers for each of the experiments,

• ES&H representatives including the IH and the HP,

• Explosive experiment fielding supervisor,

• Facility Manager,

• Firing operations personnel,

• Peer reviewers from approved peer review groups,

• Personnel located in the VTR and CDU areas during the event,

• Principal investigators for each of the experiments, and

• S300 Ramrods.

Barrier and change analyses were performed to analyze for apparent causes. Failed barriers and differences in 
process steps were analyzed to determine if they impacted the issue for analysis and if so, were determined to 
be apparent causes. Those differences that did not impact the outcome or event, were determined to be 
observations. Apparent causes identified from the failed barriers and/or differences in process steps were then 
analyzed further using the why/because methodology to determine root causes. HPI analysis was also 
considered and provides context for each why/because analysis.  

A substitution-like test or mock peer review was also performed to determine how effective a peer review in the 
areas of physics, engineering, and chemistry may have been in the planning phases of these experiments. Peer 
reviewers from the approved peer review list were selected, specifically those that knew little about the event 
and had expertise in several the peer review groups recognized by the LLNL Explosive Safety Committee, 
process, physics, and materials. The IA team presented the experiment, including design information, the EAR, 
the chamber protection review, and the Materials Database to the mock peer reviewers. The IA team then 
fielded several questions from the mock peer reviewers.  

A series of sub-scale experiments were designed and performed in the High Explosives Application Facility 
(HEAF) to support the TA team. These experiments were designed to determine if any of the flammable 
materials or combinations of materials could be identified as the primary contributor to the incident. The IA and 
TA teams came up with five hypotheses to test the myriad flammable materials that were in the chamber during 
the experiment. One noteworthy material that has not been used in this amount and position in a hydrodynamic 
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SOURCE IDEAL PROCESS STEP ACTUAL PROCESS STEP 

PEER REVIEW Since there are many interrelated 
b, 

lhe physics of th (b) (7)(F)
(CONT.) variables associated with such work, each ! ) (7) !Xperiment s were 

proposed explosives experiment is i'.E&>ns1dered as part o f  the 
examined with respect to the physics, cesign review proce ss. 
chemistry, and engineering of the process • Engineering of the(b) (7) 
(expected contents of peer review) (ref. (b) (7) md environ..Wdnt al
17.1). '.(E,laaon experiments we re 

t.onsidered as part of t he 
cesign review process and the
chamber protection review.
The chamber protection
review is an agenda item on
the EAR review meeting.

• The S300 peer reviewer group
with expertise in physics peer
reviewed the EAR; this group 
also has some background in 
chemistry. The experiment is 
reviewed as part of the
chamber protection review
for engineering.

• Rls or work supervisors shall determine A peer review is required for all 
whether operations require peer review EARs, as stated in the FSP. 
based on the requirements of the
facility at which operations will be
performed.

• The FSP shall contain the criteria for 
initiating mandatory peer reviews.

• The FSP shall address the subject areas
to be reviewed and specify the peer
review's life span. Areas to be reviewed
may include process, physics, materials,
synthesis, directed energy, large charge
operations, or firing operations, as 
appropriate (ref. 17.1).
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DIFFERENCE 

<,,�I experiments in the chamber, 
(b) (7)(F) md the
�ew1ronmental addons were not 
scamined with respect t o 
chemistry, as required by ES&H 
IVanual Document 17.1. The 

engineering analysis conducted did 
not include a chemistry SME review 
for combustible products. 
[APPARENT] 

There is no graded approach for 
when a peer review is required for 
firing operations. Known hazards or 
subject areas that would trigger 
certain peer reviews have not been 
defined for review as part of the 
peer review process within the 
Firing Facility's FSP. The criterion 
that exists for initiating a peer 
review includes all experiments 
that have an EAR and in certain 
instances when lasers are used to 
illuminate certain types of 
explosives. [APPARENT]

EFFECT ON THE ISSUE 

There was too much 
fuel in the chamber that 
could lead to a fire, 
increasing the internal 
energy of the chamber 
M1hich increases th e 
pressure in the 
chamber. 

LJMlterial changes in the 

[(b) (7) and materials in
!<Ii �. rt= t::1w1ronments 
e�eriment were not 
qlestioned by 

independent reviewers 
:s part of the peer 

review. 

Peer reviewers and the 
experimental fielding 
team perform a cursory 
and routine review of 
the potential hazardous 
outcomes from the 
experiments. 
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• It does not appear that the peer review included an evaluation of positions of explosive charges (e.g., 
three water barrels on overlay included in chamber protection review that were not included on the 
EAR). It is unknown if the chamber protection review was a focused conversation in the EAR review 
meeting.  

• There does not appear to be a peer review form separate from the EAR. There is no documentation in 
the EAR that supports that the three areas for peer review, physics, engineering, and chemistry were 
evaluated.   

