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Chapter 1 provides a
high-level description of
the features that make a
nuclear incident unique.

While these subjects are

technical, descriptions
are tailored for a non-
technical audience.
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Chapter 1: Nuclear Detonation Impacts

Blast Effects

Prompt Thermal Effects and Fire

Eye Injuries

Initial and Residual Radiation

Height of Burst (HOB) Considerations
Raaiation Zones

a
Radiation Injuries and Fallout Health
impacts

Electromagnetic Pulse (EMP) affects
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Nuclear Fission and Chain Reactions NS
i In Fissile Materials (like U-235) o e i

J Nuclear Fission Produces:
l_}’}md = 2 or 2 neutrons,
neutron ) —* % = ) heutron - :r;gt. g\jl, and
r;m = Nuclear Fission Products
product
J neutron ] .
Nuclear Fission
What do the 2-3 Neutron do? Chain Reaction
= These neutrons cause additonali — 235U
fissions in a “chair o1 reactions” e — Neutron
= Each fission releasing more @ — Fission Product
energy...
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= |f all of the atoms in a coin-sized
piece of uranium fissioned...

= |t would release the same amount
of energy as 100 tans of TNT

= Explosive eneirgy is measured in tons of TNT Equivalent Weight

= Image is of 100 tons TNT test before the Trinity Shot.
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@ ENERGY Nuclear Weapons

GRABLE AFAP test: 15kt

Thermonuclear weapons can be
LLNL-PRES-842355]-E)QF’TOOO Of these pIIES! 6
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* Intense flash of light
e Initial ionizing radiation
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* Intense flash of light

Milliseconds . e |nitial ionizing radiation
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e |Intense flash of ||ght Surface detonation cloud height vs yield
Milliseconds » Initial ionizing radiation . .
e Electromagnetic Pulse 120 | -
100 | 30

e Thermal pulse
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* Intense flash of light
* Initial ionizing radiation
e Electromagnetic Pulse

Milliseconds

e Thermal pulse
e Blast wave @ kms

Seconds

Shock wave @ 10s km
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Tens of Seconds
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e Fallout cloud several km up
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90 F‘\mOmGy/hr
———— - 1 hr AFTER
: — 80
- - Dangerous fallout zones <niink = 70
= . PR PS . . §\ 48 mGy/hr
- . Fallout hot zene expands downwind 3 e > hr AFTER
= £ so
- £ o
x % 30 10 mGy/hr | mGu/h
- . 7hr AFTER mGy/hr mGy/hr
. * Fallout hot zone shrinks 20 / /;‘fhriz’;‘m 48 hr AFTER
" * Low levels of global fallout 10 \
: o —— 4'8




* Intense flash of light
* Initial ionizing radiation
e Electromagnetic Pulse

Milliseconds

» Thermal pulse EIeYat.ed
« Blast wave @ kms Radiation

Seconds

Shock wave @ 10s km
Fireball rises Rapidly

Tens of Seconds

ic Ocean

Fallout cloud several km up
Particles start "falling out"

Dangerous deposition leveis

Minutes
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The Light of a Thousand Suns

As seen at 1 mile for those with line of sight

e Scenario Presumptions:
—10kt Yield
—Ground Level detonation downtown Washington DC, USA
—Fallout Predicted using Weather from noon on Feb 14, 2009
—Casualty Numbers Using Daytime Population Estimates
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~23 Kk
(14 miles)

Fovea
Centralis

§ Flash Blindness, also
referred to as "dazzle," is a
temporary (usually less
than a minute) impairment g
of vision. Victim does not £ 3 ,’
have to be looking directly :

{ at the source for this to )\ 73_@“ (ﬁ | 0 ht)

; Visual 1.21
zg OCCULT. \ > \“‘_‘-";‘;f \- —\“-‘—: - , o | 40 mi

Retinal burn: visual
% capacity is permanently
1 lost in the burned area
| (but remainder of vision
will still work)

Image Landsat
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Blast Effects
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Severe Damage Zone
Majcr Building Damage / Collapse
>8psi ~1km
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©ENERGY Severe Damage Zone Definition NS4

National Nuclear Security Administration

» In the Severe Damage Zone (SDZ), few
pouildings will be structurally sound or standing.

