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Instructional Goal

This module is intended to give an overview of the prompt effects that follow detonation of an IND. This
includes injury, structural damage and prompt radiation and thermal exposure.

Instructional Objectives

e Define prompt effects from a low-yield nuclear explosion

e Define Planning Guidance (damage) zones

e Review recent studies and current understanding of nuclear effects
e Review response strategies

At the completion of training, the trainee will be familiar with:

The different types of prompt effects following detonation of an IND, as well as know the Planning Guidance
damage zones.

Handouts
Student Guide

References
National Response Framework, Department of Homeland Security, January 2008.

Planning Guidance for Response to a Nuclear Detonation, Developed by the Homeland Security Council
Interagency Policy Coordination Subcommittee for Preparedness & Response to Radiological and
Nuclear Threats.

Trainee Preparation

This presentation is the second in a series, Previously covered material Includes:
= Nuclear Detonation Modeling and Response Planning

LLNL-PRES-492023 Page | 2
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0- INTRODUCTION - Introduce Presenter and
summarize experience and qualification

National Capital Region Prompt Effects
Summary

e Introduce yourself
e Explain your background
e Why you are giving the presentation

Define presentation objectives

¥ FEMA 1L LLNLPRES-300771 ; NYS4

Objectives

= Define prompt effects from a low yield
nuclear explosion

= Review recent studies and current
understanding of nuclear effects

= Define planning guidance zones
= Review response strategies
NUSHE

& FEMA 1L LINLPRES 409771

1. Defining Different Effects

National Planning Scenario # 1 is a 10kT nuclear detonation
in downtown DC. An overview of the basic effects can be
seen in this image.

This module will focus on the prompt effects from a low yield
nuclear detonation. Prompt Effects are those that radiate
outward from the detonation site. It includes:

e Light and thermal radiation

e Blast wave and shock effects

e Radiation given off during the criticality and first

minute of fission products
e Electro-magnetic pulse

Fallout Effects and Properties will be discussed in a separate
module

National Planning Scenario #1; Low Yield Nuclear Detonation sosesccuriy

Buil 15 psi}
s 155 040
ety

e
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Prompt Effects

The magnitude and relative range of these effects change
with yield.

As can be seen on this figure, blast effects (represented by
the red, blue, and light blue solid colors) and Thermal Effects
(red dashed line) scale together with changing yield, however
prompt radiation effects ranges contract much more slowly
with decreasing yield make prompt radiation the more
dominant prompt effect at very low yields like 0.01kT

Prompt Effects Radiate Outward from Detonation sessseu

Kilomators from ground-zro

The following slides represent the “Prompt Effects” in the
scenario of a 10 kT improvised nuclear device being
detonated in downtown.

“® Click - Light of a Thousand Suns...appears
The detonation of an improvised nuclear device would
produce a flash of light that is equivalent to a thousand mid-
day suns at a mile away.

A 10KkT yield is about equivalent to the explosive power of
5,000 Oklahoma City Truck Bombs

For this scenario, we used;
e The detonation took place on the ground level at
1600 Kst NW
e The population estimates are based on a typical
workday
e The weather profile is taken from actual weather
conditions on Feb 14, 2009

The information from these slides may be used to model a
detonation in other large cities, although similar response
planning information guides are being created for other Tier
1 cities.

“8 Slide Transition —Animation on flash blindness
begins

NCR Example: Downtown 10k
The Light of a Thousand Suns

seen at 1 mile for those with line of sight

= Scenario Presumptions:
* 10kTYield (equiwalent to 3,000 Oklahoma City Truck Bombs)
* Ground Level Detonationat 1600 K St. NW
= Fallout Predicted using Weather fromnoon on Feb 14, 2009
= Casualty Numbers Using Daytime Population Estimates

The follow SNoss cOMiSin monaling and analyels SN0 S0MS Gfour neily devs) st person point
wisualizacion products requesies’ by Stale and Locals do help them undersiang how an IND even! uri
gy gecislons nesd i De made AN whers new pAENS and poilCiss Should 1o be consioersd

@ Homeland

Security Lu
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2- Prompt Effects

Flash Blindness

The bright flash of light produced by the Detonation of an
IND can temporarily blind anyone who sees it within a few
miles. This blindness may last for several seconds to,
perhaps, minutes. Not a big deal if you are standing on a
street corner, but could be a pretty big deal if you are driving
60mph down the freeway. We can expect most roads within
a 10km range to be snarled with accidents and many injuries
would occur.