Why/Because Analysis 

The why/because analysis supplements both the change and barrier analysis to help identify root causes related 
to each apparent cause. Each apparent cause from both the barrier and change analyses are analyzed by asking 
“why” the failed barrier or difference in process exists. Sometimes this analysis leads to a root cause and 
sometimes the “why” leads to a stopping point. This section also includes HPI analysis. The HPI analysis paired 
with the why/because analysis provides context to some of the “whys” to better understand the human factors 
involved. Each header represents an apparent cause from either the barrier or change analysis.  

 

1. Why did the combined experiments exceed the quasi-static operational pressure for the chamber 
of 32 psi? 

The combined experiments exceeded the 32-psi because: 

• See Appendix A–Technical Team Analysis. 
• The operational 32 psi pressure limit is not a well-known limit, which is necessary to estimate expected 

quasi-static pressure of experiments and stay within the bounds of the limit. Interviewees lacked awareness 
of the 32 psi limit and the understanding of operational conditions that contributed to an elevated quasi-
static pressure [Error Precursor–Lack of Knowledge].  

• This lack of knowledge of the operations 32 psi pressure limit is because: 
• There was a lack of communication in readily available mechanisms such as training, 

procedures, plans, etc. of the chamber’s 32 psi operational limit for key facility and operator 
positions [ROOT]. The 32 psi limit was difficult to find in documentation. The IA team was able to 
find information on this limit in a conceptual design document in the VTR, and for weeks the team 
was unsure if there was a final design document. Later, the IA team located the final design 
document that also communicated the 32 psi limit. If this limit was communicated in facility 
documents and/or training, it would be more available to personnel who need to know of the limit 
for the process of fielding experiments. For example, the chamber operators have the role of 
logging the quasi-static pressure on the Bunker 801/CFF Sequence of Firing Operations Procedure 
form and could be the conduit of communication if the pressure seen is close to or exceeds the 32 
psi limit. The receiver of this information would need to understand what actions to take if the 
pressure limit is exceeded such as some evaluation of the chamber, etc. The chamber operators 
have a training plan that includes on-the-job training, practical training, and required reading. One 
of the competencies is listed as “Trainee demonstrates and understands chamber limits during HE 
operations.” The allowable limit of HE was well understood by most, if not all, personnel 
interviewed. However, the pressure limit does not appear to be incorporated or flowed into the 
chamber operators’ training plan. In obtaining the history of shot records for the CFF, there was a 
shot in 2014 that exceeded the 32 psi limit, but it does not appear that any analysis was 
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conducted. However, if this limit is not understood, the pressure seen in an experiment loses its 
meaning to the person capturing that data. The FSP could also be a way of communicating the 
pressure limit as it communicates the allowable limit of HE in the chamber. However, this limit is 
not currently flowed in the FSP to then be accessible by all personnel who need to know it.   

• There is a lack of understanding of operational conditions that contributed to circumstances 
permitting an elevated quasi-static pressure resultant from the lack of a combustible material 
evaluation. See Appendix A for the technical team’s analysis and why/because analysis 3.  

2. Why were the overlay seal and personnel and equipment door seals bypassed? 
The seals were bypassed because:  

• The post-experiment environment within the chamber resulted in pressures above 50 psi (gauge limit as 
read on the control panel chamber pressure gauge) exposing all seals to pressures above design ratings. 
Note that the 50 psi reading is the highest pressure the instrumentation is capable of, the true maximum 
pressure the chamber experienced because of this incident is unknown but has been estimated by the TA 
team and documented in Appendix A. This exceeds the chambers operational quasi-static limit of 32 psi.  

• Why were the seals exposed to increased pressure? See Appendix A–Technical Team Analysis. 
• The seals were potentially exposed to elevated temperatures (greater than 660 °C) beyond rated material 

capabilities. There is an area where the overlay seal is unprotected via overlay plates, and it is estimated 
that the upper two thirds of the chamber saw temperatures greater than 660 °C evidenced by aluminum in 
this region melting.   

• Why were the seals exposed to elevated temperatures? See Appendix A–Technical Team Analysis. 
• Operational practices do not reference engineered analysis for the chamber sealing limitations and 

configurations to ensure adequate margins of safety for impulse and that quasi-static pressure loading are 
maintained. 
• Why is there no referenced engineered analysis ensuring proper safety margins? There is a lack of 

knowledge and understanding of the limitations of the chamber pressure boundary and assessment 
criteria for sealing as well as pressure failure mechanisms of the chamber as engineered, rather than as 
experienced.  

• Why is there a lack of knowledge/understanding? 
• There was a lack of communication in readily available mechanism for the chamber pressure 

boundary limits, assessment criteria for sealing, pressure failure mechanism [ROOT].   
• There is a lack of knowledge/understanding because of the lack of detailed analysis/evaluation 

as discussed in why/because analysis 3. 
• The seal may have already been weakened from previous shots.  