» Rubble in streets will be impassable.

» Potentially dangerous radiation levels outdoors
during the first day.

» Few survivors expected, except for those In the
center of large structures or undeiground (e.g.,
subterranean parking garages or subway
tunnels) when the detonaticn occurred.

» Survivors should cointiiiie to shelter unless
threatened by a rmore immediate hazard such
as fire or building collapse.

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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Modcrate Damage Zone

from 1 to 2 km
significant structural damage, blown
cut building interiors, blown down
utility poles, overturned
automobiles, some collapsed
buildings, and fires
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Moderate Damage Zone
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~ 2 km from 10 kt
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Animation depicts timing and damage from the outer edge of MDZ
(~ 2 km from a 10 kt explosion)

Kilometers
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©ENEReY — Moderate Damage Zone Definition N AT

> In the Moderate Damage Zone (MD/Z),
building damage is substantial.

> The blast wave briefly creates winds
greater than 100 mph,

> Sturdier buildings (e.g., reinforced
concrete) will remain standing, but iighter
commercial and residential buildings may
fall be destroyed.

> Expect blown down utility iines, overturned
automobiles, collapsecd roofs, and fires.

"‘"&nv}t{:
A\‘*’ t‘..,. "W L.
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Temporary Blindness
up to 22'km

Light Damage Zone
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Light Damage Zone
Windows broken & glass
Injuries
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B) ENERGY Light Damage Zone (2to 5km)  £VATS4
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Severe Damage Zone
Moderate Damage Zone

u Light Damage Zone

- 7 T

Kilometers

/ e — . Damage to windows

b 4§ »- o L e | and other large area,
| VM

&

%
ﬁ‘?

weak building features

7%

\ Images taken at 2.6km (1.5 miles) away from PEPCON (conventional accidental explosion
estimated to be equivalent to a1 kt free air burst), estimated overpressure shock was ~ 0.9 psi

Kilometers
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Examples ofi Damage in the Light: Damage Zone

Light Damage Zone
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» Damage is caused by the powerful
shockwave, like that of a thunderclap or
sonic boom but with substantially more

s
force. o fmw "}]\"\

> Most windows in the LDZ will break, T dEaER=: Jn_t:;l wl*lum i
many with enough force to cause e ,* P *
injuries from flying glass and debris, f i iwm V},
though most people in this are wouid be P AR L TRV iﬂ» i q»””‘.]'”
uninjured. Tk s
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> Damage in this area will vary &3
shockwaves rebound off buildings,
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Moving through the Damage Zones

Expect movement to
be difficult in the blast
damage zones
because of piles of
debris in the street

Wit N .
e

-y -
&'#4.."}:.-"2'
- -"“r‘ 5 "’g{\.,".; - . . p—
" i S P L -
RN I S LY
2pl Nounw 2s 5 O gie

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT



DRAFT

)
|

National Nuclear Security Administration

v/ ‘SM
&0

NYSS

Comparing Ranges

&8, U.S. DEPARTMENT OF
@ ENERGY

SJOJOWOIN

34

LLNL-PRES-842355-DRAFT

Office of Nuclear Incident Policy and Cooperation



DRAFT

NS
U.S. DEPARTMENT OF N .‘o

£ Y A =9
5 ' 4 E N E RG National Nuclear Security Administration

Thermal Effects
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- First Maximum

- Second Maximum

¢

Minimum

0
0 2 4 6 8 10

Relative Time
Forces Radiobiology

Relative Thermal Power

Image Credit: Armed
Research Institute

» Initial Heat Pulse (1% of energy) occurs within a fraction
of a second, too fast to avoid or even blink!

» The second, slower neat puise occurs over several
seconds and deposits 45% of the heat energy

» This accounted for ritost of the skin burns in Japan

The pattern is from the dark
colored areas on her kimono
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At higher
11 - - o
¢ " B Severe Carmage 2ore 10.5 km I )
B Moderate damage rore ! —-A—‘——-
T, & ix o . b
" .

i 70 those outude with disedt view Of the Seedald
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S | | NS thermal effects
' | : can occur
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Detonation at the surface
T

40

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT



DRAFT

‘ (){“SM
EER, U.S. DEPARTMENT OF .1@‘

|2
Z\ /5] . . oie .
2\ /a3 E N E RG National Nuclear Security Administration
ATES'

lonizina Radiation Effects
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> What Is radiation?

