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How to Survive a Nuclear Detonation





Hiroshima Injured Survivors

1.5 miles
0.6 miles



Hiroshima Pre-Detonation 



Hiroshima Post-Detonation



Hiroshima Post-Recovery



Nagasaki Pre-Detonation



Nagasaki Post Detonation



Nagasaki Post-Recovery



Course Agenda

• Quick Radiation Review

• Basics of Nuclear Weapons

• Consequences

• Response

• Preparedness



Course Goals

• Reduce misconceptions of 
nuclear detonation 
consequences

• Provide awareness of 
nuclear detonation 
preparedness and response

• Increase public awareness 
and education



Quick Review

But I ALREADY 
know it all!



Types of Nuclear Radiation

• Alpha Particles

• Beta Particles

• Gamma Rays

• Neutrons



Units

• Important!!

• Primary cause of miscommunication 
   in radiation response

• Conventional and System International (SI) 
are very different



Counts Per Minute (cpm)

• Counts per minute (cpm) is a relative measurement to compare to 
background or a predefined action level

• cpm ≠ activity

• cpm ≠ exposure

• cpm ≠ dose



Roentgen (R)

• Roentgen (ran-'kin) - ionization of air by gamma radiation

• Exposure rate is like a speedometer

• Rate of exposure
► microRoentgen per hour (µR/hr)
► milliRoentgen per hour (mR/hr)

• Roentgen ≠ radiation dose to people



Roentgen Equivalent Man (rem)

• Rem = amount of damage (dose) to human tissue
► 1 R ≈ 1 rem (gamma or beta only)
► 1 R ≈ 20 rem (alpha internal exposure)

• 1 rem = 0.01 Sievert (Sv) - International units
► 100 rem = 1 Sv
► 100 mrem = 1 mSv

• Rem is like an odometer



Activity

• Curies (Ci) = radioactivity of material
► 1 Ci = 37 billion disintegrations per second (dps)

• Becquerel (Bq) is international unit
► 1 Bq = 1 dps
► 1 Ci = 37 billion Bq



Measurement Illustrated

Curies

Roentgen 
or cpm

R in human terms is a rem

cpm in not related to rem

Radioactive
Source

Radiation Field

rem



Exposure and Dose

Radioactive
Source

Radiation Field (Person Exposed)

• Exposure = radiation interacting with your body

• Dose = damage to your tissue from exposure over time
Dose 

Accumulates

rem



Units Mnemonic

   

  µR = OK

  mR = Maybe

  R = Rethink RUN!



Half-Life (T½)

• Half-Life (T½) = time for radioactivity to decrease in half

• 7 to 10 half-lives until near background

• Example: half-life = 1 hour

Half Lives = 0123456789

0.1%

10



Action Levels

• Occupational whole body dose limit = 5 rem/yr

• Emergency worker whole body dose limits (EPA-recommendation)
►     5 rem  =  All activities
►   10 rem =  Protecting valuable property
►   25 rem =  Lifesaving or protection of large populations
► >25 rem =  Lifesaving or protection of large populations on voluntary basis only

• Hot zone = 2 mR/hr (typically)

• Contamination = Twice background (typically)



NCRP Action Levels

• National Council on Radiation Protection & Measurements (NCRP)

• Recommends hot zone limits:
► Exposure rate: 10 mR/hr gamma
► Surface contamination 

§ 60,000 dpm/cm2 beta/gamma (~180,000 cpm pancake probe)
§ 6,000 dpm/cm2 alpha (~18,000 cpm with alpha probe)
§ dpm = disintegrations per minute

• Recommends dose limit: 50 rem

• Recommends dangerous radiation zone: 10 R/hr
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Exposure Misconception

• You cannot become radioactive if exposed to radiation!

• You are contaminated if a radioactive material is on (external) or in (internal) 
your body 

External Internal



Examples of PPE



Instruments

Gamma detector (exposure rate)

Decontamination (cpm)

Real time dosimeter (dose)



Instrument Readings

• Understand the reading on your instruments

• Units
► µR/hr = microRoentgen per hour
► mR/hr = milliRoentgen per hour
► µR = microRoentgen
► mR = milliRoentgen
► cpm = counts per minute
► c/m = counts per minute
► kc/m = kilocounts per minutes or thousand counts per minute (1000 times the 

reading)



Chernobyl Firefighter Injury





Gamma 
Radiation 
Dose Rate
(Rate/hour)

Stay Time to Receive This Radiation Dose

1 rem 5 rem 10 rem 25 rem 50 rem

1 mR/hour 6 weeks 30 weeks 13 months 2.8 years 5.5 years

5 mR/hour 200 hours 6 weeks 12 weeks 30 weeks 1 year

100 mR/hour 10 hours 50 hours 100 hours 250 hours 3 weeks

1 R/hour 1 hour 5 hours 10 hours 25 hours 50 hours

10 R/hour 6 minutes 30 minutes 1 hour 2.5 hours 5 hours

100 R/hour 36 seconds 3 minutes 6 minutes 15 minutes 30 minutes

200 R/hour 18 seconds 1.5 minutes 3 minutes 7.5 minutes 15 minutes

500 R/hour 7 seconds 36 seconds 72 seconds 3 minutes 6 minutes

2.5 hours10 R/hour

25 rem



Questions?



Basics of Nuclear Weapons



RDD versus IND

Radiological Dispersal 
Device (RDD)

Improvised Nuclear 
Device (IND)



RDD versus IND Effects

Characteristic Sr-90 RDD 10kT IND

Activity (Ci) ~ 30,000 max ~ 300 billion

Yield (TNT) Pounds to tons kilotons

Affected area (km2) 1 to 10 1,000s

Lethal Radiation Doses Few to 100s 1,000s

Contamination Significant Lethal

Control Local Regional

Response Entry PPE Dose constrained



Nuclear Detonation Response Overview

https://www.youtube.com/watch?v=EueJrCJ0CcU

https://www.youtube.com/watch?v=EueJrCJ0CcU


Types of Nuclear Weapons

• Fission (Uranium-235 or Plutonium-239)
► Gun
► Implosion

• Fusion (Thermonuclear)
► Hydrogen



Nuclear Fission

Neutrons

Fissile Atom
(U-235 or Pu-239) New Atom

Chain Reaction



Fission Gun Type

• Two subcritical pieces are quickly forced together

• Critical mass reached with instantaneous explosion

Uranium “Target”

Little Boy (Hiroshima)

Uranium 
“Bullet”

Gun Barrel Conventional Explosive



Fission Implosion Type

• Subcritical material quickly compressed by explosives

• Critical mass achieved with instantaneous explosion

Fat Man (Nagasaki)

Fast Explosive Slow Explosive Tamper Pusher

Neutron Initiator Plutonium Core
Spherical Shockwave
Compresses Core



Suitcase Nuclear Bomb

Mock-up of a hypothetical "suitcase" nuclear bomb, made by Congressional staffer 
Peter Pry; a 105 mm artillery shell device packaged in a large briefcase. 



Nuclear Fusion
• Combination of hydrogen isotopes

► Deuterium (H2)
► Tritium (H3)

• Initiated by a fission reaction to obtain    
temperature in the millions of degrees

• Called a thermonuclear explosion

• Yields over Mega Tons (MT) are possible
► 1 pound of deuterium yields 26,000 tons of TNT

Deuterium Neutron

Tritium Helium



Thermonuclear Bomb



Performance

• Energy is released
► 1 pound of U-235 or Pu-239 yields 8,000 tons of TNT

• Fizzle – a “dud”
► Sub-yield explosion
► More contamination and fallout
► Less explosive force, thermal output, fission products, and neutrons

• Yield does not substantially affect response
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Yield

• 1,000 tons of TNT = 1 kiloton (kT)

• 1,000,000 tons of TNT = 1 megaton (MT)

• 2 tons of TNT – Oklahoma City bomb (non-nuclear)

• 0.1 to 10 kT – Possible terrorist IND (likely)

• 20 kT – Hiroshima and Nagasaki

• 50 MT – Tsar Bomba (Russian)

• 0.1 kT to 50 MT – Military range



Yield and Ground versus Air Burst



Detonation Effects



Primary Characteristics

• Electromagnetic Pulse (EMP)

• Prompt nuclear radiation – gamma, X-rays, neutrons

• Thermal radiation and fireball (light and heat)

• Blast/Shock wave

• Mushroom Cloud (may not see if ground detonation)

• Residual nuclear radiation – fallout and induced (neutron activation)

n n n



Progression of a Fission Detonation

1. Less than a millionth of a second of detonation
► Temperature is several tens of millions of degrees
► Pressure is over million times atmospheric pressure
► Releases large amounts of energy as X-rays

2. Formation of a hot and luminous fireball
► Light seen from many miles away
► Expands rapidly rising above the ground surface
► All materials including soil, buildings, etc. are 

vaporized



Progression of a Fission Detonation

3. Thermal radiation created – visible and infrared light
• Causes skin burns
• Causes fires in flammable materials

4. Prompt nuclear radiation created within first minute
• Gamma and neutrons

5. Blast/shock wave moves faster than speed of sound
• High pressure shock front with wind over 100 mph
• Partial vacuum forms behind shock front

n n n





Progression of a Fission Detonation

6. Formation of a mushroom cloud
► Expands rapidly rising at about 200 mph
► Vapor cloud forms from water, debris and soil
► Cloud would reach about 30,000 feet

7. As fireball cools, contaminated particulate and 
water droplets fall to ground surface (ground 
burst produces much more fallout than air burst)



Timeline

• See page 24 of Planning 
Guidance for Response to a 
Nuclear Detonation, 3rd 
edition which has details 
from milliseconds to days.