• Why may the overlay seal have been weakened from previous shots? There is no record of inspection 
or maintenance of the overlay seal nor is there a process or schedule defined for the 
inspection/maintenance of the overlay seal [POTENTIAL ROOT]. The overlay seal was reviewed and 
some of it replaced after the Monster shot in 2017. However, some of the seal is over a decade old. 
The DOE STD 1212, Explosives Safety, has a requirement for periodic inspection of the containment 
apparatus: “Qualified engineering personnel shall periodically inspect the containment apparatus to 
verify that its structural integrity is maintained after repeated detonations. (Section 30.10.5).” The 
overlay seal is not easily accessible because it is protected by steel overlay plates. These plates are 
difficult to move for an inspection of the seal, as described in the HPI Analysis. Since there is no record 
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Temperature effects–Materials in the chamber with the potential to combust or pyrolyze are not considered a 
major contributing factor to the loading condition (i.e., pressure, temperature, and environmental emissions) of 
the chamber. 

Secondary interactions for pyrophoric fragments–Secondary interactions for pyrophoric fragments have not 
been perceived as an issue that differs from fragments in general. With certain materials used in an experiment, 
a fire is expected and usually self-extinguishes. It was expected to be no different in this experiment.  

Multiple experiment interactions–Historically, this has not been necessary since one experiment would be 
executed at a time in the chamber. The number of experiments executed within the chamber concurrently has 
increased over the last two decades, since initial facility qualification.   

4. Why did personnel that reviewed the chamber protection review not have technical 
background/expertise to better advise the chamber protection review preparer? 

Personnel currently integrated into the chamber protection review process did not have the technical 
background/expertise to better advise the chamber protection review preparer because reviewers with this 
expertise were not perceived as necessary for the chamber protection review. The chamber protection review is 
a fairly new process, implemented after the Monster shot in 2017. This expertise is probably thought to be 
unnecessary due to a historical lack of visual indicators and events in the chamber and expertise of fielding 
personnel. This why/because analysis aligns with the root cause from why/because analysis 3, related to 
inclusion of expertise in all areas defined in ES&H Manual Document 17.1. for the review process.  

5. Why were all experiments not examined with respect to chemistry and a chemistry SME included 
in the engineering analysis?  

All experiments were not examined with respect to chemistry because the designated peer reviewers for this 
experiment have some knowledge of potential chemical interactions but are not SMEs in chemistry.  

• Why is there no SME for chemistry as part of the peer review process? There are SMEs in the area of 
chemistry that are designated by the chair of the Explosive Safety Committee (ESC) and are part of the 
overall peer review process for LLNL as trained peer reviewers appointed to group I (Process), group III 
(Materials), and group IV (Synthesis). However, peer reviewers with expertise in chemistry as part of groups 
I-IV are not included in the S300 peer review process. The S300 peer review groups were added to the LLNL 
ESC’s approved explosive peer reviews list in late 2018/early 2019 at the request of operations personnel. 
However, the S300 peer review process does not incorporate experts in chemistry [ROOT]. Peer reviewers 
in defined peer review groups I-IV were trained as peer reviewers and acknowledged as approved peer 
reviewers in a memo from the Chair of the Peer Reviewer Training Committee to the Chair of the Explosive 
Safety Committee (dated January 29, 2016). The peer reviewer training includes attending instructor led 
courses, a practical training course, and a mentorship or on-the-job training of the trainee reviewing/signing 
at least two peer reviews with concurrence from an approved peer reviewer. The S300 peer reviewers have 
not been through the peer review training but are listed as approved peer reviewers [Other Observation]. 
This appears to be an observation and not a causal factor because even if they were trained, an expert in 
chemistry is still not included as part of the process.  

6. Why did the peer reviewers for this experiment not include expertise in all three areas of physics, 
chemistry, and engineering? 

See why/because analysis 3 and 5. 
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why/because analysis, this limit was not easy for the IA team to find. It is not flowed into documents that 
employees read such as the FSP, nor is it incorporated into training plans of key roles that could initiate action 
by knowing the pressure limit. The limit was buried in a conceptual design document located in the VTR, and the 
final design document took weeks for the IA team to locate. It was thought for many weeks that a final design 
document did not exist.  

As discussed in the why/because analysis, there is a lack of knowledge and understanding of the limitations of 
the chamber pressure boundary and assessment criteria for sealing as well as pressure failure mechanisms of 
the chamber as engineered, rather than as experienced. The documentation to support the chamber pressure 
boundary and assessment criteria is not readily available. The IA team has had to consult multiple institutional 
resources and retirees who were at LLNL during initial building construction and certification.  

There is also a lack of knowledge among peer reviewers in chemistry and chemical combustion as discussed in 
the why/because analysis.  

Error Precursor–Lack of an Alternate Indication 

Historically, there is a lack of an alternate indication precursor, meaning no shot executions that resulted in 
potential exposure to personnel, nor contamination in areas that are occupied. There has been no indication 
that more in-depth analysis was needed beyond what was already built into the process. In 2017, contamination 
leaked from the chamber into the camera room after the Monster shot; however, the area with contamination 
was a non-occupied area. There have been previous pressure readings close to and one above the 32 psi 
operational pressure limit. However, since the quasi-static operational pressure limit is not well known and 
there were no visual indications of issues from any of those shots, it is thought that there was no issue with 
materials used inside the chamber.  

