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LIMITS ON SCOPE

This guidance does not address or impact site cleanups occurring under other statutory authorities such as
the United States Environmental Protection Agency’s (EPA) Superfund program, the Nuclear Regulatory
Commission’s (NRC) decommissioning program, or other federal or state cleanup programs.

As indicated by the use of non-mandatory language such as “may,” “should” and “can,” this Manual only
provides recommendations and does not confer any legal rights or impose any legally binding
requirements upon any member of the public, states, or any other federal agency.
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CHAPTER 1 - OVERVIEW

1.1. PLANNING GUIDANCE AND PROTECTIVE ACTION GUIDES

The U.S. Environmental Protection Agency (EPA) has developed this Manual to assist public officials in
planning for emergency response to radiological incidents. For purposes of this document, a radiological
incident is an event or a series of events, deliberate or accidental, leading to the release or potential
release into the environment of radioactive materials in sufficient quantity to warrant consideration of
protective actions. This Manual provides radiological protection criteria for application to all incidents
that would require consideration of protective actions, with the exception of nuclear war.

During an incident with an uncontrolled source of radiation, protection of the public from unnecessary
exposure to radiation may require some form of intervention that will disrupt normal living. Such
intervention is termed a protective action. Examples of protective actions include:

e evacuating an area;

e sheltering-in-place within a building or protective structure;

e administering potassium iodide (KI) as a supplemental action;
e acquiring an alternate source of drinking water;

e interdiction of food/milk.

This Manual provides recommended numerical protective action guides (PAGs) for the principal
protective actions available to public officials during a radiological incident. A PAG is defined for
purposes of this document as the projected dose to an individual from a release of radioactive material at
which a specific protective action to reduce or avoid that dose is recommended. PAGs are guides to help
officials select protective actions under emergency conditions during which exposures would occur for
relatively short time periods. They are not meant to be applied as strict numeric criteria, but rather as
guidelines to be considered in the context of incident-specific factors. PAGs do not establish an
acceptable level of risk for normal, nonemergency conditions, nor do they represent the boundary
between safe and unsafe conditions. The PAGs are not legally binding regulations or standards and do not
supersede any environmental laws. For information on roles, responsibilities and authorities during
emergency response and recovery, please refer to the National Response Framework:
http://www.fema.gov/national-response-framework and specifically for radiological incidents, the
Nuclear Radiological Incident Annex: http://www.fema.gov/pdf/about/divisions/thd/IncidentNucRad.pdf
(FEMA 2008a,b).

Some protective actions are not associated with a numerical PAG. For example, the control of access to
areas is a protective action implemented in concert with other protective actions; it does not have its own
PAG. Any reasonable action to reduce radiation dose is encouraged even if it is not associated with a
PAG, such as recommending that individuals use ad hoc respiratory protection with a handkerchief or
piece of folded cloth. Or in areas where PAGs are not exceeded, but airborne radioactivity is present,
people might be asked to stay indoors to the extent practicable to reduce their exposures. To further
develop radiological emergency plans, brief planning guides have been provided for reentry to relocation
areas, the cleanup planning process and considerations for radioactive waste disposal.

1.2. APPLICABILITY
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Protective actions may be recommended for a wide range of incidents, but generally apply to incidents
involving relatively significant releases of radionuclides. Radiological incidents with potential for
significant releases include:

¢ afire in a major facility such as a nuclear fuel manufacturing plant;
e an accident at a federal nuclear weapons complex facility;

e an accident at a commercial nuclear power plant (NPP);

e atransportation accident involving radioactive material;

e aterrorist act involving a radiological dispersal device (RDD) or yield-producing Improvised Nuclear
Device (IND).

Each type of incident would pose a unique threat to public health and should be planned for and managed
accordingly. Emergency response planning for a given facility or scenario should consider:

e the radionuclides involved;
¢ the dynamics of the release including size and magnitude;
o the feasibility of specific protective actions;

¢ the timing of notification, response and protective action implementation.

The decision to advise members of the public to take a protective action during a radiological incident
involves a complex judgment in which the radiological risk must be weighed against the action’s inherent
risks. This decision may have to be made under emergency conditions, with limited information and little
time to analyze options. Advance planning reduces the complexity of the decision-making process during
an incident. The planning process can identify the viability of responses to various incidents, the courses
of action that can be set in motion in advance and the decisions that can only be made during an actual
emergency. While many aspects of protective actions can be considered well in advance of an emergency,
the situations and conditions that exist at the time of emergency must be considered if the most effective
action is to be selected.

The unpredictable locations of certain radiological incidents make advance planning challenging. For
example, an RDD could detonate anywhere and spread radiological contaminants over a wide variety of
surfaces and terrain. Emergency planners should be prepared to apply PAGs to a wide scope of facilities
and circumstances.

1.3. BACKGROUND ON THE UPDATED PAGS

This Manual updates the “Manual of Protective Action Guides and Protective Actions for Nuclear
Incidents” (EPA-400-R-92-001, May 1992), published by the U.S. EPA (EPA 1992b) (hereinafter
referred to as the “1992 PAG Manual”). The guidance in this Manual was developed cooperatively with
the Federal Radiological Preparedness Coordination Committee (FRPCC), with representation from the
EPA; the Department of Energy (DOE); the Department of Defense (DoD); the DHS’ Federal Emergency
Management Agency (FEMA); the Nuclear Regulatory Commission (NRC); the Department of Health
and Human Services (HHS), including the Centers for Disease Control and Prevention (CDC) and the
Food and Drug Administration (FDA); the Department of Agriculture (USDA); and the Department of
Labor (DOL).