Energy Distribution

Initial Radiation

50%

35%
5%10%

Shockwave     

Heat

Fallout

Initial Rad



EMP Effects

• Opportunistic – affects unprotected electronics

• More sophisticated technology is more likely to fail

• Shielding of electronics is most important

• Unknown what electronics will work after EMP

• One time occurrence after detonation

• Distance from EMP affects impact



EMP Impacts

• Airplanes

• Vehicles

• Radios

• Computers

• Anything with a microchip



EMP Propagation

Planning Guidance for Response to a Nuclear Detonation, Third Edition 
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1.8. Electromagnetic Pulse (EMP) Effects 
 

Figure 17: Source Region EMP (SREMP) Illumination Range and Power Grid Coupling 
Disruptions 

EMP from a low-altitude17 detonation differs from high-altitude18 EMP (HEMP) (these differences are 

described in Appendix 1.1). EMP from a low-altitude detonation is generally limited to a Source Region 

EMP (SREMP). 

 
There are two major disruptive effects of a SREMP (shown in Figure 17 above): 

 
 Electromagnetic (EM) Illumination: SREMP impact electronic equipment through induced voltage 

on internal wires and conductors. These induced voltages may disable or damage equipment. 

 
 Line Coupling: Large voltage/current surges in long power lines and other conductors that pass 

near the detonation. This can propagate for significant distances, resulting in disruption and 

potential damage a few miles outside the blast damage area. 

 
 
 

 
17 For the purpose of EMP effects, anything less than ~16,400 ft above ground level (AGL) is considered low altitude. 

 
18 Greater than 30 km AGL. 

Key points on SREMP associated with the planning guidance scenarios: 

EMP effects are not strongly dependent on yield or HOB below 3 miles (5 km). 

Temporary (hours to days) power outages may extend tens of miles beyond the blast damage 

area, depending on power grid configuration and detonation location. 



Heat and Light

• Heat
► Several tens of millions of degrees
► Relatively localized
► Instantaneous vaporization near ground zero

• Light
► Initial flash causes temporary (seconds to 

minutes) or permanent blindness
► Light can be seen for 10s of miles away
► Nighttime flash has greater impact at further away



Fire

• Intense heat can cause fires before the blast wave

• After blast wave, fires can continue

• Fires caused most of the destruction at Hiroshima but not at 
Nagasaki (due to hilly terrain)



Blast Wave

• Highly destructive with positive and negative shock wave



Estimated Impacts

Bomb Size 
TNT 

Equivalent

Radius of 
Total 

Destruction

Radius of 
400 rem

Mid-Lethal Dose 
(LD 50/60)

Radius of 
Moderate 

Thermal Skin 
Burns

20 Kiloton 0.6 Miles 0.8 Miles 1.9 Miles

1 Megaton 2.0 Miles 1.4 Miles 6.5 Miles

10 Megaton 5.0 Miles 2.0 Miles 10.0 Miles



Blast Damage

• Wall of highly compressed air

• Causes majority of deaths and injuries

• Indirect blast effects on infrastructure
► Damaged buildings and structures
► Downed power and phone lines
► Leaking gas lines
► Broken water mains
► Weakened bridges and tunnels



Sedan Crater



Nuclear Radiation

• Initial burst of ionizing radiation

• Residual radiation
► “Activated” objects
► Fallout
► Radioactive decay



Fallout Decay

• Fission products

• Activation products

• Unspent fuel

• Exposure rate decreases quickly

• Every 7-fold increase in time =       
10-fold decrease in exposure rate



Rule of Seven

Initial Radiation Dose Rates Remaining

Time Percent Example

0 hours 100% 1000 R/hr

7 hours 10% 100 R/hr

49 hours 
(2 days) 1% 10 R/hr

343 hours 
(14 days) 0.1% 1 R/hr



Rain



Factors Affecting Effects

• Design type – assume gun type

• Yield – assume 10 kT (although consideration 
for higher yield by state sponsored bomb)

• Target – assume major city

• Atmospheric conditions – rainy versus dry



Ground Burst Implications

• Concentrated blast damage with crater

• Dose range lower than air burst

• More fallout than air burst (maybe no mushroom cloud)

• Less EMP than air burst

• More subsurface damage than air burst



Atmospheric Conditions

• Fallout based on weather
► Wind speed and direction
► Temperature and humidity
► Rain

• Rain knocks down fallout and contaminated rain can cause 
severe skin burns

• Weather does not dramatically change response



Ground Burst

• Crater diameter = about 130 feet x (kT)1/3

► 1 kT = 130 feet
► 10 kT = 280 feet

• Crater depth = about 30 feet x (kT)1/3

► 1 kT = 30 feet
► 10 kT = 65 feet

• Underground effects are similar to an earthquake



Ground Burst

• Ground surface materials are vaporized and sucked up into the 
fireball forming a radioactive cloud

• More fallout created than air burst
► Mostly non-respirable particulate (falls to ground quickly)
► High exposure rate to skin
► Ingestion hazard
► Fires and fizzle can create respirable particulate (plutonium)



Urban Affects on Radiation

Red >800 rem (lethal)

Yellow >100 < 800 rem

Green <100 rem



Height of Burst versus Fallout

Planning Guidance for Response to a Nuclear Detonation, Third Edition 
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detonations nearer to the ground, represented by the “hazardous fallout” regime in Figure 12, the 
cloud cap is darkened by ground material and hazardous levels of local fallout should be expected. 
In altitude air bursts, shown by the clouds in the “some local fallout” regime in Figure 12, partial 
mixing of ground material with fission products will generate some local fallout, though this will be 
less severe than that of detonations nearer the surface. Visual observations of the cloud and the 
color of the cloud cap can help in determining if the detonation is near the surface (darker cloud cap) 
with more hazardous fallout or an air burst (cloud cap white or light color compared to the stem of 
the mushroom cloud) that may indicate less hazardous fallout conditions. Regardless, it is critical to 
rely on multiple information sources, especially radiation survey measurements, to determine 
radiation hazards in an area. 

 

 
Figure 12: Examples of cloud shapes and shading for various heights of burst. Color of cloud 

indicates the amount of environmental materials, like dirt, in the cloud; brown clouds 
have the most materials and white clouds have the least (derived from Spriggs et al., 

2020). 



Consequences



Hiroshima

• 70,000 to 130,000 fatalities – mostly from blast & heat

• 20 kT yield (now considered a                                 
"Tactical Nuke")

• Airburst
► Little fallout
► Radiation injuries from prompt gamma/neutrons
► Thyroid cancer and leukemia long term effects



Hiroshima Injured Survivors

1.5 miles

0.6 miles



Effects on Structures

• Surveys of Hiroshima and Nagasaki and tests performed at the 
Nevada Test Site provide for generalized destruction data

• Small masonry buildings engulfed in blast wave collapsed

• Light structures/residences totally destroyed by blast/fire

• Steel industrial buildings lost roofing/siding with twisted frames

• Strong reinforced concrete structures and smokestacks survived



Effects on Structures

• Buildings leaned away from ground zero

• Telephone poles snapped off at ground level

• Gas containers ruptured and collapsed

• Further away from ground zero appeared sound but structures still 
damaged and gutted by fire

• Flying objects caused secondary damage



Effects Video



Disclaimer

• Modeling predictions in this presentation are limited by the 
accuracy of input data and the model algorithm

• Modeling is better at predicting effects on structures than on 
people

• Actual results are dependent on many variables

• Examples are illustrative purposes



Damage Zones

• Severe Damage Zone (SDZ)
► Destroyed infrastructure
► High radiation levels 

• Moderate Damage Zone (MDZ)
• Significant building damage and rubble
• Downed utility lines and some downed poles
• Overturned automobiles
• Fires
• Serious injuries 

• Light Damage Zone (LDZ)
► Broken windows
► Easily managed injuries 

Planning Guidance for Response to a Nuclear Detonation, Third Edition 
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Figure 19: The destruction of the World Trade Towers on 9/11/2001 is similar to the type of 
damage that might be seen in the SDZ. 