Error Precursor–Pressure (to Complete Experiments) 

The IA team heard from several interviewees about actual or perceived pressure to complete experiments. It 
was communicated by interviewees that the CFF used to have one experiment in the chamber at a time, but that 
over time, more experiments would be simultaneously executed in the chamber. There was also a perception 
among staff that there was an increased emphasis to conduct simultaneous experiments to catch up as a result 
of COVID delays. Others perceived that there has been a push in more recent years to execute simultaneous 
experiments. Interviewees stated that certain roles are stressed and overloaded with how many more cameras, 
diagnostics and associated cables, and items are involved in some experiments. Interviewees also noted that 
Ramrods are fielding multiple experiments at a time, making them less available to those with questions. As an 
example of this work pressure, interviewees noted that a week after the CFF event there was a shot executed at 
the Outdoor Firing Facility, and some perceived this to be rushed given the severity of the event at the CFF. The 
operations personnel perceived the shot deadline to be 7:30 p.m. at the B851 Outdoor Firing Facility, and the 
shot was fired at 7:31 p.m. Note that there is no fixed shot deadline–limits and deadlines are based on 
cumulative hours worked with HE and government agency (such as the Federal Aviation Administration) activity 
authorization time windows. It was also shared that there is preventative maintenance that workers want to 
perform in the chamber, but it is hard to schedule this due to the shot schedule. Note that the maintenance 
discussed was not part of a formal maintenance schedule and that some maintenance would be difficult to 
perform such as removing the overlay plates to clean behind them and to review the overlay seal. It was also 
communicated that there is a lot of work with the LEPs and stockpile stewardship that needs to utilize the 
capabilities of the chamber which contributes to the pressure. It is understood that work needs to get done. This 
discussion does not suggest missing LEP and stockpile deliverables, but rather suggests finding a better balance 
between developing the schedule at the CFF–including experiment fielding/execution, maintenance, experiment 
fielding setup and reviews–and allocating time to analyze more complicated experiments. However, it is also 
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Event Response 

This section includes several lessons learned related to event response including the immediate response and in 
the days following the event. LLNL has not seen an event of this magnitude with several workers affected in 
several years. These lessons are opportunities for organizations to learn and improve so that affected workers 
and organizations are well informed of steps preceding any potential future events of this magnitude.   

Building 801 has a formal procedure for abnormal events which was executed as written for immediate event 
response. It was communicated by interviewees that the evacuation from the B801 to the assigned assembly 
point went smoothly. The CO sensors were monitored at the control panel along with pressure readings, and 
based on those readings, the entire facility evacuation was announced over the building’s paging system. It is 
noted that workers started evacuating the facility as soon as they saw smoke. Personnel followed all evacuation 
announcements, alarms, and instructions provided at the assembly point, and the Fire Department (FD) arrived 
onsite. Although the run card database included current information, the physical run card used by the FD for 
B801 was outdated and included a retired employee’s contact information [Observation].  

A muster role call was performed at the assembly point, and all personnel were accounted for. Many affected 
personnel commented that there were too many people in the VTR that did not need to be there. Interviewees 
offered perspective based on their roles, stating that only a handful of personnel determined by diagnostic 
complexity were needed in the VTR to perform their work, but others present during this experiment were 
observers/visitors [Observation]. Note that the Firing Operations Management does carefully consider who can 
be present in the VTR during experiments.  

Soon after evacuation, the Incident Commander relocated personnel to the B801 gravel staging area for 
personnel safety due to the run card information regarding explosives, which requires a larger evacuation zone. 
The HAZMAT Fire Response (ALCO HAZMAT) was dispatched to the scene. Personnel were segregated based on 
potential exposure to contamination based on their location within B01A. An LLNL ES&H technician and 
radiation worker screened potentially contaminated personnel for radiological contamination at the second 
assembly point using FD instruments. It was noted that the FD was not familiar with use of the instruments for 
screening contamination [Observation]. LLNL’s instruments were in a truck in an area that personnel were not 
allowed to access due to the evacuation zone required for the FD response.  

ALCO HAZMAT arrived on scene. Once the screening showed no personnel contamination, the segregated 
personnel were reintegrated with all other personnel. A concern was raised for the timing of the screening; 
workers were not screened immediately upon evacuation at the first assembly point before moving around.  
[Observation]. This was due to a lack of instrumentation. LLNL had instrumentation in a vehicle at B801, but the 
vehicle was in an area where the FD was not allowing access.   

T8021 was opened for personnel to gather. Some personnel with personal belongings on hand were permitted 
to depart S300; some remained for voluntary data recovery/security protocols; and personnel with belongings 
still in B801A remained until re-entry was approved for belongings to be recovered. 

