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FOREWORD FOR SECOND EDITION

The First Edition Planning Guidance focused on topics relevant to emergency planning
within the first few days of a nuclear detonation including: 1) shelter and evacuation, 2)
medical care, and 3) population monitoring and decontamination. There are a few notable
changes in the Second Edition that are worth calling out in this foreword. The Second Edition
will integrate new contributions seamlessly without making references to the differences
between the First Edition and Second Edition.

The First Edition planning guidance summarized recommendations based on what was
known about the consequences of a nuclear detonation in an urban environment extrapolating
from the experience base of nuclear weapons testing. It provided recommendations based on
existing knowledge and existing techniques. The Federal government immediately initiated
ongoing studies that have provided more robust and comprehensive recommendations. Some
recommendations in this Second Edition planning guidance are updated or expanded to
capture recommendations that have been drawn from these studies. Most notably, a chapter
has been added to address public preparedness and emergency public communications.

To provide planners the opportunity to think beyond the 10 KT nuclear yield as found in
National Planning Scenario #1, the Second Edition provides additional information in
Chapter 1 showing ranges of nuclear yield. Chapter 1 is updated with graphics that have been
produced from assessment of nuclear explosion urban impacts conducted since January of
2009. You will notice some improvements in graphics and expected numerical predictions
(e.q., distances, overpressures) associated with various effects and impacts. In Chapter 2,
worker safety and health recommendations are briefly expanded relative to the First Edition;
however, more extensive guidance is being developed by the Occupational Safety and Health
Administration (OSHA) and should be anticipated within a year of publication of this second
edition. It will be added to the FEMA website where this planning guidance will be
maintained (www.fema.gov/CBRNE). Other expanded work in this present edition that is
relevant to the first 72 hours of response includes: expanded zone management concepts
(Chapter 1); selection of radiation detection systems (Chapter 2); response worker safety
strategies and responder health-benefit concepts (Chapter 2); urban search and rescue
guidance (Chapter 2), decontamination of critical infrastructure information (Chapter 2);
waste management operation concepts (Chapter 2); expanded shelter, shelter transition, and
evacuation planning guidance (Chapter 3); medical care scarce resource situation
considerations (Chapter 4); behavioral healthcare guidance (Chapter 4), expanded fatality
management recommendations (Chapter 4), self-decontamination guidance (Chapter 5); and
pre-incident public education, including emergency public information (Chapter 6).
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Definitions?

Adequate shelter — Shelter that protects against acute radiation effects and significantly
reduces radiation dose to occupants during an extended period.

ALARA - (Acronym for ‘As Low As Reasonably Achievable’) — A process to control or
manage radiation exposure to individuals and releases of radioactive material to the
environment so that doses are as low as social, technical, economic, practical, and public
welfare considerations permit.

Ambulatory — Victims who are able to walk to obtain medical care.
Beta burn — Beta radiation induced skin damage.

Blast effects — The impacts caused by the shock wave of energy through air that is created by
detonation of a nuclear device. The blast wave is a pulse of air in which the pressure
increases sharply at the front and is accompanied by winds.

Combined injury — Victims of the immediate effects of a nuclear detonation are likely to
suffer from burns and/or physical trauma, in addition to radiation exposure.

Dose — Radiation absorbed by an individual’s body; general term used to denote mean
absorbed dose, equivalent dose, effective dose, or effective equivalent dose, and to denote
dose received or committed dose.

Duck and Cover — A suggested method of personal protection against the effects of a
nuclear weapon which the United States government taught to generations of school children
from the early 1950s into the 1980s. The technique was supposed to protect them in the event
of an unexpected nuclear attack which, they were told, could come at any time without
warning. Immediately after they saw a flash they had to stop what they were doing and get on
the ground under some cover, such as a table or against a wall, and assume the fetal position,
lying face-down and covering their heads with their hands.

Electromagnetic Pulse (EMP) — A sharp pulse of radiofrequency (long wavelength)
electromagnetic radiation produced when an explosion occurs near the earth’s surface or at
high altitudes. The intense electric and magnetic fields can damage unprotected electronics
and electronic equipment over a large area.

Emergency Management Assistance Compact (EMAC) — A Congressionally ratified
organization that provides form and structure to interstate mutual aid. Through EMAC, a

 When available, definitions have been adapted from Glasstone and Dolan (Glasstone and Dolan 1977) or the Department of Homeland
Security (DHS) Planning Guidance (DHS 2008).



disaster-affected State can request and receive assistance from other member States quickly
and efficiently, resolving two key issues up front: liability and reimbursement.

Exposure Rate — The radiation dose absorbed per unit of time. Generally, radiation doses
received over a longer period of time are less harmful than doses received instantaneously.

Fallout — The process or phenomenon of the descent to the earth’s surface of particles
contaminated with radioactive material from the radioactive cloud. The term is also applied
in a collective sense to the contaminated particulate matter itself.

Fission Products — Radioactive subspecies resulting from the splitting (fission) of the nuclei
of higher level elements (e.g., uranium and plutonium) in a nuclear weapon or nuclear
reactor.

LDso — The amount of a radiation that kills 50% of a sample population.

Morbidity — A diseased state or symptom, the incidence of disease, or the rate of sickness.

Mortality — A fatal outcome or, in one word, death. Also, the number of deaths in a given
time or place or the proportion of deaths to population.

Personal Protective Equipment (PPE) — Includes all clothing and other work accessories
designed to create a barrier against hazards. Examples include safety goggles, blast shields,
hard hats, hearing protectors, gloves, respirator, aprons, and work boots.