“B Slide Transition —Animation of zoom-out begins

e It can expected that most roads within about a six mile range
will be snarled with accidents and many injuries would occur.

* The potential for flash blindness would be worse at night time,
and could cause accidents much further out.

Accidents and Congestion Caused by Flashblindness

s Homeland
& Security

& LINL-PRES-409711

Accidents and Congestion Caused by Flashblindness

Severe Damage Zone

Blast effects are the damages/injuries done to
structures/people following detonation.

“D Click —-Severe Damage Zone appears
The Severe Damage Zone extends to about half a mile from
the blast site. This zone will see severe structure damage
from the initial blast wave, and most likely fatal injuries from

the blast, thermal pulse, and prompt radiation.
{note: buildings in the SDZ will disappear from image after a second}
For a 10KT, this would extend about % a mile

= Severe DamageZone
¥ e Major Building Damage /

[ 3 I.I.Il-l’%lgs-ll-lﬁi-iii

LLNL-PRES-492023

Page | 5



& FEMA

NYSE

Federal IND Response Planning Instructor Guide

Nuclear

Outer Edge of Severe Damage Zone to the
Moderate Damage Zone

Although this zone has the most potential for saving lives,
the closer responders go towards the Severe Damage Zone,
the less likely they are to find survivors. Structures close to
the Severe Damage Zone are less likely to remain standing.

These pictures, from a test detonation in the Nevada desert,
demonstrate the damage done to buildings near the Severe
Damage Zone.

“® Click -Video of detonation begins

The initial thermal pulse, which originated one mile away,
starts the house on fire. The blast wave comes first as
positive pressure which rips the house apart. This is followed
by negative pressure moving the opposite direction. Severe
radiation and burn injuries will occur, especially to those
outdoors.

Moderate Damage Zone (MDZ)

~ % Mile from 10KT

o

T

Bl

Pressure wave
destroys house

Nighttime shot, the only
light is from the blast

Thermal
=== pulse ignites
s Paint and

wood

Bt

, ?é

\
il

\ Flm and images from 1kt (0.6 mile) from ~16KT yields (~ 6 psi)

Moderate Damage Zone (MDZ)

~ % Mile from 10KT

Film and images from 1kt (0.6 mile) from ~16KT yields (~ & psi)

(L LINL-PRES-4097T1

Underground Damage

The shockwave movement underground also creates damage
to tunnels, such as subway systems, and infrastructure such
as water mains, power, telecommunications, and gas
conduits.

Analysis by Los Alamos National Laboratories using data from
nuclear tests at the Nevada Test Site and extrapolation from
earthquake damage of the effects on these systems indicate
that:

Water, power and Telecommunication conduits may be
damaged out to 120 meters from a 10 kT surface detonation.

Larger tunnels, such as subway systems may be
damages out to 250 meters (~ 2 city blocks) from a
10KT.

Pipeline and Tunnel Damage with

Ground Shock

Lifeline damage/disruption
based on scaling surface
explosion results:

10kt up to 120m

1kt:  up to 55m 1kt

A,

Extrapolation Nevada Test Site
experience suggests significant
subway damage to ranges of:

10 kt: 200-250m

90-120 m

w3 L S e s Saage 4 S S s

. LnsAIamm ;-u Fram

¥ FEMA =

e FAMEZA. TGS
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Underground Damage in comparison to Above Ground
Damage

Since the Severe Damage Zone extends ~ % mile (~800m),
this means that the primary underground infrastructure
damage is contained by the Severe Damage Zone

Security

- LINLPRES-4893%7

The shockwave movement underground also creates
damage to tunnels, such as subway systems , and
infrastructure such as water mains, power,
telecommunications, and gas conduits.

Analysis by Los Alamos National Laboratories using data
from nuclear tests at the Nevada Test Site and extrapolation
from earthquake damage of the effects on these systems
indicate that:

Water, power and Telecommunication conduits may be

damaged out to 120 meters from a 10 kT surface detonation.

Larger tunnels, such as subway systems may be damages
out to 250 meters (~ 2 city blocks) from a 10kT.

Since the Severe Damage Zone extends ~ % mile (~800m),
this means that the primary underground infrastructure
damage is contained by the Severe Damage Zone

Seismic engineering studies correlate
lifeline damage with ground shaking

Lifelines: Gas, electrical and water lines, etc.