Once B801D was released by ALCO, remaining personnel relocated to B801D for shelter, potential data recovery, 
and to stage for personnel belonging retrieval. A re-entry plan to secure systems and rooms and to recover 
personal belongings was developed; all areas in B801A were treated as contaminated, and upon re-entry, 
personnel wore appropriate PPE based on this assumption. The PPE needed for reentry in B801A was not easy 
to retrieve. The necessary GVP respirators were stored in B801A, and Tyvek® PPE was in the storage area of 
B867, just outside of B801D. The procedure for abnormal events in B801 states that personnel should “stage at 
least four sets of PPE as described in WCD 100366 in B801D for emergency use during execution of 
experiments.” It appears that this step was not completely performed [Observation]. Note that one worker had 
a set of PPE in his vehicle that was accessed and utilized for reentry. 
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ALCO FD relinquished IC responsibility to WCI facilities personnel. The ALCO HAZMAT/Fire departed S300 (~9:30 
pm). A plan was developed and executed for the recovery of personnel’s personal belongings while data 
recovery efforts in B851A occurred. Personal belongings were recovered and surveyed for radiological 
contamination. When no contamination was detected, personal belongings were released to their owners, and 
personnel left S300. Restricted access signs (Radiological Buffer Area and BMA) were posted (~11:00 p.m.) and 
remaining personnel departed S300. There was concern that so many personal belongings (keys, phones etc.) 
were in affected areas and if they could not be retrieved, it was unknown how personnel would leave the site 
and/or get home [Observation].  

After the event on Thursday, June 10, 2021, affected personnel stated that they received little communication 
as to the next steps [Observation]. For example, personnel were unsure if they should go see their doctor, 
report to Health Services, and/or were not sure if they should ask for medical testing and if so, what kind of 
tests. Some personnel communicated that they contacted their doctor, but their own doctor was unable to help 
due to LLNL’s contract with Kaiser. The lack of communication appears to be a result of confusion as to who or 
what role and/or organization oversaw event response and follow-up with workers.  

Personnel were concerned that the S300 nurse practitioner was not immediately aware of what had occurred. 
[Observation]. Upon learning about the incident, the nurse practitioner asked for a list of affected employees 
and stated that all employees needed to be seen. The nurse practitioner also inquired as to why she was not 
told about this incident. Once she was made aware, the S300 nurse practitioner facilitated testing for affected 
personnel such as chest X-rays. It was communicated to the IA team that ES&H personnel told affected 
personnel that if they felt any symptoms such as irritation in their throat or had difficulty breathing that they 
should contact either the LLNL Health Services Department or their personal physician. Affected personnel were 
told when their names were collected that they would be contacted for bioassay monitoring. However, it is 
thought that the shock of events that occurred that evening prevented personnel from retaining what was 
communicated to them.  

On the night of the event, it was unknown if there were any potential Be exposures. Since radiation 
contamination screening showed no contamination greater than background, it was initially thought that 
radiation and Be contamination would be correlated. There is no laboratory with equipment at S300 or a trained 
analyst to prepare the samples for rapid Be analysis like at other facilities at LLNL.  

Personnel stated that they would have liked to have had someone to talk to about what happened. Some 
personnel communicated that they received a phone call soon after the event by someone checking in on them 
and they greatly appreciated that effort.  

On Monday, June 14, 2021 following the event, affected personnel came to work as normal and were somewhat 
surprised that there was no safety stand-down, pause of work, or hot wash of some sort to talk about the event 
that occurred on June 10, 2021. A portion of the Firing Facilities staff reported to B851 to assist in preparations 
for the upcoming shot at B851. The rest of the staff reported to B801D to start recovery of B801A. ES&H had 
peer reviewed sampling plans ready to be initiated. Survey and samples were taken to begin the 
release/recovery of 801A.  

A fact finding meeting was held after the event on Monday morning, June 14, 2021. Invitees to the fact finding 
included some affected personnel along with operations and facility personnel who could offer insight into 
processes that took place prior, during, and after the event to establish a comprehensive timeline. All affected 
workers were not invited to attend the initial fact finding meeting. This may have been appropriate; however, 
the other affected workers were also not afforded the opportunity to communicate what happened in some 
venue soon after the event so information was not lost or forgotten. [Observation]. With so many affected 
workers, there was a need for interviews shortly after the fact finding discussions or for one longer discussion 
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focused on the development of a timeline and testimonies from affected workers while the information was 
fresh.  

Also on June 14, 2021, affected personnel were requested to provide a bioassay sample for analysis; nine of the 
16 samples were provided on June 14, 2021 and entered into the associated database for processing. Before 
samples can be entered into the database, a unique exposure area number must be assigned to each individual. 
This information comes from internal dosimetry after the HP submits the request. It was noted that it was 
difficult to determine who the non-S300-resident-affected workers (visitors in the VTR at the time of the 
experiment) were to then request a bioassay sample.  

It was also communicated that program management or matrixed organizations were not aware of the event 
that their employees were involved in and were surprised to see an injury/illness report come from the eCAR 
system [Observation]. 

On Tuesday morning, June 15, 2021, the nine bioassay samples provided on June 14, 2021 were driven to the 
S200 bioassay laboratory for processing. The samples were placed in the urgent/rush status because they were 
categorized as abnormal. Some affected workers were told that the samples would be analyzed in one large 
batch instead of as they were provided [Observation]. This upset some workers who had rushed to provide their 
bioassay samples. This appears to have been a miscommunication. There were some promises of results made 
without a full understanding of the process to submit and analyze bioassay samples. An internal dosimetrist 
talked with some personnel and provided them with a pamphlet explaining the process. The bioassay samples 
were ultimately provided in two different batches, the first batch on Tuesday, June 15, 2021 and the remaining 
samples on Wednesday, June 16, 2021. By early afternoon of June 16, 2021, all bioassay samples were collected 
and sent to the analytical lab.  