« Heat, light, any movement of energy through space

» What is lonizing radiation?

« Radiation that can break chemical bonds, damaging DA
causing cell damage and mutations

> How do we detect radiation?

« Detection and monitoring equipment

» How do we protect ourselves from radiation?

To reduce radiation exposure:

oNNPIENY

¥ | i

NSNS N

Limit Time Increase Distance Use Shielding

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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Dose Rate vs. Dose N, S"J

'W Millisieverts (mSv)

> Dose describes the amount of radiation

energy deposited in the body | |

: Survi t imately 50%
Measured in: 2.000 urvival rate approximately 50%
Sieverts (Sv) or Gray (Gy) Causes radiation sickness and
For fallout: 1 Sv ~ 1 Gy 1,000 nausea, but not death.
1 Sv=1000 mSv
1 Sv = 100 cSv Allowable dose for emergency

DO Se 500 workers performing life-saving
» The Dose Rate describes how quickly the
Lowest level linked to increased
energy is being depoali% 100 cancer risk
Measured in:
mSv/h 10 Full body CT Scan
mGy/h Dental X-ray
0.01
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Radiation has serious effects on response and is the defining featuse of nuclear incidents. Chapter 1

Prompt (Initial) Radiation '~ aSResidual Radiation

* Occurs in the first minute of a nuclear « Radiation given off after the first
detonation. iinute.

« Contributes to casualties within a * Produced by fission products and
couple kilometers of ground zero. activated material that continue to

- Intensity decreases with distarice from give off radiation.
ground zero. * Most dangerous In the first few

. Some initial radiation ricks can be hours; decays over time.
mitigated by protective riicasures taken  « Can mix with dirt lofted by the
before the detonation. explosion to create fallout locally

and downwind.

Federal Emergency Management Agency 22

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT



DRAFT

V )
U.S. DEPARTMENT OF ¢_O

"ENERGY Prompt radiation range not proportlonal to blast effects N‘ .3

JANNEENEEEN - G A4

S
: 140 rad prompt exposure to those cuidoors |
(5% fatality) Dt
| 2
7. R
! ,
! o
¢ B DY
i f og 3 ‘ :
24

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT



DRAFT

{“su
. U.S. DEPARTMENT OF v 2 ‘)‘

W@ ENERGY Range of Prompt Thermal and Radiation N"‘

g ' -SL - — - 3 .-. "‘ ’ ’J’ ’ - $-: 'I~.,: " : s lm
: - = Laboratory
wta !mw:me - - ¢ G - R > ‘ 3 = _
"1 O Light damage rone ! g & ,‘ AW - o = =3 -
T0 those Oufude wih dieect vew of the fee2ad | . > s Vit & ) :
s WM‘NM' ) . e % .~ - - l“‘.’:‘ }_ o R ( 5 ,-
4 —  RaRITOn yures (140 ! ‘ : 2 _\,‘-/ ’:. . “ A s -
™~ » o - .
s b - VPR 2T C W A0 ° )