Radiation effects — Impacts associated with the ionizing radiation (alpha, beta, gamma,
neutron, etc.) produced by or from a nuclear detonation, including radiation decay.

rad — A unit expressing the absorbed dose of ionizing radiation. Absorbed dose is the energy
deposited per unit mass of matter. The units of rad and Gray are the units in the traditional
and Sl systems for expressing absorbed dose.

1rad = 0.01 Gray (Gy); 1 Gy = 100 rad

rem — A unit of absorbed dose that accounts for the relative biological effectiveness of
ionizing radiations in tissue (also called equivalent dose). Not all radiation produces the same
biological effect, even for the same amount of absorbed dose; rem relates the absorbed dose
in human tissue to the effective biological damage of the radiation. The units of rem and
Sievert are the units in the traditional and Sl systems for expressing equivalent dose. 1 rem =
0.01 Sieverts (Sv); 1 Sv =100 rem

Roentgen (R) — A unit of gamma or x-ray exposure in air. For the purpose of this guidance,
one R of exposure is approximately equal to one rem of whole-body external dose.



e 1,000 micro-roentgen (LR) = 1 milli-roentgen (mR)
e 1,000 milli-roentgen (MR) = 1 Roentgen (R), thus
e 1,000,000 uR =1 Roentgen (R)

Roentgen per hour (R/h) — A unit used to express gamma or x-ray exposure in air per unit
of time (exposure rate).

Shelter — To take ‘shelter’ as used in this document means going in, or staying in, any
enclosed structure to escape direct exposure to fallout. *Shelter’ may include the use of pre-
designated facilities or locations. It also includes locations readily available at the time of
need, including staying inside where you are, or going immediately indoors in any readily
available structure.

Shelter-in-place — Staying inside or going immediately indoors in the nearest yet most
protective structure.

Survivable victim — An individual that will survive the incident if a successful rescue
operation is executed and will not likely survive the incident if the rescue operation does not
occur.

References:

Glasstone, Samuel and Philip J. Dolan. 1977. The Effects of Nuclear Weapons.
Washington, DC: US Government Printing Office.

US Department of Homeland Security. Federal Emergency Management Agency. 2008.
Planning Guidance for Protection and Recovery Following Radiological Dispersal
Device (RDD) and Improvised Nuclear Device (IND) Incidents, Federal Register, Vol.
73, No. 149. http://www.fema.gov/good_guidance/download/10260.
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Units of Measure

For the case of a nuclear detonation, persistent beta-gamma radiation levels will affect some
response decisions. For the purpose of this planning guidance, the following simplifying
assumptions about units used in measuring this radiation applies: 1 R (exposure in air) = 1
rad (adsorbed dose) = 1 rem (whole-body dose).

For the purpose of this planning guidance, the rem unit is related to the Sievert unit and 1
rem =.01 Sv will be applied as the basis for comparison of traditional and SI units. Exposure
rate (R/hour [R/h]) can be expressed in terms of Sv/hour (Sv/h). Therefore: 1 R/h = 0.01
Sv/h

Radiation Measurement Units:

Traditional Units Units S| Units
Radioactivity Curie (Ci) Becquerel (Bq)
Absorbed dose rad Gray (Gy)
Dose equivalent rem Sievert (Sv)
Exposure Roentgen (R) Coulomb/Kilogram (C/kg)

Traditional/Sl Unit Conversions:

1 Curie = 3.7 x 10™ disintegrations/second 1 Becquerel = 1 disintegration/second
1lrad 0.01 Gray (Gy) or 1 centiGray (cGy)
1lrem 0.01 Sieverts (Sv)
1 Roentgen (R) 0.000258 Coulomb/kilogram (C/kg)
1 Gray (Gy) 100 rad
1 Sievert (Sv) 100 rem
1 Coulomb/kilogram (C/kg) 3,876 Roentgens
Reference

National Council on Radiation Protection and Measurements (NCRP). 2005. Key Elements
of Preparing Emergency Responders for Nuclear and Radiological Terrorism,
Commentary No. 19 (Bethesda).

2 NCRP 2005



Structure of this Document

The planning guidance is organized in a stepwise manner using terminology and concepts of
the National Planning Scenario #1, the National Response Framework, and other technical
and policy documents. The planning guidance presents general background information that
builds a foundation for specific planning recommendations.

Bold text is used throughout the document to emphasize important material or
concepts.

Italicized text denotes direct quotes of material from cited sources.
Bold and italicized text is used to emphasize a term defined in the Definitions section.
Terms that appear very frequently are only emphasized in this fashion once at the

beginning of each chapter.

Text boxes that run the width of the page have been generated to summarize key information
following the presentation of information in the context of the guidance.

Text boxes that run the width of the page have been generated following the delivery
of key information.

This key information has been pulled to the beginning of each chapter as a summary of KEY
POINTS.

KEY POINTS
1. Key points summarize important information captured throughout each
chapter.
2. The key points are presented at the beginning of each chapter.

Relevant supporting information that may : :
be useful, but is not essential for planners, Background Points are in Grey Boxes
is included throughout the planning
guidance. This additional information is
useful for subject matter experts and for
educational purposes. The information is

In each chapter appropriate background or
additional information of a technical
nature has been included in grey boxes to
enable those who seek supporting

captured in grey text boxes. information to have access, while those
who wish to bypass it may do so. This is

Finally, use of the Latin acronyms i.e., and non-essential information and can be

e.g., is used throughout the document. The bypassed when using the planning

use of i.e., denotes “that is, or in other guidance.

words” and e.g., “for example”.



