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Protection and M easurements (NCRP)

Two recent events have focused public and govern-
mental attention on issues surrounding the increasing
use of ionizing radiation in medicine and industry. The
first was the publication of NCRP Report No. 160, lon-
izing Radiation Exposure of the Population of the
United States (2009), which showed that medical
exposures now account for about 50 % of the annual
radiation dose received by the entire population of the
United States. The second was the accident at the
Fukushima Daiichi nuclear reactors and spent-fuel
storage facilities in March of 2011. The 2012 Annual
Meeting of the National Council on Radiation Protec-
tion and Measurements (NCRP) will focus on these
events and the resulting societal issues.

The meeting will begin with a session on medical
exposures, with a discussion of the latest recommen-
dations of the International Commission on Radiologi-
cal Protection, the development of a safety culture in

radiation oncology, patient protection in interventional
radiology, and standardization of nomenclature and
protocols in computed tomography scanning.

Turning to the Fukushima accident, the meeting will
discuss the circumstances of the accidents and les-
sons learned, its environmental and community
impacts, and guidance for developing community
resilience for such events. Finally, the emergency
response provided by U.S. federal agencies will be
described, including speakers from the Centers for
Disease Control and Prevention, the National Nuclear
Security Administration, and others.

Each session will include a panel discussion by the
invited speakers, with an opportunity for questions
and comments from the attendees. The meeting is
open to all individuals with an interest in radiation pro-
tection and measurements.
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Monday, March 12, 2012

Opening Session

Welcome
Thomas S. Tenforde, President

National Council on Radiation Protection and Measurements

Ninth Annual Warren K. Sinclair

Keynote Address

Childhood Exposure: An Issue from Computed Tomography

Scans to Fukushima
Fred A. Mettler, Jr.

New Mexico Federal Regional Medical Center

Potential radiation effects on children have
been, and will continue to be, of great
social, public health, scientific, and clinical
importance. The focus of interest on ioniz-
ing radiation and children has been clear
for over half a century and ranges from
interest in the effects of fallout from
nuclear weapons testing to exposures
from accidents and medical procedures.
There is a common expression that “chil-
dren are three to five times more sensitive
to radiation than adults.” Is this really
true? In fact, children are more at risk for
some health effects but not all. For a few
effects children may be more resistant.
Which are those effects and why do they

occur? While there are clear instances of
increased risk of some tumors in children
compared to adults, there are other tumor
types in which there appears to be little or
no difference in risk by age at exposure,
and some in which the published models
are not supported by the data. The United
Nations Scientific Committee on the
Effects of Atomic Radiation has formed a
task group to produce a comprehensive
report on the subject. The factors to be
considered include relevant radiation
sources, developmental anatomy and
physiology, dosimetry and stochastic and
deterministic effects.

Radiation Protection of the Patient: An Integral

Part of Quality of Care

Julie E.K. Timins, Session Chair

Radiological Protection of the Patient: An Integral Part of Quality of Care

Claire Cousins

Addenbrooke’s Hospital NHS Trust, United Kingdom

Modern medicine now demands rapid
diagnosis and treatment often centred on
multiple investigations using ionizing radi-
ation, particularly computed tomography
(CT). Technological development contin-
ues at a rapid pace and there is also an

inexorable rise in minimally invasive ther-
apy using fluoroscopically-guided tech-
niques. This has offered great benefit to
many patients, who otherwise may not be
fit enough for more invasive surgery. How-
ever, there are now many younger patients
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being treated using such techniques,
where the risks of radiation in the longer
term become more of an issue.

Patient dose, and hence, risk can be man-
aged in different ways. Justification and
optimization are important principles of
radiological protection of the patient,
although dose limitation is not applicable
in medical practice. It is also important
that health professionals are educated to
ensure there is justification of investiga-
tions and procedures for individual
patients. Without such measures, there is
a danger that repeated CT scans may be
requested and performed as frequently as
plain x rays. Any examination also requires
appropriate optimization and increasingly,
in many subspecialty areas, this necessi-
tates dedicated and specialized teams.

Diagnostic reference levels (DRLs) have
been used as a tool to monitor the perfor-
mance of departments locally, regionally
or nationally by establishing a range of
doses considered acceptable for different
diagnostic examinations. These allow for
the identification of “outliers” both above
and, also importantly, below the range.
However, a DRL should not be applied to
an individual patient. More recently, the
concept of a DRL is being extended to
both radiological and cardiological inter-
ventional procedures, where the range of
doses is much wider, even for the same
procedure. Standardization of data with
regard to patient size and weight is an
issue and revision of the data produced
over the last 10 to 15 y will become

necessary as these parameters continue
to increase.

The education and training of health pro-
fessionals in radiological protection needs
to be appropriately structured for referrers
and operators. Those performing proce-
dures using ionizing radiation require
expertise to both complete the procedure
and to reduce radiation dose wherever
possible. There is also a trend towards the
increasing use of ionizing radiation by pro-
fessionals outside a radiology department,
often with little or no training, and this
issue will have to be addressed to ensure
continuing radiological protection of
patients. Such training is expensive in
terms of human resource and time, and
the number of individuals available to
deliver the training is often limited. The
International Commission on Radiological
Protection has and will publish guidance
on training and dose management in
these situations.

Parameters to assess the quality of
healthcare typically include rates of mor-
bidity, mortality, complications, and wait-
ing times. Yet, the radiation dose to the
U.S. population from medical radiation is
now almost equal to that of background
radiation. Much of this exposure has been
a benefit to patients with regard to timely
diagnosis and less invasive treatment.
Amidst the many factors that constitute
good management of the patient, it must
not be forgotten that radiological protec-
tion of the patient is also an integral part of
the total quality of care.

Enhancing Safety in Radiation Therapy: Structural and Cultural

Underpinnings
Michael Steinberg
University of California—Los Angeles

Radiation therapy is efficacious for the
treatment of many cancers. The complex-
ity of radiation therapy has increased
steeply in the past 15 y. Technological
developments have led to the automation
of complex treatment planning and

treatment delivery processes, the addition
of in-room imaging systems including
cone-beam computed tomography, and
the proposal to enable modification of
the treatment plan based on the patient’s
radiation response, a process termed
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adaptive radiation therapy. These technol-
ogies have provided the ability to increase
the radiation conformality and precision,
improving the outcomes for many radia-
tion therapy patients. This increase in
treatment sophistication and complexity
requires a commensurate enhancement of
quality assurance procedure intricacy and
erudition.

Reports of radiation overdoses and mis-
administrations have come to the atten-
tion of healthcare providers and have
appeared in the press, highlighting some
of the new risks generated by the emerg-
ing treatment paradigm. While radiation
therapy is extremely safe, the public and
radiation therapy professionals want to
improve the safety record. There are many
initiatives taking place in the radiation
therapy professional associations to guide
users in methods of improving the safety
and quality of treatments. However, most
of these either reemphasize or expand on
the quality assurance paradigms that were
developed prior to this new era of
increased complexity.

The fact is that in order to significantly
improve the radiation therapy safety track
record, we will have to make significant
changes in our training, workflow, and
monitoring as well as address important
cultural aspects of organizational change
required to improve safety outcomes. To
this end, the main stakeholders in radia-
tion therapy, including physicians and
medical physicists, professional organiza-
tions, the U.S. Food and Drug Administra-
tion, equipment manufacturers, software
manufacturers, and patient advocates, will
need to come together to articulate a sys-
tematic approach to significantly improve
safety in radiation therapy. We propose
that the components of the plan include:
safety recording, monitoring, standardiza-
tion, training, accreditation, and a robust
organizational social infrastructure to
implement the safety culture.

Safety recording: An important
ingredient in developing a long-
term plan to increase radiation ther-
apy safety is having data that tell us
the types and causes of errors. Indi-
vidual institutions are beginning to
develop such reporting systems,
but to date, there are few and with-
out interconnectivity or data shar-
ing. A broad, national and required
reporting system is recommended
so that radiation therapy can more
accurately gather data and plan
safety improvements.

Monitoring: The independent verifi-
cation that prescribed safety proce-
dures are optimal and correctly
implemented. This includes internal
and external peer review and in the
future will also include automated
computer-controlled monitoring
systems.

Standardization: The development
and use of standardized treatment
directives, policies and procedures.
Currently, most clinics develop their
own procedures based on individ-
ual training, conventional wisdom
and biases of their providers. This
results in wide variation in practice.
However, absent treatment out-
come differences due to the varia-
tion and the potential risk for
increased mistakes in treatment
delivery, there is little rationale to
continue this wide-ranging
approach. The safety benefit of
standardization would be that
sophisticated risk analyses could
be broadly implemented.

Training: This includes the concept
of retraining using simulations that
have built-in errors. Radiation ther-
apy simulations could be used to
train, retrain, and evaluate effective-
ness of staff in detecting and miti-
gating errors.

Accreditation: Properly conducted
accreditation can ensure minimum
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standards of care and safety in
each facility.

e Safety culture: Beyond implementa-

tion of the robust safety infrastruc-
ture, the social and cultural aspects
of embracing attitudes of “no-fault”

Break

reporting in the context of the pur-
suit of zero mistakes completes the
components of an effective
approach to safety for radiation
therapy.

Efforts to Optimize Radiation Protection in Interventional Fluoroscopy

Donald L. Miller
U.S. Food and Drug Administration

While it has been known for decades that
fluoroscopy presents radiation risks to
both the physician and the patient, patient
skin injuries from fluoroscopy became
increasingly rare after the 1930s, and radi-
ation risk appeared to be adequately con-
trolled. Beginning in approximately 1975,
new technologies and materials for cathe-
ters, guide wires, and other interventional
devices were developed, and new devices
and procedures were introduced. Skin
injuries began to occur in patients. These
injuries provoked changes in technology
and practice that continue today.

At a 1992 American College of Radiology/
U.S. Food and Drug Administration work-
shop, four central issues were identified:

* equipment;

e quality management;

e operator training; and

e occupational radiation protection.

Equipment issues included an inconsis-
tent relationship between radiation dose
and image quality, abuse of the high-
dose fluoroscopy mode, inability to moni-
tor patient radiation dose, and a lack of
dose metrics other than fluoroscopy time.
Quality management was inadequate-
dose and was neither monitored nor
recorded and there was no patient follow-
up for radiation effects. Nonradiologist
operators typically had little or no training
in radiation safety. Other than standard
lead aprons, no radiation protection was
typically available for operators and

staff, because none had been thought
necessary.

Numerous advances in equipment design
have occurred in the past 20 y. These
include digital fluoroscopy, pulsed fluoros-
copy, anatomic programming, virtual colli-
mation, stored fluoroscopy loops,
automatic spectral filtration, and radiation
dose monitoring. Radiation dose monitor-
ing and measurement are among the most
important innovations.

In the United States, most physicians who
performed interventional-fluoroscopy pro-
cedures were not familiar with the new
dose measurement capabilities of their flu-
oroscopy systems, and did not take
advantage of them. In any event, no
benchmark data were available for com-
parison. In the past decade, attempts
have been made to automate dose data
collection and to adapt the concept of ref-
erence levels to interventional fluoroscopy.
Preliminary U.S. reference levels have
been developed for some interventional-
radiology procedures, but a national dose
registry is a necessary next step.

Europe leads the United States in regard
to operator training. AAPM Report No. 58,
Managing the Use of Fluoroscopy in Medi-
cal Institutions (1998) recognized the need
for a process for training and credentialing
users of fluoroscopy equipment. This was
still an issue when NCRP Report No. 168,
Radliation Dose Management for Fluoro-
scopically-Guided Interventional Medical
Procedures, was released in 2010. As of
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2011, only 27 states have enacted legisla-
tion regarding radiation education for
operators of fluoroscopic procedures. In
the United States, most guidelines for
training in radiation protection and radia-
tion management have come from profes-
sional societies.

NCRP Report No. 122, Use of Personal
Monitors to Estimate Effective Dose
Equivalent and Effective Dose to Workers
For External Exposure to Low-LET Radia-
tion (1995) and Report No. 133, Radlation
Protection for Procedures Performed Out-
side the Radiology Department (2000) pro-
vided specific recommendations for
radiation monitoring of individuals who
participate in fluoroscopically guided pro-
cedures. Current algorithms for estimating
effective dose to staff tend to overesti-
mate effective dose, and it is possible that
none are optimal for all interventional pro-
cedures. This is a minor problem, how-
ever, in view of the 25 to 50 % of

interventionalists who deliberately refrain
from wearing their monitors.

The 2011 ICRP Statement on Tissue
Reactions recognized the radiation sensi-
tivity of the lens of the eye. It has become
clear that physicians and staff involved in
interventional-fluoroscopy procedures are
at risk of developing radiation-induced
lens opacities. Recently, professional
societies have issued guidance on occu-
pational radiation protection during fluoro-
scopically-guided procedures,
emphasizing the importance of dose mon-
itoring, optimizing personal protection,
and optimizing patient dose. NCRP
Report No. 168 addresses these subjects
in considerable detail.

Challenges remain for the future, espe-
cially in regards to radiation dose record-
ing, quality improvement, and training.
However, with the increasing awareness of
the importance of these issues, increased
attention and resources are being devoted
to them.

Standardization Versus Individualization: How Each Contributes to
Managing Radiation Dose in Computed Tomography

Cynthia H. McCollough
Mayo Clinic

The radiation required for a computed
tomography (CT) examination is depen-
dent on patient size and also highly
dependent on the diagnostic task. Thus,
individualization of scan parameters is
essential to managing dose on a patient-
by-patient basis and to achieving the
image quality required for the specified
diagnostic task.

Standardization, however, is also impor-
tant to providing high-quality medical
care. Variations in the dose delivered and/
or the image quality obtained must be
identified and reduced. One valuable tool
used to accomplish this is use of diagnos-
tic reference levels. For a specific patient
size and exam type, surveys of doses in
routine clinical practice are performed to

determine the distribution of actual doses,
and to set diagnostic reference levels (typ-
ically, the 75th percentile of the distribu-
tion). When a site consistently exceeds
these levels, an investigation should occur
to determine if and how the site could
reduce their dose settings.

Stratification of the results of dose surveys
according to patient size is essential,
because in the x-ray energy range used in
CT, approximately half of the photons are
removed from the beam for approximately
every 4 cm of tissue traversed. Thus, to
deliver the same number of photons to the
detector (hence, producing the same level
of image noise), the scanner output must
be doubled for every 4 cm of additional
patient attenuation above standard patient
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size and halved for every 4 cm of tissue
below a standard patient size. A reason-
able level of adaptation relative to a “stan-
dard” adult (~70 to 80 kg) would be
decreasing scanner output by about a fac-
tor of five for a newborn, and increasing
scanner output by as much as a factor of
10 for a morbidly obese adult.

However, even in reports that have
accounted for variations in patient size,
considerable variability exists in current
clinical practice with regard to the scanner
output levels used for similar diagnostic
tasks. Hausleiter and colleagues found
approximately a factor of two variation in
typical output levels for cardiac CT angi-
ography, with the primary predictor of
higher scanner output levels being the
type of scanner used. However, consider-
able variability existed between sites using
the same scanner model. Raff and col-
leagues found that this site-to-site varia-
tion, and the overall dose levels used,
could be reduced through educational
initiatives.

One difficultly in such educational efforts,
however, is that in CT, acceptable image
quality and dose can be achieved using
many different combinations of scan
parameters. There is no single “right

Q&A

Lunch

answer.” In a movement toward standard-
ization of best practices in CT imaging, the
American Association of Physicists in
Medicine, with participation from the
American College of Radiology, the Ameri-
can Society of Radiologic Technologists,
the U.S. Food and Drug Administration,
and each of the major CT scanner manu-
facturers, has begun establishing, and
making publically available, a set of rea-
sonable scan protocols for frequently per-
formed CT examinations. These protocols
summarize the basic requirements of the
exam and give several model-specific
examples of reasonable scan and recon-
struction parameters. This allows individ-
ual users to benchmark their protocols
against a reference standard that has
received significant peer review, providing
guidance as to “best” (or at least reason-
able) practices. In addition, the working
group has developed and published a CT
Lexicon to allow users to translate impor-
tant CT acquisition and reconstruction
terms between different manufacturers'
systems, each of which uses brand-spe-
cific names to describe similar parame-
ters. The lexicon represents a first step in
the ongoing efforts of several organiza-
tions to standardize the terminology asso-
ciated with CT scan parameters.
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Implications of the Fukushima Daiichi Accident for
Radiation Protection: Part |

Steven M. Becker, Session Chair

What Happened at Fukushima and Lessons Learned

Michael L. Corradini
University of Wisconsin—-Madison

The earthquake, which occurred at

2:46 pm on Friday, March 11th on the east
coast of northern Japan, is believed to be
the one of the largest earthquakes in
recorded history. Following the quake on
Friday afternoon, the plants at Fukushima
Daiichi, Fukushima Daini, Higashidori,
Onagawa, and Tokai Daini sites were
affected and emergency systems were
activated. The Tohoku earthquake caused
a tsunami, which hit the east coast of
Japan, and caused a loss of all on- and
off-site power at the Fukushima Daiichi
site, leaving it without any emergency
power. The resultant damage to fuel, reac-
tor and containment caused a release of
radioactive materials to the region sur-
rounding the plants. Although not directly
affected, the U.S. nuclear power industry
will take lessons from this accident.