1.3.1. Legal Basis
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The historical and legal basis of EPA’s role in developing this guidance begins with Reorganization Plan
No. 3 of 1970, in which the Administrator of EPA assumed all the functions of the Federal Radiation
Council (FRC), including the charge to “...advise the President with respect to radiation matters, directly
or indirectly affecting health, including guidance for all federal agencies in the formulation of radiation
standards and in the establishment and execution of programs of cooperation with states” (Reorg. Plan
No. 3 of 1970, sec. 2(a) (7), 6(a) (2); § 274.h of the Atomic Energy Act of 1954, as amended (AEA),
codified at 42 U.S.C. 8 2021(h)). Recognizing this role, FEMA directed EPA in their Radiological
Emergency Planning and Preparedness Regulations to “establish Protective Action Guides (PAGs) for all
aspects of radiological emergency planning in coordination with appropriate federal agencies” (44 Code
of Federal Regulations (CFR) §351.22(a)). FEMA also tasked EPA with preparing “guidance for state
and local governments on implementing PAGs, including recommendations on protective actions which
can be taken to mitigate the potential radiation dose to the population” (44 CFR 8351.22(b)). All of this
information was to “be presented in the EPA Manual of Protective Action Guides and Protective Actions
for Nuclear Incidents” (44 CFR §351.22(b)).

Additionally, section 2021(h) charged the Administrator with performing “such other functions as the
President may assign to him [or her] by Executive Order.” Executive Order 12656 states that the
Administrator shall “[d]evelop, for national security emergencies, guidance on acceptable emergency
levels of nuclear radiation....” (Executive Order No. 12656, sec.1601(2)). EPA’s role in the development
of PAGs was also recognized in the “Nuclear/Radiological Incident Annex of the National Response
Framework” of June 2008.

1.3.2. Technical Basis

The FRC introduced the concept of a PAG in a series of recommendations issued in the 1960s. A key
concept about PAGs is that the decision to implement protective actions should be based on the projected
dose that would be avoided if the protective actions were implemented. Developers of the EPA PAGs
considered the following three principles in establishing exposure levels for the PAGs—

1. Prevent acute effects.

2. Balance protection with other important factors and ensure that actions result in more benefit than
harm.

3. Reduce risk of chronic effects.

These principles apply to the determination of any PAG. Principles 1 and 2 have been proposed for use by
the international community as essential bases for decisions to intervene during an incident. Principle 3
has been recognized as an appropriate additional consideration (IAEA 1989). Although it is important
during emergency planning to consider a range of source terms to assess the costs associated with their
implementation, the PAGs are pre-determined for use in emergencies without regard to the magnitude or
type of radiological release.

1.3.3. Changes in Scenarios since the Issuance of the 1992 PAG Manual

EPA’s 1992 PAG Manual provided emergency management officials at the federal, state, tribal and local
levels with the technical basis to plan responses to radiological emergencies. The 1992 PAG Manual was
written to accommodate the worst release scenario deemed likely at the time — a major accident at a
commercial NPP that would result in a significant off-site release of radioactive material. (“Site” and
“off-site” in this Manual refer to locations where the radiological incident occurs and are not limited to
facility-type incidents.) Certain characteristics typify NPPs, including: fixed locations at which an
accident might occur; a known suite of radionuclides on site, the dose from which is dominated by short-
lived radioisotopes; tight regulatory controls and requirements; skilled operational personnel who plan for
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and exercise emergency responses; state and local involvement in emergency planning; well-developed
and zoned emergency evacuation plans and routes; and advance notice (generally hours to days) from
deteriorating plant conditions prior to accidental release of radioactive material into the environment.
Therefore, the 1992 PAG Manual provided decision-makers with radiation dose-based PAG values for
various exposure pathways (such as whole body, skin dose and food ingestion) and associated protective
actions that were adapted to the mix of radionuclides and operational environments associated with
commercial NPPs.

In late 1991, EPA conducted a symposium titled “Implementing Protective Actions for Radiological
Incidents at Other Than Nuclear Power Reactors,” to evaluate PAGs for incidents other than accidents at
NPPs and concluded that the PAGs could be applied to all radiological incidents (EPA 1992a). Since
then, new radiological and nuclear scenarios involving terrorist use of radioactive materials have gained
status in radiological emergency response planning.

In 2008, the Department of Homeland Security (DHS) published “Planning Guidance for Protection and
Recovery Following Radiological Dispersal Device (RDD) and Improvised Nuclear Device (IND)
Incidents” (DHS 2008). An RDD is a device or mechanism that is intended to spread radioactive material
from the detonation of conventional explosives or other means. An IND is a crude, yield-producing
nuclear weapon fabricated from diverted fissile material. Incidents like these may occur anywhere with
little or no warning. The DHS guidance, developed cooperatively with EPA, DOE, DoD, DOL, HHS,
Department of Commerce (DOC), and the NRC, affirms the applicability of existing 1992 EPA PAGs to
terrorist acts, while acknowledging that the PAGs were inadequate for early response planning needs
specific to an IND. To address this gap, “Planning Guidance for Response to a Nuclear Detonation” (NSS
2010) was subsequently published.

This Manual substantively incorporates late phase cleanup guidance provided in the 2008 DHS document
and refers readers to additional planning resources.

1.3.4. Key Changes to PAGs in this Updated Manual

This updated Manual applies PAGs and protective actions to an expanded range of sources of potential
radiological releases, including commercial nuclear power facilities, uranium fuel cycle facilities, nuclear
weapons facilities, transportation accidents, radiopharmaceutical manufacturers and users, space vehicle
launch and reentry, RDDs and INDs.

Dosimetry for all the PAGs was updated using the International Commission on Radiological Protection
(ICRP) Publication 60 series (ICRP 1991). The PAGs in this Manual may be implemented using
calculated, measurable values contained in the Federal Radiological Monitoring and Assessment Center
(FRMAC) Assessment Manuals (DOE 2010a, b),"* though using other incident-specific dose assessment
methodologies is encouraged, where appropriate.