INTRODUCTION

One of the most catastrophic incidents that could befall the United States (US), causing
enormous loss of life and property and severely damaging economic viability, is a nuclear
detonation in a US city. It is incumbent upon all levels of government, as well as public and
private parties within the US, to prepare for this incident through focused nuclear attack
response planning. Nuclear explosions present substantial and immediate radiological threats
to life and a severely damaged response infrastructure. Local and State community
preparedness to respond to a nuclear detonation could result in life-saving on the order
of tens of thousands of lives.

The purpose of this guidance is to provide emergency planners with nuclear detonation-
specific response recommendations to maximize the preservation of life in the event of
an urban nuclear detonation. This guidance addresses the unique effects and impacts of a
nuclear detonation such as scale of destruction, shelter and evacuation strategies,
unparalleled medical demands, management of nuclear casualties, and radiation dose
management concepts. The guidance is aimed at response activities in an environment with a
severely compromised infrastructure for the first few days (i.e., 24 — 72 hours) when it is
likely that many Federal resources will still be en route to the incident.

The target audiences for the guidance are response planners and their leadership.
Emergency responders should also benefit in understanding and applying this guidance. The
target audiences include, but are not limited to, the following at the city, county, State, and
Federal levels:

Emergency managers

Law enforcement authority planners

Fire response planners

Emergency medical service planners

Hazardous material (Hazmat) response planners

Utility services and public works emergency planners

Transportation planners

Medical receiver planners (e.g., hospitals)

Mass care providers (e.g., American Red Cross)

Other metropolitan emergency planners, planning organizations, and professional
organizations that represent the multiple disciplines that conduct emergency response
activities

The planning guidance recommendations are focused on providing express consideration of
the following topics relevant to emergency planners within the first few days of a nuclear
detonation: 1) shelter and evacuation, 2) medical care, 3) population monitoring and
decontamination, and 4) public preparedness — emergency public information. As additional
recommendations become available on issues that are identified as gaps by stakeholder
communities, they will be incorporated into future editions of this planning guidance. Future



editions of the planning guidance will be coordinated by the Department of Homeland
Security (DHS), Federal Emergency Management Agency.

Since the events of September 11, 2001, the nation has taken a series of historic steps to
address threats against our safety and security. This guidance represents an additional step in
this continuing effort to increase the nation’s preparedness for potential attacks against our
nation. It was developed in response to gaps noted in the previously published DHS
Planning Guidance for Protection and Recovery Following Radiological Dispersal Device
(RDD) and Improvised Nuclear Device (IND) Incidents™? and hereafter referred to as the
DHS Planning Guidance.? While the publication provides substantial guidance to Federal,
State, and local planners for responding to such incidents, it concedes that it does not
sufficiently prepare local and State emergency response authorities for managing the
catastrophic consequences of a nuclear detonation as follows:

“In addition to the issuance of this Guidance, in response to interagency
working group discussions and public comments, further guidance will be
provided for the consequences that would be unique to an IND attack. This
Guidance was not written to provide specific recommendations for a nuclear
detonation (IND), but to consider the applicability of existing PAGs” to RDDs
and INDs. In particular, it does not consider very high doses or dose rate
zones expected following a nuclear weapon detonation and other
complicating impacts that can significantly affect life-saving outcomes, such
as severely damaged infrastructure, loss of communications, water pressure,
and electricity, and the prevalence of secondary hazards. Scientifically sound
recommendations for responders are a critical component of post-incident
life-saving activities, including implementing protective orders, evacuation
implementation, safe responder entry and operations, and urban search and
rescue and victim extraction.”

This guidance does not replace the DHS Planning Guidance; however, it does provide
specific guidance for response in the damaged region surrounding a 10 kiloton (KT) nuclear
detonation (i.e., within approximately three miles) and the life threatening fallout region
where fallout is deposited within 10 — 20 miles (16 — 23 km). The DHS Planning Guidance
will continue to serve planners who are preparing for the protection of populations beyond
these immediately life-threatening areas. The existing DHS Planning Guidance combined
with this planning guidance provides more comprehensive direct for emergency response
planners to prepare for responding to consequences of a nuclear detonation.

It is important to clarify that the Federal government does not anticipate the development of
or the need for specific nuclear detonation protective action guides (PAGs) for the most
heavily impacted zones described in this guidance. Existing DHS and EPA PAGs do not

! Federal Register, Vol. 73, No. 149, Friday, August 1, 2008, http://www.fema.gov/good_guidance/download/10260.

2 By agreement with the Environmental Protection Agency (EPA), the DHS Planning Guidance (DHS 2008) published is final and its
substance will be incorporated without change into the revision of the 1992 EPA Manual of Protective Actions Guides and Protective
Actions for Nuclear Incidents - the PAG Manual (EPA 1992). This notice of final guidance will therefore sunset upon publication of the
new EPA PAG Manual (see, http://www.epa.gov/radiation/rert/pags.html)

® DHS 2008

* PAGs stands for Protective Action Guides
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need to be altered for a nuclear detonation, but it is important to understand how they are
useful to planners in the context of an extreme situation such as a nuclear detonation. The
DHS and EPA PAGs provide decision points for sheltering and evacuation to minimize
overall radiation dose. Implicit in the PAG decision process is the time and information
necessary to make health protection decisions. The PAG principles apply to consideration of
a nuclear explosion; however, the anticipated no-notice initiation of the scenario and the
impractical nature of rapid evacuation of populations from fallout areas lead to the general
recommendation that everyone should seek shelter regardless of proximity to ground
zero or orientation to the actual path of fallout. In this situation, avoiding acute,
potentially lethal radiation dose dominates other potential protective action decisions.
However, survivors should use good judgment and should not seek shelter in buildings that
are on fire or otherwise clearly dangerous. See Chapter 3 for further discussion and details.
In summary, additional PAGs will not increase public or responder protection.