After progress with the bioassay samples, it took several days for workers to understand that they could ask for 
a blood test for the potential Be exposure, but LLNL does not use the same mechanism as bioassays to perform 
mass collection after an incident [Observation].   

On Thursday, June 17, 2021, a shot was executed at 7:31 p.m. at S300’s Outdoor Firing Facility, beyond the 
perceived cutoff time of 7:30 p.m. Some personnel perceived this execution as rushed due to the timing of the 
shot and given the event that occurred a week prior at the CFF. It was communicated that at a certain point in 
execution of a shot it is more hazardous for HE handlers to stop progress on shot execution and move the shot 
to another day than to finish the process. Once HE handlers reach a certain point in the process and “det-up” or 
set up the detonator(s), it is hazardous for HE handlers to short-out the detonator and perform a task not 
routinely performed. Explosives cannot be left on the firing table over the weekend, and as it gets later in the 
day, the lighting to conduct a shot is too low since there is no outdoor lighting due potential damage from 
shrapnel. 
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Lessons Learned 

The WCI Assurance Office has an action documented in this report to develop a Lessons Learned related to this 
event to summarize, at a high level, overall lessons learned. The intent of this Lessons Learned is not only to 
communicate the lessons soon, but also to serve as a short summary of lessons learned for employees to have 
access to years from now if needed.  
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eq. A6 

Energy loss is associated with the leaks, which modifies the pressure equation to equation A7 (the extra factor 
of g comes from the PdV work associated with the outflow). Allowance for additional energy loss (e.g. 
through convective cooling) can be accommodated through a third rate n3 , 

𝑑𝑃
𝑑𝑡

= 𝜐&
𝑃+,-
𝑁'

𝑁 − (𝛾𝜐. + 𝜐2)𝑃 

 eq. A7 

The solution to equation A7 for pressure starting at 0 psi at time t=0 seconds is given in equation A8: 

𝑃 = 𝑃+,-
𝜐&

𝜐& + (1 − 𝛾)𝜐. − 𝜐2
>𝑒((3)"0)#)* − 𝑒(() 0)")*?

 eq. A8 

Unless n2 andn3 are small compared to n1, the pressure will peak well below the maximum. The observed time 
history, as qualitative as it is, places constraints on these rates. Additionally, there is pressure-time history data 
from some of the early CFF experiments that constrains the chamber cooling rate, n3. Figure A6 shows a chart 
record for chamber pressure from the first shot in Table A1.  

Figure A6: Chamber pressure history for a CFF experiment performed 6/20/2002. 

The data in Figure A6 gives an approximate cooling time 𝑡2 = 1/𝜐2 of 98 seconds. Over different shots t3 ranged 
from 80 to 100 seconds. These time scales are consistent with what could be expected from convective cooling, 
with cooling times varying inversely with the surface to volume ratio for the chamber and an empirical heat 
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transfer coefficient that depends relatively weakly on the convection velocity, expected to be in the range of ~10 
m/s due to the buoyancy of heated gases.  

Although the pressure observations as pictured in Figure A1 are too qualitative to accurately constrain the other 
rates necessary for equation A8, they do allow some additional semi-quantitative insights. If the cooling rate is 
taken from the earlier data and the solution must rise to 50 psi in 30 seconds, then fall below 50 psi again at 60 
seconds, a consistent set of rates would be  

𝜐& =
1
52
𝑠𝑒𝑐(&, 			 𝜐. =

1
148

𝑠𝑒𝑐(&, 		 𝜐2 =
1
90
𝑠𝑒𝑐(& 

with the corresponding pressure/time history from equation A8 shown as the lower curve in Figure A7. A key 
point is that the pressure dropping below 50 psi in 60 seconds forces the solution to reach pressures only 
modestly above the maximum gauge pressure as opposed to approaching the theoretical maximum of 170 
psi. Another interesting point is that if the leak term is neglected, as shown in the upper curve in Figure A7, the 
decay rate due to convection alone is too slow to bring the pressure below 50 psi at 60 seconds. This suggests 
that leakage from the chamber was a significant player in limiting pressure rise.    

Figure A7: Models of chamber pressure versus time.  
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Further indications suggesting consistency of this picture can be found in the history of CFF hydrodynamic 

experiments. The history of pressure rise in CFF experiments is incomplete due to loss of such records from 

some of the earlier experiments. However, the existing data for similar hydrodynamic experiments points to a 

strong correlation between the presence of fuel and an ignition source (LiH and water) being associated with 

unusually high pressure rise. The experiment had an additional potential ignition source, an additively 

manufactured ABS plastic part which follow-on experiments strongly suggest played an important role. 