Observables and considerations 

 

 The SDZ may have a radius of ~½ mile for a 10 kT detonation. 

 

 Responders should enter this zone with great caution and only to rescue known survivors after 

assessment of potential radiation exposure and other hazards. 

 

 Very few people will survive in the SDZ. Some people within large, protective structures; 

underground parking garages; or subway tunnels at the time of the explosion may survive the 

initial blast. 

 

 Timely response is unfeasible in the SDZ—response operations should focus first on the MDZ. 

Blast 

 Few, if any, buildings are expected to be structurally sound or even standing. 

 

 Approaching ground zero, all buildings will be destroyed and the streets will be impassable due to 

rubble, which can reach 30+ ft deep. 

 

Radiation 

 

 Those outdoors at the time of detonation may receive a lethal dose of initial radiation and even 

those within buildings can receive a significant dose. 

 

 Underground areas, such as subterranean parking garages or subway tunnels, can protect 

against radiation. 

Planning Guidance for Response to a Nuclear Detonation, Third Edition 
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Figure 20: Example of MDZ-Like Blast Damage 

Observables and considerations 

 
 Building damage is substantial in the MDZ. MDZ damage may be ~ 1 mile from ground zero for a 

10 kT nuclear explosion. 

 
 Many casualties in the MDZ will survive and will benefit the most from urgent medical care, 

compared to survivors in other zones. 

 
 A number of hazards should be expected in the MDZ, including elevated radiation levels, downed 

power lines, ruptured gas lines, unstable structures, sharp metal objects, broken glass,toxic 

dust from collapsed buildings, ruptured fuel tanks, and other hazards. 

 
 Visibility in much of the MDZ may be limited due to dust raised by collapsed buildings and 

smoke from fires. 

 
 Water infrastructure may be damaged, limiting firefighting operations. 

 
Blast 

 
 Buildings in the MDZ will have significant structural damage and blown-out interiors. Downed 

utility lines, overturned automobiles, caved roofs, collapsed buildings, and fires will be present. 

Sturdier buildings (e.g., reinforced concrete) will remain standing; however, other commercial and 

multi-unit residential buildings may have fallen or be structurally unstable, and many wood frame 

houses will be destroyed. For additional information about how different structures will fare, see 

Chapter 3. 
 

 Substantial rubble and disabled vehicles are expected in the streets, making evacuation and 

vehicle passage difficult or impossible without street clearing. Closer to ground zero, rubble will 

completely block streets and require heavy equipment to clear. 

Planning Guidance for Response to a Nuclear Detonation, Third Edition 
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 MDZ with DRZ Overlap (i.e., exposure rate greater than 10 R/h): Manage fires remotely, if 

possible, recommend sheltering if safe to do so, and enable public egress to escape life- 

threatening conditions. Minimize outdoor responder activities. Monitor radiological conditions 

and operate outside the DRZ when possible. Only conduct short, focused, and critical activities, 

to avoid unnecessary exposure. Access to the DRZ will increase over time as radiation levels 

decay. Responders in this zone should have high range radiation monitoring equipment that 

alerts them to high exposure rates and excessive dose. 
 

 

Light Damage Zone 
Description: Area where glass windows can be broken with enough force to injure those near them. 

Most structures will be externally damaged, but few will experience structural damage (see Figure 

21). (Note: Glass windows will be broken over a much larger area, but are unlikely to result in injury 

outside this zone.) 
 

 
Figure 21: Example of LDZ-like Blast Damage 

Observables and considerations 

 
 Nearly all windows in this area are broken (even those facing away from the blast).Flying debris 

will cause a significant number of injuries. 

In the MDZ, fire and building collapse represent an immediate threat. Response organizations 

should perform defensive tactics to maintain evacuation corridors and facilitate evacuation in 

areas when safe to do so. 

The MDZ should be the focus of early life-saving operations. Response activities should focus on 

evacuation of endangered populations and medical triage of the injured. 



Burns Ionizing radiation

PROMPT EFFECTS

FALLOUT EFFECTS

Blast overpressure

10 kT Ground Burst Nuclear Detonation
• Many Prompt Casualties come from Blast and 

Thermal Effects
• Fallout Casualties are from Radiation
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Heavy Building Effects
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Blast Effects: Buildings & People

Low Survival of Heavy 
Buildings within area

Overpressure lung injury 
& fatalities from impact

>10psi   678m

Low Survival of Light 
Buildings within area
Eardrum ruptures and 

possible incapacitation
>5psi   1km   ~250k people (day)

Brick House
~ 5 psi
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Radiation and Thermal Effects

300cGy LD-50
1.4km   300,000 people

200cGy LD-10
1.5km

100cGy Injury-10
1.6km

Unprotected Population (Clear Day & Line of Sight)

3o Burns LD-50
1.5km   ~360,000 people

2o Burns
1.9km

1o Burns
2.5km

Graphic: AFRRI

1 cGy = 1 rem
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Missile Injury Threshold
0.6psi 4.5km ~750k people

Flash Blindness
7km to 12 km

Graphic: AFRRI

EMP: Temporary disruptions

EMP: Service 
Disruptions

& Equipment Damage

Long Range Prompt Effects



Combined Effects

Typical Overpressure 
Damage 

psi Damage 
1 Windows shattered 

2 Aluminum panels ripped 
off 

3 
Wall of 12-inch concrete 
shattered; parked aircraft 
destroyed 

5 

Brick houses destroyed; 
trucks overturned; 
telephone poles collapsed
Eardrum Rupture 

15 Lung Damage 
50 LD50 1km from ~16kT yields (~ 6 psi)

Pressure wave 
destroys house

Nighttime shot, the only
light is from the blast

Thermal pulse 
ignites paint and 
wood



Fallout

• Nuclear detonation creates large cloud of radioactive dust and water vapor 
which falls back to earth contaminating horizontal surfaces

• Dangerous levels of fallout creates visible dust and debris which are 
radioactive and can injure people (even in cars or inadequate shelter)

• Fallout decays rapidly away with time and is most dangerous in the first few 
hours after the detonation



Prompt Effects & 2-Hour Integrated Outdoor Exposure

• Most potential acute injuries 
confined to within 15km

• Prompt and fallout areas not 
congruent

Effects or contamination using weather from May 23, 2005
Injury threshold (100 rem) defined as 5-30% chance of 
Acute Symptoms (nausea and vomiting within 4 hours)
~ NCRP Commentary #19, 2005

100rem in 2 hours Boundary
Outdoor Injury Threshold

15km long, ~ 300,000 people in area

Shattered Window Threshold
Many behind windows injured 
4.5km ~750,000 people in area

1cGy = 1 rem



Downwind Dose Rate @ 15 Minutes

Fallout Effects 
Dose Rate
100 rem/hr

10 rem/hr

1 rem/hr

0.1 rem/hr

1,500 rem/hr
~ 8 minutes until fatality 
threshold at that dose rateFatality threshold (2 rem) defined as 5% chance of acute death from 

radiation without medical treatment (NCRP Commentary #19, 2005)



Downwind Dose Rate @ 2 hours

Fallout Effects 
Dose Rate
100 rem/hr
10 rem/hr
1 rem/hr
0.1 rem/hr

180 rem/hr
~ 1 hour until fatality 

threshold at that dose rate
Fatality threshold (2 rem) defined as 5% chance of acute death from 
radiation without medical treatment (NCRP Commentary #19, 2005)



Extent Area

>300 rem
7.6km
8.8 km2
>200 rem
10.0km
13.3 km2
>100 rem
14.8km
25.1 km2
>50 rem
20.3km
44.1 km2
>25 rem
26.6km
73.9 km2Missile Injury Threshold

4.5km ~750k people in area

Flash Blindness
7km to 12 km

2 Hour Integrated Outdoor Exposure



Downwind Dose Rate @ 48 hours

7 rem/hr
~ 1 day until fatality 

threshold at that dose rate
Fatality threshold (2 rem) defined as 5% chance of acute death from 
radiation without medical treatment (NCRP Commentary #19, 2005)

Fallout Effects 
Dose Rate
100 rem/hr
(Not Present)