Figure - Buried pipelines under earthquakes - ductile

urviving
large permanent ground deformation (left) and br ron pipes (right)y

Lifeline damage/disruption based on scaling surface explosion results

10kt to 120 mfrom explosion ~

1k to 55 mfrom explosion Lusﬂ
T.NDey. a11 \ 3‘5 Undarground infrastructure Camage for 3 Chicaga Scanarka, LA-UR-1-00556
Image Fram yusd KAMEDA, "ENGINEERING MANAGEMENT OF UFELINE SYSTEMS UNDER EARTHQUAKE RISK”
Prosesdngs )(T've 120 Warkd Comisranca Sarhquake Enginssning, 2000
¥ FEMA & [INL-PRES-309T1 NYS4

Subway Construction: Extrapolating
from Nevada Test Experience

= Muclear test experience is only for much stronger underground
structures

= Extrapolation suggests significant subway damage to ranges
of:

= 10kt: 200-250m
= Tkt 90-120 m

1L LLKLPRES- 409171
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Moderate Damage Zone

Blast effects are the damages/injuries done to
structures/people following detonation.

‘D Click —-Moderate Damage Zone appears
From % a mile to 1 mile from the blast site of a 10KT is the
moderate damage zone, This is the area with a large
number of significant injuries and represents the area with
the most life-saving potential.

This area has significant structural damage and fires. Victims
in this area have the greatest chance of avoiding deadly
radiation doses by seeking shelter immediately.

Moderate Damage Zone

Outer Edge of Moderate Damage Zone to Light
Damage Zone

The outer edge of the Moderate Damage Zone typically
shows building damage consisting of broken glass and partial
destruction of weaker structures. Injuries in this zone are
mainly from broken glass.

“B Click -Movie of breaking glass from blast begins
This animation depicts the timing and type of effects that
might be observed on the outer edge of the moderate
damage zone.

The bright flash will be followed by a “thump” as the shock is
transmitted through the earth. This will be followed in
several seconds by the air blast which will severely damage
many structures and blow the glass into building causing
injuries and bringing the facade of many building tumbling
into the street.

This type of debris poses serious injury risks to those in the
building and on the ground below.

‘D Slide Transition -Image grows and LDZ appears

Outer Edge of Moderate Damage Zone (MDZ)

~ 1 Mile from 10KT

) Animation depicts timing and damage from the
outer edge (1 mile for 10KT) of MDZ

LLNL-PRES-492023
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Other Long Range Effects

The blue line that appears is where glass is broken with
enough force to cause injuries. The D.C. population during
the workday in this area is about 750,000 people.

The white area that appears is the area where people outside
have the potential to be blinded by the brilliant flash that
appears during detonation. This blindness may last for
several seconds, or as long as a couple minutes. The
potential flash blindness is not expected to be of issue for
pedestrians, however, drivers will be unable to see the road
or other drivers which could potentially cause additional
accidents clogging major thoroughfares. Because of that, we
can expect most roads in about a 10km range to be snarled
with accidents.

Another area of concern is the EMP range. EMP is the
electromagnetic pulse that will radiate outwards from the
blast site. The most damaging EMP effects will be limited to
within a mile. An EMP blast will disrupt most electronics, but
cause little direct harm to people. Although a “firestorm” isn’t
likely to occur, there will be a large number of small fires that
started from the thermal and blast effects (generally around
the 1 mile perimeter) which could spread

Light Damage Zone

The last blast zone is the light damage zone. This extends
from one to three miles from a 10KT and represents the
largest of the three blast zones.

The majority of injuries within this zone consist of cuts from
broken glass. There will also be minor structural damage,
mainly consisting of the destruction of large, weak and flat
surfaces.

Temporary Blil
up to 12 &

Light Damage Zone

e e Y Ll

: e . o S

Light Dama
Zone

Windows broken & g

e The damage in this area is caused by the “shockwave”
following the blast. This is similar to a “sonic boom” and
consists of free field overpressure. The images to the
right are a mile and half from an accidental explosion in
Henderson Nevada of a booster rocket manufacturing
facility. The explosion was estimated to be the
equivalent of ~ 1KT.

e Ascan be seen in the image, the office glass has been
blown into the building and the ceiling tiles have caved
in. The large flat roof of the warehouse also collapsed.

e Injuries in this area are expected to survivable lacerations
and minor crush injuries.