S
—
' §
’
»
{
:
y
5 .‘
|
A\
D
N
.
VoR,
wt
9
9
‘ A
o
)
)
4 ‘e
‘ -
1
L

z : SN ;
2 e - . 'k‘ i . c , 1 "
B _a-s--e- > ' - :s . 1 “ -
s L b SR g ~ » Ry - 5 - 4. . - . "
- & 4 - . Pt '." D & B v g
E - 2 =~ . P § . . A r ¥ % *
5 - v, o o - ™~ 3 \‘ Y N
- 3 ) . ‘. - ’.’ /. ' S — N —he o l—.s e - e » - T
[ -", ; v - - A "2 e - g = . The 4 4 5 e o H “Jkr' -
- * 3 ) ; . K . - A ‘ o et : ) ' - . -
! 7 /s ,‘ _‘_ v 3 > 5 - : '.'....‘”..'k be i £ ‘\,, -
[ - ‘ 2 - - - L - - . ov'n - ol : n‘ - - . -t :- -y - - :“ — - -~ P > - -- Ve e - " e B
; » . w4 > < ~ ’ 2 - «%5 : o -~ - 0‘- - ’ \ -"_' -
RN i o T2 ZR VAT T S .. \ 27 4953
’ e o % : - - e . - . :
i ——y ;{’ hS , ‘.' ) 2 2 > J E - —to“ y -b: - “
R v - - - = - —
- ? Y » . VR
I . rwr o™ H e = A — = - — abs— —- - » -
. - - - r 4 - - = *N\
e - -
- . =" >
. > - - . ¢ — T~ -
~
= R sein '~ s o h -
- ~ - » -~
o ’ .y yo k. P : : —

100 kT

24
Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT



DRAFT

ENT.G, (){‘\su
&8I, U.S. DEPARTMENT OF ‘1@‘

;1’\‘ /8, ‘ ﬂ
NI E N E RG I National Nuclear Security Administration
TATES Obg

Residua! fadiation (Fallout)
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Residual Radiation (Fallout)
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Residual ENnergy
_ Radiation
Initial 10%
Radiation

J neutron Nuclear Fission Produces: 5%

ik
/ @ = 2 or 3 neutrons,
/

A
neutron J ——
target

s W
nucleus \ ﬁ:ﬁt& = Nuclear Fission Products

Q neutron (Fissile atoms, like uranium, split into 2 (or more) smaller
radioactive elements which continue to give off residual energy)

Chapter 1

Blast
50%

- J neutron

= Energy, and Thermal

35%

» The burned nuclear fuel (Uranium or Plutonium) from a 10kt nuclear
explosion will produce ahout 500 grams (20 0z) of fission products.

» 1 minute after detonaton there would be ~ 1 x 10%2 Bq
[10,000,000,000,6CC,500,000,000 Bqg] (disintegrations per second).

» This Is more thah 1,000 times the radioactivity of the material
released from Fukushima or Chornobyl.

Estimated radioactivity release from :  Fukushima ~ 0.024 Billion Ci, Chornobyl ~ 0.1 Billion Ci (IEEE)

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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Fallout

» The nuclear detonation creates a large
cloud of radioactive dust & water vapor
which fall back to earth contaminating
surfaces

» |F the detonation occurs nearthe Earth,
dangerous levels of fallout creates visible
dust and debris. These particles give off
penetrating radiation that can injure people
(even In cars or inadeguate shelter)

» Fallout decays rapidly away with time,
and Is most dangerous in the first few hours
after the detonation

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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‘ oU can protect .
W self from...

GCET THE FACTR ]

FROM YOUR CIVIL DEFENSE DIRECTOR

FREECOURS! ON FALLOUY

place date
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NARRATOR: And now large amounts of
pulvenzed debris in molten earth are pulled
up into the mushroom cloud

LLNL-PRES-842355-DRAFT
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»>A fireball 1s hoiter than the sun is
comprised ¢f a plasma that contains
all the fission products produced In
the explasion.

> The firepall can interact with the
ground.

=Therapid rise of the fireball (> 100s
Kph) creates a vacuum that pulls up
thousands of tons of dirt and debris.

»If the dirt mixes into the fireball, the
plasma can melt it and condense onto
the dirt

»As they cool, the larger particles “fall
out” of the cloud.

Office of NUw.cw wvrcuc LLNL-PRES-842355-DRAFT



U.S. DEPARTMENT OF

Blast debris
clouds air =t

street I=vel

Blast Shockwave Damage Zone
Outer bounaary may be defined by
Injuries out tc ~5 kilometers (10 kt)

! : " m':‘\‘
/’-.@.""

Office of Nu e _15;

Fireball rapidly draws material

up several miles

[ VS

tratlon




DRAFT

{“su
B U.S. DEPARTMENT OF v 2 J)

L (4 )] -4
105 National Nuclear Security Administration

- ';iac“»‘\'.‘s dy y A'vw-—--._‘“- =

-

o !mage‘U S#Geological Survey L‘()( )ﬂl.‘c
- 2 . ' | § v .
=l ©2011/Google g A G

-

E .