10 rem/hr
1 rem/hr
0.1 rem/hr



Graphic: AFRRI

2-Hour Integrated Outdoor Exposure
Extent Area
>1,000 rem
2.5km
2.0 km2
>800 rem
3.2km
2.6 km2
>600 rem
4.3km
3.7 km2
>500 rem
5.1km
4.7 km2
>400 rem
6.3km
6.2 km2

Extent Area
>300 rem
7.6km
8.8 km2
>200 rem
10km
13.3 km2
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4-Day Integrated Outdoor Exposure

• Large population and short arrival times make evacuation difficult
• Model uncertainties and “shadow evacuation” likely to greatly 

increase effected population

25 rem (30 min arrival)
~50km

5 rem (1 hr arrival)
~100km

1 rem (2 hr arrival)
~200km ~1,000,000 people

Protective Action Guideline 
threshold for shelter or evacuation

Long range, non-acute
4-day dose boundaries



Fallout Effects Summary 

• Fallout cloud could climb 8km (5 miles) high and will be carried by upper 
atmosphere winds (often at high speeds)

• 100,000s of acute casualties from radioactive fallout can occur within 
15km (9 miles) downwind of ground zero

• Number of fallout casualties can be reduced by action (shelter / evacuation)



Fallout Effects Summary 

• Radiation levels decay rapidly with time

• First few days, primary health hazard is external gamma radiation from 
fallout on horizontal surfaces and breathing in fallout dust is a minor concern

• Radiation has a delayed effect; although radiation sickness may occur within a 
few hours, victims of lethal radiation may not succumb for days or weeks
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BRANCH 1 – PAGE 26 OCTOBER 2016 

Appendix 1 to Branch 1: Improvised Nuclear 
Device Background 

Expected  Timel ine  o f  Events  

 
 

Figure 10: Expected Timeline of Events for a 10-Kiloton Improvised Nuclear Device 
Detonation 

Source: Role of Data and Models in Supporting Planning and Response to an improvised nuclear device 
Detonation, FEMA and the Modeling and Data Working Group, May 2014. 

Improvised Nuc lear  Device  E f fec ts  

An IND attack will result in a complex, catastrophic disaster causing unprecedented strain on 
traditional response operations and capabilities, exceeding resource capacities and accessibility, 
and prolonging restoration and recovery operations. Nuclear detonations produce “prompt” 
effects that radiate outward from the detonation location and “delayed” effects. Prompt effects 
usually occur within the first minute after a detonation and include an intense flash of light, blast 
shockwave, extreme heat, prompt radiation, and Source Region Electromagnetic Pulse. The 
delayed effects are primarily the neutron-activated debris around the detonation site and the 
atmospherically dispersed radioactive fallout.  

Detonation Timeline
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Missions and Tactics

• Mission: Protect Responders and the Public
► Tactic 1: Immediately Issue Alert to Get Inside 

• Mission: Gather Information
► Tactic 2: Characterize the Impacts
► Tactic 3: Develop a Common Operating Picture 

• Mission: Organize the Response
► Tactic 4: Initiate a Zone-Based Response
► Tactic 5: Establish Area Command
► Tactic 6: Sustain Critical Infrastructure 



Missions and Tactics

• Mission: Provide Care to Survivors 
► Tactic 7: Evacuate
► Tactic 8: Triage, Stabilize, and Transport

► Tactic 9: Decontaminate 

• Mission: Prepare for Intermediate Phase
► Tactic 10: Transition to a Prolonged Response 



Mission: Protect Responders and Public

• Tactic 1: Immediately Issue Alert to Get Inside

• First few minutes are most critical and will prime success for remainder of 
the response

• Shelter-in-Place within 50 miles (protection from fallout)

• Approximately 15 minutes to get inside

• Could saves 100,000s of lives



 DRAFT NUCLEAR DETONATION RESPONSE PLAN (2018) 
 

 For Official Use Only 24 

The dose and exposure limits for emergency response workers will be determined by the 1 
official agencies that have the authorities to approve modifications of dose/exposure limits. 2 

Protective action recommendations regarding shelter duration and evacuation routes will be 3 
based on reported conditions and technical guidance from current consensus documents and 4 
responding subject matter experts. Figure 5 provides illustrative information for the Protective 5 
Factor of different types of physical structures, useful for shelter/evacuation determinations.  6 

 7 
Figure 5. Example protection factors (PFs) for a variety of building types and interior locations. 

Through the IMAAC, California has access to the Lawrence Livermore National Laboratory 8 
(LLNL) analysis of typical building protection factors for all of California at the census block 9 
level. Figure 6 shows an example of a 10 kT model in Los Angeles, including the contours that 10 
define where a person standing outdoors for 24 hours post-detonation could receive more 11 
than 100 rad (yellow) or 300 rad (red) of cumulative exposure.  The figure also shows the 12 
protection factor of the potentially best shelters within each census block. The building 13 
protection factors shown in are general approximations at a census block level using the FEMA 14 
HAZUS building construction data and census block boundaries.  15 

Building Protection Factors



Mission: Gather Information

• Tactic 2: Characterize the Impacts
► Damage assessment

► Radiation measurements
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Table 3. Blast Zone Types and Definitions 
 

Blast Zone Type Indicators 

Light Damage 
Zone (LDZ) 

 Nearly all windows shattered and building facades damaged 
 Most injuries not life-threatening, many injuries from flying glass and debris 

Moderate 
Damage Zone 
(MDZ) 

 Light buildings destroyed 
 Interiors of larger buildings blown out 
 Significant number of major injuries 

 
Severe Damage 
Zone (SDZ) 

 Nearly all buildings destroyed 
 Hazardous outdoor conditions 
 Few survivors 

 
 

Table 4. Radiation Hazard Zone Types and Definitions 
 

Radiation 
Hazard Zone 

Type 

 
Indicators 

 
Outdoor Response Restrictions 

N/A  Below 0.01 R/h 
(10mR/h) 

 Assess impacts in the immediate area. Support all 
operations as needed while monitoring radiation 
levels. 

Hot Zone (HZ)*  Above 0.01 R/h 
(10mR/h) 
and Below 10 R/h 

 Assess impacts in the immediate area. Support 
only emergency operations (lifesaving, firefighting, 
etc.) as needed while monitoring radiation levels. 
Track dose of all responders. 

Dangerous 
Radiation Zone 
(DRZ)* 

 Above 10 R/h  Do not exit shelter or enter areas if radiation 
exposures exceed 10 R/h outside unless there is a 
time-critical, life-safety issue (e.g., avoiding fire, 
building collapse) or to conduct quick, critical, 
lifesaving activities. 

*The HZ and DRZ will also overlap parts of the LDZ, MDZ, and SDZ. See Tactic 3 for an 
illustrative graphic. 

 
 

 Observe conditions related to the categories below. These are further defined in Tactic 3. 
 

o Critical infrastructure, especially roadway blockages 
 

o Casualties (noting injury types and severity) 

o Fires 
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Table 3. Blast Zone Types and Definitions 
 

Blast Zone Type Indicators 

Light Damage 
Zone (LDZ) 

 Nearly all windows shattered and building facades damaged 
 Most injuries not life-threatening, many injuries from flying glass and debris 

Moderate 
Damage Zone 
(MDZ) 

 Light buildings destroyed 
 Interiors of larger buildings blown out 
 Significant number of major injuries 

 
Severe Damage 
Zone (SDZ) 

 Nearly all buildings destroyed 
 Hazardous outdoor conditions 
 Few survivors 

 
 

Table 4. Radiation Hazard Zone Types and Definitions 
 

Radiation 
Hazard Zone 

Type 

 
Indicators 

 
Outdoor Response Restrictions 

N/A  Below 0.01 R/h 
(10mR/h) 

 Assess impacts in the immediate area. Support all 
operations as needed while monitoring radiation 
levels. 

Hot Zone (HZ)*  Above 0.01 R/h 
(10mR/h) 
and Below 10 R/h 

 Assess impacts in the immediate area. Support 
only emergency operations (lifesaving, firefighting, 
etc.) as needed while monitoring radiation levels. 
Track dose of all responders. 

Dangerous 
Radiation Zone 
(DRZ)* 

 Above 10 R/h  Do not exit shelter or enter areas if radiation 
exposures exceed 10 R/h outside unless there is a 
time-critical, life-safety issue (e.g., avoiding fire, 
building collapse) or to conduct quick, critical, 
lifesaving activities. 

*The HZ and DRZ will also overlap parts of the LDZ, MDZ, and SDZ. See Tactic 3 for an 
illustrative graphic. 