This guidance was developed by a Federal interagency committee led by the Executive
Office of the President (see Committee Membership section at the end of the guidance). The
guidance could not have been completed without the technical assistance provided by
individuals summarized in the Acknowledgements section also at the end of the report. The
planning guidance was developed through a process which included extensive stakeholder
review that included Federal interagency and national laboratory subject matter experts,
emergency response community representatives from police, fire, emergency medical
services, medical receivers, and professional organizations such as the Health Physics
Society and the Interagency Board resulting in 886 addressed comments and
recommendations from over 65 individual reviewers representing 19 Federal departments
and national laboratories and 10 communities and professional organizations. The nuclear
weapons technical community was engaged throughout the development of the guidance
through active interagency programs related to this topic.

The guidance is based upon DHS National Planning Scenario (NPS) #1 (Improvised Nuclear
Device Attack), for use in national, Federal, State, and local homeland security preparedness
activities. Scenario-based planning is a useful tool for Federal, State, and local planners, and,
increasingly, departments and agencies are using the DHS NPSs to develop strategic,
concept, and operational plans for designing response exercises and for other planning
purposes. However, the NPSs have sometimes been applied as rigidly prescriptive scenarios
against which planning should occur, not with the flexibility originally intended. This has
often been the case with NPS #1. While it is impossible to predict the precise magnitude and
impact of a nuclear detonation, this scenario provides a foundation for preparedness and
planning efforts, as well as for initial response actions in the absence of specific
measurements.

It is expected that planners and exercise designers will use this guidance, and the scenario on
which it is based, and tailor them to their specific circumstances or to compare differing
inputs and assumptions. Factors that planners and exercise designers may consider changing
from parameters in NPS #1 may include the target city, specific location of detonation, size
and type of weapon, date and time of day, population features, meteorological conditions,
and assumptions about local, regional, or national response to the incident.

10



Target audiences should use this planning guidance in their preparedness efforts. They are
encouraged to meet and work with their Federal, State, and local counterparts and partners,
as each bring important knowledge to the design of implementation plans. Of special note
are those planners with existing relationships with the Federal Emergency Management
Agency (FEMA) Radiological Emergency Preparedness (REP) Program associated with
communities in the vicinity of commercial nuclear power plants. Some processes and
procedures from the REP Program are expected to be important tools in developing local
response plans for nuclear detonations.

Finally, critical assumptions in the development of this guidance for response to a nuclear
detonation include:

e There will be no significant Federal response at the scene for 24 hours and the
full extent of Federal assets will not be available for several days. Emergency
response is principally a local function. Federal assistance will be mobilized as
rapidly as possible; however, for purposes of this document, no significant Federal
response is assumed for 24 — 72 hours.

e A nominal 10 KT yield, ground detonated nuclear device is assumed for
purposes of estimating impacts in high-density urban areas. Variation in the size
and type of the nuclear device has a significant effect on the estimation of impacts,
however, most homeland security experts agree on 10 KT as a useful assumption for
planning.

e The lessons from multi-hazard planning and response will be applicable to
response to a nuclear detonation. While fallout and the scale of the damage by a
nuclear detonation present significantly complicating hazards, most aspects of multi-
hazard planning and many of the response capabilities are still useful. Planners and
responders bring a wealth of experience and expertise to nuclear detonation response.
This guidance provides nuclear-detonation specific information and context to allow
planners, responders, and their leaders to bring their existing capabilities to bear in a
worst-case scenario.

e Although based on technical analyses and modeling of the consequences of nuclear
explosions, the recommendations are intentionally simplified to maximize their
utility in uncertain situations where technical information is limited.
Recommendations are intended to be practical in nature and appropriate for use by
planners in addressing actions for the general public and emergency responders.

e While it is recognized that the fallout from a nuclear detonation will reach across
many jurisdictions, potentially involving multiple States, this guidance is intended
primarily for the target audience specified above with respect to the first few
days in the physically damaged areas and life-threatening fallout zone.
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Chapter 1 - Nuclear Detonation Effects and Impacts in an
Urban Environment

KEY POINTS

1. There are no clear boundaries between the representative damage zones resulting
from a nuclear explosion, but generally, the light damage (LD) zone is
characterized by broken windows and easily managed injuries; the moderate
damage (MD) zone by significant building damage, rubble, downed utility lines
and some downed poles, overturned automobiles, fires, and serious injuries; and
the severe damage (SD) zone by completely destroyed infrastructure and high
radiation levels resulting in unlikely survival of victims.

2. ltis anticipated that some injuries (e.g., eye injuries, blast injuries — particularly
from flying debris and glass) can be prevented or reduced in severity if individuals
that perceive an intense and unexpected flash of light seek immediate cover. The
speed of light, perceived as the flash, will travel faster than the blast overpressure
allowing a few seconds for some people to take limited protective measures.

3. The most hazardous fallout particles are readily visible as fine sand-sized grains.
However, the lack of apparent fallout should not suggest the lack of radiation;
therefore, appropriate radiation monitoring should always be performed to
determine the safety of an area. Fallout that is immediately hazardous to the public
and emergency responders will descend to the ground within about 24 hours.

