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On June 9, 2008, at the National Institute of Standards and

Technology (NIST) laboratories, Boulder, Colorado, a guest

researcher broke a glass bottle containing a sample of plutonium

sulfate tetrahydride during an experiment (Figure 1-1). After

the bottle broke, spilling the plutonium, the researcher handled

the material, spreading contamination in the work area and on

his body. He then left the area, spreading contamination outside

the laboratory. Although the laboratory was evacuated shortly

after the spill, medical tests indicated that internal plutonium

faxp.o s'ures were found in “a small number” O,f persongel, but those Figure 1-1. Broken glass container inside multiple plastic bags
individuals are not expected to suffer any clinically significant (broken bottom in upper right-hand corner)
health impacts. (http://www.nist.gov/public_affairs/releases/

plutonium.html)

The small plutonium sample (smaller than a dime in size) was
being used in a research project to develop improved radiation
detectors for use by nuclear inspectors outside NIST and
contained about 0.25 gram of plutonium. A few days before

the accident, the guest researcher tapped the source bottle on

a marble laboratory bench in an attempt to “settle the powder”
inside the bottle in one location, which may have damaged the
bottle. The bottle later broke when it was accidentally knocked
against either the lead shield “bricks” or the detector (Figure 1-2).

The guest researcher, who was working alone in the laboratory
and who had received no previous training in handling the
sample, was not wearing gloves; and, although he noticed

that the bottle was cracked, he continued to handle it. When
the bottle broke, spilling the plutonium, he was unaware

- Figure 1-2. Area between detector and electronics rack (note lead bricks)
of the course of action that needed to be taken. He spread
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contamination in the work area (via his shoes and body), then
left the area and spread contamination outside the affected
laboratory. He contacted the Principal Investigator (PI) and told
him that he thought the “sample may be cracked,” then went to
his office, spreading contamination further.

The PI, who also had limited knowledge and training in
working with a plutonium source, took the broken bottle from
the container, handled it, and then repackaged it. These actions
potentially dispersed more material into the area, increased the
contamination in the laboratory, and increased the risk of an
intake of radiological material. The PI did realize the serious
nature of the spill and ordered evacuation of the laboratory.

Following the event, trace contamination was found on the
soles of the shoes and on a few articles of clothing for most of
the 22 personnel evacuated from the laboratory. In most cases,
the trace contamination was easily removed using soapy water
following standard health physics practices, and 20 personnel
were sent home contaminant-free.

NIST health safety personnel supervised the careful testing of
nearby hallways and adjacent labs and offices. Trace amounts
of contamination were found in the office of the guest researcher
and in a nearby stairway he used. The soles of the shoes of the
researcher’s officemate also showed trace contamination, as did
one desk, a lab notebook on that desk, and the chair associated
with the desk that had been used by the guest researcher. Some
areas of trace contamination were also found in the nearby
hallways and in a small office area at the end of a hallway.
These areas were cleaned and retested to ensure they were
contamination free.

There was no evidence of any contamination outside of the
immediate area or in the doorways leading out of the building.
However, it was later determined that plutonium had been
released into the Boulder, Colorado, sewer system when the
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guest researcher washed his hands in the sink following the
spill, but failed to ensure that water did not flow out of the sink.
The researcher did not report his use of the sink until a week
after the spill.

On June 12, 2008, the NIST Ionizing Radiation Safety
Committee (IRSC) started an investigation of the spill to identify
the causes and contributing factors; evaluate the response to

the accident; and recommend corrective actions, methods of
avoiding similar events, and ways to improve safety performance
and incident response. The report can be accessed at http://
www.nist.gov/public_affairs/releases/IRSC_Pu_Report_Final.
pdf. The IRSC also requested help from the DOE Radiological
Assistance Program (RAP) to deal with the incident, and asked
an independent group of five experts in radiation safety to review
and provide comments on the rupture of a plutonium source. All
of these reports contain additional details about the spill from
various perspectives, and can be accessed at http:/www.nist.gov/
public_affairs/releases/boulder-incident.html.