This Manual incorporates several related guidance documents published subsequent to the 1992 guidance,
including FDA’s 1998 update of the PAGs for interdiction of food. This Manual also incorporates FDA’s
2001 decision to lower the PAG for administration of stable iodine to 5 rem (50 millisieverts (mSv))
projected child thyroid dose. Finally, this update removes the intermediate phase relocation PAG of 5 rem
(50 mSv) over 50 years to avoid confusion with long-term cleanup. All other PAGs and corresponding
protective actions from the 1992 PAG Manual remain unchanged.

1 See FRMAC Assessment folder at http://www.nv.doe.gov/nationalsecurity/homelandsecurity/frmac/manuals.aspx.
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Recommended limits of exposure for emergency workers also remain unchanged from the 1992 PAG
Manual. The emergency worker guides in this manual are consistent with federal and state regulations.
Responsible officials should use judgment when doses may exceed regulatory limits and must advise
workers of the risks Table 1-1 presents PAGs with their principal associated protective actions or
planning guides.

To further develop radiological emergency plans, brief planning guides have been provided for reentry to
relocation areas, a cleanup planning process and considerations for radioactive waste disposal. In this
Manual, the term reentry is used for emergency workers and members of the public going into relocation
areas temporarily, under controlled conditions.

1.4. RADIOLOGICAL INCIDENT PHASES AND APPLICABILITY OF
PROTECTIVE ACTIONS
Emergency planners divide responses to radiological incidents into three phases of activity—

e Early Phase — The beginning of a radiological incident when immediate decisions for effective use
of protective actions are required and must therefore be based primarily on the status of the
radiological incident and the prognosis for worsening conditions. When available, predictions of
radiological conditions in the environment based on the condition of the source or actual
environmental measurements may be used. Protective actions based on the PAGs may be preceded by
precautionary actions during the period. This phase may last from hours to days.

o Intermediate Phase — The period beginning after the source and releases have been brought under
control (has not necessarily stopped but is no longer growing) and reliable environmental
measurements are available for use as a basis for decisions on protective actions and extending until
these additional protective actions are no longer needed. This phase may overlap the early phase and
late phase and may last from weeks to months.

e Late Phase — The period beginning when recovery actions designed to reduce radiation levels in the
environment to acceptable levels are commenced and ending when all recovery actions have been
completed. This phase may extend from months to years. A PAG level, or dose to avoid, is not
appropriate for long-term cleanup.

The phases cannot be represented by precise periods of time — and may even overlap — but to view them
in terms of activities, rather than time spans, can provide a useful framework for emergency response
planning.

In the early phase, sheltering-in-place and evacuation are the principal protective actions. These actions
are meant to avoid inhalation of gases or particulates in an atmospheric plume and to minimize external
radiation exposures. Administration of prophylactic drugs may be employed depending on the specific
radionuclides released; in particular, K1, also called “stable iodine”—may be administered as a
supplementary protective action in incidents involving the release of significant quantities of radioactive
iodine, such as NPP incidents. Some protective actions may begin prior to the release of radioactive
material when there is advance notice.

Planning considerations for reentry to relocation areas for specific tasks are suggested and basic planning
guidance for late phase cleanup is provided in Chapters 3 and 4.

1.4.1. Implementation of Protective Action Guides and Protective Actions
Immediately upon becoming aware that an incident is about to occur or has occurred that may result in
exposure of the population, responsible authorities should make a preliminary evaluation to determine the
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nature and potential magnitude of the incident. This evaluation should determine whether conditions
indicate a significant possibility of a major release and, to the extent feasible, determine potential
exposure pathways, populations at risk and projected doses. The incident evaluation and
recommendations should then be presented to emergency response authorities for consideration and
implementation.

During the early phase, the sequence of events includes—evaluation of conditions at the location of the
incident, notification of responsible authorities, prediction or evaluation of potential consequences to the
general public, recommendations for action and implementation of actions for the protection of the public.

In the intermediate phase, dose projections used to support decisions about protective actions may be
based on measurements of environmental radioactivity and dose models. When conditions warrant
relocation of populations, the collection of extensive radiological and cost-of-cleanup data will be
necessary to form the decision basis for cleanup and recovery of the affected areas.
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Table 1-1. Planning Guidance and Protective Action Guides for Radiological Incidents

Phase Protective Action Recommendation Protective Action Guide or Planning Guide

1 to 5 rem (10 mSv to 50 mSv) projected dose/4

Sheltering-in-place or evacuation of the public days”

5 rem (50 mSv) projected child thyroid dose®
from radioactive iodine

Early

(Chapter 2) Administration of prophylactic drugs Kl

5 rem (50 mSv)/year (or greater under

Limit emergency worker exposure : . e
exceptional circumstances)

2 rem (20 mSv) projected dose first year”
Relocation of the public Subsequent years, 0.5 rem (5 mSv)/year
projected dose

0.5 rem (5 mSv)/year projected dose, or 5 rem

Intermediate Food interdiction’ (50 mSv)/year to any individual organ or tissue,
(Chapter 3) whichever is limiting
Limit emergency worker exposure 5 rem (50 mSv)/year”
Operational Guidelines® (Stay times and
Reentry concentrations) for specific activities (see
Section 3.7)
Late Cleanup Brief description of planning process
(Chapter 4) Waste Disposal Brief description of planning process

#Should begin at 1 rem (10 mSv); take whichever action (or combination of actions) that results in the lowest exposure for the
majority of the population. Sheltering may begin at lower levels if advantageous.

®Projected dose- the sum of the effective dose from external radiation exposure (i.e., groundshine and cloudshine) and the
committed effective dose from inhaled radioactive material.

“Provides thyroid protection from internal exposure to radioactive iodines only. For other information on radiological
prophylactics and treatment, refer to
http://www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm063807.htm
http://www.bt.cdc.gov/radiation and www.orau.gov/reacts

“ Thyroid equivalent dose. For more information, refer to
http://www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm072265.htm.