The American Nuclear Society (ANS)
formed a special committee to examine
the Fukushima Daiichi accident. The

committee was charged to provide a clear
and concise explanation of the accident
events, health physics, and accident
cleanup as well as safety-related issues
that emerged. The committee also evalu-
ated actions that ANS should consider to
better communicate with the public during
a nuclear event.

The committee used publically available
source material from the Japanese indus-
try and government as well as their
reports to the international community as
indicated in the references. The commit-
tee views do not reflect any major incon-
sistencies regarding accident events,
health physics, and accident cleanup. The
safety-related recommendations identified
by the committee are consistent with what
has been noted in the reports already
issued from many regulatory agencies.
Finally, the committee focused on risk
communication as a major issue that the
ANS needs to address in the future.

Fukushima Daiichi Accident: Community Impacts and Responses

Steven M. Becker

University of Alabama at Birmingham School of Public Health

In response to the March 2011 Japan
earthquake-tsunami disaster and the
Fukushima Daiichi nuclear accident, a
special nongovernmental Radiological
Emergency Assistance Mission flew to
Japan from the United States. Invited by
one of Japan's largest hospital and health-
care groups, and facilitated by a New
York-based international disaster relief
organization, the mission included an
emergency physician, a health physicist,
and a disaster management specialist. All

three team members had extensive expe-
rience with radiation issues and radiologi-
cal/nuclear disasters and emergencies.
During the 10 d mission, which began in
April 2011, team members conducted
fieldwork in areas affected by the earth-
quake, tsunami, and nuclear accident; vis-
ited cities and towns in the 20 to 30 km
Emergency Evacuation Preparation Zone
around the damaged nuclear plant; visited
other communities affected by the nuclear
accident; met with mayors and other local

10
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officials; met with central government offi-
cials; and exchanged observations, expe-
riences and information with Japanese
medical, emergency response, and disas-
ter management colleagues. Perhaps
most importantly, the mission also pro-
vided radiological information and training
to more than 1,100 Japanese hospital and
healthcare personnel and first responders.
Based on this on-scene work, the mission
produced many insights with potential
relevance for radiological/nuclear emer-

Break

gency preparedness and response. Sev-
eral key “lessons learned” were published
in December 2011. Since that time, many
additional insights from the mission and
mission follow-up have been identified. In
this presentation, these additional lessons
learned —particularly those related to
community impacts and responses—will
be highlighted.

Rad Resilient City: A Preparedness Checklist to Save Lives Following a

Nuclear Detonation
Monica Schoch-Spana

Center for Biosecurity of University of Pittsburgh Medical Center

The Rad Resilient City Checklist is a local
planning tool that can help save tens of
thousands of lives following a nuclear det-
onation. If prevention of nuclear terrorism
fails, then reducing exposure to radioac-
tive fallout is the intervention that can save
the most lives following a nuclear detona-
tion. Yet, most Americans are not familiar
with correct safety measures against fall-
out, and many believe that nothing can be
done to reduce the suffering and death
inflicted by a nuclear attack. Moreover, cit-
ies have no checklist on how to prepare
the emergency management infrastructure
and the larger population for this hazard,
despite hundreds of pages of useful

Q&A

guidance from the federal government and
radiation professional organizations. The
Rad Resilient City Checklist reverses this
situation by converting the latest federal
guidance and technical reports into clear,
actionable steps for communities to take
to protect their residents from exposure to
radioactive fallout. The checklist reflects
the shared judgment of the Nuclear Resil-
ience Expert Advisory Group, a national
panel led by the Center for Biosecurity
and comprised of government decision
makers, scientific experts, emergency
responders, and leaders from business,
volunteer and community sectors.

11
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Thirty-Sixth Lauriston S. Taylor Lecture on
Radiation Protection and Measurements

Introduction of the Lecturer
Roger O. McClellan

From the Field to the Laboratory and Back: The What Ifs,
Wows, and Who Cares of Radiation Biology

Antone L. Brooks

Washington State University Tri-Cities (retired)

My scientific journey started at the Univer-
sity of Utah chasing fallout, it was on
everything, in everything, and was distrib-
uted throughout the ecosystem. This
resulted in radiation doses to humans and
caused me great concern. From this con-
cern | asked the question. Are there health
effects from these radiation doses and
levels of radioactive contamination? | have
invested my scientific career trying to
address this basic question. While con-
ducting research | became acquainted
with many of the what ifs of radiation biol-
ogy. The major what if in my research
was; What if we have underestimated the
radiation risk for internally deposited
radioactive material? While conducting
research to address this important ques-
tion many other what ifs came up related
to dose, dose rate, and dose distribution. |
also encountered a large number of
wows. One of the first was when | went
from conducting environmental fallout
studies to research in a controlled labora-
tory. The activity in fallout was expressed
as pCi L' whereas it was necessary to
inject laboratory animals with uCi g~! body
weight to induce measurable biological
changes, chromosome aberrations, and
cancer. Wow, that is seven to nine orders
of magnitude above the activity levels
found in the environment. Other wows
have made it necessary for the field of
radiation biology to make important para-
digm shifts. For example, one shift
involved changing from “hit theory” to

total tissue responses as the result of
bystander effects. Finally, who cares?
While working at the U.S. Department of
Energy headquarters and serving on many
scientific committees | found that science
does not drive regulatory and funding
decisions. Public perception and politics
seem to be major driving forces. If scien-
tific data suggested that risk had been
underestimated —everyone cared; when
science suggested that risk had been
overestimated—no one cared. This result
dependent who cares was demonstrated
as we tried to generate interactions by
holding meetings involving individuals
involved in basic low dose research, regu-
lators, and the news media. As scientists
presented their “exciting data” that sug-
gested that risk was overestimated many
of the regulators simply said we cannot
use such data. The newspaper people
simply said it is not possible to get such
information by my editors. In spite of
these difficulties research results from
basic science must be made available and
considered by the public as well as by
those that make regulatory recommenda-
tions. Public outreach and sharing of the
data are critical and must continue to be a
future focus to properly address the ques-
tion of who cares. My journey in science,
like many of yours, has been a mixture of
chasing money, punishment, beatings,
and joys of unique and interesting
research results. Perhaps we can, through
our experiences, improve research

12
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environments, funding, and use of the
valuable information that is generated.
Scientists that study at all levels of biolog-
ical organization from the environment, to

Reception in Honor of the Lecturer
Sponsored by

Tuesday, March 13

NCRP Annual Business Meeting

the laboratory and human experience
must share expertise and data to address
the what ifs, wows, and who cares of
radiation biology.

Implications of the Fukushima Daiichi Accident for
Radiation Protection: Part |1

Richard E. Toohey, Session Chair

U.S. Public Health Response to the Fukushima Radiological Emergency:

One Agency’s Perspective
Charles W. Miller

Robert C. Whitcomb, Jr.
Jennifer Buzzell

M. Carol McCurley

Armin Ansari

Lynn Evans

Centers for Disease Control and Prevention

On March 11, 2011, northern Japan suf-
fered first a magnitude 9.0 earthquake
centered ~208 km off the eastern coast
and then an ensuing tsunami. These natu-
ral events caused widespread death and
destruction in Japan. One location hit was
the Fukushima Daiichi Nuclear Reactor
Complex. The destruction at this site initi-
ated a cascade of events that led to multi-
ple reactors overheating, core meltdown,
and radionuclide releases causing wide-

spread radioactive contamination of resi-
dential areas, agricultural land, and
coastal waters. The public health and
medical community in Japan faced many
challenges as a result of these multiple
events. Our sympathies go out to the
Japanese people, who will be dealing with
the consequences of this incident for
years to come.

As the radionuclide releases from the
Fukushima Daiichi Nuclear Reactor
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escaped into the atmosphere and the
ocean, the impact of this disaster was felt
around the world. Like many other
nations, the U.S. public health system was
concerned about the safety of both its cit-
izens living in Japan and citizens residing
in the United States as the radioactive
materials released from Fukushima were
detected in trace amounts as they trav-
eled around the globe. As with any crisis,
these events present opportunities to
learn and prepare for similar incidents in
the future. Events in both Japan and the
United States during the response illus-
trated some U.S. preparedness gaps that
previously had been anticipated, and oth-
ers that were newly identified. The Secre-
tary of Health and Human Services has
forwarded a report to the National Security
Staff discussing public health prepared-
ness gaps and challenges identified by the
Fukushima incident. Some of these gaps
include the following:

® equipment and personnel resources
to monitor potentially-exposed
people for radioactive contamina-
tion is insufficient;

¢ there is no public health authority to
detain people contaminated with
radioactive materials;

e public health and medical exper-
tise, and treatment capacities, for
response to radiation emergencies
are limited;

¢ there is an insufficient number of
radiation health experts;

e public health communications
regarding radiation emergency pre-
paredness, health effects of radia-
tion exposures, resilience, and
response actions are inadequate;

* national and international exposure
standards for radiation measure-
ments (and units) and protective
action guides lack uniformity;

e access to radiation emergency
monitoring data is limited and pro-
cedurally complex; and

¢ the policy on stockpiling potassium
iodide in the Strategic National
Stockpile should be revisited.

This event was a major disaster for the
people of Japan, but it was also a signifi-
cant public health emergency for the U.S.
public health community. We should capi-
talize upon this rare opportunity to
improve our public health preparedness
based on the experience of our Japanese
colleagues and our own.

U.S. Department of Energy/National Nuclear Security Administration’s
Response to the Fukushima Daiichi Nuclear Power Plant Emergency

Joseph J. Krol, Jr.
U.S. Department of Energy

The Office of Emergency Operations from
the U.S. Department of Energy (DOE)
National Nuclear Security Administration
deployed an emergency response team to
Japan to conduct aerial and ground-
based environmental radiation monitoring
following the accident at the Fukushima
Daiichi Nuclear Power Station. The team
partnered with U.S. Forces Japan to sup-
port both U.S. military and government of
Japan objectives. The deployed team was

Break

supported domestically by the Radiation
Emergency Assistance Center/Training
Site, the National Atmospheric Release
Advisory Center, and the DOE Conse-
guence Management Home Team. An
overview of the activation, deployment,
capabilities, response objectives, coordi-
nation, and activities will be discussed.
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Reference Levels in the Context of Fukushima: Lessons Learned and
Challenge to Radiation Protection System

Kazuo Sakai

National Institute of Radiological Sciences, Japan

After the nuclear accident, a number of
reference levels were set, including one
regarding the use of school playgrounds in
Fukushima. Considering the band of 1 to
20 mSv y~' recommended by the Interna-
tional Commission on Radiological Pro-
tection (ICRP) for public exposure under
the existing exposure situation, Japanese
authorities set 20 mSv y~' on April 19,
2011 as a “start line” for reducing the dose
to school children. When the level of

20 mSv y~' was announced, the meaning
of a reference level was explained at the
press conference. However, the

“20 mSv y~!” led to considerable confu-
sion among members of the public and
some experts. They thought that the dose
limit was increased to 20 mSv y~', 20
times as high as before and that the
school children are to be exposed to

20 mSv y~'. Factually, later in May, based

on the measurement of ambient dose
rates in schoolhouses as well as play-
grounds, the actual dose was estimated
around 10 mSv y~' at most.

Confusion was also caused by lack of
information on dose dependent character-
istics of biological effects of radiation and
misunderstanding of radiation protection
concepts. A challenging issue was raised
in regard to the higher radiosensitivity of
children. In ICRP recommendations a
higher risk coefficient is given to whole
population than to adult population,
because the whole population includes
children, a subpopulation of higher sensi-
tivity. The point was whether lower refer-
ence levels are to be set, when only
children are considered.

Including these examples, lessons to be
learned will be presented and discussed.

Findings of the Blue Ribbon Commission on America’s Nuclear Future

Richard A. Meserve
Carnegie Institution for Science

At the request of the President, Secretary
Chu formed the Blue Ribbon Commission
on America’s Nuclear Future in January
2010. The purpose of the Commission is
to provide recommendations for the
development of a safe, long-term solution
to managing the nation’s used nuclear fuel
and nuclear waste. The Commission is
chaired by former Congressman Lee
Hamilton and former National Security
Advisor Brent Scowcroft. | serve as a
member.

The Commission conducted its work
through periodic public meetings at which
presentations were made by knowledge-
able experts. The Commission also
formed three subcommittees, covering
disposal, storage and transportation, and
advanced technologies. Each of the

subcommittees engaged in extensive out-
reach efforts and developed draft reports
that were made publicly available for com-
ment and were considered by the full
Commission.

The Commission issued a draft report in
July 2011 for public comment. Perspec-
tives on the report were also sought in
public meetings that were held in Denver,
Atlanta, Boston, Washington and Minne-
apolis. As this abstract is being written,
the comments are being reviewed by the
Commission for the purpose of preparing
a final report for issuance at the end of
January 2012.

The presentation will discuss the various
recommendations and findings that
emerge in the final report.
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11:30 am Q&A

11:50 am Closing Remarks
Thomas S. Tenforde
National Council on Radiation Protection and Measurements

12:00 pm Adjourn
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Mission Statement

To support radiation protection by providing independent scientific analysis, information

and recommendations that represent the consensus of leading scientists.

Lauriston S. Taylor
1929-1977

Charles B. Meinhold
1991-2002

Warren K. Sinclair
1977-1991

Thomas S. Tenforde
2002-
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Publications
(http://NCRPpublications.org)
(http://jicru.oxfordjournals.org)

NCRP Title Price

Report No. 168 Radiation Dose Management for Fluoroscopically-Guided $ 150
Interventional Medical Procedures (2010)

Report No. 167 Potential Impact of Individual Genetic Susceptibility and 75
Previous Radiation Exposure on Radiation Risk for Astronauts
(2010)

Report No. 166 Population Monitoring and Radionuclide Decorporation 85
Following a Radiological or Nuclear Incident (2010)

Report No. 165 Responding to a Radiological or Nuclear Terrorism Incident: A 75
Guide for Decision Makers (2010)

Report No. 164 Uncertainties in Internal Radiation Dose Assessment (2009) 100
[PDF only]

Report No. 163 Radiation Dose Reconstruction: Principles and Practices (2009) 150

Report No. 162 Self Assessment of Radiation-Safety Programs (2009) 50

Report No. 161 I. Management of Persons Contaminated With Radionuclides: 165
Handbook (2008)
Il. Management of Persons Contaminated with Radionuclides: 80
Scientific and Technical Bases (2008) [PDF only]

Report No. 160 lonizing Radiation Exposure of the Population of the United 125
States (2009)

Commentary No. 22 Radiological Health Protection Issues Associated With Use of 30
Active Detection Technology Systems for Detection of
Radioactive Threat Materials (2011)

Commentary No. 21 Radiation Protection in the Application of Active Detection 30
Technologies (2011)

Commentary No. 20 Radiation Protection and Measurement Issues Related to Cargo 40
Scanning with Accelerator-Produced High-Energy X Rays
(2007)

ICRU Title Price
Report 85a-revised Fundamental Quantities and Units for lonizing Radiation (2011) $ 198
Report 86 Quantification and Reporting of Low-Dose and Other 198

Heterogeneous Exposures (2011)

Book Review of NCRP Report No. 165:

“As with most NCRP reports, the information supplied is well referenced. | have been
involved with emergency preparedness planning for more than 25 years and this is by far the
best written guidance | have seen on this subject. | was surprised at how many new insights

I got from reviewing this report and would highly recommend it to any one involved in emergency
preparedness planning.” — Dean Broga, Ph.D. [Med. Phys. 38(10), 2011]

Please visit the NCRP website, http://NCRPpublications.org, for a complete list of publications. Reports and
commentaries are available in both soft- and hardcopy formats unless otherwise noted. Book reviews of
NCRP publications are also available at this website. Contact NCRP's Executive Director, David A. Schauer
(schauer@ncrponline.org), for more information.