 
 

 Observe conditions related to the categories below. These are further defined in Tactic 3. 
 

o Critical infrastructure, especially roadway blockages 
 

o Casualties (noting injury types and severity) 

o Fires 



Damage Zones

• Severe Damage Zone (SDZ)
► Destroyed infrastructure
► High radiation levels 

• Moderate Damage Zone (MDZ)
• Significant building damage and rubble
• Downed utility lines and some downed poles
• Overturned automobiles
• Fires
• Serious injuries 

• Light Damage Zone (LDZ)
► Broken windows
► Easily managed injuries 
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Figure 19: The destruction of the World Trade Towers on 9/11/2001 is similar to the type of 
damage that might be seen in the SDZ. 

Observables and considerations 

 

 The SDZ may have a radius of ~½ mile for a 10 kT detonation. 

 

 Responders should enter this zone with great caution and only to rescue known survivors after 

assessment of potential radiation exposure and other hazards. 

 

 Very few people will survive in the SDZ. Some people within large, protective structures; 

underground parking garages; or subway tunnels at the time of the explosion may survive the 

initial blast. 

 

 Timely response is unfeasible in the SDZ—response operations should focus first on the MDZ. 

Blast 

 Few, if any, buildings are expected to be structurally sound or even standing. 

 

 Approaching ground zero, all buildings will be destroyed and the streets will be impassable due to 

rubble, which can reach 30+ ft deep. 

 

Radiation 

 

 Those outdoors at the time of detonation may receive a lethal dose of initial radiation and even 

those within buildings can receive a significant dose. 

 

 Underground areas, such as subterranean parking garages or subway tunnels, can protect 

against radiation. 
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Figure 20: Example of MDZ-Like Blast Damage 

Observables and considerations 

 
 Building damage is substantial in the MDZ. MDZ damage may be ~ 1 mile from ground zero for a 

10 kT nuclear explosion. 

 
 Many casualties in the MDZ will survive and will benefit the most from urgent medical care, 

compared to survivors in other zones. 

 
 A number of hazards should be expected in the MDZ, including elevated radiation levels, downed 

power lines, ruptured gas lines, unstable structures, sharp metal objects, broken glass,toxic 

dust from collapsed buildings, ruptured fuel tanks, and other hazards. 

 
 Visibility in much of the MDZ may be limited due to dust raised by collapsed buildings and 

smoke from fires. 

 
 Water infrastructure may be damaged, limiting firefighting operations. 

 
Blast 

 
 Buildings in the MDZ will have significant structural damage and blown-out interiors. Downed 

utility lines, overturned automobiles, caved roofs, collapsed buildings, and fires will be present. 

Sturdier buildings (e.g., reinforced concrete) will remain standing; however, other commercial and 

multi-unit residential buildings may have fallen or be structurally unstable, and many wood frame 

houses will be destroyed. For additional information about how different structures will fare, see 

Chapter 3. 
 

 Substantial rubble and disabled vehicles are expected in the streets, making evacuation and 

vehicle passage difficult or impossible without street clearing. Closer to ground zero, rubble will 

completely block streets and require heavy equipment to clear. 
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 MDZ with DRZ Overlap (i.e., exposure rate greater than 10 R/h): Manage fires remotely, if 

possible, recommend sheltering if safe to do so, and enable public egress to escape life- 

threatening conditions. Minimize outdoor responder activities. Monitor radiological conditions 

and operate outside the DRZ when possible. Only conduct short, focused, and critical activities, 

to avoid unnecessary exposure. Access to the DRZ will increase over time as radiation levels 

decay. Responders in this zone should have high range radiation monitoring equipment that 

alerts them to high exposure rates and excessive dose. 
 

 

Light Damage Zone 
Description: Area where glass windows can be broken with enough force to injure those near them. 

Most structures will be externally damaged, but few will experience structural damage (see Figure 

21). (Note: Glass windows will be broken over a much larger area, but are unlikely to result in injury 

outside this zone.) 
 

 
Figure 21: Example of LDZ-like Blast Damage 

Observables and considerations 

 
 Nearly all windows in this area are broken (even those facing away from the blast).Flying debris 

will cause a significant number of injuries. 

In the MDZ, fire and building collapse represent an immediate threat. Response organizations 

should perform defensive tactics to maintain evacuation corridors and facilitate evacuation in 

areas when safe to do so. 

The MDZ should be the focus of early life-saving operations. Response activities should focus on 

evacuation of endangered populations and medical triage of the injured. 



Radiation Zones

• Hot Zone
► > 10 mR/hr < 10 R/hr
► Actions warranted to reduce radiation exposure
► Possibility of long-term health effects

• Dangerous Radiation Zone (DRZ)
► > 10 R/hr
► Prolonged outdoor exposure can result in injury or death
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Figure 15: Illustrations of Response Zones for a Variety of Yields 

The HZ, like the DRZ, should be established by measured radiation levels. The HZ is bound by 0.01 

R/h and higher exposure rates within the 10 R/h boundary. The SDZ is expected to have HZ radiation 

levels or higher, even for low air bursts. The HZ will overlap with parts of the MDZ and LDZ for near- 

surface detonations. Figure 15 illustrates the relationship between the HZ, damage zones, and the 

DRZ for surface detonations of various yields. 

 
1.6.3. LONG-RANGE FALLOUT IMPACTS 
Near-surface detonations can generate elevated but low radiation levels that are easily detected by 

common responder radiation detection instruments very far from ground zero. Although low-level 

radiation outside of the HZ is not an immediate health concern, it may generate public concern. 

These elevated radiation areas are not a planning guidance zone because no immediate action is 

required. However, local authorities may suggest protective actions out of an abundance of caution 

and long-term population monitoring may be warranted (see Chapter 5). 
 

Figure 16, based on data from the National Cancer Institute (NCI), shows the assessed dose rate 

from fallout deposition from the 1953 Upshot-Knothole Simon test in Nevada (a 43 kT detonation on 

a 300-foot tower). Even 36 hours after detonation, areas shown in red would have been above 1 

mR/hr. West of the Mississippi River, this was largely due to dry deposition of fallout particles. East of 

the Mississippi River, the deposition was largely due to rainout of particles from the air onto the 

ground. The hot spot in the northeast U.S. was caused by heavy rainfall that occurred 36 hours after 

the detonation. 



Zone Growing and Shrinking
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Figure 18: Depictions and Descriptions of the Five Planning Guidance Zones 
 

2.1. Hazard Zones 
This document defines five key radiation and blast zones for planning response operations and 

prioritizing actions. Each zone has different response priorities and survival implications. Radiation 

zones will overlap blast zones and initially grow over time, as fallout deposits downwind, then shrink 

as the radiation decays. 

 
2.1.1. RADIATION ZONES 
As described in Chapter 1, residual radiation from the nuclear detonation can create persistent 

radiation hazards, long after initial effects have subsided. Fallout is generated when radioactive 

material mixes with dirt and debris pulled up during a near-surface explosion. Because of 

uncertainty about the magnitude and direction of fallout, an initial “Get Inside, Stay Inside, Stay 

Tuned” instruction should be initially provided to everyone within 50 miles, unless specific fallout 

hazard areas have been identified. 

 
Radiation levels change rapidly over time. Fallout accumulates downwind then rapidly decays, 

emitting over half of its energy in the first hour. After the first few hours, radiation levels drop, 

allowing responders to access previously restricted areas. 



RadResponder



Mission: Gather Information

• Tactic 3: Develop a Common Operating Picture 
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o First responders may use a variety of GIS-platforms typically used to report damage after all- 

hazards emergencies. They can also consider using CBRNResponder, which allows for 

comments and photos to be attached to surveys, as a method to consolidate how initial 

situational awareness information is communicated from responders to an EOC during the 

early response. 

 
 Fires: Due to limited firefighting resources and access, fires may expand and combine, blocking 

passageways and putting responders and people sheltering in place in danger. Given these 

challenges, firefighting should be balanced with other incident response priorities to make best 

use of available resources to maximize lifesaving potential. However, firefighting agencies and 

the EOC should make continuous identification and tracking of fires a priority and be prepared to 

adjust life-safety operations as conditions change. For example, fires may require earlier-than- 

planned evacuation of sheltered people or relocation of emergency operations. 

 
o Air bursts expose more surfaces to the fireball’s heat. This results in a higher risk of 

widespread ignition. Response agencies should be especially vigilant in identifying and 
tracking fires if the plume is distinctly “white-capped,” separated from the “stem,” or if there 
is no “stem,” since these circumstances may indicate an air burst.12 

 
 Casualties: Collecting data on casualties (both injuries and fatalities), including the injury types, 

will help with early prioritization of where resources need to be deployed for lifesaving efforts. 