These observations on the cause of the event along with examination of existing processes have led both the IA 

and technical teams to the conclusion that a more robust review process for combustible materials is needed. As 

described in the recommendations within the body of the IA report, a "Combustion Energetic Materials Loading" 

worksheet should be completed by the experimental team in the process of defining the experimental 

configuration. The essential elements of the worksheet would be (1) the equivalent of Table A2, employing the 

full mass of any explosive, reactive, and combustible material in the chamber and (2) use of equation A3 to 

estimate the magnitude of potential pressure rise. Equation A3 may not rigorously apply if the inferred energy 

release exceeds the available oxygen in the chamber, but in that circumstance the review would be triggered 

regardless. If the worksheet indicates the potential for high pressure in the chamber, meaning a pressure rise 

greater than half the rating for the chamber, a "Chamber Energetic and Combustible Materials Review" process 

would be triggered including appropriate experts in the chemistry of combustion and energetic materials. It is 

understood that many experiments would require this type of review. One possible mitigation that could 

remove limits on combustible materials is to replace all the 83,000 cubic feet of air in the chamber with nitrogen 

or other inert gas for the experiment, although that would introduce its own set of safety concerns. 

In returning the chamber to experimental operation, the teams believe significant engineering effort should be 

applied to the analysis of preferred failure modes in the event of future over-pressure excursions. For instance, 

it is not clear that the uniform strengthening of seals is desirable in that containment of higher pressures might 

cause greater damage to the facility, although avoiding failure of seals that potentially cause exposure to 

personnel is clearly a top priority. 

OFFICIAL USE ONLY 81 



































FRM-3075 Root Cause Analysis of B801 Event 

longer self-propagation after the squib was consumed. The flames spread through the powder so 

well it swept down the test-chamber walls and filled the entire volume for a short duration. 

The blue foam was a coarser particle size and did not exhibit much, if any, self-propagation after the squib was 

consumed, as shown in Figure 816. Although it appears some combustion of the blue foam may have occurred, 

the blue foam did not ignite enough to sustain reaction beyond the burning of the squib. 

Figure 816: Images taken from the DFIC experiments on blue foam. The initial image (upper left) was 

artificially brightened to illustrate the powder cloud being dispersed. Very little, if any, reaction 

occurred, and no reaction propagation was observed longer than the squib consumption (60-70 ms). 

Results from the DFIC of the FR-3703 and FR-4515 foams are shown in Figures 817 and 818 respectively. The FR-

3703 foam did show some significant burning after the consumption of the squib, although it did not propagate 

to fill the test chamber like the fine 3D-printed ABS. The FR-4515 exhibited even less reaction propagation after 

the squib was consumed. Based on these DFIC experiments, the powdered flame retardant foams likely could 

have been better optimized to result in a longer reaction propagation, but that would increase the specificity of 

the conditions for a dust explosion. 
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Overall, these experimental results support the findings of the IA and Technical Teams. There were a significant 
number of pathways that could have led to the B801 over-pressurization event, and without more information it 
is not possible to determine a direct cause pathway. Yet these experiments indicate there were many available 
flammable fuel sources in the chamber that exhibited varying levels of susceptibility to ignition and combustion. 
Furthermore, these experiments have demonstrated ignition and combustion over a range of timescales and 
initiation by a number of heat/ignition sources for these flammable materials. Therefore, none of the known 
flammable materials in the chamber, 3D-printed ABS, LDPE, TPX, polystyrene foam, or high- or low-density 
polystyrene flame-retardant foam (LAST-A-FOAM®) can be confidently ruled-out as not participating in the B801 
over pressurization event. 
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Appendix C-MUMA Process and Procedure Review 

As part of the IA, or root cause analysis, the IA team reviewed the 8801 CFF MUMA system and associated 

procedure, MUMA Operation Procedure. iThe MUMA is a methane gas delivery system attached to an explosive 

device/experiment within the CFF's chamber. iThis system and process was reviewed to determine if the flow of 

methane had an effect on the outcome of this event. iThe WCI Conduct of Operations Manager was also asked to 

review the completed MUMA Operation Procedure, now a record for input from a Conduct of Operations 

perspective. 

It was determined that although issues were identified with the MUMA system and associated procedure, none 

of these issues had an effect on the event and are therefore, not considered causes but observations. 

Observations identified by the IA team are summarized below: 

Per previous ES&H Manual Pressure Safety guidance and the current LLNL institutional RID 9282 Pressure Safety 

document, the CFF MUMA manifold did not have an LLNL approved/reviewed pressure safety note to operate or 

build a flammable methane gas manifold. 

A gas specie-dependent Granville Phillps vacuum gauge was used on the MUMA manifold. When using a 

flammable gas manifold that is evacuated, LLNL pressure installer training specifically discusses the University of 

Hawaii event, and the use of proper gauges for use with proper gases. Further, when reading/using a vacuum 

gauge that is not properly calibrated for evacuating a gas other than nitrogen, vacuum pressure readings will 

vary significantly, and give false pressure readings. 