19



Contracts/Grants/Contributors/Sponsors

These organizations have supported the work of the National Council on Radiation
Protection and Measurements during the period of January 1 to December 31, 2011.

Contracts
Defense Threat Reduction Agency
National Institute for Occupational Safety and Health
U.S. Department of Homeland Security
U.S. Navy
U.S. Nuclear Regulatory Commission

Grants
Centers for Disease Control and Prevention
National Cancer Institute
U.S. Department of Energy

Contributors
American Academy of Health Physics
American Association of Physicists in Medicine
American College of Medical Physics
American College of Radiology Foundation
American Nuclear Society
American Osteopathic College of Radiology
American Roentgen Ray Society
American Society for Radiation Oncology
American Society of Radiologic Technologists
Council on Radionuclides and Radiopharmaceuticals
Health Physics Society
Landauer, Inc.
Lillian and Robert Brent Fund
Radiological Society of North America
Society for Pediatric Radiology
Society of Nuclear Medicine

Corporate Sponsors
3M
Global Dosimetry Solutions
Landauer, Inc.
Nuclear Energy Institute




Radiological protection of the patient:
An Integral part of quality of care

Dr. Claire Cousins, Chair ICRP
Consultant Vascular & Interventional Radiologist,
Addenbrooke’s Hospital, Cambridge, UK




Radiological protection of the patient:
An Integral part of quality of care

What is quality of care?
Protecting the patient
Justification
Optimisation and DRLs

Medical education




Quality

of Care




Hippocratic oath

‘I will follow that system of regimen
which, according to my ability and
judgement, | consider for the benefit
of my patients, and abstain from
whatever Is deleterious and
mischievous’




‘Quality’ of care

Difficult to define

Even more difficult to measure
‘Almost anything anyone wishes it to be’

‘Likely that there will never be a single
comprehensive criterion by which to measure
patient care’

Donabedian 2005




‘Quality’ of care

Outcome of medical care often used as
Indicator of quality

Recovery/complications
Restoration of function

Survival vs. mortality

I‘ni INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION




‘Quality’ of care

Government uses waiting times and length of
stay as criteria

Diagnosis

Treatment

Penalties If ‘targets’ breached

In fact, quantitative measure not quality

Quickly performed bad medicine is not quality

I‘ni INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION




Radiological protection of the
patient

Justification
Optimisation

No dose limitation




Justifying
Medical
EXposures

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO




Justification

What do we mean?

Review the benefits and risks of a
practice that will do more good than
harm

Usually relies on professional
experience, knowledge, judgement
and common sense




Justification
3 levels of justification

Radiation in medicine does more good
than harm

Generic justification of defined
procedure

Justification of a procedure for an
Individual e.g. complex diagnostic or
Interventional procedure




Justifying medical exposures

Is the x-ray/procedure really necessary
WiIll the result change management?
‘Nice-to-know’ disease

Is there an alternative investigation e.g.
US or MRI




Justifying medical exposures

Is the x-ray really necessary?
=ttt

"This is one of Geoff and the kids taken last summer."
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Justifying medical exposures

Is the x-ray/procedure really necessary?

Defensive medicine often includes
unnecessary investigations

Repeated admissions = repeating same tests
e.g. chest/abdomen x-rays, CT scans

Different clinical teams and junior doctors




Justification — multiple exams

[ Menu | Appointments | Patient Details | Events |

Date Tirme Site Reghklo RefLo: Referrer Examinations
TEOOIEI0TT (T84 EDD 107 AE FhAD =] A ] CAEFE
JEM 02011 1132 ADD 106 LIROLADD o= | [ =RBDO
3000962011 (1407 ADD 104 LIROLADD 150 | [ =RBDO
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Justifying medical exposures

Is the x-ray/

orocedure really necessary?

Risk of rac

lation effects in elderly patients

usually outweighed by diagnostic/therapeutic

benefit

May still be at risk of skin injury from high
dose Interventional procedures

Special consideration of children and
pregnant women




Pregnant female 25 weeks — acute appendicitis

Appendicolith
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Justifying medical exposures

Wil the result change management?
‘Nice-to-know’ disease
Very elderly
Terminally il
Incidental findings (VOMIT)
Victims Of Modern Imaging Technology

Hayward, BMJ 2003










Justifying medical exposures

Is there an alternative investigation?

Very many patients require further detailed
Imaging

MRI may not be readily available out-of-hours

CT often requested instead of US in belief that
more diagnostic information




Optimisation
and
DRLS

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO




Optimisation of protection for
patients

Usually applied at two levels:

appropriate equipment design and
Installation

working practices and procedures

Means keeping the radiation doses ‘as low
as reasonably achievable’ so the dose Is
commensurate with medical purpose




Optimisation

W'iw.:\ldlllﬂﬂu.ﬂllﬂlmll
©

" MISTER DULANEY T WARNED Sou NOT To MIVE
OoR BREATHET "
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Optimisation — Diagnostic
Reference Levels (DRLS)

Help avoid radiation dose non-contributory
to clinical purpose

Derived from relevant local, regional or
national data

Aim to promote optimum range of values
for specific Imaging tasks




Diagnostic Reference Levels

Allows Identification of doses both above
and below the specified range

Designed to compare examinations and not
Individual patient doses




DRLs UK

National surveys of patient doses collected by
NRPB from early 1990’s

Database reviewed and updated every 5
years

Recommendations on national reference
doses for common x-ray examinations

Mainly responsibility of radiographers and

dical physicist
BERE® v covriona conmssion on ranioLosicar prarecrion










DRLs Paediatric

Optimising equipment performance and
operator technique can significantly lower
dose

Easier In centres with super specialised units

Fluoroscopy paediatric doses 5-25x lower
than DRLs at Great Ormond Street Hospital

Hiorns et al, BJR 2006




Hospital radiation league tables?




DRLs - interventional procedures

Being developed for some radiological and
cardiological interventional procedures

Particularly in USA and Europe

Consideration of patient size important but
correction complicates analysis

Hart et al, BJR 2009
Miller et al, Radiol 2009










Medical

Education




Medical Education

Often limited radiological protection
education outside radiology training

Increasing use of ionising radiation outside
radiology departments with little training

Teaching expensive and resource limited




Doctors knowledge of radiation doses
130 hospital doctors 2 UK district hospitals

0% knew dose from CXR or radiation units
4% scored O correct answers

97% marked underestimation of doses

5% thought US uses Ionising radiation

8% thought MRI used ionising radiation

Shiralkar et al, BMJ 2003




Doctors knowledge of radiation doses

Doctors 3 university hospitals Turkey
93% marked underestimation of doses
4% thought US uses Ionising radiation

27% thought MRI used i1onising radiation

Arslanoglu et al, Diagn Interv Radiol 2007




Medical Education

Studies indicate appalling knowledge of
radiation doses amongst hospital medical staff

Emphasises need for adequate and
appropriate education during medical
training

Continuing medical education also important




Medical Education

ICRP 113 2009

A0
of

nealthcare

AOC

vice for specific groups

orofessionals

vice provid

ed on

accreditation and
certification




Medical Education

ICRP TG 78

Radiological protection in
fluoroscopically guided
procedures performed outside ediotogienl orotecton

fluoroscopically guided

the i m ag i ng departme nt procedures performed outside

the imaging department

Final stages of preparation
for publication
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Medical Education

ICRP TG 62
Patient and staff radiological
p rOteCtI On I n Card IO I Ogy Patient and staff radlij)slgzgical

protection in cardiology

Final stages of preparation
for publication




Conclusions

X-rays and radiological procedures have
Increasingly become an essential component of
patient diagnosis and management

Huge benefit from modern technologies and
less invasive treatments

Many factors contribute to the perception of
guality of care and radiological protection
should be included as an integral part of the
total process




Enhancing

Safety in Radiation
Therapy: Structural and
Cultural Underpinnings

Michael L. Steinberg, M.D.
Daniel Low, PhD.
Department of Radiation Oncology
David Geffen School of Medicine at UCLA






How did we miss this?



The Fundamental Problem:
Unprecedented Increase in the
Complexity of Healthcare Delivery

* Medical knowledge has grown exponentially
* So has the complexity of our treatments

* Yet, we are basically doing things much the
same way we have done them for the past 30

years



The Old Way
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Medicine In General Has a Pervasive Quality

Problem

e 1999: Institute of Medicine

— To Erris Human: Building a Safer
Health System

— Examine level of safety in US medical institutions
— Medical Errors may cause 98,000 preventable deaths

e More deaths than automobile (43k),
breast CA (43k) or AIDS (16k)

(ROSINGTHL
UIWLIW CHasm




What About Radiation Oncology?
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Radiation Oncology Errors Reporting
Initiatives

WHO Radiotherapy Risk Profile (21 actual, 28
potential incidents), 2008

UK professional bodies: “Towards
Safer Radiotherapy” (5 incidents),
2008

ICRP: “Preventing Accidental
Exposures from new External
Beam Radiation Therapy
Technologies” (11 incidents)

NY State Reporting






Current QA Paradigm Focus

 Approach developed in the 2D RT era
— Most existing guidance is limited to 2D RT

e Tends to focus on devices

— planning systems, LINACs, imaging systems,
afterloaders

— Acceptance testing, commissioning, periodic QA

— Process QA: limited to quantitative verification of
device outputs, e.g., plan review and chart checks

UeHs =

Ew e~



Device versus Process Errors

Large catastrophic errors

— Majority are human or process related errors although poor
device design often contributes

97 of 116 implants
were medical
events, many
were wrong site

Failures of
process rather
than devices

QA is a team effort:
focus on key
physician as well

as technical steps



Process Design Model esemeso)

 Use 3-6 experts-in—a-room consensus method
— Guard against rare catastrophic technical errors

— Enhance quality: every step satisfies specified temporal,
positional, and dose delivery tolerances

 Develop simplified process flow map
— Design information capture forms
— ldentify vulnerable steps where errors are possible
— Develop redundant checks for high-risk actions

e Useful when

— Relatively uniform clinical processes and devices

— Sufficient resources to address all identified risk
scenarios



TG-100 Approach

e Goals

— Provide tools for designing robust, error-resistant
clinical processes

— Include key actions of physicians and therapists as well
as physics and dosimetry activities

— Risk-based allocation of QA resources

— Provide tools for customizing process and device QA
guidance to individual clinics and procedures

e AAPM TG-100 proposal (S. Hug, Chair)

— Failure modes and effects analysis (FMEA)
— Fault-tree Analysis (FTA)



FMEA Example

e Assess risk to successful outcome posed by each
FM assuming no QA

Probability of o Severity of )1 probability Error
Risk = | occurrence consequences Detected

O S P
Risk Probability Number =RPN=0OxSxP
— Assign O,S, and P a value from 1-10
— 4 Observers: Ibbott, Mutic, Williamson, Thomadsen
— Significant additions/modifications by JFW

 Reorder list in terms of descending RPN















What is the reality?

Complexity is increasing

QA techniques are not keeping up
— Our associations are trying really hard

FMEA/FTA is probably unrealistic in the
current environment

— Lack of personnel trained in the method
— Complexity of the common case
— Lack of standardization of process

Need to mitigate mistakes



Agenda for Change to Improve Safety
in Radiation Therapy

Components

*Safety Recording

*Monitoring

eStandardization

°Training

eAccreditation/QA (external review)
*Culture



Safety Recording



Error Reporting: Grass Roots

UCLA - Wash U. Collaboration Electronic
Whiteboard to Enhance Safety

Electronic whiteboard for reporting and
analysis

All errors and near misses are tracked
Creates data

Promotes zero mistake culture with all
stakeholders (if implemented correctly)






National Error Registry

* We need to know what is happening
— Where are we making mistakes?
— How often do the mistakes happen?
— What are the consequences of the mistakes?

 National error registry

— Aviation: Accident investigations, public results (NTSB)

— Near accidents or mistakes:
Reporting through NASA
(ASRS)

 National Patient Registry



Monitoring



“Results data - even if less than
perfect - is the single most
important factor in driving health
care system improvement.”



Pretreatment

Time

Treatment

In-house follow-up

Post treatment

Outside follow-up

N
L

Baseline +
Follow-up
QOLdata /

Other patient-
reported
measures




UCLA Safety
“In the room”




Standardize



Standardize

“Thus, first-time users of this technology should ascertain which
of these aims are desirable for their own clinics and tailor their
commissioning and QA programs accordingly.”

“Clinics should have the option to customize these standards to
their own specifications, or to select from various
national/international guidelines.”

Imagine: AA, UAL, Delta, SWAL, etc. decided they needed to
“approach HOU in their own way”



Standardize

* Instead of chaos: Everyone is expected to
conform!



Standardize and Rationalize

Treatment Directives
Care Pathways
Segmentation, Fusion

Standardized QC/QA
— Risk-based QA
Standardized interfaces, data management,

measurement techniques, commissioning,
interfaces (human factors)



Standardize

ASTRO QA White Papers

Provide an overview of QA 1ssues and

1 L. Jog 1 111

Literature review and consensus

ASTRO Best Practices

Recommendations about “how” to
deliver radiation therapy, including the
best treatment methods and patient care
Processes

Basis for measure development for
PQRS, MOC, and ROPA

Basis for educational content (webinars,
educational sessions)

RAND appropriateness methodology
(systematic literature review and formal

consensus process); moving toward
compliance with [OM recommendations for

“ouidelines”




Training
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Competence
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Train and Retrain

Retrain: MOC as mechanism
Simulations?

Performance
review?

Frequency?

Vertual: VERT



The “lifelong learning” movement:
Maintenance of Certification

Cannot be dodged

*Hospital credentialing
Payment
Maintenance of licensure

Participation will soon be public knowledge



The “lifelong learning” movement:
Maintenance of Certification

Light emphasis on knowledge
Good idea in technically expanding field?

Strong emphasis on:

eImproving practice

«Safe processes

sParticipating in registries



Accreditation/External Review



ACR/ASTRO Accreditation
Partnership

Accreditation is a cooperative effort between
the ACR and ASTRO

ACR recommended to Legislators
MANDATORY accreditation of all facilities

ASTRO STRONGLY RECOMMENDED
Accreditation for all facilities



Safety Culture



What Other Industries Can Teach Us?

* Nuclear Power Industry
* Aviation
— Commercial Aviation Safety Team (CAST)

e Standardize work processes
e Use checklists

e Use robust scientific methods in collaborative efforts to
identify and mitigate risk

e Improve teamwork and communication to reduce
errors (Culture!)

— Fatal accidents were more than cut in half between 1994 and 2006

— No passenger or crew killed in major US carrier in
more than 10 years

e High Reliability Organization (HRO)



Challenges

Developing safety culture in healthcare is not as straightforward as in a HRO
industry model (e.g. airline industry)
Medicine has specific and unique challenges

— “We have always done it that way”

— Medical-legal

— Lack of hard data/scientific consensus regarding optimal treatment or

quality processes

— The Patient Variable
In many HRO industries, person that makes significant error goes down with
ship



How Do We Develop Our Own
High Reliability Organization (HRO)?

e Guiding Principle: Commitment to Excellence and ZERO Mistakes
* Empowerment
e Create stability in infrastructure (e.g. check lists, processes,
procedures, committees, time outs, huddles)
* Create acceptance of continuous reevaluation and change

— Train staff and MDs on organizational improvement techniques (A3s,
lean, CQl)

— Let staff identify needed change, bottom up rather than top down
— Check “power distance” among staff

* Anonymous/no-fault reporting system

e Standardized work

e Improve Communication

* Registry/EMR for RadOnc to optimize available information and facilitate
data analyses

e Registry changes care from episodic to real time prospective monitoring
of care and its quality



Culture

e Culture of Safety is key ingredient
— Create the culture that strives to learn what happened
— Commitment by all personnel

 Current medical culture: “be perfect”
— Mistake...not what you did was bad , but you are bad
— You are always supposed to have the right answer

— Self doubt vs. culture of improvement
e Errors are ubiquitous
 Medical events vs. process mistakes

* Mistakes are inevitable ... if we weed out the mistake makers
there won’t be anyone left

e Blameless culture



M. Workman, 2009



Efforts to Reduce Dose in
Interventional Fluoroscopy

Donald L. Miller, M.D. FACR
Center for Devices and Radiological Health
Food and Drug Administration




Nothing to disclose




e Historical background
 Equipment
* Quality management

* Education and training
* Occupational protection
* Dose optimization




1944

EDITORI AL

Howard P. Doub, M.D., Editor John D. Camp, M.D., Associate Editor

Fluoroscopy and Leukemia

associates. The period of fluoroscopic
observation should be kept as short as
possible consistent with obtaining the de-
sired information. As a further check a
fltoroscopic timer should be installed to
guard both the radiologist and the patient.