Major findings identified by the IRSC included the following.

e Three plutonium sources were acquired without adequate
hazard analysis or management approval. The wrong
conclusions were reached regarding the hazards posed by the
sources.

e Sources were received; all protective barriers were removed
except the screw-topped glass bottle in a sealed plastic bag;
inadequate and inappropriate controls were established;
controls were informally communicated to the PI; and no
specific training was provided to the PI.

e Inexperienced and untrained researchers began work on the
detector project using radioactive sources.

e Researchers developed an inappropriate work plan (involving
removal of glass-bottled sources from their secondary
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barriers, directly manipulating the glass-bottled source with
ungloved hands, and taping the bottled source to a fixed
device in order to achieve a desired instrument response).

e The guest researcher handled the source and significantly
spread contamination in the work area and on his body
(shoes and hands), causing potential intake of radioactive
material.

e The guest researcher left the area and spread contamination
outside of the affected laboratory. He did not seem
to understand or recognize the potential to spread
contamination; was untrained and had no experience related
to dealing with a contamination event; and did not act with
any apparent sense of urgency (e.g., stopped to talk to other
researchers on the way out), indicating that he may not have
recognized the hazardous conditions in the contaminated
laboratory and the need for immediate corrective action.

e After the spill, the guest researcher reported to the PI,
stating that the “sample [glass-bottled source] may be
cracked” and left for his office, leaving the PI to assess the
situation alone. He did not seem to understand the severity
of the contaminated conditions in the lab; had no training or
experience in reporting a potential radiological event; did not
adequately describe the nature of the incident, the current
status in the laboratory, or the actions he had taken; and did
not appear to convey any sense of urgency to the PI.

e The PI reopened a closed metal container containing
the broken glass source container, handled it in order to
assess the situation, and then repackaged it. These actions
potentially dispersed more material into the area and
increased contamination of the laboratory and the risk of
intake of radioactive material. The PI was untrained and
inexperienced in dealing with spreadable contamination;
did not consider the potential hazards associated with the
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investigation of a potentially broken source containing a
radioactive powder; apparently did not realize the risk of
airborne contamination and did not establish appropriate
controls; did not appear to have immediately recognized the
need to establish access control to the laboratory; and did
not seek qualified assistance from health physics personnel
before examining the source.

Based on their preliminary analysis, the IRSC believed that
the most probable root cause of the incident was a failure in
the existing safety management system as it was applied to the
detector project. The failure was exacerbated by a casual and
informal research environment that appears to have valued
research results above safety considerations.

The IRSC also indicated that the acquisition of the source was
a pivotal moment in the unfolding of the event. They stated
that “by failing to adequately identify the potential hazards
associated with these sources—in spite of the fact that more
than enough specific information was available to do so—a
sequence of actions and decisions took place that had a direct
impact on the accident with the source and the resulting
contamination.” These actions and decisions included lack of
training specific to the source, lack of appropriate controls,
missing or inappropriate hazard communication, lack of
experiment planning, and lack of review and reporting.

Among the recommendations the ISRC made, those regarding
the NIST safety culture are of particular interest. The IRSC
recommended the following.

NIST should strengthen its safety culture by...
developing and executing a well-defined plan

to effectively integrate safety management
practices into core management functions. The
full integration of safety practices into routine
management functions is at the heart of promoting
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and sustaining a “safety culture.” It is essential to
implement a routine set of practices that ensures
that high quality research is done in a way that
minimizes the risk to safety and health.... This
change will involve integrating safety policy and
practice into all core management functions,
including: decision making, priority setting, business
systems, organizational performance review, and
personnel performance management...and will
require a strong and sustained commitment on the
part of management to be implemented effectively.

The use of visiting scientists, researchers, and students occurs
routinely at many DOE laboratories. Many of these guests

are involved with the operation of hazardous equipment or the
handling of hazardous materials such as plutonium, radioactive
sources, and acids, as illustrated in the following event.

On January 17, 2007, at Lawrence Berkeley National
Laboratory, a student guest was etching a silicon wafer in a
mixture of nitric and hydrofluoric acids in a fume hood. He
had not performed this particular operation previously but had
received clear verbal instructions from another member of the
research group. The resulting reaction, although normal, was
more aggressive than he expected so he closed the hood and
waited until the reaction slowed before reopening the hood

to recover the sample. When he opened the sash he smelled a
strong odor of acid and felt something “warm” on his cheek and
sought the help of another student in the group, who applied
calcium gluconate as a first aid measure and then called for
paramedics. The student suffered no injury and was released
without treatment. (ORPS Report SC--BSO-LBL-MSD-2007-0001)
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Investigators determined that the student was previously part
of a different research group and had only recently joined the
group where the incident occurred. Staff in this lab believed the
student’s training to perform acid etching was more advanced
than it actually was. Thus, the guidance the student was given
was general rather than specific and not adequate under the
circumstances. The lessons learned from the ORPS report
stated “Do not assume that new members of a research group,
including guests and users, have the necessary training and
skills to work safely. Closely supervise each individual until it
is clear that they understand the work, the safety controls, and
how to respond to an off-normal event or emergency.”