Granville Phillps specifically discusses in their updated manual the risks of using this style vacuum gauge that 

was used in the MUMA manifold for the subject gas used. Granville Phillps manual states: "Do not operate in an 

explosive atmosphere. Do not operate the product in the presence of flammable gases or fumes." Because the 

gauge is not calibrated for use for any other gas other than nitrogen, even the smallest gas specie different from 

nitrogen will affect the gauge calibration giving the operator a false reading. Granville Phillps manual states; 

"operation of any electrical instrument in such an environment constitutes a definite safety hazard. Do not use 

the product to measure the pressure of explosive or combustible gases or gas mixtures." iThe sensor wire of the 

Convectron® gauge normally operates at only 125 °C, but it is possible that controller malfunction can raise the 

sensor temperature above the ignition temperature of combustible mixtures. 

iThe Granville Philips manual states: "Convectron® iTube Mounting Position-If the gauge tube will be used to 

measure pressures greater than 1 Torr or 1 mbar, the tube must be mounted with its axis horizontal. Although 

the gauge tube will read correctly below 1 Torr when mounted in any position, erroneous readings will result at 

pressures above 1 Torr if the tube axis is not horizontal. Erroneous readings can result in over- or under-pressure 

conditions which may damage equipment and injure personnel." From the IA reviewers and the photo provided 

in the MUMA procedure, gauge orientation could not be discerned. Nor was any mention of gauge orientation 

discussed in the MUMA procedure that would have the operator orient the gauge properly. 

Prior to the experiment detonation, when it was realized one flow path was plugged, the experiment Ramrod 

authorized an alternate flow path. It is unclear if the bunker supervisor made aware of the change at that point. 

Per procedure, "The bunker supervisor is responsible for ensuring this procedure is conducted as per 

experiment requirements with the approval of those specifications by the Ramrod, if there are any questions or 

discrepancies." On the completed procedure provided, the bunker supervisor signed the document roughly two 

months after the experiment. Note that at the time of the experiment, the bunker supervisor was not at the 

facility (on leave) and there was an acting bunker supervisor during the experimental time frame. 

IA Committee observation: MUMA manifold was set up, used for several days prior to the experiment being 

detonated, and was used when individuals were in proximity of individuals setting up peripheral experimental 
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apparatuses. The consequences of using the wrong gauge are unknown gauge pressure in the experimental 
device and a potential spark source for methane that is introduced and connected to experimental explosive 
device. 

IA Committee observation: The MKS flow controller used was not calibrated for methane, but for nitrogen. 
Effect would be unknown gas flow through the device. MKS offers correction factors for different gases; it 
appears that bunker personnel are unaware of the MKS correction factors. Gas correction factor (GCF) is used to 
indicate the ratio of flow rates of different gases which will produce the same output voltage from a mass flow 
controller. The GCF is a function of specific heat, density, and the molecular structure of the gases. Since flow 
controllers are usually calibrated with nitrogen, nitrogen is used as the baseline gas (GCF=1). The GCF of any 
other gas is determined by using an equation.  

IA Committee observation: The Alicat flow meter used directly on experimental device is calibrated for nitrogen. 
The MUMA operational procedure does not direct personnel to pick the right flow meter gas setting per the 
Alicat manual. The Alicat flow meter manual specially states how to use the instrument properly for different 
gases and gives a menu explaining how to correct the flow instrument for different gas species.   

IA Committee observation: The actual MUMA methane pressure was unknown to the operator and Ramrod due 
to multiple regulators in the system. Redundant regulators in the CFF long chase are set for an unknown 
pressure. Nothing in the B801 MUMA procedure discusses the secondary CFF long chase regulator or its actual 
setting.   

IA Committee observation: Viscosity of gases and temperature related effects–gas entered from a methane 
manifold exterior of the facility; which gas could be at X temperature then enters a device that is cooled to -54 
°C. Depending on the amount of time the methane gas is in the device, the methane would get cooled to X °C 
and the gas would be affected by this cooling, and potentially the instruments around the device that measure 
gas pressure would need to be calibrated for temperature effects. 

IA Committee observation: For approximately 45 minutes, methane was introduced (once the CFF chamber was 
closed) to a “leaky device/experiment” per personnel interviews. An unknown amount of methane was 
introduced into the CFF chamber. 

IA Committee observation: Methane gas suppliers SDS has specific recommendations that have not been 
utilized by the CFF MUMA system items such as non-sparking tools and grounding the exterior Facility MUMA 
methane manifold. 

IA Committee observation: Vacuum pump used for MUMA manifold operation manufacturer's operating 
manual states to never evacuate or pump toxic, explosive, flammable, corrosive gases, chemicals, solvents, or 
powders. Flowing substances can cause explosion or fire and can cause bodily injury. 

The IA Committee asked the WCI Conduct of Operations (COO) Manager to review the MUMA Operations 
Procedure and associated record from the shot. The WCI COO Manager identified several conduct of operations 
elements that require further evaluation to include (1) technical accuracy of the MUMA Operations Procedure 
and whether it can be performed as written, (2) procedure change practices to include the use of pen and ink or 
page changes and complete reissues, and (3) procedural use/adherence. The WCI COO performed a preliminary 
review of the MUMA Operations Procedure and associated process and plans to perform a more detailed review 
via the management observation process. 
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