Radiology September 1944 43:297-298; do1:10.1148/43.3.297




e Skin injuries from fluoroscopy became
iIncreasingly rare after the 1930s

« Radiation risk from fluoroscopy appeared

to be adequately controlled

e By the late 1980s/early 1990s this had
changed




What Happened?
e Before 1975

— Relatively stagnant device technology
— Limited procedures (diagnostic angiography)
o After 1975

— New technologies/drugs
e Angioplasty (balloon) catheters (mid-1970s)
e Arterial stents (mid-1980s)
e Microcatheters (1980s)
e Embolic agents

e Thrombolytic agents

— New interventional therapeutic procedures




New Procedures

Angioplasty (late 1970s)

Embolization (1980s)

Arterial stents (1980s)

Catheter-directed lysis of blood clots (1980s)
Coronary artery stents (1990s)

RF ablation for cardiac arrythmias (1990s)
TIPS (1990s)

Vascular stent-grafts (late 1990s)




Unintended Consequences

Procedures became more complex
Radiation doses increased

Skin injuries began to occur
Occupational doses increased




1990s

Recognition of the Problem
Initial Attempts at Control







Components of the Problem

Equipment

— Inconsistent relationship between dose and image
quality

— High dose operation (HLC mode)

— No ability to monitor radiation dose

— Inadequate dose metric (fluoroscopy time)

Quality management

— Radiation dose neither monitored nor recorded
— No patient follow-up for radiation effects
Training

— Often little or no training in radiation safety
Worker protection




1994

FDA Public Health Advisory: Avoidance of Serious X
Ray-Induced Skin Injuries to Patients During
Fluoroscopically-Guided Procedures

(We encourage vou to copy and distribute this Advisory)

September 30, 1994

Physicians performing these procedures should be aware of the potential for serious,
radiation-induced skin injury caused by long periods of fluoroscopy during these
procedures. It 1s important to note that the onset of these injuries 1s usually delayed, so
that the physician cannot discern the damage by observing the patient immediately after
the treatment.




Radiation-induced Skin
Injuries from Fluoroscopy

Thomas B. Shope, PhD RadioGraphics 1996




Avoidance of radiation injuries from
medical interventional procedures

ICRP Publication 85

Approved by the Commission in September 2000




2001

Review

Skin Injuries from Fluoroscopically Guided
Procedures: Part 1, Characteristics of Radiation Injury

AJR 2001:177:3-11 Titus R. Koenig1, Detlev Wolff2, Fred A. Mettler?, Louis K. ‘ur’&!z'ﬂgner1

Review

Skin Injuries from Fluoroscopically Guided
Procedures: Part 2, Review of 73 Cases and
Recommendations for Minimizing Dose Delivered to Patient

Titus R. Koenig1, Fred A. Mettler?, Louis K. ‘u"t.a'rsugzjner1

AJR 2001;177:13-20




Y2K

* The problem is recognized

e Reports published, primarily in the
radiology and medical physics

literature
e Advice Is avallable to operators
 Equipment largely unchanged




2000s

 New technology for interventional
fluoroscopy equipment

e Estimation of skin dose

e |dentification of high dose
procedures

e Importance of patient follow-up
* Training recommendations




Equipment

New equipment features
Radiation dose monitoring
Skin dose estimation
Pediatrics




Equipment Features

Digital fluoroscopy

Pulsed fluoroscopy

Anatomic programing
 kV, mA, pulse width, dose settings

LIH/stored fluoroscopy loops
Virtual collimation

Automatic spectral filtration
Radiation dose monitoring



Equipment

Radiation dose monitoring




* Fluoroscopy time is the only metric required by FDA




Fluoroscopy Time

e Very poor metric for estimating
patient radiation dose

* Does not reflect fluoroscopy dose
rate

e Does not include dose from
radiography




Medical electrical equipment
Part 2-43: Particular requirements for the safety of X-ray equipment
for interventional procedures
(IEC 60601-2-43:2000)

Compliant equipment:
eCumulative air kerma at the IRP

*Dose metric displayed to operator




Department of
Health and Human
Services

Food and Drug Administration

21 CFR Part 1020

Electronic Products; Performance
Standard for Diagnostic X-Ray Systems
and Their Major Components; Final Rule

33998 Federal Register/Vol. 70, No. 111/Friday, June 10, 2005/Rules and Regulations

* Requires display of cumulative air kerma (§ 1020.32(k))

e Requires last-image-hold capability (§ 1020.32(j))




|EC

®

INTERNATIONAL
STANDARD

Medical electrical equipment —

Part 2-43: Particular requirements for the basic safety and essential performance
of X-ray equipment for interventional procedures

Edition 2.0 2010-03

 More prominent display of patient dose

 Radiation dose data exported with images




2011 - 2012

« Radiation Dose Structured Report
(RDSR)

o Standardizes export of detalled

dosimetric data In an open format

e Facilitates communication of dose
data between fluoroscopes and
databases

 Based on I[EC PAS 61910-1 (2007)




Equipment

Skin dose estimation




e 1995—FDA recommends recording skin
dose and location on the patient

e 2000—ICRP Publication 85 recommends

“a suitable body map with the estimated
doses, indicating the entry site of the
beam at each stage of the procedure”

 No simple method for estimating or
mapping skin dose exists




2001

Real-Time Quantification and Display of Skin Radiation
During Coronary Angiography and Intervention

Ad den Boer, BS; Pim J. de Feijter, MD; Patrick W. Serruys, MD: Jos R.T.C. Roelandt, MD
(Circulation. 2001;104:1779-1784.)




2003

Radiation Doses in Interventional Radiology
Procedures: The RAD-IR Study

Part I: Overall Measures of Dose | Vasc Interv Radiol 2003; 14:711-727

e Peak skin dose, cumulative air kerma at the IRP,
kerma-area product, fluoroscopy time




Automatic Monitoring of Localized Skin Dose with Fluoroscopic
and Interventional Procedures

Yasaman Khodadadeg;]an,1 Muhong Zhan T William Pavlicek,? Robert G. Paden,? Brian Chong

Schueler,® Kenneth A. Fetterly,? Steve G. Lange

and Teresa Wu'




Equipment

Pediatric considerations




2006

Pediatr Radiol (2006) 36 (Suppl 2): 126135
DOI 10.1007/s00247-006-0220-4

ALARA

Keith J. Strauss

Pediatric interventional radiography equipment:
safety considerations




Pediatric Equipment
Considerations

Removable grid

Variable rate pulsed fluoroscopy
Adjustable added filtration

Small focal spot

Appropriate anatomic programing
— kV, mA, short pulse width, dose settings

Fast frame rates




Quality Management

Recording radiation dose
Reference levels




AAPM REPORT NO. 58

MANAGING THE USE
OF FLUOROSCOPY IN
MEDICAL INSTITUTIONS

Published for the
American Association of Physicists in Medicine
by Medical Physics Publishing




Quality Management

Recording radiation dose




Avoidance of radiation injuries from
medical interventional procedures

[ICRP Publication 85

Approved by the Commission in September 2000




2004

Quality Improvement Guidelines for Recording
Patient Radiation Dose in the Medical Record

e Which dose metrics should be recorded
e When dose metrics should be recorded




e Also included in NCRP Report No. 168 (2010)




Quality Management

Reference levels




Reference Levels

Quality improvement tool

Designed to reduce the risk of
stochastic effects

Indicator of dose for average—sized
patient

Guidance for what I1s achievable with
good practice




2001

Radiation Protection Dosimetry
Vol. 94, No. 1-2, pp. 109-112 (2001)
Nuclear Technology Publishing

APPROACHES TO ESTABLISHING REFERENCE LEVELS IN
INTERVENTIONAL RADIOLOGY

E. Vaioti and L. Gonzalezt

Energy Agency, IAEA) are preparing specific docu-
ments related to RP and safety in IR®”. Thus, the topic
of RL 1is relevant for IR procedures, and a strategy to

introduce appropriate RL 1s essential as a basis to optim-
1se the 1maging part of the procedure.







Complexity

analysis




Reference Levels for Patient
Radiation Doses In
Interventional Radiology:
Proposed Initial Values for U.s.

SIISAHd TYIIQIIN = HoHYISIH TYNIDIHO

]
P ra CJ[' C e Radiology: Volume 253: Number 3—December 2009

Conclusion: Sufficient data exist to permit an initial proposal of values
for reference levels for iterventional radiologic proce-
dures in the United States. For ease of use, reference
levels without correction for body habitus are recom-
mended. A national registry of radiation-dose data for
interventional radiologic procedures is a necessary next
step to refine these reference levels.




2011

Patient radiation dose audits for fluoroscopically guided interventional
procedures Med. Phys. 38 (3), March 2011

Purpose: Quality management for any use of medical x-ray imaging should include monitoring of
radiation dose. Fluoroscopically guided interventional (FGI) procedures are inherently clinically
variable and have the potential for inducing deterministic injuries in patients. The use of a conven-
tional diagnostic reference level is not appropriate for FGI procedures. A similar but more detailed

quality process for management of radiation dose in FGI procedures is described.




2012

« NCRP Report: Diagnostic Reference Levels Iin
Medical and Dental Imaging: Recommendations
for Applications in the United States




Education and Training




AAPM REPORT NO. 58

MANAGING THE USE
OF FLUOROSCOPY IN
MEDICAL INSTITUTIONS

Published for the
American Association of Physicists in Medicine
by Medical Physics Publishing










2003

Training in radiological protection for interventionalists.
Initial Spanish experience

12E VANO, PhD, 'L GONZALEZ, PhD, M CANIS, MD, PhD and *A HERNANDEZ-LEZANA, MD, PhD

'Radiology Department, Complutense University, 28040 Madrid, “Medical Physics Service, San Carlos University
Hospital, 28040 Madrid, 3President of the Spanish Society of Vascular and Interventional Radiology, Reina Sofia
University Hospital, Cordoba and “Past President of the Spanish Society of Vascular and Interventional Radiology,
Severo Ochoa Hospital, Leganes, Madrid, Spain

The British Journal of Radiology, 76 (2003), 217-219 © 2003 The British Institute of Radiology

In Spain, a Royal Decree on Quality Criteria for
Diagnostic Radiology was enacted in 1999 [14]. For inter-

‘ : , ) (c) A system for measuring and registering doses received
ventional pI'EiC'LlUt?S 118 I'E([LllI'GITlE‘I]'LS drIe:

by patients.
(d) An accreditation in RP (called “‘second level”, to
differentiate 1t from the first level which 1s mandatory
for all the radiologists [15]) for the specialists
conducting these procedures. This accreditation shall
be supervised by the Health Authority.

(a) Laboratories or fluoroscopic screening rooms speci-
fically designed for these procedures.

(b) Imagmg systems specifically designed for mterven-

tional procedures (in compliance with International

Electrotechnical Commission standards).




2004

© 2004 by the American College of Cardiology Foundation, the American Heart Association Inc., Vol. 44, No. 11, 2004
the Heart Rhythm Society, and the Society for Cardiac Angiography and Interventions ISSN 0735-1097/04/$30.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2004.10.014

Journal of the American College of Cardiology

ACCF/AHA/HRS/SCAI FLUOROSCOPY CLINICAL COMPETENCE STATEMENT
ACCF/AHA/HRS/SCALI Clinical Competence

Statement on Physician Knowledge to
Optimize Patient Safety and Image Quality in
Fluoroscopically Guided Invasive Cardiovascular Procedures

A Report of the American College of Cardiology Foundation/
American Heart Abbouatlon/Amem,an Collecre of Physicians
Task Force on Clinical Competence and Trammg'

This document proposes a curriculum that covers the

basic knowledge of radiation physics, radiation biology,
radiation safety, and radiological imaging that should be
held by practitioners who perform X-ray fluoroscopically
guided invasive cardiovascular procedures. The curriculum






2009

Image Gently, Step Lightly: Increasing Radiation Dose
Awareness in Pediatric Interventions through an
International Social Marketing Campaign

Manrita K. Sidhu, MD, Marilyn J. Goske, MD, Brian ]J. Coley, MD, Bairbre Connolly, MB, FRCPC,
John Racadio, MD, Terry T. Yoshizumi, PhD, Tara Utley, MRT, and Keith J. Strauss, MSc

In the past several decades, advances in imaging and interventional techniques have been accompanied by an increase in
medical radiation dose to the public. Radiation exposure is even more important in children, who are more sensitive to
radiation and have a longer lifespan during which effects may manifest. To address radiation safety in pediatric computed
tomography, in 2008 the Alliance for Radiation Safety in Pediatric Imaging launched an international social marketing
campaign entitled Image Gently. This article describes the next phase of the Image Gently campaign, entitled Step Lightly,
which focuses on radiation safety in pediatric interventional radiology.

J Vasc Interv Radiol 2009; 20:1115-1119

Children are not small adults







Education and Training in
Radiological Protection for Diagnostic and
Interventional Procedures

[CRP PUBLICATION 113

Approved by the Commission in October 2010




2011

Catheterization and Cardiovascular Interventions 77:546-556 (2011)

Core Curriculum

Radiation Safety Program for the Cardiac
Catheterization Laboratory

Charles E. Chambers,'” mp, Kenneth A. Fetterly,” php, Ralf Holzer,® mp, Pei-Jan Paul Lin,* php,
James C. Blankenship,® mp, Stephen Balter,° phpb, and Warren K. Laskey,’ Mp







Occupational Protection




1993 1995 2000







Cardiovasc Intervent Radiol (2010) 33:230-239
DOI 10.1007/500270-009-9756-7

CIRSE GUIDELINES

Occupational Radiation Protection in Interventional Radiology:
A Joint Guideline of the Cardiovascular and Interventional
Radiology Society of Europe and the Society of Interventional
Radiology

minimize occupational radiation dose.
The radiation dose received by interventional radiolo-
gists can vary by more than an order of magnitude for the

same type of procedure and for similar patient dose [4].
Recently, there has been particular concern regarding




2011

Radiation Protection Dosimetry (2011), Vol. 144, No. 1 -4, pp. 437441 do1:10.1093 /rpd /ncq326

Advance Access publication 3 November 2010

INTERNATIONAL PROJECT ON INDIVIDUAL MONITORING
AND RADIATION EXPOSURE LEVELS IN INTERVENTIONAL
CARDIOLOGY

R. Padovani!. J. Le Heron?, R. Cruz-Suarez2, A. Duran?, C. Lefaure2, D.L. Miller4, H.K. Sim?, E. Vano®,
M. Rehani? and R. Czarwinski?

Concerning requirements for wearing personal dosemeters, only 57 % of the RB specifies the number and position of
dosemeters for staff monitoring. Less than 40 % of the RBs could provide occupational doses. Reported annual median
effective dose values (often <0.5 mSv) were lower than expected considering validated data from facility-specific studies,
indicating that compliance with continuous individual monitoring is often not achieved in IC. A true assessment of
annual personnel doses in IC will never be realised unless a knowledge of monitoring compliance is incorporated into
the analysis.




Radiology

2008

Eye Lens Exposure to Radiation
in Interventional Suites: Caution IS
Warranted'

Radiology: \/olume 248: Number 3—September 2008

Eliseo Vano, PhD
Luciano Gonzalez, PhD
Jose M. Fernandez, MSc
ZivJ.Haskal, MD

Conclusion:

Purpose: To report estimated radiation doses to the eye lens of the
interventionalist from procedures performed with and
without use of radiation protection measures.

With typical reported workloads, radiation doses to eye
lenses may exceed the threshold for deterministic effects

(ie, lens opacities or cataracts) after several years of work

if radiation protection tools are not used.

SIISAHd TVIIQIIN = HouvasIH TWNIDIHO



2010

Catheterization and Cardiovascular Interventions 76:826-834 (2010)

Risk for Radiation-Induced Cataract for Staff in
Interventional Cardiology: Is There Reason for Concern?