¢ When radiation control options are not available, or, due to the magnitude of the incident, are not sufficient, doses to emergency
workers above 5 rem (50 mSv) may be unavoidable and are generally approved by competent authority. For further
discussion see Chapter 2, Section 2.6.

For more information on food and animal feeds guidance, the complete FDA guidance may be found at
http://www.fda.gov/downloads/MedicalDevices/DeviceRequlationandGuidance/GuidanceDocuments/UCM094513.pdf

9 For extensive technical and practical implementation information please see “Preliminary Report on Operational Guidelines
Developed for Use in Emergency Preparedness and Response to a Radiological Dispersal Device Incident” (DOE 2009)

Protective actions may already be designated in existing emergency response plans. Under NRC
regulations, large commercial NPPs must maintain detailed radiological response plans for an emergency
planning zone (EPZ) within a 10 mile (16.1 km) radius of the plant and for a separate ingestion pathway
EPZ within a 50 mile (80.5 km) radius. Emergency responders should be prepared to select and
implement appropriate protective actions when standing response plans are not available or applicable.

1.4.2. Early Phase Protective Action Guides and Protective Actions
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In the early phase, there may be little or no data on actual releases to the environment and responders may
have to rely on crude estimates of airborne releases. Decision time frames are short and preparation is
critical to make prudent decisions when data are lacking or insufficient.

The principal protective actions for the early phase are evacuation and sheltering-in-place. These
protective actions would be taken if whole body doses are projected to exceed 1 to 5 rem (10 to 50 mSv)
over four days. The decision to evacuate must weigh the anticipated radiation dose to individuals in the
affected population against the feasibility of evacuating within a determined time frame and the risks
associated with the evacuation itself. For example, evacuating a population of 50,000 carries with it a
statistical risk of injury or death from transportation hazards or increased exposure. Evacuation also takes
time. In the case of an accident at an NPP, there may be sufficient time for an orderly and relatively safe
evacuation. In the case of a fire or explosion of an RDD in an urban area, evacuating a large group of
people could leave them exposed to the plume and actually increase radiation dose. Sheltering-in-place
may be warranted in situations where evacuation poses a greater risk of exposure or physical harm.

In addition, there are actions that are advisable, but not associated with a numerical PAG. For example,
individuals should be instructed to cover airways (nose and mouth) with available filtering material when
airborne radionuclides may be present. Decontamination is another protective action that may be utilized
in the early phase and may include washing of contaminated individuals, removing contaminated clothing
and decontaminating surfaces of critical areas and objects. Further, in areas where airborne radioactivity
is present but PAGs are not exceeded, officials can consider asking people to stay indoors to the extent
practicable. In such cases, individuals are not prevented from carrying out necessary tasks (e.g., seeking
medical care, purchasing food). Similar to actions used in major cities on high pollution days, these
measures can be effective to reduce radiation doses when prolonged releases occur, as was the case for
the Fukushima accident in Japan.

In cases where significant quantities of radioiodine may have been released, administration of the
radioprotectant K1 should be considered as a supplementary protective action if the projected child
thyroid dose exceeds 5 rem (50 mSv). This PAG is lower than the 1992 guidance. The lower dose, which
FDA adopted in 2001, is for protection of children based on early studies of Chernobyl exposure data.

The choice of protective action will be based on the status of the incident site and the prognosis for
worsening conditions. In the early phase, precautionary actions based on worst-case scenarios may be
used before implementation of protective actions based on PAGs. For example, in the case of RDD
detonation, governments may instruct affected populations to shelter in place as a precautionary action
while radiation levels are being measured to determine appropriate PAG-based protective actions.
Officials should plan for rapid broadcast and dissemination of protective action orders to the public.

When available, predictions of radiological conditions in the environment based on an estimate of the
source or actual environmental measurements may be used. Nuclear facilities, for example, have
continuous, real-time radioactive effluent monitoring capabilities to monitor radioactive material released
to the environment and may have a network of off-site measurement stations.

1.4.3. Intermediate Phase Protective Action Guides and Protective Actions

Intermediate phase activities are intended to reduce or avoid dose to the public, to control worker
exposures, to control the spread of radioactive contamination and to prepare for late phase cleanup
operations.
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During the intermediate phase, relocation is the principal protective action against whole body external
exposure from deposited material and internal exposure from inhalation of radioactive particulates.
People may need to be relocated for weeks or months.

It is necessary to distinguish between evacuation and relocation. Evacuation is the urgent removal of
people from an area to avoid or reduce high-level, short-term exposure from the plume or deposited
activity. Relocation is the removal or continued exclusion of people (households) from contaminated
areas to avoid chronic radiation exposure. Site-specific conditions may allow some groups evacuated in
an emergency to return, while others may have to relocate. In other cases, some groups that were not
previously evacuated may have to relocate (see Section 3.3.1 for more details).

Intermediate phase PAGs are based on doses projected in the first and a limited number of subsequent
years. The PAG for relocation of the public is 2 rem (20 mSv) in the first year and 0.5 rem (5 mSv) in any
subsequent year. (Note: Relocation PAGs are treated separately from food and water ingestion. That is,
projection of intermediate phase doses should not include these ingestion pathways. In some instances,
however, where withdrawal of food and/or water from use would, in itself, create a, health risk, relocation
may be an appropriate alternative protective action. In this case, the ingestion dose should be considered
along with the projected dose from deposited radionuclides via other pathways, for decisions on
relocation.) When projected doses are less than the relocation PAG of 2 rem (20 mSv), focused
environmental decontamination and cleanup may be able to reduce doses to populations that are not
relocated. Decontamination and focused cleanup techniques can range from simple actions such as the
scrubbing and flushing of surfaces to the removal and disposal of soil and contaminated debris.