4. The most effective life-saving opportunities for response officials in the first 60
minutes following a nuclear explosion will be the decision to safely shelter people
in possible fallout areas. Because of the unique nature of radiation dangers
associated with a nuclear explosion, the most lives will be saved in the first 60
minutes through sheltering in place.

5. Blast, thermal, and radiation injuries in combination will result in worse prognoses
for patients than only sustaining one independent injury.

6. EMP effects could result in extensive electronics disruptions complicating the
function of communications, computers, and other essential electronic equipment.
Equipment brought in from unaffected areas should function normally if
communications towers and repeaters remain functioning.

Overview

A nuclear detonation would produce several important effects that impact the urban
environment and people. In this discussion, the term ‘nuclear effects’ will mean those
outputs from the nuclear explosion, namely primary effects including blast, thermal (heat),
and initial radiation and secondary effects including electromagnetic pulse (EMP) and
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fallout. All of these effects impact people,
infrastructure, and the environment, and
they significantly affect the ability to
respond to the incident. The term ‘nuclear
impacts’ will be used to describe the
consequences to materials, people, or the
environment as a result of nuclear effects,
such as structural damage, fire,
radioactivity, and human health
consequences.

Generally, when considering nuclear
explosion scenarios perpetrated by
terrorists, experts assume a low-yield
nuclear device detonated at ground level.*
Low vyield in this context ranges from
fractions of a kiloton (KT) to 10 KT. The
descriptions and planning factors provided
in this document are based on the
Department of Homeland Security (DHS)
National Planning Scenario (NPS) #1,
which describes a nuclear device yield of
10 KT detonated at ground level in an
urban environment. The impacts of a
nuclear explosion less than 10 KT would
be less; however, the relation is not linear.

Blast

Even a small nuclear detonation produces an
explosion far surpassing that of conventional
explosives. An explosion occurs when an
exothermic reaction creates a rapidly
expanding fireball of hot gas or plasma. The
expanding fireball produces a destructive
shock wave. In a chemical-based explosion
(such as dynamite or trinitrotoluene (TNT), a
common explosive), the heat produced
reaches several thousand degrees and creates
a gaseous fireball on the order of a few
meters in diameter. While energy in a
chemical explosion derives from reactions
between molecules, the energy released in a
nuclear explosion derives from the splitting
(or fission) of atomic nuclei of uranium or
plutonium (i.e., fissile material). Pound-for-
pound, a nuclear explosion releases ~10
million times more energy than a chemical
explosive. The heat in a nuclear explosion
reaches millions of degrees where matter
becomes plasma. The nuclear fireball for a
10 KT nuclear device has a diameter of
approximately 1450 ft (~442 meters), and the
shock wave and degree of destruction are
correspondingly large.

The primary effect of a nuclear explosion is the blast that it generates. Blast generation is the
same in any kind of explosion. The blast originates from the rapidly expanding fireball of the
explosion, which generates a pressure wave front moving rapidly away from the point of
detonation. Blast is measured by the overpressure? and dynamic pressure® that it produces.
Initially, near the point of detonation for a ground detonation (also referred to as ground
zero), the overpressure is extremely high (thousands of pounds per square inch [psi]
expanding out in all directions from the detonation at hundreds of miles per hour [mph]).
With increasing distance from ground zero, the overpressure and speed of the blast wave
dissipate to where they cease to be destructive (see Table 1.1). After initial dissipation, the
blast wave slows to about the speed of sound. After the first mile it travels, the wave takes
approximately five seconds to traverse the next mile. This is enough time for a person with
the right information to seek basic shelter for safety (e.g., duck and cover — see definition
section).

% It should be noted that if a state-built weapon were available to terrorists, the presumption of low yield may no longer hold.

2 pressure over and above atmospheric pressure, and measured in pounds per square inch (psi).

® Manifested as wind, dynamic pressure is proportional to the square of wind velocity, and is measured in pounds per square inch. The
dynamic pressure is, "the air pressure which results from the mass air flow (or wind) behind the shock front of a blast wave. It is equal to
the product of half the density of the air through which the blast wave passes and the square of the particle (or wind) velocity behind the
shock front as it impinges on the object or structure” (Glasstone and Dolan, 1977).
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Accompanying the overpressure wave is
dynamic pressure that is related to the wind
generated by the passing pressure wave. A
very high wind velocity is associated with a
seemingly small amount of overpressure, as
shown in Table 1.1. The dynamic pressure
(wind) associated with the overpressure is
extremely destructive to structures. For
example, with an overpressure of 5 psi, the
wind velocity may reach over 160 mph. The
full impact of overpressure and associated
dynamic pressure on structures common in a
modern city is not currently known. However,
past tests and computer models aid in impacts
estimation.

The magnitude of a nuclear explosion is
quantified in terms of the amount of
conventional explosive it would take to
create the same energy release. The amount
of explosive power from a nuclear explosion,
or the “yield,” is measured relative to TNT,
and is usually in the thousands of tons
(kilotons, or KT) of TNT. A small nuclear
device, for example, would be a 1 KT device,
meaning it would produce an explosive yield
equivalent to one thousand tons of TNT. For
comparison, the size of the Murrah Federal
Building bombing in Oklahoma City, OK
(1995) was equivalent to 2 tons of TNT.