Pairing the type of injuries with their reported location will also help inform identification of the 

blast damage and fallout zones described in Tactic 2. 
 

 Critical Infrastructure: Reports of significantly damaged, destroyed, or non-functioning critical 

infrastructure (e.g., bridges, tunnels, grid power, water, telecommunications) will help with both 

zone identification (Tactic 4) and resource movement. Refer to FEMA’s Community Lifelines 

concept for information on the type of infrastructure that might be appropriate to assess and 

report on.13 

 

 
Where possible, collect “pixels” of information through remotely accessed reporting systems, such as 

static networked radiation detectors, camera feeds, and infrastructure status monitors. This method 

of situational awareness gathering may be more reliable in the Supporting Jurisdiction’s areas, due 

 
 
 
 

 
12 (Federal Emergency Management Agency (FEMA), 2022, p. 32) 
13 (Federal Emergency Management Agency (FEMA), 2019) 

Critical Infrastructure Casualties Fires Blast Damage Fallout 

 
Prioritize situational awareness for 



Mission: Organize the Response

• Tactic 4: Initiate a Zone-Based Response
► Focus on the Moderate Damage Zone (MDZ)
► See checklists and information cards
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Example Immediate Post-Detonation First Responder’s Checklist 
 
 

All responders: Go inside a thick-walled building/underground basement 
immediately. Move if shelter threatened by fire or collapse. 

 Responders without radiation detection equipment: 
 Shelter inside for up to 24 hours or until informed it is safe to respond 

Responders with radiation detection equipment: Assess exposure rate outside 
 If outside radiation levels are greater than 10 R/h, stay inside and 
sheltered from fallout. Only conduct quick/critical lifesaving outside. 
 When outside radiation levels are less than 10 R/h, conduct lifesaving 
activities outside 

  Monitor total dose for each responder or use group dosimetry 
Observe and Identify Immediate Impacts 

 
 
 
 

  

Determine blast damage zone: 
• Light Damage Zone (LDZ): Building facade damage, nearly all windows 

broken, mostly injuries due to glass and falling debris 
• Moderate Damage Zone (MDZ): Large number of collapsed and unstable 

structures, significant injuries 
• Severe Damage Zone (SDZ): Most sturdy buildings destroyed, few survivors 

 

 

Determine radiation hazard zone: 
• Hot Zone (HZ): Greater than 0.01 R/h (same as 10 mR/h) 
• Dangerous Radiation Zone (DRZ): Greater than 10 R/h 

 
 
 

Assess other impacts in your area, including: 
• Critical infrastructure, especially blocked roadways 
• Injuries: types and severity 
• Fires 

Communicate Your Information 
 
 

Establish communication with firehouses, police stations, hospitals, emergency 
operations centers (EOCs), etc. 

 
 

Communicate blast damage zone, outdoor radiation levels, and other impacts to 
operations centers or an EOC 

Save Lives 
 

 

Refer to relevant zone-based Response Card for lifesaving priorities: 
• If in DRZ, refer to card #1, otherwise: LDZ #2; MDZ #3; SDZ #4; HZ #5 
• MDZ is the early response priority with the greatest lifesaving potential 
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DRZ 
(>10 R/h) 

 

 
 

 
 
 
 
 

LDZ 

MDZ 

SDZ 
 
 
 
 

HZ 
(>10 mR/h) 

Response Card: #1 
Dangerous Radiation Zone (DRZ) 

 Observable Indicators:  
• Greater than 10 R/h radiation exposure rate 

 Major Hazards:  
• Dangerous radiation levels outside. Shelter 

inside. Move if shelter threatened by fire or 
collapse. 

• Additional hazards if in Light or Moderate 
Damage Zones (e.g., toxic smoke, fire, debris). 
Avoid these hazards and wear appropriate PPE. 
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• Everyone – responders included – remain 
sheltered indoors 

• Prepare to evacuate once radiation levels are 
less than 10 R/h (likely in 12-24 hours) 

• Consider evacuating through subterranean 
structures (e.g., subways, tunnels), if possible 

 Medical:  
• Responders already in DRZ: Establish ad hoc 

triage/treatment sites inside sturdy, thick-walled 
structures 

• Conduct only quick, critical, lifesaving activities 
outdoors in the DRZ 

• Prioritize rapid dry decontamination methods: 
Remove outer clothing or wipe exposed surfaces 

 Infrastructure:  
• Conduct remote/unmanned damage 

assessment and fire management, if possible 
• Stabilize hazardous infrastructure if failure 

presents immediate danger to life and safety 

 Special Consideration:  
• Responders with radiation detection equipment 

should closely monitor their exposure/total dose 

Evacuation/Shelter: 
Lifesaving Priorities (DRZ) 
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LDZ 

Response Card: #2 

Light Damage Zone (LDZ) 
*Outside of the Dangerous Radiation Zone* 

 Observable Indicators:  

• Nearly all windows shattered 
• Damage to building facades 

• Mostly injuries from flying glass and debris 

 Major Hazards:  

• Inhalation hazards from toxic smoke from 
fire/debris. Avoid these hazards and wear 
appropriate PPE. 

 
 
 
 

 
MDZ 

SDZ 

DRZ 
(>10 R/h) 

 

HZ 
(>10 mR/h) 
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• Instruct public to shelter inside 

• Targeted evacuation of unsafe areas (e.g., fires, 
heavy smoke, unstable structures) 

• Do not prevent spontaneous evacuation. Direct 
self-evacuees towards safety and away from the 
Hot Zone (area > 10 mR/h). 

 Medical:  

• Establish ad hoc triage/treatment sites for 
injured evacuees 

• Stabilize life-/limb-threatening injuries 

• Prioritize rapid dry decontamination methods: 
Remove outer clothing or wipe exposed surfaces 

Infrastructure:  

• Clear and maintain evacuation & logistics routes 
(fuel, light towers, medical) from the Moderate 
Damage Zone (MDZ) to supporting areas outside 
the LDZ 

• Isolate and manage spot fires 

• Stabilize hazardous materials and infrastructure 

 Special Consideration:  

• The Moderate Damage Zone (MDZ) is an early 
response priority with the greatest lifesaving 
potential: Consider responding to MDZ first. 

Evacuation/Shelter: 

Lifesaving Priorities (LDZ) 
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MDZ 

Response Card: #3 
Moderate Damage Zone (MDZ) 

*Outside of the Dangerous Radiation Zone* 

 Observable Indicators:  
• Light buildings destroyed 
• Blown out interiors of larger buildings 
• Significant number of major injuries 

 Major Hazards:  
• Significant building damage 
• Rapidly spreading fires 
• Inhalation hazard from toxic smoke from 

fire/debris. Avoid smoke, wear appropriate PPE. 
 
 

LDZ 
 
 

SDZ 

DRZ 
(>10 R/h) 

 
HZ 
(>10 mR/h) 



Nuclear Detonation Response Guidance: Planning for the First 72 Hours 

84 

 

 

 
 
 
 
 

• Instruct public to evacuate towards the Light 
Damage Zone (LDZ) and away from the Hot Zone 
(HZ) 

• Prioritize assisted evacuation for the non- 
ambulatory 

• Recruit volunteers to support evacuation 

 Medical:  
• Conduct search and rescue operations 
• Stabilize life-/limb-threatening injuries 
• Transport injured to hospitals or ad hoc 

triage/treatment sites in Light Damage Zone 
(LDZ) or beyond 

• Prioritize rapid dry decontamination methods: 
Remove outer clothing or wipe exposed surfaces 
with a brush, adhesive tape, or moist towelettes 

 Infrastructure:  
• Clear and maintain evacuation & logistics routes 

(fuel, light towers, medical) from the Light 
Damage Zone (LDZ) 

• Use defensive fire tactics to protect 
transportation corridors 

• Stabilize hazardous infrastructure 

Evacuation/Shelter: 
Lifesaving Priorities (MDZ) 
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SDZ 

 

 
 

 
 
 
 
 

LDZ 

MDZ 

 
 
 

DRZ 
(>10 R/h) 

 
HZ 
(>10 mR/h) 

Response Card: #4 
Severe Damage Zone (SDZ) 

 Observable Indicators:  
• Nearly all buildings destroyed 
• Few survivors 
• Impassable, high piles of debris 

 Major Hazards:  
• Immediate dangerous radiation levels outside. 

Shelter inside. Move if shelter threatened by fire 
or collapse. 

