NUCLEAR POWER AND NUCLEAR WEAPONS
A BEGINNER'S GUIDE -- IN PICTURES AND DIAGRAMS

PART 1: WHAT IS RADIATION? WHY IS IT DANGEROUS?
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In addition to creating tsunamis directly, earthquakes can also trigger under-
water landslides, which can create enormous local tsunamis hundreds of feet
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time that the original 50 horizontal casks are only designed to withstand 50 feet of submersion.
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The number; of protons (1 to 118) in the nucleus of an atom determines the
element. Isotopes ofithe same element have different numbers of neutrons
Solids Gases

in their nucleus. Only Hydrogen (H) can have zero neutrons, or. H can have
one or.two neutrons. When'it has one neutron/itiis called'Deuterium. With
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All radioactive isotopes are hazardous to humans and other living things.

Unstable (1.e., “radioactive”) elements such as U-235 and Pu-239 have many more neutrons than protons in
their nuclei. When their nucle1 are split (1.e., “fissioned”) by bombarding them with neutrons, most of their
“daughter” products are also unstable 1sotopes (1.e., they are also radioactive). The decay chain continues
down the periodic table to smaller and smaller elements until a stable element 1s reached. Each step releases
energy 1in the form of alpha or beta particles, gamma rays, and/or x-rays.

Through fission and/or activation (absorbing neutrons), nuclear bombs '
and nuclear power plants create thousands of previously non-existent
(on earth) radioactive 1sotopes with a wide variety of half-lives.
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“Spent” nuclear fuel is far more hazardous than “fresh” nuclear fuel.

Nuclear reactions release enormous amounts of energy, which can be used to produce heat or to see things that are otherwise
hidden or invisible. But radioactivity has a very dark side too, because all that energy is concentrated in a very small area. It can
break any chemical bond in any living creature on earth. Even the so-called “weak” nuclear reactions (such as a tritium atom decay)
is thousands of times stronger than any molecular bond. Radiation damages any living creature -- or any container you leave it in.
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Two radioactive fission fragments (lighter
elements), gamma rays, neutrinos, beta
particles, and more neutrons.
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of a nuclear fission event:
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Speed of chain reaction:
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(Unless there’s a meltdown)
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(and very, very rapid)
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A single neutron, generated by
nuclear fission, is absorbed by a U%33
atom. U%%8 is not fissionable, but it
can absorb a neutron.

Fission
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At first the atom becomes a U%3° H2, s Holum
isotope but soon it wil eject several e > ee '€
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beta particles. (This usually happens
over a couple of weeks.) In the
nucleus of the atom, two neutrons
become protons. The atom becomes
a Pu?® isotope, which *is*

fissionable.

.N Neutron

There’s division and confusion
about fission and fusion.

Both reactions generate heat, which
can be used to boil water, and both
produce radioactive waste.

Element 94: Plutonium

A Pu??? atom is much more
hazadous for several reasons. U238
has a half-life of ~4.468 billion
years. Pu?3? has a half-life of
~24.110 years: ~185,317 times
shorter! Pu?® is approximately that
much more hazardous than U238
from the radiation.

Additionally, a Pu?®® nucleus is
surrounded by a cloud of 94
electrons, and the outer shells
(the outermost electrons) wreak
havoc on surrounding atoms and
molecules.
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Graphics assembled and / or colorized by Ace Hoffman



MECHANISMS FOR RADIATION DAMAGE

Common threats to
metals in a nuclear
environment include
embrittilement, swelling
from void formation,
creep, phase transitions,
and swelling due to gas
bubbles.

Source: Stanford University report

“In the typical nuclear
environment, the average
energy of a neutron is about
2 MeV while the threshold
energy to displace an atom
from its lattice position in
metals is just 20-40 eV, this
means that about 50,000
atoms are displaced in a
typical collision.”

About 10% of these
displacements remain out of
position.