Olivera Ciraj-Bjelac,’ pnb, Madan M. Rehani,>” pnp, Kui Hian Sim,> mBBs, FRACP,
Houng Bang Liew,® mess, Frcp, Eliseo Vano,* php, and Norman J. Kleiman,® php

lens changes. Conclusions: These findings demonstrate a dose dependent increased

risk of posterior lens opacities for interventional cardiologists and nurses when radia-
tion protection tools are not used. While study of a larger cohort is needed to confirm
these findings, the results suggest ocular radio-protection should be utilized. @ 2010




(3) For occupational exposure in planned exposure situations the Commission

now recommends an equivalent dose limit for the lens of the eye of 20 mSv in a

year, averaged over defined periods of 5 years, with no single year exceeding

50 mSv.
]




Optimization of Protection




The British Journal of Radiology, 71 (1998), 510-516 © 1998 The British Institute of Radiology

Dosimetric and radiation protection considerations
based on some cases of patient skin injuries In
interventional cardiology

'E VAN(:.’), MSc, PhD, 2L ARRANZ, MSc, PhD, °J M SASTRE, msc, *C MORO, mp, “A LEDO, mD,
‘M T GARATE, MD and °| MINGUEZ, MD

For high dose cardiology procedures:
*Use dedicated interventional fluoroscopy equipment

*Estimate patient radiation dose

*Record radiation dose in the medical record

eImprove training of operators




2000

Avoldance of radiation injuries from
medical interventional procedures

[CRP Publication 85 I‘R?

Annals of the ICRP

Approved by the Commission in September 2000




2007

Use appropriate equipment
Training is essential

Use information on skin dose
Use practical techniques to

control dose
Record radiation dose
Provide appropriate follow-up

Audit and review the outcomes
of procedures for radiation
Injury




2009

Guidelines for Patient Radiation
Dose Management

Michael S. Stecker, MD, Stephen Balter, PhD, Richard B. Towbin, MD, Donald L. Miller, MD, Eliseo Vandé, PhD,
Gabriel Bartal, MD, J. Fritz Angle, MD, Christine P. Chao, MD, Alan M. Cohen, MD, Robert G. Dixon, MD,
Kathleen Gross, MSN, RN-BC, CRN, George G. Hartnell, MD, Beth Schueler, PhD, John D. Statler, MD,
Thierry de Baere, MD, and John F. Cardella, MD, for the SIR Safety and Health Committee and the CIRSE
Standards of Practice Committee

] Vasc Interv Radiol 2009; 20:5263-5273

SIR GUIDELINES

Radiation dose management requires
a comprehensive approach including pre-

procedural planning, intraprocedural
management, and postprocedural care. It
also includes periodic quality assessment.




IAEA-TECDOC-1641

Patient Dose Optimization in
Fluoroscopically Guided
Interventional Procedures

Final report of a coordinated research project




NCRP REPORT No. 168

RADIATION DOSE
MANAGEMENT FOR
FLUOROSCOPICALLY-
GUIDED INTERVENTIONAL
MEDICAL PROCEDURES

2010

Equipment

Training
Credentialing

Dose management
Dose monitoring
Patient follow-up
Worker protection
Quality improvement




2011

Catheterization and Cardiovascular Interventions 77:546-556 (2011)

Core Curriculum

Radiation Safety Program for the Cardiac
Catheterization Laboratory

Charles E. Chambers,'” mp, Kenneth A. Fetterly,? php, Ralf Holzer,® mp, Pei-Jan Paul Lin,* pnp,
James C. Blankenship,® mp, Stephen Balter,® php, and Warren K. Laskey,’ mp










What's Next?




Innovation

 New technologies and
devices

 New, more complex
procedures

 New equipment features




Optimization—Patients

e Training and credentialing of
operators

 Dose monitoring and recording
 National dose registries

* Reference levels

* Reqgulation?




Optimization—Workers

e Training and credentialing

e Better monitoring and tracking
of occupational dose

e Decrease In the Maximum
Permissible Dose?

 Regulation?




Radiation
(ontimumg

(oncern With
{tnoroscopy




@ MAYO CLINIC

Standardization versus individualization:
How each contributes to
managing dose In computed tomography

Cynthia H. McCollough, PhD, FAAPM, FACR
Director, CT Clinical Innovation Center
Professor of Radiologic Physics & Biomedical Engineering
Mayo Clinic, Rochester, MN




@ MAYO CLINIC
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@MAYOCLINIC
Dose management in CT

Dose management Is about getting the right dose for
the specific patient and the specific diagnostic task

Since patients and diagnostic tasks vary, doses vary
ow much variation Is acceptable?
ow much variation is too much?

OW can we ensure good variations and reduce bad
variations?




@MAYOCLINIC
“Dose’ Variations in CT

Diagnostic task - :
- Colonography or angiography Indlcatl()n

Thickness in scan region :
- Not just weight or BMI Patlent

Scanner characteristics Scanner

- Beam spectra, bowtie, etc

Protocols choices Protoco|

- Scan time, image width, etc




@ MAYO CLINIC

Indication Variability




@ MAYO CLINIC Courtesy of JG Fletcher, MD

Large Attenuation Differences

CT Colongraphy CT Angiography

N

CTDlvol




@ MAYO CLINIC Courtesy of JG Fletcher, MD

Subtle Attenuation Differences

Hepatocellular Carcinoma

\

CTDlIvol =27 mGy




@ MAYO CLINIC

Adjusting for diagnostic task

e Qrdering physician must
— understand what exam best answers the clinical questions
— specify the clinical question so that correct protocol is used

 Require significant changes in workflow and behaviors
— Decision support tools for ordering need to become mainstream
— Ordering and radiology communities need to talk to each other

« Medical imaging and radiation protection in medicine
principles needs to be taught repeatedly in medical school
and residencies




@MAYOCLINIC
Magnitude of Variation in Patient Dose

Indication = x9 @




@ MAYO CLINIC

Patient Variability




“Right-sizing” the dose
CTDlIvol (mGy)




@MAYOCLINIC
Technique charts

Adapt the scan parameters to

— specific patient

— specific diagnostic task

Reduce dose for pediatric and small patients
Improve image quality for large patients

Ensure consistency across practice
— dose and image quality




@ MAYO CLINIC

Attenuation

™\

-500 -700 -900 -1100 -1300

Table Position (mm)
X-ray attenuation

Varies over body region and with projection angle

Image noise is primarily determined by noisiest projections
(thick body parts)

More photons (dose) to thinner body parts is unnecessary
radiation dose




@ MAYO CLINIC

AEC:
Automatic Exposure Control

Highly successful method of adapting
scanner output to individual patient size




@MAYOCLINIC
Three Levels of AEC

* For a single cross section, automatically
adjust the mA along different directions

— (X-y modulation)

* For a single patient, automatically
adjust the mA for different body parts

— (z modulation)

 For different patients, automatically
adjust the mA based upon the patient size

— “Right sizing” dose for each patient




@ MAYO CLINIC

=== mAs per rotation Without
modulation

Z modulation

_ Without
modulation

Angular Thorax
modulation

Liver
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@MAYOCLINIC
6 yo scanned with adult protocol

Adult reference eff. mAs = 165

Mean eff. mAs delivered to child = 38

‘ 1'-1.'1 mA
el IR \/griation




Routine Chest/Abdomen/Pelvis (5 mm)
71y.0. male

43 cm lateral width ->340
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@MAYOCLINIC
Effective mAs decrease

relative to our technique charts

Exam average 21.0%
Upper lung 29.7%
Breast 54.8%
Liver 13.2%
Pelvis 23.2%




@MAYOCLINIC
Automatic exposure control

o User determines 1Q (noise) requirements (hard)
— don’t need “pretty” pictures for all diagnostic tasks

— very little objective assessment (observer performance
studies) done on what Is the “right” dose/lIQ

— current practice relies on user experience and preference

o System determines the “right” mAs and kVp (easy)




@MAYOCLINIC
Magnitude of Variation in Patient Dose

Patient = x20 @




@ MAYO CLINIC

Scanner Variability




@ MAYO CLINIC

Variability across models

Philips Siemens Toshiba
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Cody et al, Normalized CT Dose Index of the CT Scanners Used in the NLST. AJR 2010
Shrimpton et al, National survey of doses from CT in the UK: 2003. BJR 2006




@MAYOCLINIC
Magnitude of Variation in Patient Dose

Scanner = x 1.5




@MAYOCLINIC
| ack of standardized nomenclature

*Circa 2005




@MAYOCLINIC
Lack of standardized behavior




@MAYOCLINIC
To accommodate these differences

« Use a noise target technique chart

— min and max mA values prevent excessive
decrease or increase of tube current

Lateral Patient Noise Index
Width (cm) (at0.5s)




@ MAYO CLINIC

Protocol Variability




@MAYOCLINIC
Knowing terminology, operation, features,

quirks and performance of your system(s)

You can translate across manufacturer (make) and
model to yield the desired “deliverables”

Usually not one way to accomplish the same results
Usually not a lot of ways
Evaluate options quantitatively with phantoms

Evaluate options clinically with patients

— Some differences between seemingly similar options show
up only in patients




@MAYOCLINIC
Agree on ““deliverables™

« Define what the final product needs to look like
— Scan time (total) and per image (temporal resolution)
Image width(s) and image plane(s) required
Image sharpness or smoothness
Noise level
Diagnostic reference level (CTDIvol)

 Critical need for observer performance studies to
objectively define required performance criteria




@MAYOCLINIC
Routine Chest at Mayo Clinic Rochester




@ MAYO CLINIC

Variability across scanners and practices




@MAYOCLINIC
Variability across scanners and practices

Hausleiter et al, Estimated Radiation Dose Associated With Cardiac CT Angiography. JAMA 2009



@MAYOCLINIC
Magnitude of Variation in Patient Dose

Protocol = x 3.5




@MAYOCLINIC
To appropriately manage dose in CT

« Adjust for patient size and diagnostic task
— this 1s GOOD variability
— this is where INDIVIDUALIZATION is essential

o Systematic, electronic set of protocols

— Protocol variations should reflect differences in scanner
capabilities and characteristics

— Protocols should be guided by objective measures of
diagnostic performance (to minimize practice / user specific
variability)

— this i1s where STANDARDIZATION i1s essential




@ MAYO CLINIC

AAPM Working Group on
Standardization of CT Nomenclature
and Protocols

Formed May 2010




@MAYOCLINIC
Charge

* Develop consensus protocols for frequently
performed CT examinations

— Provide reasonable benchmarks

— Peer review process, begin with vendor recommendations

e Develop a set of standardized terms for use on
CT scanners




@MAYOCLINIC
Membership

VAVANRLY/
ACR
ASRT
DICOM
RadLex
DA

€]=

Hitachi
Philips
Neurologica
Neusoft
Siemens
Toshiba
MITA




@ MAYO CLINIC
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@ MAYO CLINIC

“Reasonable” protocols & doses




@MAYOCLINIC
What iIs the ““right’ dose?

ne one that makes pretty pictures
ne one that the vendor specifies
ne one that you used previously
"he one presented at meetings

ne one that keeps the radiologists happy
(1.e. they don’t complain)

The lowest one you can still read

The one “proven” to provide the required
diagnostic accuracy




@MAYOCLINIC
Diagnostic Reference Levels (DRLS)

« Used to identify situations where dose Is unusually
high

 If consistently exceeded, a local review of
procedures and equipment should be performed

 |f possible, dose reduction measures should be taken




@MAYOCLINIC
Diagnostic Reference Levels

e Must be defined in terms of an easily and
reproducibly measured dose metric

— use technigue parameters that reflect those used in site’s
routine clinical practice for average patient size

e CT:CTDIvol and DLP




@ MAYO CLINIC

In practice, typical to choose Initial values as a percentile
point on the observed distribution of doses

Mean
Reference Level




@ MAYO CLINIC

DRLs from other countries

Adult Diagnostic Reference Levels for CTDl, (mGy) and DLP (mGy-cm)

Head Abdomen Pelvis Abd & Pelvis
CTDL| DLP [CTDl| DLP |CTDLo DLP |[CTDLo| DLP
Sweden 2002 75 1200 25 - - - - -

UK 2003 930 470 14 | 560

Netherlands
2008 - - - - 15 700

EC 2004 60 25 15 | 700
ACR 2008 75 25 - -

EC: European Commission
ACR: American College of Radiology
UK: United Kingdom




@MAYOCLINIC
Dose Notifications and Alerts

* Need tools at the point of care that inform users if
there Is a potential prescription error

— “ ... Inform users when scan settings would likely yield
values of CTDIvol that would exceed pre-assigned values”

 Notification value — for a single scan series

e Alert value — cumulative over entire exam
— at a given table position




@ MAYO CLINIC

AAPM Recommendations Regarding Notification and Alert Values for CT Scanners:
Guidelines for Use of the NEMA XR 25 CT Dose-Check Standard’

A new U.S. technical standard (XR 25) has been published by the National Electrical
Manufacturers Association (NEMA)'. CT scanners in compliance with this standard can be
configured to inform users when scan settings would likely yield values of CTDI,, or DLF that
would exceed pre-assigned values. Compliant scanners allow users, before proceeding with
scanning, to confirm or correct settings that might otherwise lead to unnecessarily high

exposures. Manufacturers may include pre-assigned values in their default protocols, but all
values are user-configurable.




@MAYOCLINIC
Adult exams

CT Scan Region CTDlIvol
(of each individual scan in an examination) Notification Value
(MGy)
Adult Head
Adult Torso




@ MAYO CLINIC

Why are notification values > DRLs?

 DRL values typically represent the 75th percentile
from a regional or national sample of clinically used
dose indices for a standard patient size

e 30% of US population Is obese

— use of DRLs as notification values would result in
notifications occurring very frequently

— potentially de-sensitize users and diminish the value of
notification values in avoiding erroneously high exposures
 Children require different notification and alert
values due to their smaller size




@ MAYO CLINIC

CT Terminology Lexicon

Translation of terms from different manufacturers

For the CT technologist who operates multiple
scanner models, perhaps from multiple
manufacturers, the variability in names for
Important scan acquisition and reconstruction
parameters can lead to confusion, reduced comfort
and an increased potential for error

First step in the terminology standardization effort

— Phase 2 will form consensus recommendations on
preferred terms




@ MAYO CLINIC

1. Scan acquisition and user interface basics

Generic description

GE

PHILIPS

SIEMENS

TOSHIBA

HITACHI

The portion of the user interface where scans are prescribed

Exam Rx

Scan Procedure

Examination

exam Plan

Scan Protocol

Other portions of the user interface, such as were reconstructed
images are viewed

Desktop

Active viewer

Various “task cards”,
such as “Viewing”

Active display

Image Viewer

CT localizer radiograph (i.e. the scanned projection radiograph,
often acquired by the CT system to allow the user to prescribe the
start and end locations of the scan range)

Scout

Surview

Topogram

Scanogram

Scanogram

Axial scan mode: Data acquisition while the patient table remains
stationary; the table position may be incremented between x-ray
exposures to collect data over a longer z axis range.

Sequence

Scan & View, Scan &
Scan, Volume, Wide
Volume (Aquilion One)

Helical or Spiral scan mode: Data acquisition while the patient
table is continuously moving along the z axis.

Helical

Helical

Spiral

Helical

Volume

Dynamic scan mode - single detector width: Data acquisition at
multiple time points over the same anatomic location(s) while the
patient table remains stationary; x-ray exposure can be continuous
or intermittent

Cine or zero
interval Axial

CCT (Continuous
CT)

Dynamic (continuous)
or Serio (intermittent);

scan mode name:
DynMulti or DynSerio.

Dynamic (Continuous
or Intermittent)

Dynamic

Dynamic scan mode - multiple detector widths: Data
acquisition at multiple time points over the same anatomic
location(s) while the patient table cycles back and forth between
designated start and end locations in order image a region wider
than the detector

Shuttle

Adaptive 4D Spiral;
scan mode name:
DynMulti4D or
DynSerio4D (ECG
triggered)

Interventional CT - Intermittent x-ray exposures

SmartStep

Single CCT

Model dependent:
Biopsy or Intervention
(i-Sequencefi-Spiral)

CT Fluoro (CTF)

guideShot

Interventional CT - Continuous x-ray exposures

SmartView

Continuous CCT

Model dependent:
CARE Vision or
Intervention (i-Fluoro)

CT Fluorc (CTF)

Not available

Table increment (mm) per 360 degree rotation of the x-ray tube
(axial scan mode)

Interval

Increment (mm)

Feed (mm)

Couch movement (mm)

Table Feed (mm)

Table feed per 360 degree rotation of the x-ray tube (helical scan
mode)

Speed (mm/rot)

Table speed
(mm/rot)

Table Feed (mm/rot)*

Couch speed (mm/Rot)

Table Speed
(mm/rot)

Acquisition field of view: Diameter of the circular region within
the scan plane over which projection data are collected. Nominally
equal to the diameter of the primary beam at isocenter in the axial
plane.