Light Damage Zone (1 to 3 miles)

mage caused by
“shockwave” of peak
free field
overpressure

~ 2 Miles from 10KT

| windows and
)| otherlarge
area, weak
building
features

LLNL-PRES-492023
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3. Other Effects

Urban Mitigation of Line of Sight Effects

The ranges of effects previously discussed are really only
relevant for an open plane (like the Nevada Desert where the
tests were conducted).

The protection afforded by the urban environment can
greatly reduce the number of previously calculated burns
and radiation exposure that have been cited in many
previous studies.

These images, which model a ground level, low yield nuclear
detonation, demonstrate how some types of radiation and
thermal effects are greatly mitigated by the urban
environment.

The blue and green areas on the images represent low
(survivable) exposure levels. Without the urban
environment, most the images would represent harmful
levels of gamma radiation and thermal burns.

Another key point is that the ranges for these effects are not
uniform, and perfect “circles” depicted on earlier slides
should be taken as examples of maximum ranges and not an
average range.

Urban Mitigation of Thermal and lonizing Radiation Gmrm

Prompt gamma doses in the urban environment

in the urban environment

Prompt therma

* The green and blue areas represent low exposure levels

* The urban environment reduces the range of ionizing
radiation and thermal effects

= Effects are non—uniform (not perfect circles)

Gamma amecrs somLAUROE-0RET
10 Tramal et fom UORLTR-EIEEE

Building Damage is Non-linear

The circles of blast effect can also be misleading. Blast
“waves” can be greatly modified as they move through the
urban environment. The overpressure can be reflected off of
buildings, channeled down streets, and even reflected off of
different layers of the atmosphere.

You can see that some building collapse beyond the range
predicted by the ideal air blast model because of this
phenomenon.

Also, some building can survive unscathed fairly close the
detonation.

Actual Building Damage Not Represented by Rings

= Damage depends on
building type,

= Blast wave propagation
through the urban
environment, and

= Reflection off of
atmospheric and
geographic effects.

LLNL-PRES-492023
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Rubble

The damage and collapse of buildings will also create
significant amounts of rubble and debris in urban canyons.
This graphic from ARA demonstrates that rubble, often 10s
of feet of rubble, which can block urban roadways and limit
the movement of evacuees and responders.

Rubble and Debris in Urban Canyon

= Building collapse and
damage will create
rubble and debris on
streets,

= Severalfeetofrubble
in the urban canyons,

* Impedes evacuation
andresponse
activities.

(

Gkt

s Carrsmnaein Mgt

Damage Zone Ranges Change with Yield

The size of the IND determines the area covered by each
damage zone. It is important to have some idea of the
detonation size to help determine zones when starting the
response process. Failing to do this could cause harm to
emergency responders.

Damage Zone Ranges Will Change With Yield

||f|||||||||||]||||l|||l'||||l||||l||||'|||
|
10 KT = o
|
]
| | ‘ |
! } B Severe Damage Zone
1 KT 3 - | @ Moderate Damage Zone | |
| } [ Light Damage Zone
i i z T
0.1 KT i i ! i
st bt bt i b it B G Lo
0 1 2 3 4

Miles from ground-zero

Radiation Zones Take Precedent
When determining damage zones, radiation levels must also
be taken into account. After determining the path of the
dangerous radiation zone from fallout, certain rules will
apply. These are:
e The dangerous radiation zone from fallout will
overlap damage zones

e When zones overlap, radiation precautions take
precedent — even if responders know there are
victims within the moderate and light damage zones,
they should not enter until dangerous radiation levels
are no longer present

e Initial efforts should focus on the portions of the
damage zones that are outside the dangerous
radiation areas — responders should initially wait to

Dangerous Fallout Zone Precautions Take
Precedent

it/
<

= The Dangerous Fallout Zone (DFZ) will overlap the damage zones
= When zones overlap, DFZ precautions take precedent.

= Initial efforts should focus on the portions of the damage zones that are
outside of the DFZ

LLNL-PRES-492023
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enter areas within the light and moderate damage
zones, and focus on responding to areas outside of
the dangerous fallout zone

Zoned Approach to Response

“B Click —Defining Zones appears
A well-thought out response plan can help maximize life-
saving potential, and minimize the risks to emergency
responders. When setting up a response plan, it is important
to:

Zoned Approach to Response

s The Severe, Moderate, and Light Damage Zones are
defined by observable blasteffects and the specific
yield or distance from detonation is notneed to
determine prompt effectzones

“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 serous injunes;
and the severe damage (SD) zone by completely destroyed
infrastructure and high radiation levels resulting in uniikely survival

of victims.”
~Planning Guidance for Response to a Nuclear Detonation
W e p s wesin
8 FhVIA & LLNL-PRES-409TT TV A

Recognizing the Light Damage Zone

As an example of how to recognize the varios prompt
effect zone, let us review the zone description from the
planning guidance.

