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Nuclear Weapon Tests

Russia France China Total

Atmo-
spheric

Under-
ground

India (1974, 1998): 1 + 5  Pakistan (1998): ca. 6 North Korea (2006): 1
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Introduction / Overview
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Burst Types

e Air burst

e High-altitude burst (above 100,000 ft)
e Underwater burst

e Underground burst

e Surface burst

In the following: primary focus on (medium-altitude) air bursts
(fireball above surface, weak coupling into ground)




Effects of a Nuclear Explosion

Typical distribution of energy released

e Thermal radiation (including light) (35%)

e Blast (pressure shock wave) (50%)

e Nuclear radiation (prompt and delayed) (15%)




Effects of a Nuclear Explosion

Sequence of events, Part |

FIREBALL

starts to form in less than a millionth of a second after explosion
several tens of million of degrees: transformation of all matter into gas/plasma
thermal radiation as x-rays, absorbed by the surrounding atmosphere

for 1 Mt explosion : 440 ft in one millisecond, 5,700 ft in 10 seconds
after one minute: cooled, no longer visible radiation

Formation of the fireball triggers the destructive effects of the nuclear explosion




Trinity Test

July 16, 1945
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Effects of a Nuclear Explosion

Sequence of events, Part Il

RADIOACTIVE CLOUD

During expansion of the fireball, vaporized matter condenses to a cloud
containing solid particles of weapon debris

Fireball becomes doughnut-shaped, violent internal circulatory motion
Air is entrained from the bottom
“mushroom” cloud if dirt and debris sucked up from earth’s surface

(Source term for radioactive fallout)




UPDRAFT THROUGH
CENTER OF TOROQID

TOROIDAL CIRCULATION
OF HOT GASES

COOL AIR BEING DRAWN
UP INTO HOT CLOUD

Cutaway showing artist’s conception of toroidal circulation within the radioactive cloud
Source: Glasstone, Figure 2.07a
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Effects of a Nuclear Explosion

Sequence of events, Part Il

AIR BLAST / SHOCK WAVE

Pressure wave develops immediately after explosion
and moves outward from the fireball

After 10 seconds of 1 Mt explosion:
diameter of fireball: 5,700 ft, distance of shock front: 3 miles
Wave is reflected from surface, both waves merge to create “Mach wave”

THERMAL RADIATION

Reemitted radiation from the fireball (secondary thermal radiation)

Duration: about 10 seconds for 1 Mt explosion (99% of total thermal energy)




Heat and Shock Waves

(Film footage: Federal Civil Defense Administration, ca. 1955)




Effects of a Nuclear Explosion

Sequence of events, Part IV

INITIAL (PROMPT/DIRECT) NUCLEAR RADIATION

Defined as radiation releases within the first minute
mostly neutrons and gammas (directly from the explosion or from fission products)

DELAYED NUCLEAR RADIATION / FALLOUT

Origin: material lifted into the fireball right after the explosion
Mixed with radioactive residues of weapon (activated debris, fission products, ...)
Early and delayed fallout: Depending on height of burst, weather conditions, etc.




Air Blast
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Shock Wave and Winds Velocities

GROUND ZERO

Source: Glasstone, Figures 3.21 and 3.04, Table 3.07
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Peak overpressure

Max. wind velocity

100 psi

1400 mi/hr

50 psi

900 mi/hr

20 psi

500 mi/hr

10 psi

300 mi/hr

DISTANCE FROM EXPLOSION




Damage Characteristics for

Specific Overpressures

Representative data, e.g. from Physical Vulnerability Handbook

Damage Overpressure
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Percentages of Population Killed

(as a function of peak overpressure)

TO%

E0%

O safe

50% Oinjuries

B Fatalities
A40%

Percent of Population

30%

20%

10%

512 2-0 1-2
Overpressure Range (psi)

0%

Source: NRDC, The U.S. Nuclear War Plan: A Time for Change, 2001
Original source: OTA, The Effects of Nuclear War, 1979




HEIGHT OF BURST (FEET)
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Peak overpressures on the ground for a 1-kiloton burst (intermediate-pressure range)
Source: Glasstone, Figure 3.73b




Analysis of Attacks
on Hiroshima and Nagasaki

h= VY x hy

Calculated value of the Height of Burst (HOB) for 15 psi

m h = V15 x 670 ft ~ 1650 ft | 1640 ft
h = V22 x 670 ft ~ 1880 ft J| 1900 ft

Height of Burst at Hiroshima and Nagasaki chosen to maximize area
over which 15 psi or more occurs (1.1-1.3 miles in diameter)

(2.5x times more area destroyed compared to surface burst)
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Impact of Fizzle-Yield Explosion

(Area of complete destruction)
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Source: Ted Postol, MIT




Thermal Radiation
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Thermal Fluence and its Effects

3.07Y(kt)f T
R(miles)?