Keeping projected doses below the 0.5 rem (5 mSv) PAG for out years — the second year and beyond —
may be achieved through the decay of shorter half-life radioisotopes (as in the case of an accident at an
NPP), through environmental decontamination and cleanup efforts or through other means of controlling
public exposures, such as limiting access to certain areas. Information on food and animal feeds
protective action guidance is contained in FDA’s “Accidental Radioactive Contamination of Human Food
and Animal Feeds: Recommendations for State and Local Agencies” (FDA 1998). Workers and members
of the public may be allowed to re-enter relocation area for tasks related to critical infrastructure and key
resources, to care for animals and to assess the condition of closed zones. Reoccupancy may be allowed
under dose constraints acceptable to the community. In this Manual, the term reoccupancy refers to
households and communities moving back into relocation areas where the cleanup process is still
ongoing, based on radiation levels acceptable to those communities.

EPA is not proposing a specific drinking water PAG at this time. EPA has established enforceable
drinking water standards for radionuclides under the Safe Drinking Water Act (SDWA). EPA
recommends that, to the extent practicable, emergency measures for drinking water be based on the
National Primary Drinking Water Regulations (NPDWR) for Radionuclides. The Radionuclides Rule
provides states with flexibility when responding to radiological events. If a public water system exceeds
the radionuclides standard it must work to get back into compliance as soon as feasible. States have the
authority to determine if other corrective actions are needed (e.g. providing alternative water). Guidance
on monitoring, notification and protective actions is provided in Chapter 3, along with several online
resources for drinking water system operators.

However, in light the Fukushima nuclear power plant accident, in which some Japanese drinking water
supplies were impacted, the Agency recognizes a short-term emergency drinking water guide may be
useful for public health protection The Agency requests input on the appropriateness of, and possible
values for, a drinking water PAG.
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While the NPDWR provide for a regulatory standard of 4 mrem/year (beta, photon emitters) based on
life-time exposure, international organizations have developed technical approaches and methodologies
that have produced a range of emergency guidelines related to drinking water (e.g., the World Health
Organization? the International Atomic Energy Agency?®), as have other federal agencies (e.g. the
Department of Homeland Security*, the Food and Drug Administration®) and non-federal organizations.
EPA is seeking input on an approach and technical rationale for a drinking water PAG designed to help
officials select protective actions under emergency conditions when exposures would occur over shorter
time periods than those envisioned in the NPDWR.

During the intermediate phase, government officials may convene to discuss late phase cleanup and site
restoration strategies. All actions taken during the early and intermediate phases should be considered
with respect to the impact they may have on late phase remediation, such as avoiding the use of fixatives
that could hinder surface decontamination at a later date.

1.4.4. Late Phase

The late phase, as used in this Manual, is the period beginning when cleanup and recovery actions have
begun and ending when all recovery actions have been completed. This phase may extend from months to
years.

The late phase cleanup process, as described in this guidance, begins sometime after the commencement
of the intermediate phase and proceeds independently of intermediate phase protective action activities.
The transition is characterized by a change in approach, from strategies predominantly driven by urgency,
to strategies aimed at both reducing longer-term exposures and improving living conditions. The late
phase involves the final cleanup of areas and property at which contamination directly attributable to the
incident is present. It is in the late phase that final cleanup decisions are made and final recovery efforts
following a radiological incident are implemented.

Unlike the early and intermediate phases of a radiological incident, decision makers will have more time
and information during the late phase to allow for better data collection, stakeholder involvement and
options analysis. Community members will influence decisions such as if and when to allow people to
return home to contaminated areas. There will be populations, who were not relocated or evacuated,
living in contaminated areas where efforts to reduce exposures will be ongoing. Implicit in these decisions
is the ability to balance health protection with the desire of the community to resume normal life.
Radiation protection considerations must be addressed in concert with health, environmental, economic,
social, psychological, cultural, ethical, political and other considerations. Many federal, state, and local
agencies have important roles to play. It is recognized that experience from existing programs, such as the
U.S. EPA’s Superfund program, the U.S. NRC’s process for decommissioning and decontamination to
terminate a nuclear facility license and other national recommendations may be useful for designing
cleanup and recovery efforts that could apply to a radiological incident. The cleanup process described in
Chapter 4, however, does not rely on and does not affect any authority, including the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA), 42 U.S.C. 9601 et seq. and the
National Contingency Plan (NCP), 40 CFR Part 300. For information on roles, responsibilities and
authorities during emergency response and recovery please refer to the National Response Framework:
http://www.fema.gov/national-response-framework and specifically for radiological incidents, the
Nuclear Radiological Incident Annex: http://www.fema.gov/pdf/about/divisions/thd/IncidentNucRad.pdf
(FEMA 20083, b).

2 See: http://www.who.int/water_sanitation_health/dwa/gdwag3rev/en/ and http://www.who.int/hac/crises/jpn/fags/en/index8.html
3 See: http://www-pub.iaea.org/MTCD/publications/PDF/Pub1467 web.pdf.

% See: http://ogcms.energy.gov/73fr45029.pdf and the

® See: http://www.fda.gov/downloads/MedicalDevices/.../UCM094513.pdf.
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The late phase or cleanup process described in Chapter 4 consists of multiple steps, namely 1)
characterization and stabilization, 2) development of goals and strategies and 3) implementation and
reoccupancy; meaningful stakeholder involvement should be integrated throughout the process.