Swelled and damaged fuel pellets.
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One radiation-initiated (900°C HIP)
collision event can lead
to a cascade of
additional collision
events, leading to

La e embrittlement and
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Source: Stanford University report
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time scalet™~ 10?5 timescalet™~1s Source: Helmholtz Labs
length scale L~ 10° m length scale L~ 107 m

in FeCrAl
i e e e  a A

Alpha particles and beta particles are
highly charged, (+2 electron volts (eV)
for alpha, -1 eV for beta). These
particles do not need to collide with
other charged particles to knock them
out of their proper location -- they can
cause damage at a distance. Gamma
rays do not have a charge, but if they do
hit a nucleus or an electron, they are
also very damaging.

One alpha particle Sh
consists of two o
neutrons and two | 4 B
protons. It is about
8,000 times heavier
than one beta
particle. (A beta
particle at the same

Typical electron
positions around a
hydrogen nucleus.

This is a very high resolution
image of a human cell. Human
cells contain a curled-up strand of

scale would be DNA that would be about six feet LN AN TN,
SuEUEALELRLLE long if stretched out. Cells can be Photo:Lawrence Livermore Laboratory
period at the end of easily damaged by alpha or beta o

this sentence.) particles or gamma rays, leading Alphasaciatonseon

to cancer and other health effects. Plutonium in ape lung.



High-energy, high-speed emissions, such as alpha (0!) and beta (B) particles, -"';.p.._a particles v o | |Penetrating
neutrons, protons, x-rays and gamma (Y) rays, penetrate the human body and other || (hetium nuclei) ower of
things, causing biological, chemical, and /or physical damage. Energy of emissions hesaparelclas B I various
: : 5 i : : negative

is usually measured in megavolts (MeV). The biological half-life will be the same electrons) ~types of
for all 1sotopes of a substance but will not always be the same for all organs. In gammarays Y .1 ,-'-' adiation
any case, the biological half-life should be taken with a large “grain of salt” since D e AFER LT

some portion of any biological assault usually remains permanently in your body. o;"ALLZW.ﬁ*.',; A EVERAL

INCHES OF LEAD
(or several feet of
concrete and steel)

Short radiological half-lives have no biological half-life listed: The assumption is
. that they will probably decay internally before the body might expel them. %

([@8 Symbol #tomic weight gypission type [max. MeV] (2" type), half life / biological half-life (2™ component))
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PANCREAS —7

H3 B [0.02 MeV], 123y /

OVARIES

42 B[3.52 MeV] (¥), 12.36 h
Kr$s B [0.67 MeV] (7), 10.72y
Co% B [2.82 MeV] (7),S5.27 y
Cs!3 B [2.06 MeV] (V), 2.1y
Ll e vl i 1 30
Pu*'a [4. € BsY), 14.4y Yy
MUSCLE -7

K* B [3.52 MeV] (7),12.36 h
Cs'3 B [0.21 MeV], 2,300,000y /70d

J

ALY Pu*?¢a [5.15 MeV] (7),
(All reproductive organs are attacked by radiation. ‘
Many isotopes cross the placenta. Plutonium also
concentrates in the gonads. Radiation causes birth
defects, mutations and miscarriages in the first and / or
successive generations after exposure. A fetus is much
more vulnerable to radiation than an adult. Girls are
more vulnerable than boys. Women are more vulnerable
than men. Nevertheless, radiation “safety” standards
are based mainly on adult male resistance levels.
Cancers, leukemia, heart failure, amnesia, neuromuscular
diseases, and many other health effects may take years
to develop. There is no minimum dose; any dose can be
fatal and any dose causes some amount of damage. )

{“It is the ability of some radioisotopes to masquerade as
their close chemical cousins (e.g., strontium 90 as
calcium, radioactive iodine as natural iodine, cesium 137
as potassium), and thus be absorbed into the body, that
makes them particularly dangerous. The body has very
efficient mechanisms for capturing iodine and
concentrating it in the thyroid gland, for directing
calcium and other bone-seeking elements to the skeleton
and holding them there, and for concentrating other
elements at specific points. Consequently the full
destructive force of a radioactive material may focus on
a single organ.”