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT



B
J
=

NSV

al Nuclear Security Administration

;.;F_#-‘_’- —-
o T

cholitolumbia

=

© 2011 Egropa.TeéhnoIbgles .
©®2011 Google ol ole
: «G00gI¢

Office of Nuclear Incident}s Image PA Department of Conservation,and Natural Resources-PAMAP/USGS

-




. n
e !

Q.2 ..‘\L ,
Washmgton D'C

.érl{mgto o) By
w. £ pel 4
g

Pnn‘ce Gcorge 1

STk R R ATt B B W s '..-'. wwoad ~1hourCloud [ 008$

a Aol , i Ry
[\ \.-.” oo - Reaches Atlantic [SESuigs

ey L5 NS ) s /o i .
[ty Sic2" Bt )é!- US, KAy G EB o S AN —~ - ) . e -~ - e A - ]




+\~\f'{'§€?{. U.S. DEPARTMENT OF

b \&
'3
Z /S,
2 /&, '
) =
TES O

100

90

80

70

60

50

Exposure rate (mGy/hr)

Office of Nuclear Incident Policy and Cooperation

DRAFT

Fallout Radiation Levels with Time

NSV

National Nuclear Security Administration

L

For every 7 2 o tactor of
time, the:c > a 10 fold
decreae in dose rate

100 mGy/hr
1 hr AFTER

48 mGy/hr
2 hr AFTER

~

1 mGy/hr

i
P 48 hr AFTER

S 7 14 hr AFTER

Hours after the explosion

Decay of the dose rate of radiation from fallout, from the time
of the explosion, not from the time of fallout deposition.

LLNL-PRES-842355-DRAFT



Dose Rate at 1 hr

Cell Height represents magnitude
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The Dangerous Radiation Zone (DRZ) was
formerly the Dangerous Fallout (DF) zone

» Radiation levels of 100 mGy/h (10 R/h) aiid
above

= Potential for acute radiation injury
= Potentially tens of kilometers dewnwind

= Will begin to shrink withiri 2 few hours due
to radiation decay

The DR/ is very hazaidous, SO response operations within it must

National Nuclear Security Administration

Dangercus Radiation Zone (lethal)
and
change with Time

1 growing
hour
1to 3 — Nax extent
hours

6 shrinking
hours

be justified, planned, and optimized to minimize radiation
exposure. Everyone inside the DRZ should seek immediate shelter.

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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Zone Characteristics:

= Radiation levels from
0.1 mGy/h (10 mR/h) to 100 mGy/h (10 R/h)

= Acute radiation health effects unlikely, but limit time
outdoors to minimize exposure

Miles

= Can extend for hundreds of kilometers

» Begins shrinking within 24 hours due to decay of
radioactive material

Emergency activities can be performed in the
HZ without exceediig dose guidelines for
emergency response operations, provided
appropriate dose monitoring is performed.

Office of Nuclear Incident Policy and Cooperation
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Hot Zone size will be yield dependent
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Airburst Considerations
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What if it is Detonation in the Air? \ / &;i

» If detonated in tihe air the residual

radiation is cn very small particles

7 that tend t¢ stay suspended in the
upper athiosphere

\\\\\&/ \\\\ //:\ il < \\» ;

N ////m\\\\\\ j

Y
%—’é

Dixie

(Upshot-Knothole)
11 kt @ 6022 ft
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An airburst Is when
detonation occuks
above ground level

The height above the ground
is called the:

Height of Burst (HOB'

AtomCentral.com
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@ ENERGY HOB Impacts on Fallout AN 2

: : . Notice i gap_betv\/een
> Hiroshima & Nagasaki were fisefonerotiucts and

detonated at ~ 500m 5 P - | didebris stem

» The radioactive material
created in the explosion are in
the white “cap”

» These small particles tend to
stay trapped in the upper
atmosphere

» Notice the air gap between the
white “cap” and the brown 3
“stem” of the mushroom cloua.