• Significant secondary hazards: fire, smoke, etc. 
Avoid these hazards and wear appropriate PPE. 
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• Everyone – responders included – remain 
sheltered indoors 

• Seek very robust shelter: Thick cement walls and 
deep subterranean structures 

• Move if shelter threatened by fire, collapse, or 
other hazards 

• Prepare to evacuate once radiation levels are 
less than 10 R/h 

• Consider evacuating through subterranean 
structures (e.g., subways, tunnels), if possible 

 Medical:  
• Conduct medical triage and stabilization indoors. 

May conduct outdoors if necessary and radiation 
levels are less than 10 R/h. 

• Prioritize rapid dry decontamination methods: 
Remove outer clothing or wipe exposed surfaces 
with a brush, adhesive tape, or moist towelettes 

Evacuation/Shelter: 
Lifesaving Priorities (SDZ) 
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HZ 
(>10 mR/h) 

 

 
 
 
 
 
 
 

LDZ 

MDZ 

SDZ 
 

DRZ 
(>10 R/h) 

 Observable Indicators:  
Greater than 0.01 R/h (same as 10 mR/h) 
radiation exposure rate, but less than 10 R/h 

 Major Hazards:  
Fallout may take several hours to arrive 
Outdoor radiation levels not life-threatening and 
will significantly decrease over first 48 hours 

Response Card: #5 
Hot Zone (HZ) 

*Outside of the Light & Moderate Damage Zones* 
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• Instruct public to shelter inside their 
building/home. Large-scale public evacuation is 
not necessary in first 72 hours. 

• Do not prevent spontaneous evacuation. Direct 
self-evacuees towards safety/away from Hot 
Zone (HZ). 

 Medical:  
• Conduct lifesaving activities, but minimize time 

outside when possible 
• Prioritize rapid dry decontamination methods: 

Remove outer clothing or wipe exposed surfaces 
with a brush, adhesive tape, or moist towelettes 

 Infrastructure:  
• Clear and maintain evacuation & logistics routes 

(fuel, light towers, medical) into the Light 
Damage Zone (LDZ) 

• Begin to stabilize and restore infrastructure, 
where possible 

 Special Consideration:  
• The Moderate Damage Zone (MDZ) is an early 

response priority with the greatest lifesaving 
potential: Consider responding to MDZ first. 

Evacuation/Shelter: 
Lifesaving Priorities (HZ) 



Mission: Organize the Response

• Tactic 5: Establish Area Command
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  Impacted Jurisdictions’ response leadership (e.g., EOCs, incident commanders, agency 
leadership) should prioritize establishing communication with first responder units, ICPs, and 
facilities operating in the LDZ and MDZ. Leadership should work with them to consolidate 
operations, re-establish chain of command, and determine their resource needs and areas of 
operation. 

 
 

Critical Concept 

 
Area Command 

During the initial response, multiple, local level ICPs will likely be established spontaneously, or 
in an ad hoc manner by first responders.19 This will be particularly probable in the Impacted 
Jurisdiction, where direct impacts of the detonation will inhibit coordination in the early-phase 
and potentially incapacitate key sections of emergency response infrastructure. 

Because of the severity and large geographic span of destruction, it will not be realistic for 
jurisdictions to expect to manage an incident of this scale with one – or even two – incident 
commanders. An effective response will necessitate breaking down the initially chaotic and 
complex landscape into more manageable pieces. Jurisdictions seeking to develop an 
operational capability to respond to a nuclear detonation must look to more advanced, multi- 
jurisdictional concepts than are typically planned, trained, or exercised when envisioning a 
post-detonation incident command system (ICS). 

Principle among these concepts is the area command (AC). Per the National Incident 
Management System (NIMS), an AC is established to oversee multiple concurrent incidents or 
complex incidents that require more than one ICS organization. An AC is activated to address 
competition for resources among multiple ICPs; how many is based on the complexity of the 
incident and incident management span-of-control considerations. Since, following a nuclear 
detonation, the response will involve more than one jurisdiction, a unified area command (UAC) 
may be appropriate. For more information on ACs, planners are encouraged to take FEMA’s ICS 
level 400 training, which covers AC in depth.20 

 
 
 
 
 
 
 

 
Figure 6. A Diagram Depicting the Relationship Between the AC/UAC and Separate ICPs. 

 
 

 
19 (Department of Homeland Security (DHS), 2008) 
20 (Federal Emergency Management Agency (FEMA), 2022); (Federal Emergency Management Agency (FEMA), 2017) 



Mission: Organize the Response

• Tactic 6: Sustain Critical Infrastructure
► Communications
► Power
► Firefighting capabilities
► Hazmat infrastructure
► Clear roadways



Light Damage Zone Impacts



Mission: Provide Care to Survivors

• Tactic 7: Evacuate
► Clear corridors and support evacuation zones
► Allow spontaneous evacuees to egress
► Support jurisdictions receiving evacuees

LDZ Public shelter inside

MDZ Public evacuate toward LDZ and away from HZ

SDZ Public and Responders shelter inside

DRZ Public and Responders shelter inside

HZ Public shelter inside



Mission: Provide Care to Survivors

• Tactic 8: Triage, Stabilize and Transport
► Establish ad hoc triage sites near damage zones

§ Trauma
§ Burns
§ Radiation

► Transport patients to medical facilities in supporting jurisdictions
► Implement crisis standards of care, if necessary
► Radiation Injury Treatment Network (RITN): ritn.net
► Radiation Emergency Medical Management: remm.hhs.gov/index.html
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Table 12. Combined Injury with Normal/Good Resource Availability 
 

 

Exposure 

Radiation Only or 
Minimal Trauma 

 
Combined Injury 

Minimal Trauma Moderate Trauma Severe Trauma 

>1000 rad 
Likely Fatal 

Expectant  
Expectant 

 
Expectant 

Immediate 

>600–1000 rad 
Severe 

 
Immediate 

 
Delayed 

 
Expectant 

≥ 200–600 rad 
Moderate 

 
Immediate 

 
Immediate 

 
Delayed 

Resource Availability Normal or Good 

 
 

Table 13. Combined Injury with Fair/Poor Resource Availability 
 

 

Exposure 

Radiation Only or Minimal Trauma Combined Injury 

Minimal Trauma Moderate 
Trauma Severe Trauma 

>1000 rad 
Likely Fatal 

 
Expectant 

 
Expectant 

 
Expectant 

 
Expectant 

>600–1000 rad 
Severe 

 
Delayed 

 
Expectant 

 
Expectant 

 
Expectant 

≥ 200–600 rad 
Moderate 

 
Immediate 

 
Immediate 

 
Delayed 

 
Expectant 

Resource Availability Fair Poor Fair and Poor 

Note: If > 20% total body surface area (BSA) burn to trauma, lower triage priority 1 level. 

 
Survivors should be re-triaged when they are transported through the RTR system and to medical 
facilities for treatment.80 

 
 
 
 
 

 
80 (Hick & Coleman, Population-Based Triage, Treatment, and Evacuation Functions Following a Nuclear Detonation, 2018), 
(US Department of Health and Human Services (HHS) Administration for Strategic Preparedness and Response (ASPR), 
2019) 
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Table 12. Combined Injury with Normal/Good Resource Availability 
 

 

Exposure 

Radiation Only or 
Minimal Trauma 

 
Combined Injury 

Minimal Trauma Moderate Trauma Severe Trauma 

>1000 rad 
Likely Fatal 

Expectant  
Expectant 

 
Expectant 

Immediate 

>600–1000 rad 
Severe 

 
Immediate 

 
Delayed 

 
Expectant 

≥ 200–600 rad 
Moderate 

 
Immediate 

 
Immediate 

 
Delayed 

Resource Availability Normal or Good 

 
 

Table 13. Combined Injury with Fair/Poor Resource Availability 
 

 

Exposure 

Radiation Only or Minimal Trauma Combined Injury 

Minimal Trauma Moderate 
Trauma Severe Trauma 

>1000 rad 
Likely Fatal 

 
Expectant 

 
Expectant 

 
Expectant 

 
Expectant 

>600–1000 rad 
Severe 

 
Delayed 

 
Expectant 

 
Expectant 

 
Expectant 

≥ 200–600 rad 
Moderate 

 
Immediate 

 
Immediate 

 
Delayed 

 
Expectant 

Resource Availability Fair Poor Fair and Poor 

Note: If > 20% total body surface area (BSA) burn to trauma, lower triage priority 1 level. 