Scan Field of
View (SFOV, em)

Not determined
by tech; built into
protocol

Not determined by
tech; built into protocol

CFOV (Calibrated Field
of View)

Scan Field of View
(SFOV, mm)




@ MAYO CLINIC

summary

 Standardization is essential
— Team approach
— Across practices, countries
Across manufacturers, scanner models
Diagnostic reference levels can reduce practice outliers
Notification and alert values can reduce egregious errors
Nomenclature standardization will be difficult, but powerful
 Individualization is essential
— Ordering physicians need decision support tools
— Radiologists need to tailor exam to clinical indication
— Technologists need to tailor exam to specific patient




Fukushima-1 Accident: What Happened ?
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ANS SPECIAL COMMITTEE ON FUKUSHIMA

The special committee will provide a clear and concise explanation of the
events surrounding the accident to the general public and U.S. leaders.
These communications will include events such as station blackout, the
effect on the reactors and on the spent fuel stored at the plant site and the
likely health effects of the radioactive substances released to the
environment. In addition, the committee will evaluate recommended
actions that ANS could or should consider to better communicate with the
public and elected officials during a nuclear event.

Co-Chairs: Dale Klein, Univ. of Texas, Michael Corradini, Univ. of Wisconsin
Paul T. Dickman, Argonne National Laboratory
Jacopo Buongiorno, Massachusetts Institute of Technology
Hisashi Ninokata, Tokyo Institute of Technology
Mike Ryan, M.T. Ryan and Associates LLC
Craig D. Sawyer, Retired Senior Engineer
Amir Shahkarami, Exelon Nuclear
Akira Tokuhiro, University of Idaho



Fukushima-1 Accident: What Happened*?

» Basic facts on natural disasters and nuclear power
* Accident at Fukushima Daiichi site

» Health effects of radioactive materials release

* Regulatory safety issues for the U.S.

* Accident cleanup and waste management

« Risk communication and future of nuclear

* Info: TEPCO, NISA, MEXT



Basic facts on natural disasters and nuclear power

« Was the earthquake/tsunami designed for in Japan?

« What about natural disasters in the U.S.

* Describe the design philosophy for natural disasters.

» Describe the current nuclear power position in Japan

* Describe the BWR system and associated safety systems

« What is the regulatory structure in Japan and how is it

different that other nations such as France and the U.S.?



The Event

» The Fukushima nuclear facilities were damaged in a
magnitude 9 earthquake on March 11 (2.46pm Japan
time), centered offshore of the Sendai region (Tokyo
Is about 250km southwest).

— Plant designed for magnitude 8.2 earthquake.
A 9 magnitude quake is much greater in size.
« Serious secondary effects followed including a

significantly large tsunami (>factor of 3), significant
aftershocks and fires at many industrial facilities.

« Almost 16,000 dead, 6,000 missing, 80,000 homeless
limited resources - over 1000sg.km. land excluded

UNIVERSITY OF WISCONSIN
Energy Institute
TECHNOLOGY + RESOURCES « SUSTAINABILITY



Describe design philosophy for natural disasters

All civil infrastructures are designed against natural disasters

Nuclear power plants in the U.S. are designed to safely
shutdown without incident based on historical disasters

— Largest event in the region (earthquake, tornado, flood, hurricane)

— Recent large U.S. natural disasters have not resulted in plant damage

— Katrina, Southeast tornadoes, Midwest floods were devastating in loss
of life/property and in all cases the nuclear plants safely shutdown

Japanese philosophy is similar but not the exactly the same



Tsunami was historically large but not ‘unforseen’

Japanese officials knew of
past tsunamis that were at
or above the March event

(869 AD larger tsunami)

UNIVERSITY OF WISCONSIN
Energy Institute
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e Six BWR units at the Fukushima Nuclear Station:
— Unit 1: 439 MWe BWR, 1971 (unit was in operation prior to event)
— Unit 2: 760 MWe BWR, 1974 (unit was in operation prior to event)
— Unit 3: 760 MWe BWR, 1976 (unit was in operation prior to event)
— Unit 4: 760 MWe BWR, 1978 (unit was in outage prior to event)
— Unit 5: 760 MWe BWR, 1978 (unit was in outage prior to event)
— Unit 6: 1067 MWe BWR, 1979 (unit was in outage prior to event)

UNIVERSITY OF WISCONSIN
Energy Institute
TECHNOLOGY + RESOURCES « SUSTAINABILITY



Overview of Boiling Water Reactor

» Typical BWR 3 and 4 Reactor Design
« Some similarities to Duane Arnold Power Plant in lowa
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GE Mark 1 Reactor Building

There are 23 reactors in the
United States utilizing Mark |
containments.

Available data suggests
similarities exist in the design
and operation of Japanese and
US Mark | containments.

Following 9/11, the NRC
required licensee’s to develop
comprehensive beyond design
basis mitigation strategies (i.e.
procedures, staging of portable
equipment).



Browns Ferry Primary Containment

11
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Fukushima Accident Initiation

UNIVERSITY OF WISCONSIN
Energy Institute
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Initial Accident Response

Nuclear reactors were shutdown automatically due to seismic event.
Earthquake resulted in the loss of offsite power
Emergency Diesel Generators powered station emergency cooling systems.

An hour later, the station was struck by the tsunami. The tsunami was much
larger than what the plant was designed for (14m waves) The tsunami took
out all multiple sets of the Emergency Diesel generator, AC buses, DC

batteries (U1) and damaged service water that provide cooling from the sea.
Unit 1 was in total station blackout w/o the isolation condenser operable

Reactor operators used emergency battery power for U2 and U3 reactors for

cooling for a day or more — but lack of ability to stabilize causing damage



14

Unit 2 & 3 Battery Power Controlled Steam-Driven
Reactor Core Isolation Cooling (RCIC) System
Unit 1 had a different design

with Isolation Condenser but it
IS not clear that it functioned

U2: 3/11 15:40 to ~ 3/14 13:25 JST
U3: 3/11 16:00 to ~ 11:30JST
then HPCI thru 3/13 14:42 JST



Unit 2 & 3 Battery Power Controlled Steam-Driven
Reactor Core Isolation Cooling (RCIC) System

Safety systems (RCIC

and HPCI) operated for
at least another day on
both units

15
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Venting Primary Containment

Refueling
Bay

Reactor core uncovered,
overheated, oxidized and
released steam and H2 to
the containment (DW, WW)

Primary Containment
Pressures were above 100psi

3/12 ~ 14:30 U1 attempted
3/13 ~ U2 is not clear
3/13 ~ 09:40 U3
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Fukushima Containment System
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Hydrogen Detonation

Reactor Building

Refuel Floor



Bleed & Feed Cooling Established

Seawater Injection using Fire Engine Pump- 3/13 20:20 JST
Shift to Fresh Water Injection ~3/26-Present

Vapor
Venting

Sea then
Fresh
Water
Feed

Boric
Acid
UNIVERSITY OF WISCONSIN

Energy Institute
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Accident Description at Fukushima Dai-ichi site

20

What happened to the spent fuel pools in each unit?

From what is known spent fuel pools were not damaged
Why did other plants survive the earthquake and tsunami?
Daini plants were In position that mitigated tsunami effects

What was the command and control structure in Japan as
compared to the U.S.? In the U.S. the plant manager on-duty
has complete authority during any site emergency

What were the emergency procedures for the Japanese plants
and U.S. differences? As we know the procedures were
generally similar for the Japanese plants
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Lessons-Learned from the Fukushima Event

Confirm U.S. plants have consistent design base for natural disasters

Risk-informed approach should be applied to extreme natural events

Emergency planning for nuclear plants should be reviewed

Command/control of an accident should reside close to plant

Emergency planning needs to use risk information

Harmonize Emergency operating proc. and severe accident proc.

Risk-informed approach should be considered for hardware changes

Coping with a station blackout could be accommodated for longer periods of time
with innovative plant modifications (three phases)

Spent fuel cooling was maintained but uncertainty suggested that better
instrumentation and assured cooling water refill needed

Modifications after 911 may be used as added safety systems

Severe accident management guidelines need to be regularized
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Risk Communication: Accident Comparison
Chernobyl released over 10 times more radioactive material
over a few days due to the explosion
TMI released over 10 times less radioactive material

Earthquake and Tsunami damage was extensive (25,000
dead/missing; disaster costs range from $500b - $1000b)

Fukushima accident has not caused any loss of life but is
estimated to cost 5-10% of this total damage (estimate of
latent cancers ~100 out of 10’s millions)

Chernobyl accident early fatalities were over 50 with ~5000
cases of children treated with thyroid cancer

TMI cost ~$2b on-site with off-site damages $150m,

and no deaths or statistically significant latent effects
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References
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Health Physics Slides
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Health effects of Radioisotope Release

What was the emergency response for general public?
What were the on-site dose effects to workers?
What were the off-site dose effects to the public?

What were the long-term land contamination effects off-site?



Emergency Response

General Emergency declared to the initial events in Unit 1 on Friday.

Evacuation of public performed within 20 km of plant; approximately

200,000 people evacuated and sheltered in place within 30km.

Recorded radiation levels spiked after each explosion (above).

The NRC’ s radiation dose limit for the public is 100 mrem/yr (1000uSv/yr)

and natural background is about 300 mrem/yr (3000uSv/yr or 0.34uSv/hr).

Some workers reported with radiation exposure: six above allowable limit

) ) ) ) Dose Category (mSv External Internal
Potassium-iodide tablets given to i

>250 0 6

. . 200-250 0 3

protect the public from iodine. 120.200 = .

100’s aftershocks have occurred 12019 L 13

50-100 116 100

20-50 297 321

10-20 527 369

<10 2762 1548

Total 3726 2367
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Spatial Dose Rate Comparisons — April 1st
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UNIVERSITY OF WISCONSIN
Energy Institute
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Dose Rate Comparisons to May 1St
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UNIVERSITY OF WISCONSIN
Energy Institute
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Fukushima
Daiichi Unit 1

——

Spent Fuel
Pool
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Three Mile Island Comparison

Reactor Scram: 04:00 3/28/79

Core melt and relocation: ~ 05:00 — 07:30 3/28/79
Hydrogen Deflagration: 13:00 3/28/79

Recirculation Cooling: Late 3/28/79

Phased Water Processing: 1979-1993

Containment Venting: July 1980

Containment Entry: July 1980

Reactor Head removed and core melt found: July 1984
Start Defuel: October 1985

Shipping Spent Fuel: 1988-1990

Finish Defuel: Jan 1990

Evaporate ~2M gallons Processed Water: 1991-93
Cost: ~$2 Billion

F1 - Water Decon. and Cost at least 10 times larger
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Chernobyl Long-term Radiation Dose
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Who uses Nuclear Power?

787 (20%+)
429 (75%)
: 292 (30%+)
159 (12%
- 12%), 44 (20%) 141
) 931 924 84.8
Q% ng S @ %‘:o{b &'b . \Q‘b P . \QQo

g o o
SN AR G T R R\

69.2
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Accident Description at Fukushima Dai-ichi site

Discuss accident sequence for Units at Fukushima Dai-ichi?
What happened to the spent fuel pools in each unit?
Why did other plants survive the earthquake and tsunami?

What was the command and control structure in Japan as
compared to the U.S.?

What were the emergency procedures for the Japanese
plants and how are they different within U.S.?
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Nuclear Safety Regulation System in Japan

Licensee

NISA :

* Issue license for NPPs and related
facilities

» Approve construction and suitability
of safety program and pre-service
inspection

» Conduct periodic inspections of
facilities, suitability of safety
inspection, emergency
preparedness

MEXT :
» The same function as NISA for test
and research reactor facilities

JNES :

* Inspection and cross-check
analysis, etc. for NPPs

* Investigations and tests to be
reflected onto the safety regulations

Application

Regulatory Bodies

Nuclear and Industry
Safety Agency (NISA) for
NPPs

f Technical supports

Japan Nuclear Energy
Safety Organization
(ANES)

Ministry of Education,
Culture, Sports and

Science and Technology

Q/IEXT) for RRs

i
=

J

Report

Subsequent Regulation

Construction phase
Approve design, ---
Operation Phase
Periodic inspections etc
Others

/~ (NISA/INES and MEXT)

kper/od/c inspections etc j

Periodic

Reporf
guperv/se

& Audit

Cabinet Office
Nuclear Safety
Commission (NSC)

Secondary Review: “Double check”
Supervise and audit the regulatory
bodies

Receive and respond to reports on
accidents and problems

(NSC)
Review subsequent
regulation




Hydrogen Explosion in all the Units

Reactor Bu“ding Refuel Floor



Radiation Levels Put Into Context
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http://www.mext.go.jp/english/radioactivity_level/detail/1303962.htm



Integrated Dose Comparisons to May 1St
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UNIVERSITY OF WISCONSIN
Energy Institute
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Short-Term Health Risks

Exposure Exposure
(Sv) (USV - microSv) Health Effect
changes in
0.05 50,000 blood chemistry
0.5 500,000 nausea
0.55 550,000 fatigue
0.7 700,000 vomiting
0.75 750,000 hair loss
0.9 900,000 diarrhea
1 1,000,000 hemorrhage
possible death
4 4,000,000 (2 months)
death
10 10,000,000 (1-2 weeks)
death
20 20,000,000 (hours-days)

Public not at risk for any short-term health effects.
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Long-Term Health Risks

Above 0.1 Sv (100,000 pSv) the cancer risk can be approximated
by using 5% per Sv (accepted via the linear dose model).

» For example, the occupational worker who received as dose of
0.1 Sv has a 0.5% increased risk of developing a cancer in their life.

 Estimating cancer risks to the general public is difficult because of the
low dose rates outside of the plant and large overall cancer rates.

« If radiation levels in Tokyo remained at the current level (0.14
MSv/hr) it would take one month of exposure for residents to

experience the same risks than received from a common dental
X-ray exam.



Backup Slides

5090 of all Iodine was released
1% of all Cesium was released

.o Minimal amount of Sr released
40



Pathways To Humans

Pathways to humans
IS diverse:

o Air
e Water
e Soll

Source: ORNL/M-4227.
Oak Ridge National

Laboratory, Oak Ridge, TN
UNIVERSITY OF WISCONSIN
2 Energy lnstltute

TECHNOLOGY ESOURCES + SUSTA



Continuous Environmental Monitoring

Monitoring Onsite Offsite

* Area Monitoring O O
* Air Monitoring O
 Soil Monitoring O O
» Water Monitoring
* Freshwater 0
« Seawater O O

* Food (@)

42



Area Monitoring - Offsite

Source: NNSA. http://nnsa.energy.gov/mediaroom/pressreleases/fukushimadata
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Area Monitoring - Onsite

Source: TEPCO, http://www.tepco.co.jp/en/press/corp-com/release/index-e.html



Air Monitoring - Onsite

Transfer of contaminated water from Unit 2

Fukushima NPP to condenser 4/12-4/13.

Important for monitoring internal exposures.

Source: TEPCO, http://www.tepco.co.jp/en/press/corp-com/release/index-e.html
45
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Soil Monitoring - Onsite

Fukushima NPP

Source: TEPCO, http://www.tepco.co.jp/en/press/corp-com/release/index-e.html



Water Monitoring

(Onsite)

4-May

XA

350 miles
(Offsite)

Source: TEPCO, http://www.tepco.co.jp/en/press/corp-com/release/index-e.html

47 Source: SIROCCO, http://sirocco.omp.obs-mip.fr/accueil/Accueil.htm
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Food and Water Monitoring

6 out of 16 prefectures have tested positive for
contamination in the food chain and removed
(Chiba, Gunma, Ibaraki, Fukushima, Saitama, Tochigi*)

(Offsite)

*FDA has banned milk, milk products, vegetables, and fruits from the 6 prefectures

Source: WHO. Situation Report: Focus on food safety and water quality
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Food and Water Monitoring

23 villages/cities in 5 different

prefectures have placed bans
on drinking water for infants.
All but one has been removed.

1 village in Fukushimi placed a
ban on drinking water for both
adults and infants, but this
ban has been removed.