» Because of this, there was no
mixing with the dirt and no
significant local fallout.

-

Hiroshima "Naoasaki
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Negllglbl Some Hazardous
Iocal fallout oy local fallout ‘ local fallout
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Upshot-Knothole Encore AN

27 kt, Airburst 2423°, 8 Mlav 7953

)

8 1500 r_rl1| e R RN SRR

© = “*‘-~\ . = Good example of:
LL : ) - 005 Negligible Local
— 500 /Jb( \ il

© gk / 09 Fallout

O q JF [ F I

O 0 2 — \ y4 : .

— 8 F \ \ 3 = Air gap between the
m ?’ 800 . K : . 13 ””
— -\ . . White “cap” and the
O © r ]
i 1800 '
= : \ . « Brown stem of dirt
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H+1 data from DASA-1251

1500 r___r1l rTr T T T rrr [ rrorr_

L L _ n r No appreciable fallout from
e p - fission products
E 4 N 000- . .

- ;Aﬂ - = Neutron Activated material
A 09 . directly under the detonation
N ol ?E l « 100 mGy/h (from activation)
§ E : limited to small area directly
. n K u under detonation.

WL / A + 0.1mGy/h (from activation) limited
X o N / a to within 1.5 km of GZ
e N 2 . S ! .
o : N : = Some of the material is lofted
C ®l J' | y Into the stem and dropped a
2 | A\ ' B .
- JG‘;o-: ‘: 060~ 1500 short distance away
Distance From , Yards .
s e Gt RNGETIRREE Socore. (elongated zone to the right)

On-site dose rate contours in r/hr at H+l hour.
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Plumbbob Priscilla Test

37kt detonated at 700 ft ‘%.{\ ¢

(fallout free height is 760 f fu - 37kt) Lo 100 mGy/h (10 R/h) limited to

within 750 meters

0.1 mGy/h over 200 km.
reaching maximum
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@ ENERGY Simon “Significant Mixing” Detonation

Upshot-Knothole Simen % ?

e

43 kt, Tower 300, 25 Apr 165 S /]

AT 19 hours
N 0.2 mCvin contours
Dangerous Fallout Zone 100 mGy/h ‘ ~xc2eded offsite
(10 R/h) reaches max extent ~ 1.75 monitoring, extending
hrs and goes past 65 km. | beyond 350 km
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Hazardous Local Fallout
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Off-site dose rate contours in r/hr at H+l hour.
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@ENERGY Upshot-Knothole Simon; 43 kt, 300’ HOB, 25 Apr 1953

Dry deposition of fallout over the first 36 hours caused Radiation hot s
: daT spot >
N easily detectable radiation in the US Southwest. caused by thunderstorn /\
C It was predicted that if rainfall had occurred in these on 4/25/1953
- areas, it could have caused hot spots exceeding 10 mGy/h
C h ; \\ “; L - . ,, } T pEs
4/25/ 1953 | | N, K ( o “ 25 Apr  Nevada Test Site: 43 kt detonated
% | | DY SN 1953 at 300 ft HOB at 0430 AM PST
- h ¥ A ' - '_ 25 Apr Dangerous Radiation Zone ( > 100
(0] \ I ot W mGy/h) reaches maximum extent
D: ] o ; of 65 km at 0615 AM PST
@) it ‘ \ 25 Apr Significant dry deposition in NV,
- | | UT, and AZ
Estimated Dose Rate D e . o L
@ from Fallout at 36hrs OO A ' A 26 Apr Significant dry deposition in UT,
O % ‘
— 1 uGy/h ) \ ' NM, and TX
3 nGy/h 4 . :
B 10 uGy/h+ \ L Extreme rainout event in Albany,
NY (Highest deposition of Upshot-

Knothole tests outside the Nevada
Test Site)
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Eleciromagnetic Pulse
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) ENERGY Electromagnetic Pulses (EMPs) A LN o

» The initial nuclear radiation from nuclear
detonations generates an electromagnetic pulse
(EMP).

» Not a hazard to people, the EMP can disrupt or
damage electronic equipment.