While radioactive waste handling and disposal will be an ongoing endeavor during the entire emergency
response, brief planning guidance is provided in Chapter 4, the late phase. This guidance addresses both
locations that may be identified by state and local officials and locations owned by the federal
government, and lists criteria for evaluating their suitability for disposal, as well as actions that can be
taken to facilitate their use. Legal and other considerations are also discussed. This guidance assumes that
on-site disposal at a location affected by the incident, where appropriate, will be one of the locations of
choice. Though recommended as the first consideration for discussion post-accident or attack, this
guidance assumes that existing non-federal radioactive waste disposal capacity already available to
impacted states and their regions is overwhelmed or otherwise eliminated from consideration, which
drives the need to identify other disposal options or develop new disposal capacity.
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KEY POINTS IN CHAPTER 1 - OVERVIEW

e APAG is the projected dose to an individual from a release of radioactive material at which a specific
protective action to reduce or avoid that dose is recommended. PAGs are guides to help officials
select protective actions under emergency conditions when exposures would occur over relatively
short time periods.

e EPA provides the PAG Manual to assist public officials with their radiological emergency response
planning activities. The PAG Manual is a guidance document, not a legally binding regulation and
does not affect or supersede any environmental laws. The PAG recommendations do not represent the
boundary between safe and unsafe conditions.

e PAGs may be implemented to protect the public in a wide variety of radiological emergencies,
including terrorist incidents and accidents involving nuclear power plants, transportation and the
space program.

e PAGs are appropriate for implementation in the early and intermediate phases of radiological
incidents. The early phase—Iasting hours to days—is the period beginning at the projected (or actual)
initiation of a release when immediate decisions for effective use of protective actions are required
and must therefore be based primarily on the status of the release and the prognosis for worsening
conditions. Little environmental data may be available in the early phase. The intermediate phase—
lasting weeks to months—is the period beginning after the source and releases have been brought
under control and environmental measurements are available for use as a basis for decisions on
protective actions.

¢ Reentry and reoccupancy decisions will be made using incident-specific circumstances and the
Operational Guidelines (DOE 2009).

e Cleanup and waste disposal decisions may be informed by planning guidance provided in Chapter 4.

e  What’s new in this updated Manual—

o The PAGs in this Manual are implemented using the calculations and methods in the FRMAC
Assessment Manual. Dosimetry in that Manual has been updated using the ICRP Publication 60
series (ICRP 1991).

o EPA adopts the FDA guidance issued in 2001 that recommended lowering the projected thyroid
dose at which the administration of Kl is warranted as a supplementary protective action.

o EPA adopts the 1998 FDA Food PAGs.
o Planning guidance has been provided for reentry, late phase cleanup and waste disposal.
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CHAPTER 2 - EARLY PHASE PROTECTIVE ACTION GUIDES

2.1. INTRODUCTION

Decisions regarding protective actions for workers and the public during radiological incidents are risk
management decisions and the recommendations in this Manual are provided in that context. Rapid action
may be required to protect members of the public in the event of an incident involving a large release of
radioactive materials into the environment. In all cases, all practical and reasonable means should be used
to reduce or eliminate exposures.

This chapter presents PAGs for use in the early phase of a radiological incident. A PAG is the projected
dose to an individual from a release of radioactive material at which a specific protective action should be
taken to reduce or avoid that dose. The early phase begins at the actual or projected start of a release—
most likely before ambient environmental and radiological data become available for quantitative risk-
based actions. The exact duration of the early phase depends upon site conditions, but one should plan to
project doses for four days.

Many radiological emergency scenarios would involve airborne releases, so this chapter provides
guidance for estimating projected doses from exposure to an airborne plume of radioactive material and
for implementing protective actions. Dose calculations for implementing the PAGs are made using the
dose conversion factors (DCFs) and derived response level (DRL) methods referenced in the FRMAC
Assessment Manuals (DOE 2010a, b).® Other calculation methods to implement PAGs may be
appropriate.

2.2. EXPOSURE PATHWAYS DURING THE EARLY PHASE
During the early phase of an incident, there are three main exposure pathways from airborne releases—

o Direct exposure to radioactive materials in an atmospheric plume. The contents of such a plume will
depend on the source of radiation involved and conditions of the incident. For example, in the case of
an incident at an NPP, the plume may contain radioactive noble gases, radioiodines and radioactive
particulate materials. Many of these materials emit gamma radiation that can expose people in the
vicinity of the passing plume.

¢ Inhalation of radionuclides from immersion in a radioactive atmospheric plume and inhalation of
ground-deposited radionuclides that are resuspended into a breathing zone. Inhaled radioactive
particulates, depending on their solubility in body fluids, may remain in the lungs or move via the
bloodstream to other organs, prior to elimination from the body. Some radionuclides become
concentrated in a single body organ, with only small amounts going to other organs. For example, a
significant fraction of inhaled radioiodines will move through the bloodstream to the thyroid gland.

e Deposition of radioiodine and particulates from a radioactive plume. Deposited materials can
continue to emit beta and gamma radiation as “groundshine” after the plume has passed causing
continued exposure to skin and internal body organs. Similarly, skin and clothes may become
contaminated.

A plume may deposit materials on surfaces, posing a risk of longer-term exposures via ingestion, direct
external exposure and inhalation pathways. If the release contains large quantities of radioactive iodines
or particulates, the resulting long-term exposure to this “groundshine” can be more significant than

6 See FRMAC Assessment folder at http://www.nv.doe.gov/nationalsecurity/homelandsecurity/frmac/manuals.aspx.
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external exposure from the passing plume if the exposure time to the ground contamination is long in
comparison to the plume passage time. The early phase PAGs assume four days of exposure to ground
contamination to address this possibility. Doses from groundshine can be readily measured by field
monitoring teams dispatched at the onset of a significant radioactive release. Holding a detector probe
horizontal and three feet above the contaminated surface provides a direct measurement of groundshine
dose. Such assessments can confirm dose projections based upon effluent release data and the adequacy
of protective actions in the early phase. More detailed analyses (e.qg., isotopic) would be needed to support
long-term dose projections in the intermediate phase. Doses for groundshine can be calculated during the
intermediate phase (see Chapter 3). Exposure pathways that contribute less than ten percent to the total
dose incurred need not be considered during the early phase.