(Offsite)
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Dose to Employees
Data from 3/11-/5/23

There have been no reported cases of acute radiation syndrome or deaths
due to exposure. Three workers over the allowable exposure limits.
(Chernobyl: 134 workers developed ARS and 28 died)

http://www.kantei.go.jp/foreign/kan/topics/201106/iaea_houkokusho e.html



Spatial Dose Rate Comparisons - March 18th

Avg. Radiation
Doses

U.S. Natural Dose
(0.34 uSv/hr)

U.S. Medical Dose ! \
(0.37 uSv/hr)

Single Chest Xray \ k
(40 psv) N/

Mammogram
(300 puSv)

LA-to-NYC flight
(20 uSv/trip)
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Spatial Dose Rate Comparisons — April 27th

Avg. Radiation
Doses

U.S. Natural Dose
(0.34 uSv/hr)

U.S. Medical Dose
(0.37 uSv/hr)

Single Chest Xray
(40 uSv)

Mammogram
(300 uSv)

LA-to-NYC flight
(20 uSv/trip)

UNIVERSITY OF WISCONSIN
52 Energy lnstltute
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Dose History at Selected Locations

100000

10000

1000

= o
o o

Measurement [Micro Sv / hr]
(10OMicroSv=1mfem)
=

0.01

DOSERATES at FUKUSHIMA (3000MicroSv is Annual Backgnd Dose)

X X x X

oo &

72 96 120 144 168
Time Since 14:45 Mar 11 [hr]

o Plant gate

x 0.5 km west

e 5 km WSW - Ookuma

+24 km N - Minami Souma

- ~50 km SSW
+ ~76 km SSW
= ~90 km SSW
+ ~100 km SW

- lwaki

- Kitaibaraki City
- Takahagi

- Daigo
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http://www.mext.qgo.jp/english/radioactivity level/detail/1303986.htm
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Dose Comparison History
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Unit #1 Situation

UNIVERSITY OF WISCONSIN

Energy Institute
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Unit #2 Situation

UNIVERSITY OF WISCONSIN

Energy Institute
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Unit #3 Situation

UNIVERSITY OF WISCONSIN

Energy Institute
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Unit #4 Situation

UNIVERSITY OF WISCONSIN

Energy Institute
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Fukushima Reactor Vessel-Primary
Containment Sequence

Core Over Heat

-Clad Burst ~900C

-Clad Oxidize ~1200C

-H2 Release

-Partial Melt—1800C-
2700C

-Primary Sys Overpressure

Vent from Primary
Coolant Sys to Primary
Containment- H2,
Steam, & Fission
Products (Xe, Kr, I, Cs...)

No Primary Containment
Cooling therefore
Primary Containment
Overpressure-Vent to
Secondary Containment
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Generations of BWR Containments



Range of Containment Design Pressures

Containment design pressure (psig)
0O 10 20 30 40 50 60 70 80 90 100 110

BWR Mark | I 0-?I>><10‘3fl3 I I I 62 plig Pressure

BWR Mark Il e 45 psi 0 Volume

|
PWR Ice Condenser 12 psig 1.65 x 106 fif
1|

BWR Mark Ill 15 psig 14 x 106 f

|
PWR Sub-Atmospheric 45 psig 1.85(x 10 fff
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Containment Faillure Pressures
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Purpose

Provide cities and their neighbors with a
checklist of preparedness actions that
could save tens of thousands of lives or more
following a nuclear detonation, through
adequate protection against radioactive fallout.



Briefing overview

Why is the Checklist needed?

What knowledge grounds the Checklist?
What myths does the Checklist dispel?

What actions does the Checklist recommend?
What tools make the Checklist doable?

How does the Checklist benefit communities?

How has the Checklist been received?



“Two decades after the end of the Cold War, we face a cruel irony
of history — the risk of a nuclear confrontation between nations
has gone down, but the risk of nuclear attack has gone up.”

- President Obama, Opening Plenary Session of the Nuclear Security Summit, April 13, 2010.

~ " ...one of the greatest dangers we continue to face is the
toxic mix of rogue nations, terrorist groups and nuclear, chemical,

or biological weapons.” - Robert Gates, U.S. Secretary of Defense, January 27,
20009.

“We judge that, if al-Qa’ida develops
chemical, biological, radiological, or nuclear (CBRN)
capabilities and has operatives trained to use them, it will do so.”

- Annual Threat Assessment of the Intelligence Community for the Senate Armed Services
Committee; Director of National Intelligence, Dennis C. Blair, February 2, 2010.



Nuclear terrorism is a real threat.

e The raw materials exist

— 9 countries are judged to have nuclear weapons

— The global stockpile of fissile materials is enough to make more
than 120,000 crude nuclear devices

 The technology is readily available

— Sufficient public information is available to construct and
detonate a 10 kiloton nuclear weapon

 There is motivation to make nuclear weapons

— Known terrorist groups have expressed interest in making
nuclear weapons



Why is the checklist needed?

* Most Americans do not know how to protect themselves
against fallout exposure

 Local emergency management structures are not well
equipped to instill this knowledge

e Cities have no checklist for fallout preparedness despite
all the recent guidance



What knowledge grounds the checklist?

Emerging federal guidance
and technical reports on IND
response

Input and professional
judgment of Expert Advisory
Group

Research studies on
community preparedness

Select local radiation
emergency plans



What myths does the checklist dispel?

* MYTH: Death is certain for all after a detonation.
— FACT: Fallout-related casualties can be prevented.
e MYTH: Fleeing is the way to avoid radiation exposure.
— FACT: Quickly sheltering in the right place is best.
e MYTH: People must wait for responders to help them.

— FACT: Informed citizens can protect themselves.



Checklist for fallout preparedness

[ 1. Obtain broad community backing for nuclear preparedness
[ 2. Conduct pre-event public education on protective behaviors
O 3. Have building owners/operators rate shelters & teach others
4. Hone ability to deliver public warnings post-incident

5. Establish rapid system for mapping dangerous fallout zone
d 6. Develop capabilities for a large-scale, phased evacuation

O 7. Integrate, test, and train on all preparedness elements



ACTION 1—Obtain broad community
backing for nuclear preparedness

* Fallout preparedness is a public service no single entity
can deliver

e Businesses, schools, nonprofits, and citizens must stand
by emergency professionals

e Diverse coalition can overcome reticence to plan for a
nuclear detonation



ACTION 2—Conduct pre-event public
education on fallout protection

* “No notice” nuclear detonation requires a public capable
of acting on its own

e |t will be difficult to issue fallout warnings to those who
need them the most post-incident

 Key message of sheltering for at least 24 hours resonates
with “all hazards” guidance



ACTION 3—Equip building owners &
operators with shelter rating guide

e Peoplein U.S. spend about 90% of their time in enclosed
buildings

* We can encourage people to learn about the protective
attributes of everyday buildings through:

— Neighborhood associations
— Commercial building managers
— Public building operators

— School facility administrators



ACTION 4—Hone ability to deliver public
warnings on fallout post-incident

e Cities need pre-ready mix of “no tech,” “low tech,” and
“high tech” ways to deliver warnings

 Advance scripting of messages about protective actions
saves time and lives

 Deciding “who” should say “what” after the fact will cost
lives



ACTION 5—Build rapid system for
mapping dangerous fallout zone

e Knowing the fallout “footprint” refines guidance on who
to evacuate, when, and by which route

* Mapping and communicating where fallout isn’t is just as
iImportant



ACTION 6—Develop supports for
large-scale, phased evacuation

 People eventually need to move from a protective
shelter to a place of greater safety

 Advance plans on how to decide who goes first and
where are complex, though essential



ACTION 7—Integrate, test, & train on
all fallout preparedness elements

 Training and practicing will enhance performance when
it really matters

* Linkages are necessary among the technical,
organizational, social, and human elements



TOP PRIORITY—Informed residents who
seek shelter swiftly and independently

Mass education campaign with focus on self-sufficiency
and sheltering

Neighborhood-based training and education program to
seed grassroots conversations

Shelter “rating guide” broadly disseminated to private
and public building owners/operators



What tools make the checklist doable?

 Phased implementation plan that breaks preparedness
into prioritized steps

 Compilation of critical topics for public education
campaign on fallout preparedness

e Tips on how to write effective post-detonation fallout
warning messages

 Sample fallout warning messages

e “FAQ” on best places in which to shelter



Checklist benefits to communities

 Genuinely comprehensive “all hazards” planning and
response efforts that can confront nuclear terrorism

e Spillover effects in planning for other complex disasters
(eg, improved public warning protocols)

e Momentum to tackle other response/recovery issues (eg,
medical surge; mass sheltering for the displaced)

e Tens of thousands of lives saved in the event of an actual
nuclear attack



Reactions to the checklist

e Since Sept 2012, the Checklist has been briefed at 11
major professional gatherings; more to come

 Government officials at all levels, emergency managers,
health officials, care providers, and building owners have
welcomed the tool

 Enthusiasm for Checklist is motivated by fact that:
— Trusted NGO is willing to take “political hit” for taboo subject

— Technical information is translated into action steps

 People desire even more granular, operational guidance
as well as public education campaign materials



“You all have done a wonderful job on this project, and as an end user,

all I can say is a big and hearty ‘thank you’!”
— Special Advisor, Emergency Preparedness and Response
Inova Health System

“1 just got my copy of the Preparedness Checklist. Have just skimmed it
and it looks like a really useful document. We will make use of it as we
move forward. Thank you and your team for taking the time to help us
begin to assess the gaps between risk and capability and between

reality and generational fears.”
— Director, Office of Preparedness and Response
Maryland Department of Health and Mental Hygiene

“What you all are doing is very vital to our nation.”
— Director, Disaster Services
American Red Cross Northeast Area



“In World at Risk, we expressly recommended the development
of ‘a publicly available checklist of actions each level of
government should take to prevent or ameliorate the
consequences of WMD terrorism. Such a checklist could be
used by citizens to hold their governments accountable for
action or inaction.” The Rad Resilient City project has answered

this call to action.”
— Senator Bob Graham (D-FL), Chairman
Senator Jim Talent (R-MO), Vice Chairman
Bipartisan WMD Terrorism Research Center;
Congressional Commission on the Prevention of WMD Proliferation and Terrorism



The U.S. Public Health Response to the
Fukushima Radiological Emergency:
One Agency'’s Perspective

Charles W. Miller, Robert C. Whitcomb, Jr.,
Jennifer Buzzell, M. Carol McCurley, Armin Ansari,
and CAPT Lynn Evans, USPHS

Radiation Studies Branch
Centers for Disease Control and Prevention

Annual Meeting
National Council on Radiation Protection and Measurements
March 13,2012

National Center for Environmental Health
Division of Environmental Hazards and Health Effects




CDC Response Activities During
Fukushima Daiichi Nuclear Power Plant Incident

0 Activation of CDC EOC - March 11, 2011

= First time CDC EOC activated for “real world” radiation incident

= Some CDC EOC staff felt this response was more intense than 2009 H1N1
flu response when CDC had leading role
* New players
* Few experienced SMEs
* New terminology
 International incident

0 Deployment of CDC Staff

CDC Liaison to National Security Staff, Executive Office of the President,
White House

CDC Liaison to NRC Headquatrters
To Japan - Health Communicator & Strategic National Stockpile Rep.




CDC Response

0 CDC Concerns
= Citizens of Japan
= US citizens living/working/visiting Japan
= Pacific Islanders
= Residents of continental US




CDC Response

JCDC Activities

= Public protective action guidance
 Potassium lodide
* Passenger screening
e Cargo screening
* Air, water and food contamination

= Publiccommunications materials

= Coordination with Partners
o HHS  NARR
« White House * CRCPD

* Advisory Team * ASTHO
NRC  NACCHO

EPA CSTE

Tokyo Embassy APHL
WHO Others



After Action Reports
Being Prepared

» State, local, and federal
agencies identifying
challenges they faced
during response

Federal reports being
forwarded to the White
House

CDC participated in this
process




March 21 - 24, 2011,
Atlanta, Georgia

Public health, clinician,

and emergency response
workforce

State, local, federal

National Alliance for
Radiation Readiness

Fukushima dialogue
initiated




Radionuclide Transport
into the U.S.

Atmospheric
Transport

Cargo ships
Passenger
luggage

Airline passengers




Monitoring of Peopleis a
State and Local Responsibility

¢ Customs & Border
Protection screened
incoming passengers and
cargo

* CDC, state, and local public

health officials developed
protocol for further

monitoring

http://www.bt.cdc.gov/radiation/pdf/Japan-
CDCRevisedRecommendationtoRadiationCon
trolHealthPhysicsStaff4 13 201 1.pdf

e Some contaminated

www.emergency.cdc.gov/radiation
passengers were found




Challenges Identified for
Passenger Screening

* Unexpected role for all
parties involved

« Shortage of personnel to
implement detailed
monitoring

* No authority to
quarantine
contaminated
passengers




Medical Follow up

No medical follow up was
required for airline
passengers

The US healthcare system
would have been tested if
extensive internal
contamination had been
found

The US healthcare system
needs to become more robust
for radiological emergencies




Subject Matter Experts in
Environmental Transport & Dosimetry

Extensive studies of
radionuclide fallout have
been performed

No new activities have
been undertaken

recently

Budget cuts have
resulted in
environmental
dosimetry programs
being cut at all levels of
government

b
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An estimate of the total external dose from Nevada
Test Site and global fallout for all radionuclides
- Miller et al. 2001




The Advisory Team
for Environment, Food, and Health
(A-Team)

The goal of the A-Team is to provide coordinated advice
and recommendations to the State, Coordinating Agency,

and DHS concerning environmental, food, and health
matters.

Membership is comprised principally of :

HEALTHIER * PEQPLE"




A Team Activated During
Fukushima Response

* Maintained a telephone
bridgeline with regular
meetings

Members often did

double duty, e.g. agency
EOC

Not enough personnel to
establish an A Team at
the US embassy in Tokyo




The Shortage of Subject Matter
Experts is Widespread

All state, local, and federal
agencies are short-handed

Few new jobs in environmental
dosimetry

Agencies used contractors in the
Fukushima response

Many experienced personnel are
nearing retirement

Who will respond the next time?




Communications Challenges

No national spokesperson

Public health messaging was
not prioritized

Initially, federal government
experts could only speak “off
the record”

Communication between
federal agencies and their state
and local partners was initially
limited




These Problems are not
Insurmountable

Communications on radiation issues will always be a
challenge

Many members of the public believe that LNT is a
fact, not a hypothesis

Public health messaging must be a priority for any
incident involving radioactive materials

Federal agencies must keep their state and local
partners fully informed, even for international
incidents




Methods of Communication
are Changing

Fukushima was a “wired”
event

* The internet was a major
source of “information”

* Views of CDC’s radiation
emergencies website
jumped to almost 20,000
on March 12

* Many from Japan

Social media heavily
used

“What is a radio?”




Units of Radiation Measurement

Radiation data reaching the U.S. from Japan were in S.I.
units

Since S.I. units are not widely used in the U.S,, these
data had to be “translated” into the traditional units
for communications and decision making purposes

Such works is time-consuming, and it introduces the
potential for numerical errors

“After 1989 it is recommended that Sl units be used
exclusively.”

- NCRP Report No. 82 (1985)




Protective Action Guides (PAGs)

The EPA has developed early-phase PAGs for use in the
U.S.

= APAGIs “the radiation dose to reference man, or other
defined individual, from an accidental release of radioactive material
at which a specific protective action to reduce or avoid that dose is
warranted.”
FDA has developed similar guidance for interdiction of

foods

Other nations and international organizations have
also developed PAGs, some using a direct
measurement approach

There is often a lack of harmony between U.S. and
international PAGs




Drinking Water

When 3l was measured in some samples of potential
drinking water in Tokyo, Japan applied PAGs of 100 Bq
L' for children and 300 Bq L' for adults

The US embassy asked if the US agreed with these
PAGs

The problem: the U.S. has no PAG for drinking water

An ad-hoc analysis determined that the U.S. did not
disagree with the PAGs being used by the Japanese
government

Harmonization of PAGs would facilitate
communication and decision making in future
radiological incidents




Access to Radiation Data was Initially Limited

For domestic events, the Federal Radiological
Monitoring and Assessment Center collates monitoring
data and makes it available, e.g. to states

Who owns data gathered to support an international
event?