These events underscore the importance of ensuring that all
personnel, especially those who are working visitors, students,
or guests, have all the requisite training to safely perform the
tasks to which they are assigned, are properly mentored (if
required), and understand all emergency actions and reporting
requirements if something should go wrong. In addition, all
work documents, procedures, and instructions should clearly
address the hazards associated with the work activity such
that the significance of these hazards is understood and safety
controls and barriers are in place.

KEYWORDS: Plutonium, spill, contamination, guest researcher, training,
safety culture

ISM CORE FUNCTIONS: Define the Scope of Work, Analyze the Hazards,
Develop and Implement Hazard Controls, Perform Work within Controls
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As the workforce ages, work planners, managers, and supervisors
PROTECTING OLDER WORKERS should consider the physical changes that come with age in
FROM ILLNESS AND INJURIES Jjob planning and should ensure that measures are in place to
address these changes and mitigate any resulting hazards.

e Conduct hazard communication training to increase
employee awareness of the workplace environment and KEYWORDS: Aging workforce, limitations, injuries, safety, health
job risks.

e Perform frequent monitoring to ensure older workers can
handle job tasks as well as when they started the job
(especially if there have been changes in health status).

e Provide personal protective equipment to reduce risk,
such as slip-resistant shoes and respirators, when
warranted.

e |[nstall fall protection systems where needed.

ISM CORE FUNCTIONS: Analyze the Hazards, Develop and Implement
Hazard Controls
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The Office of Health, Safety and Security (HSS), Office of Analysis publishes the Operating Experience Summary to
promote safety throughout the Department of Energy (DOE) complex by encouraging the exchange of lessons-learned
information among DOE facilities.

To issue the Summary in a timely manner, HSS relies on preliminary information such as daily operations reports,
notification reports, and conversations with cognizant facility or DOE field office staff. If you have additional pertinent
information or identify inaccurate statements in the Summary, please bring this to the attention of Dr. Robert Czincila,
(301) 903-2428, or e-mail address Robert.Czincila@hq.doe.gov, so we may issue a correction. Ifyou have difficulty accessing
the Summary on the Web (http://www.hss.energy.gov/csa/analysis/oesummary/index.html), please contact the Information
Center, (800) 473-4375, for assistance. We would like to hear from you regarding how we can make our products better
and more useful. Please forward any comments to Robert.Czincila@hg.doe.gov.

The process for receiving e-mail notification when a new edition of the OE Summary is published is simple and fast.
New subscribers can sign up at the Document Notification Service web page: http://www.hss.energy.gov/InfoMgt/dns/
hssdnl.html. If you have any questions or problems signing up for the e-mail notification, please contact Dr. Robert
Czincila by telephone at (301) 903-2428 or by e-mail at Robert.Czincila@hq.doe.gov.
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Commonly Used Acronyms and Initialisms

encies/Organizations

American Conference of

acClis Governmental Industrial Hygienists

ANSI American National Standards Institute

CPSC Consumer Product Safety Commission

DOE Department of Energy

DOT Department of Transportation

EPA Environmental Protection Agency

INPO Institute for Nuclear Power Operations
NIOSH :Zgﬁﬂal Institute for Occupational Safety and
NNSA National Nuclear Security Administration
NRC Nuclear Regulatory Commission

OSHA Occupational Safety and Health Administration

Units of Measure

AC alternating current

DC direct current

mg milligram (1/1000th of a gram)
kg kilogram (1000 grams)

. pounds per square inch
Psi @)A)Q)  (apsolute) (differential) (gauge)

RAD Radiation Absorbed Dose
REM Roentgen Equivalent Man
TWA Time Weighted Average
vikv volt/kilovolt

Job Titles/Positions

RCT Radiological Control Technician
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zation Basis/Documents

JHA Job Hazards Analysis

JSA Job Safety Analysis

NOV Notice of Violation

SAR Safety Analysis Report

TSR Technical Safety Requirement
usQ Unreviewed Safety Question

Regulations/Acts

Comprehensive Environmental Response,
CERCLA Compensation, and Liability Act
CFR Code of Federal Regulations
D&D Decontamination and Decommissioning
Decontamination, Decommissioning,
RRED and Dismantlement
RCRA Resource Conservation and Recovery Act
TSCA Toxic Substances Control Act

Miscellaneous

ALARA As low as reasonably achievable

HEPA High Efficiency Particulate Air

HVAC Heating, Ventilation, and Air Conditioning

ISM Integrated Safety Management

MSDS Material Safety Data Sheet

ORPS Occurrence Reporting and Processing System
BEE Personal Protective Equipment

QA/QC Quality Assurance/Quality Control

SME Subject Matter Expert
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