2.2.1. The Establishment of Exposure Patterns

It is unlikely that sufficient environmental data will be available for accurate dose projections during and
immediately following the early response to a radiological incident. Dose projections are needed to
determine whether protective actions should be implemented in additional areas during the early phase.

For dose projections in the early phase there are two sources of data: current data from initial
environmental measurements or estimates of the source term and estimated data using modeled or
historical atmospheric transport data. Source term measurements, or exposure rates or concentrations
measured in the plume at a few selected locations, may be used to estimate the extent of the exposed area
in a variety of ways, depending on the types of data and computation methods available. The most
accurate method of projecting doses is through the use of an atmospheric diffusion and transport model
that has been verified for use at the site in question or for similar site conditions. A variety of computer
software packages can be used to estimate dose in real time, or to extrapolate a series of previously-
prepared isopleths for unit releases under various meteorological conditions. The latter can be adjusted for
the estimated source magnitude or environmental measurements at a few locations during the incident. If
the model projections have some semblance of consistency with environmental measurements,
extrapolation to other distances and areas can be made with greater confidence. If projections using a
sophisticated site-specific model are not available, a simple but crude method is to measure the plume
centerline exposure rate’ at ground level (measured at approximately 1 m height) at a known distance
downwind from the release point and then to calculate exposure rates at other downwind locations by
assuming that the plume centerline exposure rate is a known function of the distance from the release
point.

The following relationship can be used for this calculation:
D2 = D1 (R1/R2)y

where D, and D, are exposure rates at the centerline of the plume at distances R; and R, from the release,
respectively and y is a constant that depends on atmospheric stability. For stability classes® A and B, y =
2; for stability classes C and D, y = 1.5; and for stability classes E and F, y = 1. Classes A and B
(unstable) occur with light winds and strong sunlight and classes E and F (stable) with light winds at
night. Classes C and D generally occur with winds stronger than about 10 mph. This method of
extrapolation is risky because the measurements available at the reference distance may be
unrepresentative, especially if the plume is aloft and has a looping behavior. In the case of an elevated

" The centerline exposure rate can be determined by traversing the plume at a point sufficiently far downwind that it has
stabilized (usually more than one mile from the release point) while taking continuous exposure rate measurements.

8 pasquill stability classes categorize atmospheric turbulence into six stability classes named A, B, C, D, E and F, class A being
the most unstable or most turbulence and class F the most stable or least turbulence. Pasquill, F. 1961. The Estimation of the
Dispersion of Windborne Material. The Meteorological Magazine 90, No. 1063, 33-49.
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plume, the ground level concentration increases with distance from the source and then decreases,
whereas any high-energy gamma radiation from the overhead cloud continuously decreases with distance.
For these reasons, this method of extrapolation will perform best for surface releases or if the point of
measurement for an elevated release is sufficiently distant (usually more than 1 mile) from the point of
release for the plume to have expanded to ground level. The accuracy of this method will be improved by
the use of measurements from many locations averaged over time.

2.3. THE PROTECTIVE ACTION GUIDES AND PROTECTIVE ACTIONS FOR
THE EARLY PHASE: EVACUATION, SHELTERING-IN-PLACE AND
ADMINISTRATION OF POTASSIUM IODIDE

The principal protective actions for the early phase are evacuation or sheltering-in-place. Evacuation is

the urgent removal of people from an area to avoid or reduce high-level, short-term exposure from the

plume or deposited activity. Sheltering-in-place is the action of staying or going indoors immediately. The

administration of Kl (stable iodine) to partially block the uptake of radioiodines by the thyroid is a

supplemental protective action.

In addition, washing the body and changing clothing as soon as possible after significant exposure to a
radioactive plume of any composition may be recommended protective actions. Changing of clothing is
recommended primarily to provide protection from beta radiation from radioiodines and particulate
materials deposited on the clothing.

The PAGs and corresponding protective actions for response during the early phase of an incident are
summarized in Table 2-1. Evacuation or sheltering-in-place will be justified when the projected dose to an
individual is 1 rem (10 mSv) projected over four days. This conclusion is based primarily on EPA’s
determination concerning acceptable levels of risk of health effects from radiation exposure in an
emergency situation, while weighing costs and risks associated with any protective action. The basis for
the PAGs for the early phase is given in Appendix C of the 1992 PAG Manual, available online as a
historical reference at http://www.epa.gov/radiation/rert/pags.html.

Table 2-1. PAGs and Protective Actions for the Early Phase of a Radiological Incident

Protective Action Response PAG (projected dose) Comments
Evacuation (or, for some
Sheltering-in-place or evacuation 1to 5 rem (10 mSv to 50 mSv) situations, sheltering-in-place)
of the public? over four days” should be initiated when projected

dose is 1 rem (10 mSv).

K1 is most effective if taken prior to

Supplementary administration of 5 rem (50 mSv) projected dose to exposure. May require approval of
rc?ph lactic d);u s KI° child thyroid from exposure to state medical officials (or in
prophy g iodine accordance with established

emergency plans).

#Should begin at 1 rem (10 mSv) except when practical or safety considerations warrant using 5 rem (50 mSv); take whichever
action (or combination of actions) that results in the lowest exposure for the majority of the population. Sheltering may
begin at lower levels if advantageous.

bCalculated dose is the projected sum of the effective dose from external radiation exposure (i.e., groundshine) and the committed
effective dose from inhaled radioactive material.

“Provides thyroid protection from radioactive iodines only. For other information on radiological prophylactics and treatment,
refer to http://www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness,
http://www.emergency.cdc.gov/radiation or http://www.orau.gov/reacts.