State, local, and tribal public health officials still need
information

= Projected plume arrival time and locations

= Radionuclides identified in the release

= Monitoring data collected within their juristiction
= Monitoring information for incoming cargo

Procedures that ensure the appropriate distribution of
these data need to be developed




The Role of Potassium lodide (KIl)
in an Emergency

Potentially can help protect the thyroid gland from
radioiodine exposure

Kl a supplement to the primary protecive actions of
evacuation, shelter-in-place, and food interdiction

Significant logistical problems with distribution

Over the counter supplies of Kl exhausted along the
west coast of the U.S. during Fukushima although CDC
recommended that Kl notbe taken

The supply of Kl in the Strategic National Stockpile
(SNS) is limited

HHS considering additional KI for SNS to provide
strategic flexibility




Conclusions

Fukushima was a trajedy
for the people of Japan

It was a public health
emergency for the U.S.

The U.S. public health
community did many
things well

We should learn from the
challenges identified

Failure to learn could
severely impact our next
response to a
radiological emergency




U.S. DOE/NNSA Response to the Fukushima
Dai-ichi Nuclear Power Plant Emergency

Joseph J. Krol, Jr.
DOE/NNSA

Source: Nuclear and Industrial Safety Agency (NISA)



Statement of Problem

Source: Nuclear and Industrial Safety Agency (NISA)



Fukushima Dai-ichi Damage & Deposition
(DOE AMS Perspective)



Partnhers

Japan Atomic Energy Agency
(JAEA)

Nuclear Safety Commission
Ministry of Defense (MOD)

United States Japan
e Department of State .

— American Embassy .
e Department of Defense .

— US Forces Japan (USFJ) .

e Department of Energy (DOE)
« National Nuclear Security

Administration (NNSA) .

— All consequence management
assets

— And then some
* Nuclear Regulatory Commission

e Advisory Team for Environment
, Food and Health ’

Ministry of Economy, Trade and
Industry (METI)
— Nuclear and Industrial Safety Agency
(NISA)
Ministry of Education, Culture,
Sports, Science & Technology
(MEXT)
— Nuclear Safety Technology Center
(NUSTEC)
Ministry of Agriculture, Forestry and
Fisheries (MAFF)

Ministry of Health, Labour & Welfare
(MLHW)

DOE/NNSA provided surge capacity



DOE Support to Operation
Tomodachi

Mission:

Assess the
consequences of
releases from the
Fukushima Dai-ichi
Nuclear Power
Plant (FDNPP)




DOE Timeline

e March 11;
— DOE/NNSA activated its assets
e March 14, 2011

— At White House direction, DOE deployed a tailored CMRT and
AMS capability via military airlift to Yokota Air Base



DOE Timeline (cont’d)

March 16: CM Assets arrive at Yokota AB and fly first AMS Test flight

March 17: First aerial measurement activities over plant conducted,; first
field monitoring mission completed

March 22: Initial data published on DOE website

DOE’s home at Yokota AB 7



Distribution of Responsibilities

 Field e NIT
— monitoring and sampling — Initial command and
— preliminary data control of deploying assets
assessment — coordination and
— product deve|0pment communication for field
e CMHT assets and headquarters
elements

— detailed assessment

-  Embassy
— coordination of sample

— assessment interpretation

ana(;yst'_s el for Ambassador
— preaictive modeling — coordination of bilateral
— response to requests for monitoring and

information/assistance assessment activities



Field Team

Attributes Composition

« Experienced : operate in a « Small field footprint with large
unique mission space. capability

« Interdisciplinary: address all  * 33 personnel to Yokota AB
aspects of mission. — 12 scientists of many

« Adaptable: dynamic disciplines (nuclear, GIS,
environment and non-standard environmental, 5 PhDs, 2
measurement platforms. CHPs)

« Communicate risk to partners — Technicians with a diverse
and decision-makers. skill set

« 1 DOE HQ liaison to US
embassy, Tokyo



Aerial Monitoring

What was done

e Fixed wing and helicopter
« Up to 3 aircraft per day
« DOE & GOQOJ joint survey

Why it was done

 Map ground deposition
out to 80 km from FDNPP

e Support evacuation,
relocation, agricultural
decisions

10



Ground Monitoring

What was done

* Mobile mapping

* In-situ & exposure rate

e Air & soil sampling

« Contamination swipes

« DoD & GOJ data aggregation

Why it was done

Calibrate aerial measurements
Define isotopic mix

Characterize the inhalation
component of integrated dose

Assess vertical and horizontal
migration of deposited material

11



Activity to Date

« Daily Aerial Measuring System missions over US
Installations and in the area around the FDNPS

o > 85 flights
« > 500 flight hours

« Daily monitoring activities at the U.S. Embassy, U.S.
military installations, and in support of “ground truth”
measurements for AMS

e 620 air samples
e 117 In situ spectra
e 141 soil samples

12
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Field Team Activity Successes

« DOE was able to perform on-the-fly analysis to
deal with multiple ongoing releases, unknown
source terms, challenging terrain as well as non-
technical pressures.

 DOE Scientists developed customized products
for U.S. military (data products, InField
Monitoring System).

 DOE scientists embedded with Japanese
scientists to create joint data products.

17






End State

 USFJ and Government of Japan to continue
monitoring activities as needed

— Japanese trained & equipped to fly DOE AMS

— Japanese equipped with an enhanced laboratory
analysis capability

— USFJ trained & equipped to fly contingency AMS

— DOE continues to support Japanese and USFJ
from Home Team

Resilience following a nuclear catastrophe

19



NIRS

Reference Levels in the Context of Fukushima

--- Lessons Learned and Challenge to Radiation
Protection System

Kazuo Sakai

National Institute of Radiological Sciences, Japan
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Reference level

In emergency or existing exposure situations,
this represents the level of dose, above which
it is judged to be inappropriate to plan to
allow exposures to occur, and below which
optimisation of protection should be
implemented.

The chosen value for a reference level will
depend upon the prevailing circumstances of
the exposure under consideration.



Reference Level for General Public
under Existing Exposure Situation

Reference Level
(1-20 mSv/year) Optimisation

1 mSv/year 4
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For use of Playground of Schools

® MEXT selected 20mSv/y in the dose band
of 1 to 20mSv on Aril 19.

® A level of 20mSv was selected as a
starting line for optimization



For use of Playground of Schools

A dose 20 mSv in 1 year time was set as a “start
line” to reduce exposure.

Reference Level
(20 mSv/year)

Optimisation

1 mSv/year
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Lessons Learned

Practical Issues

Misunderstanding: RP Concepts
Misunderstanding: Radiation Effects
Challenge to RP System



Lessons Learned (1)
Setting a Start Line for Optimization

 MEXT, looking at the dose band of 1 to 20
mSv/a, selected a level of 20mSv/a as a
start line for optimization on April 19.

* Later in May, based on the measurement of
ambient dose rates in schoolhouses as well as
playground, actual dose (projected dose for
one year time)was estimated around 10 mSv
at most.

10
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Based on the measurement of ambient dose rates in
schoolhouses as well as playground, actual dose was
estimated around 10 mSv/year at most.

Number of Individuals

0 10 20

Dose (mSv in 1 year time)

12



Lessons Learned (2)
Misunderstanding: RP Concepts

* Any dose more than 1 mSv should be
dangerous.

... It must also be realised that neither dose
and risk constraints nor reference levels
represent a demarcation between ‘safe’ and
‘dangerous’ or reflect a step change in the
associated health risk for individuals.
(Paragraph 228, Publication 103)




Lessones Learned (3)
Misunderstanding: RP Concept

* Tens of thousands people shall die due to
radiation from the accident.

...the Commission emphasises that whilst the LNT model
remains a scientifically plausible element in its practical
system of radiological protection....the Commission judges
that it is not appropriate, for the purposes of public health
planning, to calculate the hypothetical number of cases of
cancer or heritable disease that might be associated with
very small radiation doses received by large numbers of
people over very long periods of time. (Paragraph 66,
Publication 103)




Lessons Learned (4)
Misunderstanding: Radiation Effects

School girls in Fukushima are not able to
have a baby in future.

Tissue and Threshold
Effect

Total dose receivedina  Annual dose rate if received yearly

single brief exposure in highly fractionated or protracted
(Gy) exposures for many years (Gy y ! )
Testes
Temporary 0.15 0.4
sterility
Permanent 3.5-6.0 2.0
sterility
Ovary >0.2

Sterility 2.5-6.0



Lessons Learned (5)
Misunderstanding: Radiation Effects

| should terminate my pregnancy.

® [ ack of knowledge is responsible for great
anxiety and probably unnecessary termination
of pregnancies.
® Termination of pregnancy at fetal doses of
less than 100 mGy is NOT justified based upon
radiation risk.

(Publication 84)



Consequence of Misunderstanding about
Radiation Effects

Incorrect
perception
about Radiation
Effects

On themselves On others

[ Too much concern J [ Stigma J




Perception of Radiation among General Public

Direct connection between “Radiation”
and “Severe Effects, Cancer, Death”

| > Severe Effects




Shift of Thinking: Need for the Concept of
“Dose-Effect Relationship”

Le-
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Measurement of Radioactivity in Thyroid in
Children.

* The survey was conducted from March 26 to
30 in Iwaki City, Kawamata town, and litate
village, where the high probability of internal
radiation exposure at the thyroid gland was
suspected.

* 1,080 children aged zero to 15 were measured.
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Dose Rate Distribution in the Thyroid of
Fukushima Children

(55.4%)

0

* For 99% of the children tested, the dose
rate was 0.04 pSv/h or less.
 the highest dose was 0.1 uSv/h
(Equivalent dose of 50 mSv/y at thyroid
583 gland for 1 year old).
(26.1%) * The radiation level was not the level
that would require more detailed
examination.
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Radiation Exposure/Effects at a Glance
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Lessons Learned (6)
Challenge to RP System

Lower reference levels are to be set, when
only children are considered?




In the ICRP recommendations a higher risk coefficient
is given to whole population than to adult population,
because the whole population includes children, a sub-

population of higher sensitivity and longer life span.

Exposed Cancer Heritable Total
population effects

Whole

Adult 4.1 0.1 4.2

Nominal risk coefficients (102 Sv1)
(from Table 1, Publication 103)
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Special consideration for children is
recommended

... After an emergency situation has occurred,
planned protection measures should evolve to
best address the actual conditions of all
exposed populations being considered.
Particular attention should be given to
pregnant women and children.

(Paragraph 280, Publication 103)

Yet, dose limits/constraints/reference levels
specific to children have not been provided.




Science and RP

Radiation Detailed Mechanisms
Biology T

1 Variety

New Findings —> Fetuses/Children/Adults
Male/Female

Individual
New Needs —> Species etc.
v
_ Simplification
Radiological v
Protection :
Nominal Values

Difference significant to set different regulation level
under the conditions considered?
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Conclusion

* For setting a reference level, care must be
taken for understanding and acceptance by
public/stakeholders.

* Residents in Fukushima who had not been
aware of radiation effects nor radiological
protection, has been affected and confused by
information on the exaggerated story on
radiation effects and lack of explanation about
radiological protection procedures.

e Radiation experts should disseminate;
(i) precise information on effects of radiation,
(ii) plain explanation on RP.



Roles of Radiation Experts

Dose 3 RP 5| Regulation
Effects Principles Standards

Radiation Experts




Roles of Radiation Experts

Dose 5 RP 5| Regulation
Effectts Principles Standards

Radiation Experts

4

4

4

Explanation to/Communication with

Public/Stakeholders

¥

4

¥

Understanding/Acceptance of
RP System and Counter measures




New Zoning as of April 2012

Green and Blue within 20 km
radius.

To prepare lifting “evacuation
order”

<20 mSv/a

Yellow

Continued off —limit area

Shift to the above category after
decontamination.

20 — 50 mSv/a

Brown and Red
(25,000 residents)
Areas difficult to return.
50mSv/a<
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Emergency to Recovery
- Issues one after another-

Optimization in countermeasures
* Decontamination

* Radioactive waste

e Radioactivity control in food

* Returning home

 Relocation



Overview of the Final Report
of the Blue Ribbon Commission on America’s

Nuclear Future

Richard A. Meserve
Carnegie Institution for Science




Origins and Purpose

e Blue Ribbon Commission on America’s Nuclear Future
established by the President’s Memorandum for the
Secretary of Energy on January 29, 2010

e Charge to the Commission: Conduct a comprehensive
review of policies for managing the back end of the
nuclear fuel cycle and recommend a new strategy

e Deliver recommendations to the Secretary of Energy by
January 29, 2012




-

Commission Members

* Lee Hamilton, Co-Chair — Director of the Center on Congress at Indiana
State University, former Member of House of Representatives (D-IN)

* Brent Scowcroft, Co-Chair — President, The Scowcroft Group, and former
National Security Advisor to Presidents Ford and George H.W. Bush

* Mark Ayers, President, Building and Construction Trades Department, AFL-
ClO

e Vicky Bailey, Former Commissioner, Federal Regulatory Commission;
former Indiana Public Utility Commissioner; former DOE Assistant
Secretary for Policy and International Affairs

e Dr. Albert Carnesale, Chancellor Emeritus and Professor, UCLA

e Pete V. Domenici, Senior Fellow, Bipartisan Policy Center; former U.S.
Senator (R-N.M.)

e Susan Eisenhower, President, Eisenhower Group, Inc.

e Chuck Hagel, Distinguished Professor at Georgetown University; former
U.S. Senator (R-NE)




-

Commission Members

e Jonathan Lash, President, Hampshire College; former President, World
Resources Institute

e Dr. Allison Macfarlane, Associate Professor of Environmental Science,
George Mason University

e Dr. Richard Meserve, President, Carnegie Institution for Science and
Senior Counsel, Covington & Burling LLP; former Chairman, U.S. Nuclear
Regulatory Commission

e Dr. Ernest Moniz, Professor of Physics and Cecil & Ida Green Distinguished
Professor, MIT

e Dr. Per Peterson, Professor and Chair, Department of Nuclear Engineering,
University of California-Berkeley

e John Rowe, Chairman and CEO, Exelon Corporation

e Dr. Phil Sharp, President, Resources for the Future, former Member of the
House of Representatives (D-IN)




-

Nuclear Fuel Cycle




-

Overview of 8 Key Recommendations

1. A new, consent-based
approach to siting and
development




-

Overview of 8 Key Recommendations

2. A new organization
dedicated solely to
implementing the
waste management
program and
empowered with the
authority and
resources to succeed




-

Overview of 8 Key Recommendations

3. Access to the
funds nuclear
utility
ratepayers are
providing for the
purpose of
nuclear waste
management




-
Fixing the Funding Problem:

A Two-Step Approach in the Near Term

e First, amend the Standard Contract so that nuclear
utilities remit only the portion of the Nuclear Waste
Fund fee that is actually appropriated for waste
management activities each year.

e Place the remainder of fees collected each year in a
trust account held by a qualified third-party institution

e Second, change the budgetary treatment of fee receipts
so they directly offset appropriations for waste program

e Longer term, legislative action is needed to transfer
unspent balance of Fund to new organization

\
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Overview of 8 Key Recommendations

4. Prompt efforts to
develop one or more
geologic disposal
facilities




Overview of 8 Key Recommendations

5. Prompt efforts to
develop one or
more consolidated
storage facilities




Overview of 8 Key Recommendations

6. Prompt efforts to prepare for the eventual large-
scale transport of spent nuclear fuel and high-
level waste to consolidated storage and disposal
facilities when such facilities become available




-

Overview of 8 Key Recommendations

7. Support for
continued U.S.
Innovation in
nuclear energy
technology and for
workforce
development




-

Overview of 8 Key Recommendations

8. Active U.S. leadership in
international efforts to
address safety, waste
management, non-
proliferation, and
security concerns




-

Proposed Legislative Changes

Fully imp
require C

eEstablis

ementing these recommendations will
nanges to the NWPA or other legislation to:

n a new facility siting process

eAuthorize consolidated interim storage facilities

*Broaden support to jurisdictions affected by
transportation

eEstablish a new waste management organization

eEnsure access to dedicated funding

*Promote international engagement to support safe
and secure waste management




Responding to Fukushima

e Commission recommends the National Academy of
Sciences undertake a comprehensive study of the
accident and implications for U.S. policy & practices

e Dry cask storage and away-from-reactor pool
storage at Fukushima performed well during crisis

e Fukushima points
to importance of
having long-term
strategy & better
near-term options for
managing spent fuel




Conclusion

e The overall record of the U.S. nuclear waste program has
been one of broken promises and unmet commitments

e The Commission finds reasons for confidence that we
can turn this record around

e We know what we have to do, we know we have to do it,
and we even know how to do it

e We urge the Administration and Congress to act on our
recommendations, without further delay
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