Table 1.1: Relation of wind speed to peak overpressure and distance for a 10 KT explosion;
adapted from Glasstone and Dolan (Glasstone and Dolan 1977)

Approximate Distance
from Ground Zero (miles) Maximum Wind Speed
Peak Overpressure (psi) [km] (mph) [km/h]

50 0.18 [0.29] 934 [1503]
30 0.24 [0.39] 669 [1077]
20 0.30 [0.48] 502 [808]
10 0.44[0.71] 294 [473]
5 0.6 [0.97] 163 [262]
2 1.1[1.8] 70 [113]

Physical destruction of structures following an urban nuclear explosion at different

overpressures is described as follows:

1. Approximately 0.1 to about 1 psi: Buildings sustain minor damage, particularly
broken windows in most residential structures.

2. Between 1 psi and 5 psi: Most buildings sustain considerable damage, particularly on

the side(s) facing the explosion.

3. Between 5 psi and 8 psi: Buildings are severely damaged or destroyed.

4. At higher overpressures, only heavily reinforced buildings may remain standing, but
are significantly damaged and all other buildings are completely destroyed.

The amount of damage to structures can be used to describe zones for use in response
planning. Each zone will have health and survival implications, although not as neatly as
arbitrary zone delineations would indicate. The purpose of establishing zones is to help plan
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response operations and prioritize actions. The following zones are proposed for planning
response to a 10 KT ground burst nuclear explosion in an urban environment:

Light Damage (LD) Zone:

(0 Damage is caused by shocks, similar to those produced by a thunderclap or a
sonic boom, but with much more force. Although some windows may be broken
over 10 miles (16 km) away, the injury associated with flying glass will generally
occur at overpressures above 0.5 psi. This damage may correspond to a distance
of about 3 miles (4.8 km) from ground zero for a 10 KT nuclear explosion. The
damage in this area will be highly variable as shock waves rebound multiple times
off of buildings, the terrain, and even the atmosphere.

O As aresponder moves inward, windows and doors will be blown in and gutters,
window shutters, roofs, and lightly constructed buildings will have increasing
damage. Litter and rubble will increase moving towards ground zero and there
will be increasing numbers of stalled and crashed automobiles that will make
emergency vehicle passage difficult.

O Blast overpressures that characterize the LD zone are calculated to be about 0.5
psi at the outer boundary and 2—3 psi at the inner boundary. More significant
structural damage to buildings will indicate entry into the moderate damage zone.

Moderate Damage (MD) Zone:

O Responders may expect they are transitioning into the MD zone when building
damage becomes substantial. This damage may correspond to a distance of about
one mile (1.6 km) from ground zero for a 10 KT nuclear explosion. The
determination is made by ground-level and/or overhead imagery.

O Observations in the MD zone include significant structural damage, blown out
building interiors, blown down utility lines, overturned automobiles, caved roofs,
some collapsed buildings, and fires. Some telephone poles and street light poles
will be blown over. In the MD zone, sturdier buildings (e.g., reinforced concrete)
will remain standing, lighter commercial and multi-unit residential buildings may
be fallen or structurally unstable, and many wood frame houses will be destroyed.

O Substantial rubble and crashed and overturned vehicles in streets are expected,
making evacuation and passage of rescue vehicles difficult or impossible without
street clearing. Moving towards ground zero in the MD zone, rubble will
completely block streets and require heavy equipment to clear.

O Within the MD zone, broken water, gas, electrical, and communication lines are
expected and fires will be encountered.

* In order to provide some basic parameters to describe the generic urban environment this document assumes a nominal 10 KT detonation
in a modern city. While distances would vary, the zone descriptions apply to any size nuclear explosion. Building types will include a mix
of high rise commercial structures of varying ages and design, with some residential high rises, and high daytime population density at the
ground zero location. Building heights and population density are assumed to drop off with distance from the ground zero location in favor
of low, lighter constructed buildings, and increased residential structures.
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Many casualties in the MD zone will survive, and these survivors, in comparison
to survivors in other zones, will benefit most from urgent medical care.

A number of hazards should be expected in the MD zone, including elevated
radiation levels, potentially live downed power lines, ruptured gas lines, unstable
structures, sharp metal objects and broken glass, ruptured vehicle fuel tanks, and
other hazards.

Visibility in much of the MD zone may be limited for an hour or more after the
explosion because of dust raised by the shock wave and from collapsed buildings.
Smoke from fires will also obscure visibility.

Blast overpressures that characterize the MD zone are an outer boundary of about
2-3 psi and inner boundary of about 5-8 psi. When most buildings are severely
damaged or collapsed, responders have encountered the severe damage zone.

Severe Damage (SD)° Zone:

O Few, if any, buildings are expected to be structurally sound or even standing in

the SD zone, and very few people would survive; however, some people protected
within stable structures (e.g., subterranean parking garages or subway tunnels) at
the time of the explosion may survive the initial blast.

Very high radiation levels from prompt and residual origin and other hazards are
expected in the SD zone, significantly increasing risks to survivors and
responders. Responders should enter this zone with great caution, only to rescue
known survivors.

Rubble in streets is estimated to be impassable in the SD zone making timely
response impracticable. Approaching ground zero, all buildings will be rubble and
rubble may be 30 feet deep or more.

The SD zone may have a radius on the order of a 0.5 mile (0.8 km) for a 10 KT
detonation. Blast overpressure that characterizes the SD zone is 5-8 psi and
greater.

Figure 1.1 shows the 10 KT zones overlaid on a notional urban landscape.® Figure 1.2
provides a side by side summary of idealized damage zones to compare the distances
projected for 0.1, 1, and 10 KT nuclear explosions.