“Thyroid equivalent dose (see Section 2.3.5).
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2.3.1. Evacuation vs. Sheltering-in-Place
Evacuation and sheltering-in-place provide different . - .
levels of dose reduction from the principal exposure In av0|d|ng dose if com_plet_ed before .
pathways: direct gamma exposure and inhalation. plume arrival. Evacuation is appropriate
Both sheltering and evacuation may be implemented | When its risks and secondary effects are
during the same response in different areas or less severe than the risk of the projected
timeframes. Evacuation, if completed before plume radiation dose.

arrival, can be 100 percent effective in avoiding
radiation exposure. A decontamination station, with simple decontamination actions, may need to be
colocated at shelters during the pre-evacuation period. This may reduce the spread of contamination and
provide for greater protection during evacuation. Medical stations should also be collocated at shelters
during the pre-evacuation period to ensure simple triage capabilities are met and to manage the
distribution of prophylactic drugs. The effectiveness of evacuation will depend on many factors, such as
how rapidly it can be implemented and the nature of the incident. For incidents where the principal source
of dose is inhalation, evacuation could increase exposure if it is implemented during the passage of a
short-term plume, since vehicles used to transport evacuees provide little protection against exposure
(DOE 1990). Evacuation will seldom be justified at less than 1 rem (10 mSv) over the first four days.

Evacuation can be 100 percent effective

Sheltering-in-place is a low-cost, low-risk protective action that can provide protection with an efficiency
ranging from zero to almost 100 percent, depending on the type of release, the type of shelter available,
the duration of the plume passage and climatic conditions. Because of these advantages, planners and
decision makers may consider implementing sheltering-in-place when projected doses are below 1 rem
(10 mSv) over the first four days. More guidance on the unigque challenges posed by an IND can be found
in the “Planning Guidance for Response to a Nuclear Detonation” (NSS 2010).°

Sheltering-in-place may be preferred for special populations (e.g., those who are not readily mobile) as a
protective action at projected doses of up to 5 rem (50 mSv) over four days. When environmental,
physical, or weather hazards impede evacuation, sheltering-in-place may be justified at projected doses up
to 5 rem (50 mSv) for the general population (and up to 10 rem (100 mSv) for special populations). It is
also comparatively easy to communicate with populations that have sheltered-in-place. Dose projections
use a four-day exposure duration, but sheltering in place duration is intentionally not specified. Incident-
specific decisions must be made to determine how long people should shelter in place.

Selection of evacuation or sheltering-in-place is far | Sheltering-in-place should be preferred to
from an exact science, particularly in light of time evacuation whenever it provides equal or

constraints that may prevent thorough analysis at greater protection.

the time of an incident. The selection process

should be based on realistic or “best estimate” Sheltering-in-place followed by informed
dose models and should take into account the evacuation may be most protective.

unavoidable dose incurred during evacuation and
potential failure scenarios for sheltering-in-place (e.g., a fire in the structure or leaking ventilation
system).

Advance planning and exercises can facilitate the decision process. In a commercial NPP incident, early
decisions should be based on information from the response plans for the EPZ and on actual conditions at
the nuclear facility (see Section 2.3.5). For transportation accidents, RDDs, INDs and other incident

% See: http://www.epa.gov/rpdweb00/docs/er/planning-guidance-for-response-to-nuclear-detonation-2-edition-final.pdf
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scenarios for which EPZs are not practicable, best estimates of dose projections should be used for
deciding on evacuation, sheltering-in-place or a combination thereof.

2.3.2. General Guidance for Evacuation and Sheltering-in-Place
The following is a summary of planning guidance for evacuation and sheltering-in-place—

e Evacuation may be the only effective protective action close to the plume source.
e Evacuation will be most effective if it is completed before arrival of the plume.
e Evacuation may increase exposure if carried out during the plume passage.

e Evacuation is also appropriate for protection from groundshine in areas with high exposure rates from
deposited materials when suitable shelter is not available.
e Sheltering-in-place may be appropriate for areas not designated for immediate evacuation—

o it may provide protection equal to or greater than evacuation for rapidly developing releases
(e.g., RDDs) if followed by evacuation.

o it positions the public to receive additional instructions.

o Since it may be implemented rapidly, sheltering-in-place may be the protective action of choice
(followed with evacuation when feasible) if rapid evacuation is impeded by:

o severe environmental conditions, e.g., severe weather or floods;

o uncertainty in contamination levels along routes;

o health constraints, e.g., patients and workers in hospitals and nursing homes;
O

long mobilization times that may be associated with certain individuals, such as industrial
and farm workers, or prisoners and guards;

o physical constraints to evacuation, e.g., inadequate roads or blockage due to debris.
e If amajor release of radioiodine or particulate materials occurs, inhalation dose may be a controlling
criterion for protective actions—

o Breathing air filtered through common household items (e.g., folded handkerchiefs or towels)
may help reduce exposures.

o After confirmation that the plume has passed, continued sheltering-in-place should be re-
evaluated. Shelters should be opened to vent any airborne radioactivity trapped inside and
people should remain sheltered until official notice about leaving high exposure areas as soon as
possible to avoid exposure to deposited radioactive material.

2.3.3. Considerations for Evacuation and Sheltering In Place

Advance planning is essential to identify potential problems that may occur in an evacuation. An NRC
case study cites the following aspects of planning as contributing to efficiency and effectiveness of
evacuation (NRC 2005)—

e High level of cooperation among agencies.

e Use of multiple forms of emergency communications.

e Community familiarity with alerting methods, the nature of the hazard and evacuation procedures.
e Community communication.

e Well-trained emergency responders.
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The NRC 2005 study included an evaluation of 50 incidents of public evacuation involving 1,000 or more
people. The evacuations studied were initiated in response to natural disasters, technological hazards and
malevolent acts occurring between January 1, 1990 and June 30, 2003. The report indicated that public
familiarity with alerting methods and door-to-door 