» For near earth detonations (< km HOB), the EMP:

= Can damage or disrupt electronics within a few
kilometers of the detonaticen.

= Can cause disruptive power surges on power lines that
can damage equipment witliout surge protection within
tens of kilometers of the detonation.
» High-altitude nuclear cetonations (those above 30
km) can produce high-altitude EMP (HEMP) which

can disrupt electronics for 100s of kilometers.

Federal Emergency Management Agency
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Electromagnetic Pulse from Near Earth Detonations NIYSE
\’j j EN ERGY (< 5 k m H el g h t Of B u rSt National Nuclear Sec%fstraﬁon

Blast damage zones shown for a nominal 10T detenation

B Severe Damage Zone [ Moderate Damage Zone O Light Damage Zone

Kilometers
e
™
o
L &
(7]
whed
o
£
®)]
§ <
—
Surge Protection
can reduce damage
o
Potential perma- Potential tem- : : \ ; i i s
nont fa',-),u,e of porary upsets Electromagnetic lllumination on power lines tV\ﬁthm 1|5 klloggtfrs, St(I)Te unprgtegted eleg
electronics. to electronics. within a few kilometers of the detonation can cause a power TPNIES g ugge 'r; otc_)u =S n;]a{ e am?i}:_ .
Xyl [Soldiead May recover surge that can propagate outside of the immediate area. urge protecton cafl help previent mis.
vehicle stoppages after power -
(1 km, cycling Most line propagated damage would occur
A6 K izkt\-‘//kn:)]’ within 20 kilometers, but some disruptions /

damage can occur beyond.

Electromagnetic
lNlumination B B = =
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National Nuclear Security Administration

* You are standing in an area where:
— All windows are broken.

— Most unreinforced brick and wood frame buildings are severely
damaged or completely collapsed.

— Cement and steel-frame, earthguake-resistant nuilcings are standing,

but much of the building interior is damaged anc possibly pushed out
the back of the building.

— Nearly half the population is dead, anc trie majority of survivors are
significantly injured.

= Which damage zone are you in?
A. The Severe Damage Zone
B. The Moderate Damag¢c Zone
C. The Light Damage Zcne 84

D.Beyond the Light Damage Zone (you are not in a zone)

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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Recognizing the Moderate Damage Zone R

» Substantial building damage, such as
blown-out interiors, caved roofs, and fires

= Sturdier buildings (e.g., reinforced concrete)
remain standing, lighter commercial and multi-
unit residential buildings may be fallen or
structurally unstable, and many wood fiame
houses will be destroyed

» Highest percentage of “survivabie victims”
who require medical treatment

= Significant hazards to recponse workers,
such as elevated radiation levels, ruptured
gas lines, broken giass, and hazardous
chemicals

85
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» You are in an area where about 25% of builaing windows are broken,
primarily on the building walls facing the direction of the detonation.

There do not appear to be any injuries. Which damage zone are you
In?

A. The Severe Damage Zone

B. The Moderate Damage Zorie

C. The Light Damage Zone

D. Beyond the Light Damage Zone (you are not in a zone)

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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W ENERGY Variability of Effect on Structures ANA S

4 Collapsed Building & Glass njuries
@ Severely Damaged Building & Biclian Windows
Miles O Moderately Damaged Building 0 Yndamaged

Severe Damage Zone Moderatz Damag e -~ ne | Light Damage Zone Beyond Light Damage Zone

* Nearly all buildings e Light buil<ii s * Nearly all windows shattered * Windows broken and doors blown in
destroyed destroyc ! and damage to building facades. primarily on the side facing the blast
e Few survivors = Blewi oue nteriors * Some, mostly minor, injuries * Few, generally minor, injuries
e Hazardous outdoor of .-rger hulldings from flying glass and debris
radiation levels » Signiicant number of
serious injuries
* Fires

' Pressure over and above aunospheric pressure, measured in pounds per square inch (psi).-
* Figure 1.2 assumes a nominal 10 kT surface detonation in a modern city. While distances would vary, the zone descriptions apply to any size nuclear explosion.