For the light damage zone...

For the moderate damage zone...

For the Severe damage zone...

Recognizing the Light Damage Zone

= Nearly all windows will be broken and there will be external
panel damage on most structures.

» The damage in this area will be highly variable as shock
waves rebound multiple times off of buildings, the terrain, and
even the atmosphere.

« As aresponder moves inward, windows and doors will be
blown in and gutters, window shutters, roofs, and lightly
constructed buildings will have increasing damage

= The severity of injuries responders will encounterinthe LD
zone should be relatively light and, consist of mostly
superficial wounds with occasional flash bums.

& FEMA - LINLPRES 400771 NS4

Recognizing the Moderate Damage Zone

- Responders may expect they are transitioning into the MDZ when
building damage becomes substantial, such as blown out building
interiors, blown down utility lines, overtumed automobiles, caved roofs,
some collapsed buildings, and fires.

« In the MDZ, 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.

» The MDZ is expected to have the highest proportion of ‘survivable
victims'who require medical treatment

- The MDZ presents significant hazards to response workers. including
elevated radiation levels, unstable buildings and other structures, downed
power lines, ruptured gas lines, hazardous chemicals, asbestos and other
particulates released from damaged buildings, and sharp metal objects
and broken glass, forwhich consideration and planning is needed

¥ FEMA L LUNLPRES 300771 NS4
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Recognizing the Severe Damage Zone

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

« Very few people would survive; however, some people
protected within stable structures (e g , subterranean parking
garages or subway tunnels) atthe time of the explosion may
survive the initial blast.

+ Very high radiation levels and other hazards are expected in
the SDZ, 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 inthe SDZ
making timely response impracticable.

¥ FEMA & LINLPRES 400771 NS4

6. Conclusion

e Many existing models will over-predict thermal and
prompt radiation effect ranges in the urban
environment

Responders should be aware that while they
should not initially enter areas with dangerous
fallout levels, these levels will fall quickly

e Blast will be a primary injury mechanism and can
cause damage and injury several miles from the
detonation site

100,000s casualties can occur from the
prompt effects in the first few minutes within
a few miles of detonation site,

Overall number of casualties likely to be
reduced by protection from the urban
landscape and being within heavy buildings,
however

Tertiary effects (building collapse, glass and
debris missiles, and flash-blindness accidents)
may increase number of casualties.

e Federal planning guidance has defined several
damage zones based on observable effects

Severe Damage — responders should not focus
on this area, as radiation levels will be too
high and survival is unlikely

Moderate Damage — This should take highest

&
GloteSeurity

Conclusions

= Many existing models will over-predict thermal and
prompt radiation effect ranges in the urban environment

= Blastwill be a primary injury mechanismand can cause
damage and injury several miles from the detonation site

» Federal planning guidance has defined several damages
zones based on observable effects.
+ Severe Damage; notan initial priority
+ Moderate Damage; high priority area for life saving
+ Light Damage; lower initial priority
= Fallout radiation hazards may exist on some parts of

these zones, the safety precautions described in the
Fallout section take precedent ‘

LLNL-PRES-492023
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priority as there is the highest potential to
save lives

— Light Damage — This is a lower initial priority,
as most injuries can be treated with minimal
or no medical care.

e Fallout radiation hazards may exist in some parts of
all zones. Safety precautions should be taken within
every zone

Review the “Check Your Understanding” slide with
the Student

Check Your Understanding

1.
2.
3.

0 =~ D

What are prompt effects?
What are some specific examples of prompt effects?

Will Prompt Effects be represented by “Perfect Circles™?
Why or Why not?

Name the characteristics ofthe Light Damage Zone

- Name the characteristics of the Moderate Damage Zone.
- Name the characteristics ofthe Severe Damage Zone.

. How will rubble play a factor in emergency responses?

. What parts of the LDZ or MDZ should be initially

avoided?

% FEMA L LINLPRES 409771 NS4
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