® In the First Edition planning guidance the term No-go (NG) Zone was used for this third zone. Numerous responders and technical experts
requested that severe damage zone be used for consistency with the theme of observable characteristic descriptors used for the first two
zones presented as opposed to transitioning to an action oriented zone descriptor, as was the case for the NG Zone.

® Note that building damage is irregular; responders should expect to find many anomalies such as buildings collapsed where it seems they
should be standing and standing where they should be collapsed and glass broken where nearby glass is still intact.
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Figure 1.1: Representative damage zones for a 10 KT nuclear explosion overlaid on a notional
urban environment.
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Figure 1.2: Representative damage zones for 0.1, 1, and 10 KT nuclear explosions (circles are
idealized here for planning purposes)

The zone delineations are rough approximations that can assist response planners. They will
be referred to during the remainder of Chapter 1 discussions and will be further developed
for response planning in Chapter 2. There are no clear boundaries between the damage zones.
The zones will need to be characterized based on observations by early response units and if
possible by overhead photography.

There are no clear boundaries between the representative damage zones resulting from a
nuclear explosion, but generally, the light damage (LD) zone is characterized by broken
windows and easily managed injuries; the moderate damage (MD) zone by significant
building damage, rubble, downed utility lines and some downed poles, overturned
automobiles, fires, and serious injuries; and the severe damage (SD) zone by completely
destroyed infrastructure and high radiation levels resulting in unlikely survival of victims.

It is important to recognize that the zones depicted in Figure 1.1 and 1.2 should be
determined not by precise distances, but by the degree of observable physical damage.
Nuclear weapon experts believe damage will be highly unpredictable; for example, some
lighter buildings may survive closer to ground zero while robust structures may be destroyed
under relatively low overpressure resulting from the complex way shock waves bounce off
structures. Glass breakage is an important factor in assessing blast damage and injuries, but
different kinds of glass break at widely varying overpressures. Some modern windows may
survive within the MD zone, whereas others will shatter at distances far beyond the LD zone.
The glass dimensions, hardening, thickness, and numerous other factors influence glass
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breakage. Zoned planning, however, will help officials estimate overall response needs and
preplan the logistical support necessary for a response.

Although the description of effects and ranges used in this document is based on the 10 KT
yield of NPS #1, it is important to emphasize again that the 10 KT ground burst provides a
basis for planning purposes. Consideration of 0.1 and 1 KT vyields in this chapter provides the
planner an understanding of the range of physically damaged zones with smaller yields
(Figure 1.2 and Figure 1.3). Table 1.2 provides approximate distances for LD, MD, and SD
zones with the different yields.

B Severe Damage Zone
[0 Moderate Damage Zone
[ Light Damage Zone

0 1 2 3 4
Miles from ground-zero

Figure 1.3 Zone distances for 0.1, 1, and 10 KT explosions are shown for zone size
comparison.
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Table 1.2: Approximate distances for zones with varying yield nuclear explosions.

10 KT Explosion
e The Severe Damage Zone will extend to ~ ¥ mile (0.8 km)
e The Moderate Damage Zone will be from ~ % mile (0.8 km) to ~
1 mile (1.6 km)

e  The Light Damage Zone will extend from ~ 1 mile (1.6 km) to ~3
miles (4.8 km)

1 KT Explosion
e The Severe Damage Zone will extend to ~ % mile (0.4 km)
e The Moderate Damage Zone will be from ~ % mile (0.4 km) )to ~
% mile (0.8 km)
e The Light Damage Zone will extend from ~ % (0.8 km) mile to ~2
miles (3.2 km)

0.1 KT Explosion
e The Severe Damage Zone will extend to ~ 200 yards (0.2 km)
e The Moderate Damage Zone will be from ~200 yards (0.2 km) to
~ % mile (0.4 km)
e The Light Damage Zone will extend from ~ % mile (0.4 km) to ~1
mile (1.6 km)

Blast Injuries

Initially, blast causes the most casualties in a ground level urban nuclear explosion. As
described earlier, blast effects consist of overpressure and dynamic pressure waves. Table
1.3 provides an overview of impacts on both structures and the human body relative to the
peak overpressure of the blast wave. As shown in Table 1.3, the human body is remarkably
resistant to overpressure, particularly when compared with rigid structures such as buildings.
Although many would survive the blast overpressure itself, they will not easily survive the
high velocity winds, or the crushing injuries incurred during the collapse of buildings (see
Figure 1.4) from the blast overpressure or the impact of high velocity shrapnel (e.g., flying
debris and glass).
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Table 1.3: Impacts of peak overpressure of blast’

Peak O\zsgri))ressure Type of Structure Degree of Damage
0.15-1 Windows Moderate (broken)
3-5 Apartments Moderate
3-5 Houses Severe
6-8 Reinforced concrete building Severe
6-8 Massive concrete building Moderate
100 Personnel shelters Severe (collapse)

Peak Overpressure Type of Injury to People in the Open

(psi)
5 Threshold for eardrum rupture
15 Threshold for serious lung damage
50 50% incidence of fatal lung damage
e—— -1' Blast wave destroys wood
i BLE R ' frame house
3 — > (16 KT, 0.6 miles away [1
- H u '; l km], ~6 psi, ~200 mph [320
o 2 : km/h])
bl —— T :