87
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Light Damage Zone:

* Nearly all windows broken; external panel
damage on most structures

 Highly variable damage due to shock waves
rebounding repeatedly from buildings
terrain, and the atmosphere .~ 'issNeeansRivsRANERC

 Closer to ground zero within the LDZ: il oo w m
. , . '*L;T‘U’(‘Lqiu iﬂngqﬁl '-}J‘ ““5\ '
— Windows and doors blewn iri 3 el ~~e”§§=“u1 ) }hﬂ“{ ;i
. . g;dktﬂﬂﬂ '%:i;: .’ b ‘l\ \ ” l
— Gutters, window shuticis, roofs, and lightly % S dphdalcicl ‘W> O
constructed buildings have Increasing
damage

* Light injuries; mostly superficial wounds with
occasional flash burns
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Severe Damage Zone:

= Few, If any, buildings are structurally sound
or standing

= Few survivors, but some In stable structures
(e.g., subterranean parking garages or subway
tunnels) may survive initial blast

= Very high radiation IeveIS' espwqders should
enter cautiously only to resciie known survivors

= |Impassable rubble in stiect:
Speed

\,l)

hinders response
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» Will there always be dangerous levels of failout on the ground?

A. Yes, there will always be hazardous leve!s of fallout on the ground
B. No, it depends on the height of burst and surface conditions.

Answer: NO

= Although the nuclear detonaticn will always produce
fission products, the ariount that will fall to the ground
depends on how riiuch dirt is drawn up into the fireball.

= A white cap disconnected from the dirt stem is a good
Indication there NOT be hazardous levels of local fallout.

Office of Nuclear Incident Policy and Cooperation
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»At lower yields (< 10 kt), prompt radiation can cause injuries beyond the
moderate damage zone.

»A higher yields (> 10 kt), prompt thermal eficcts become more dominant
at longer ranges, causing burns and staifing fires.

»Nuclear detonations are variable and dynamic. The yield and HOB drive
level and type of key impacts aric residual radiation levels on the ground.

»If you can see the fallout cloud a few minutes after the detonation (or
know If it was a surface or alrburst), this can inform the likelihood of
dangerous local falioui

»Radiation levels frcm faillout and activation will change rapidly. The first
few hours are when it Is most dangerous to be outside.

Office of Nuclear Incident Policy and Cooperation LLNL-PRES-842355-DRAFT
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Thank you
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TED-Ed video:

ICRP Advice for the Public on Protection in Case of & Nuclear Detonation / PekomeHaauii Ans
HacesrlieHHS WoaA0 3aXUCTy Y BUNagKy sioepHoro Broyxy:

ORISE Medical Factsheets (Ukraine)

Self Decontamination Infographic:

New WHO online training course on Mental Health and Psychosocial Support in Emergencies:
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https://www.ted.com/talks/brooke_buddemeier_and_jessica_s_wieder_can_you_survive_nuclear_fallout?utm_campaign=tedspread&utm_medium=referral&utm_source=tedcomshare
https://www.icrp.org/page.asp?id=610
https://orise.orau.gov/resources/reacts/translations/ukrainian.html
https://orise.orau.gov/resources/reacts/translations/ukrainian.html
https://www.cdc.gov/nceh/radiation/emergencies/pdf/Decontamination-2-25-emb_UKRAINIAN.pdf
https://openwho.org/courses/mental-health-and-psychosocial-support-in-emergencies-UK

DRAFT

**’L‘F\‘«ﬁ U.S. DEPARTMENT OF Y M . P N VS(?é‘ﬁ
© ENERGY Additional Resources (English) NYSE

FEMA PrepTalk Video:

Planning Guidance For response to a Nuclear Detonation:

Here more communication rescurces that are used in the United States:

Health & Human Services

« FEMA Nuclear Explosion Factsheet:
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https://www.fema.gov/blog/preptalks-brooke-buddemeier-saving-lives-after-nuclear-detonation
https://www.fema.gov/sites/default/files/documents/fema_nuc-detonation-planning-guide.pdf
https://www.cbrnresponder.net/app/index#resources/library?rltf=104
https://www.remm.nlm.gov/nuclearexplosion.htm
https://www.ready.gov/nuclear-explosion
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