Glasstone, Equation 7.96.4

Q) (Cal/cm2> ~

Thermal partition f: about 0.35; Transmittance to target on the ground: Figure 7.98

Type of material Effect Q(min)

Glasstone, Tables 7.35 and 7.40



Mass Fires

Initial fires (started by the thermal radiation) combine and form “super fire”
Minimum thermal fluence required: about 10 cal/cm?

High velocity winds directed towards center of fire, “chimney effect”

Firestorm developed in Hiroshima about 20 minutes after explosion
Death caused by heat or suffocation
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Nuclear Radiation
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Effects of Acute Whole Body
Exposure to Radiation
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Initial Radiation

(Dose absorbed in the first minute after explosion)

Neutron and Tota: Radiation Doses from
1 Kiloton Gun Assembled Fission Weapon
and
1 Kiloton Enhanced Radiation Weapon

1000000 (500 Feet Height of Burst) 1000 rads for 20 kt explosion
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Fallout

Early fallout fraction for surface burst: 40-70% within one day

Fallout pattern is difficult to predict
Strongly depends on terrain and meteorological conditions

Fission products and other radioactive debris condense onto
solid and molten soil minerals (Particle size: 0.001-1 mm)




Methodology to Predict Fallout

(cf. Glasstone Figure 9.26, Figure 9.93, and Table 9.93)

Table 9.93

SCALING RELATIONSHIPS FOR UNIT-TIME REFERENCE DOSE-RATE CONTOURS
FOR A CONTACT SURFACE BURST WITH A YIELD OF W KILOTONS AND A 15 MPH
WIND

ENTRY TIME (DAYS AFTER EXPLOSION)
Reference Downwind

dose rate distance Maximum wi
(rads/hr) (statute miles) (statute milej

3,000 0.95 Woe 0.0076 Wo.
1,000 1.8 Whee 0.036 Wo
300 45 Wos 0.13 WoH
100 8.9 Wos 0.38 Wo4
30 16 Wo.ss 0.76 WoH
10 24 Wess 1.4 Wos

3 30 Wo.es 2.2 Wo.s

g 1 laald

l, DOWNWIND DISTA
JUND ZERO

UNIT - TIME DOSE RATE MULTIPLYING FACTOR

- |+ UPWIND ENTRY TIME (HOURS AFTER EXPLOSION)
DISTANCE

Figure 9.26. Curves for calculating accumulated radiation dose from early fallout based on
' unit-time reference dose rate.

Figure 9.93. lllustration of idealizET UT=IITE GOSE-THTE AT IO oo FOTTTO
surface burst. (The contour dimensions are indicated for a dose rate of |
rad/hr.)
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Total-dose contours from early fallout after a
surface burst with a total yield of 2 megatons and
1-megaton fission yield (15 mph effective wind
speed).

Source: Glasstone, Figure 9.86b

1000 rads (10 Gy):

Dose to (unprotected) humans at a distance of
30 miles from explosion (in the direction of wind)

Total area: about 200 square miles




EFFECTIVE ARRIVAL TIME (HOURS)
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Estimated local (integrated) dose contours in rads at 96 hours after the BRAVO (15 Mt) test explosion
Source: Glasstone, Figure 9.105
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\ , > 15 Megatons (BRAVO Test)
' 96 Hour Dose Contowrs
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Source: Ted Postol, lecture notes
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“Il1]t seems reasonable to assume that the destruction of,
say, 25 percent of its population (55 million people) and more
than two-thirds of its industrial capacity would mean the
destruction of the Soviet Union as a national society. Such a level
of destruction would certainly represent intolerable punishment
to any industrialized nation and thus should serve as an effective
deterrent.”

Secretary of Defense McNamara
November 21, 1962 memo to President Kennedy
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TABLE 5.7

NRDC “Assured Destructlon™ Calculations Using 1999 World Population Data

Country 1999 25% of the 1999 Number of 475kt Weapons
LandScan LandScan Required to Threaten
Population Papulation 25% of the Population

United States 258,833,000 64,708,250 124

Canada 28,402,320 7,100,580 11

United Kingdom nE,420,180 14,105,045 15

France 57,757,060 14,439 265 25

Germany 51,436,300 20,359,075 3

[taly 57,908,880 14,477,220 21

Spain 39,267,780 9,816,945 20

All NATO Member Countries? 754,933,329 185,730,000 300

Russia 151,827,600 37,956,300 Rl

China 1.2581,008,318 320,252,079 368

Morth Korea 22,034,950 5,508,747 4

Iran 64,193,450 16,048,263 10

Iraq 20,941,720 5,235,430 4

Syria 14,045,470 3,511,268 2

Libya 5,245,515 1,311,229 2

35



Conclusion / Epilogue
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“Duck and Cover”

Federal Civil Defense Administration, 1951




“The Day After”

ABC Television, November 1983

38



Y. - . 4 ' : HI . : . e VT ) : i T i A L e s to | TS
Ly ol & 20 TEpIF A K ot " ke LT ety My al R Y g ._,"51-'.-'- e O ¥ g : i N o -l 5 Py el e, ;_-f-.__" g ety T e i e S g

39