Figure 1.4: Blast wave effects on a house, indicating low survivability

Blast injuries, such as lung and eardrum damage, will likely be overshadowed by injuries
related to collapsing structures. Many of these will be fatal injuries in the SD and MD zone.
Further out, flying debris injuries will prevail. NATO medical response planning documents
for nuclear detonations state that ““... missile injuries will predominate. About half of the
patients seen will have wounds of their extremities. The thorax, abdomen, and head will be
involved about equally.”® The American Academy of Ophthalmology noted “Most injuries
among survivors of conventional bombings have been shown to result from secondary effects
of the blast by flying and falling glass, building material, and other debris. Despite the
relative small surface area exposed, ocular injury is a frequent cause of morbidity in
terrorist blast victims.”® The probability of penetrating injuries from flying debris increases
with increasing velocity, particularly for small, sharp debris such as glass fragments. Single
projectile injuries will be rare; however, multiple, varied projectile injuries will be common.
Blast wave overpressures above 3 to 5 psi can produce flying debris and glass fragments with
sufficient velocity to cause blunt trauma or deep lacerations resulting in injuries that require
professional medical attention. For a 10 KT detonation, the range for these more serious
impacts is about 0.5 — 1 mile (0.8 —1.6 km). However, broken and shattered windows will be
observed at much greater distances. Large windows can break at blast wave pressures as low
as 0.1 psi and people will be subject to injury from the glass falling from damaged tall

" Adapted from Glasstone and Dolan 1977; DOD 2001
& NATO — AmedP-6(b)
® Mines et al. 2000
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buildings. For a 10 KT explosion, these lower pressure window breakages could occur more
than 10 miles (16 km) from ground zero.

Thermal Radiation (or Heat)

An important effect of a nuclear detonation is the generation of an intense thermal pulse of
energy (i.e., the nuclear flash). The thermal effect causes burns to people and may ignite
certain flammable materials. The potential for fire ignition in modern cities from the nuclear
thermal effect is poorly understood but remains a major concern. Fires may be started by the
initial thermal effect igniting flammable materials. Secondary fires may be started by the
ignition of gas from broken gas lines and ruptured fuel tanks.

Fires destroy infrastructure, pose a direct threat to survivors and responders, and may
threaten people taking shelter or attempting to evacuate. If fires are able to grow and
coalesce, a firestorm™ could develop that would be beyond the abilities of firefighters to
control. However, experts suggest in the nature of modern US city design and construction
may make a raging firestorm unlikely.

The SD zone is not expected to be
conducive to fires because of the
enormous wind that ensues and
because flammable sources are buried
in deep rubble; however, leaking gas
lines may still ignite. The MD zone is

A nuclear detonation is accompanied by a
thermal pulse. The thermal pulse intensity at any
given point will depend on distance from the
detonation, the height of burst, and on any
shielding from structures. In general, the thermal
hazard is greatest in the case of a low-altitude air

more likely to sustain fires because
many buildings are expected to remain
standing, but damage to infrastructure,
such as blown out windows and
broken gas lines and fuel tanks, is still
extensive. Depending on the
flammability of various materials and
distance from ground zero, blast winds
can either extinguish or fan the
burning materials. The LD zone with
minor infrastructure damage may also
have fires, but these should be more
easily contained and mitigated.

Thermal Injuries

burst. General thermal effects will be less for
ground bursts resulting from less direct line-of-
sight contact with the energy radiating from the
detonation. Ground bursts result in a large part of
the thermal energy being absorbed by the ground
and any buildings around ground zero. Partial
and sometimes complete shadowing of the
thermal pulse and fireball may be provided to
people inside or behind buildings and other
structures. Terrain irregularities, moisture, and
various aerosols in the air near the surface of the
earth will tend to reduce the amount of thermal
energy that is transported at distance.

Close to the fireball, the thermal energy is so intense that infrastructure and humans are

incinerated. Immediate lethality would be 100% in close proximity. The distance of lethality
will vary with nuclear yield, position of the burst relative to the earth’s surface, line of sight

10 A firestorm is a conflagration, which attains such intensity that it creates and sustains its own wind system that draws oxygen into the
inferno to continue fueling the fires.
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with respect to the fireball, type of clothing being worn, weather, environment, and how soon
victims can receive medical care.

Thermal radiation emitted by a nuclear detonation causes burns in two ways; direct
absorption of thermal energy through exposed surfaces (flash burns - see Figure 1.5) or
indirectly from fires ignited by the burst. Thermal energy from the burst is delivered to bare
skin or through clothing to the skin so quickly that burn patterns will be evident and the
victim will be burned on the side facing the fireball. Tall city buildings between people and
the fireball provide substantial shadowing from the burst and reduce the overall flash burn
impact. However, people within line of sight of the burst may be subject to burn injuries up
to two miles away for a 10 KT explosion. The farther away from ground zero, the less severe
the burn injury will be for a person. Early treatment can reduce mortality rates among the
severely burned victims.

The intense flash of light also provides a momentary signal to cover for those a mile or more
away, if they are sufficiently aware. The speed of light, perceived as the flash, travels much
faster than the blast overpressure allowing a few seconds for some people to take limited
protective measures. It is anticipated that some injuries (e.g., eye injuries, blast injuries,
particularly from flying debris and glass) can be prevented or reduced in severity if
individuals that perceive an intense and unexpected flash of light as described here take
immediate protective measures, such as getting away from windows, closing eyes, and lying
flat (e.g., duck and cover).

Figure 1.5: Flash burn victims from (a) Hiroshima showing pattern burns (i.e., the dark colored

material pattern on the victims clothing preferentially absorbed the thermal energy and burned

the 