 
Survivors should be re-triaged when they are transported through the RTR system and to medical 
facilities for treatment.80 

 
 
 
 
 

 
80 (Hick & Coleman, Population-Based Triage, Treatment, and Evacuation Functions Following a Nuclear Detonation, 2018), 
(US Department of Health and Human Services (HHS) Administration for Strategic Preparedness and Response (ASPR), 
2019) 



Mission: Provide Care to Survivors

• Tactic 9: Decontaminate
► Implement dry, rapid decon

►No public radiation monitoring 
(during early phase)

► Instruct public to self-decon

►Provide new clothing for evacuees 
arriving in support jurisdictions
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 Perform self-decontamination by changing clothes, especially the outer layer. Contaminated 
material can easily be caught in the collar of shirts, top of shoes around the ankles, or similar 
locations. 

 
 Place potentially contaminated clothes in a plastic bag or other sealable container and away 

from people. 
 

 Shower if running water is available. If not, use moist wipes, paying particular attention to face, 
hands, and hair. If washing your hair, do not use conditioner. 

 
 Decontaminate medical equipment (e.g., wheelchairs, eyeglasses), service animals, pets, 

vehicles, and other important items by wiping, brushing, or, if available, rinsing with water. 
 

 Continue to follow shelter and evacuation recommendations. Do not delay self-decontamination. 
 

 
Figure 9. Fallout Particles Will Be Similar in Size to Salt and Sand.36 

 
In the Impacted Jurisdiction, limited response resources should not be used on extensive population 
screening and decontamination operations (such as Community Reception Centers (CRCs)) in the 
first few days. It is also important to note: 

 
 Rapid, dry, self-decontamination is the most efficient method to quickly reduce contamination on 

large numbers of people as they evacuate and should be performed without requiring screening. 
Limit assisted dry decontamination to individuals who cannot self-decontaminate. 

 
 It will be important to communicate in what areas, based on where there is fallout, people should 

self-decontaminate, along with in what areas self-decontamination and changing clothes are 
unnecessary because fallout is unlikely. 

 
 
 
 
 

 
36 (Federal Emergency Management Agency (FEMA), 2022) 



Mission: Prepare for Intermediate Response

• Tactic 10: Transition to a Prolonged Response
► Establish system to collect public health and environmental data
► Assess resources/capabilities for needs and shortages
► Integrate communications staff
► Initiate fatality management plans

Fatality Management

Zone Description Priority

SDZ Inaccessible None

MDZ/LDZ/DRZ Accessible First 72 hours

Beyond After first week



Federal Response

• National Response Framework – primary guide to how United 
States responds to domestic terrorism

• Nuclear/Radiological Incident Annex
► 24 incidents with different primary authorities
► Primary Authorities: CBP, DHS, DOD, DOE/NNSA, DOS/USAID, EPA, 

NASA, NRC, USCG (also DOJ/FBI and FEMA)
► Supporting Agencies: DOL/OSHA, DOT, HHS, NOAA, USACE, USDA, VA



Health Care Worker Absenteeism for Radiological Events

Lanzilotte, S., “Hawaii Medical Professionals Assessment”, Hawaii Medical Journal, Vol 61. August 2002 

Commitment to Help Staff Non-hospital, 
Field Medical Facilities

Incident Physician (559) Nurse (2775)
Natural Disaster 83% 90%
Explosion Incident 67% 70%
Chemical Incident 59% 59%
Biological Incident 56% 53%
Contagious Epidemic 56% 49%
Radiological Incident 52% 45%



Health Care Worker Absenteeism for Radiological Events

Qureshi, K, Gershon, R., Gebbie, E., Straub, T, and Morse, S. (2005). Healthcare workers ability  and 
willingness to report to duty during a catastrophic disaster. Journal of Urban Health. 82(3):378-88.  

Health Care Workers’ Ability and Willingness to Report to 
Duty During Catastrophic Disasters (n=6,428, 47 facilities)

Disaster Willing Able
Snow Storm 80% 49%
Bioterrorism (smallpox) 61% 69%
Chemical Terrorism 68% 71%
Explosion Incident (MCI) 86% 83%
Environmental Disaster 84% 81%
Radiological Terrorism 57% 64%
SARs outbreak 48% 64%

Able
Transportation 
& Dependent 

Care

Willing
Fear and 

concern for 
family and self



Three Myths That Can 
Paralyze Medical Response



Myth 1

Radioactive Contamination is Highly Dangerous and 
Requires Extraordinary Protective Measures



Fact 1

• Radioactive contamination:
► Is NOT immediately dangerous to life and health
► Is easily managed and contained using basic antiseptic practices (good 

hygiene, proper attire, proper gloving practices, etc.)
► Presents little hazard to medical staff (unlike biological or chemical 

agents)

“Skin or wound contamination is never immediately life 
threatening to affected people or medical personnel” 

~ International Commission on Radiological Protection, report # 96



Myth 2

Decontamination of the Patient is 
the Highest Medical Priority



Fact 2

“rescue and medical emergencies take precedence over radiological concerns” 

“…radioactive material contamination rarely represents an immediate danger to 
the health of the victim or the responder. This reduces the immediacy of the need 
for decontamination and allows the emergency response community greater 
flexibility in selecting decontamination options”

~ National Council on Radiation Protection and Measurements, Commentary # 19

• Critical care takes precedence over monitoring or decontamination
• Simple decontamination: outer clothing removal and wiping 

exposed skin can often be sufficient



Myth 3

You need “special skills” to handle 
radioactive patients



Fact 3

• Radioactivity can be easily and 
immediately measured with radiation 
meters (e.g., Geiger counters)
§ They are easy to use
§ Many hospitals already have them
§ Most fire departments already have them

• Contamination surveys are easily taught 
and easily performed with just-in-time 
training

“Universal precautions (i.e., standard hospital personal protection 
procedures) in the emergency room are generally sufficient for 

treatment of victims of nuclear and radiological incidents”
~ National Council on Radiation Protection and Measurements, Commentary # 19



EPA PAGs
• Protective Action Guides and and Planning Guidance for 

Radiological Incidents, January 2017

• Made for state and local authorities

• PAGs are a guideline to AVOID  additional dose

• Covers three phases of an incident
► Early Phase (emergency) - hours to days
► Intermediate Phase - weeks to months
► Late or Recovery Phase - months to years



Responder Health and Safety

• Do NOT rush into ground zero (SDZ)!

• Use radiation instruments to determine exposure rate

• Practice As Low As Reasonably Achievable (ALARA)

• Wear Air Purifying Respirator (APR) or Powered Air Purifying 
Respirator (PAPR)

• Rotate teams to reduce dose

• Avoid moving or touching debris



Please
• Save the living, not the dead (stay out of the SDZ)

• Re-establish command and control ASAP

• Stop fires/firestorms outside of radiation area

• Save critical infrastructure (especially hospitals)

• Make quick decisions about shelter or evacuation

• Use your common sense – lots of other people won’t



Considerations

• Vehicles – close doors/windows

• Change of clothes

• High range meters

• Dosimeters

• Need food and water for evacuated population

• Need basic sanitation



Family Protection

• Get inside, stay inside and stay tuned
• Use an N-95 mask if you go outside
• Can you see a plume? Don’t be under it
• Children – more susceptible
• Immune compromised individuals – also of concern
• Initially leave at right angles to direction of the plume/wind
• Figure out weather – probably evacuate south, southwest, west (depends on 

your local weather and time of year)
• Shelter important (cars aren’t much good)
• Wash off particulate as soon as possible
• Medical assistance can help those with radiation sickness (lower doses)



Media Messaging

• Fill the void with prescript messaging to prevent media from spinning out 
of control with bad information

Warning. This is not a test. A nuclear detonation has occurred. 
People within 50 miles of downtown Nukeville – get inside, stay 
inside, stay tuned for more information. Prepare to stay inside 
for at least 24 hours unless officials provide other instructions, 
or your building is threatened by fire or collapse. Follow 
instructions from officials – this can save your life.



Preparedness



Public Education

• Get Inside, Stay Inside, Stay Tuned!!
► (within 50 miles of ground zero until fallout zone is defined)



Responders

Training Detectors Dosimeters



Rad Resilient City Initiative

• Checklists for preparedness actions for cities and communities
► Obtain community backing and understanding of nuclear incident preparedness
► Conduct an ongoing public education program
► Enable building owners (private to skyscraper) how to assess shelter protection
► Strengthen region’s ability to deliver public warnings
► Establish a rapid system for mapping and monitoring the dangerous fallout zone
► Develop planning strategies/logistical capabilities for large-scale, phased evacuation
► Conduct training on above elements for comprehensive fallout preparedness and 

public warning system

• https://centerforhealthsecurity.org/our-work/research-projects/completed-
projects/rad-resilient-city-initiative
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How to Survive a Nuclear Detonation



Questions?

PDF of presentation at EPA’s website: 
https://response.epa.gov/site/doc_list.aspx?site_id=16637  