-- W. O. Caster, From Bomb to Man (Fallout, Basic Books, 1960, p 41)

Updated, enhanced, and colorized by Ace Hoffman (2008) May be freely copied www.acehoffman.org
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Hidden Effects of Radiation

Inflammation lonization Damage

Your body’s ability to repair itself is remarkable, but NOT One

i ' : : vigi . The electron
infinite. Your DNA is most vulnerable during cell division. B | ;—u ~, (iftacras 10/ :-v ., radioactive
Inflammation occurs when your body uses its white blood & = { = ‘ :t;,’,?,“;?,g ; decay can
cells and other tools to fight an invading organism or poison. Electronis { \ ! “ionizes .\ create
When a cut gets infected or inflamed it is easy to see the Knocked it with one thousands
A . away from / extra negative -

th | [ g f“ 1) f
effects, but when ionizing radiation damages your body, the g anging 0 charge. of “pairs” o
effect is not necessarily visible. A person receiving a fatal fc positive and

dose of radiation may feel nothing at the time and show no f l D. AFTER negative 10ns.

signs of distress for some period of time after the dosing. A Weanwhaile, \

& e . * These ions
So-called low levels of radiation also do the same kind of _ \ g::)gi:]“g ( G 5 can be very
damage, but not to a fatal degree. However, these doses Incoming ray ionized < ) d :

y or particle \ ith . b amaging
can cause premature aging, neuromuscular problems, aﬁ%‘l‘éﬂ?ﬁow%d — / by N to biological
cardiovascular problems, and many other diseases. is probably 0 positive +1 systems.

deflected. charge. j1mage based on: BS of A

Leftover / Recoil Damage

Tritium (H,) and other radioactive
Q-‘lsotopes also cause damage by the recoil
+'¢. of the remaining nucleus after a decay.
S »r ¢ ) «1,_%

Addltlonally, whatever the new element

& ~ 1s, 1t’s not the element that might have
LS T W e ‘*‘ been part of some complex protein

" ¥ molecule, for instance, or DNA, etc..

Catalytic Damage

/-\ . Many radioactive elements are

o b, 22 significant catalysts, as well as

F heavy metal hazards, in addition
to their radiological threat. The
nuclear process releases these
dangerous elements into the
environment where they have
been shown to mimic hormones
in mice, and to cause dozens of
serious aillments. Catalytic
effects of DU are considered one
possible factor in “Gulf War
Syndrome.”

sy - Tritium atoms masquerade as common
& hydrogen atoms, so they might be found ey i

- e eLeciron snelts oj a
ar}y.where In your bOd}’- When the . uranium atom hold 92
tritium atom decays, it becomes a helium  electrons, making U both
atom, which the body cannot use. ddapuve and desiruelive.

“Free Radical” Damage

*
7o
.

A “transcribing
T7 RNA polymerase
initiation complex”
(from LLNL)

Three ways A particularly damaging type of atom or
After a radioactive atom decays, it may to depict molecule is known as a free radical. A
or may not decay a second time, or more. the H,0 free radical has one or more unpaired
Each step releases ionizing energy of o Tas s electrons. Uranium has four unpaired
some sort. How an isotope decays, and electrons in its outer shells.

what it decays into, must be considered
when comparing dangers of various
radioactive exposures.

(O Decays by Alpha
() Decays by Beta
Stable

Image source: Atoms A- Z

Hot Particles

A single particle of Depleted Uranium one milligram Yl S . s
in size is very small. Many U.S. soldiers, enemy \ /N living cells because it is a strong oxidizer

combatants and civilians caught in the crossfire have ﬁng canhsuddenlty ;%pe?]‘ll‘.any\a‘f[gel(‘je in the
far more than that lodged in their bodies. Such ody when created by this method.

particles are known as “hot” particles and leave a BYStander EfoCt

path of destruction in their wake.
Despite DU’s long half-life of 4.5 billion years, and its When one cell in your body is damaged, the death or
altered behavior of that cell can cause other cells to

extremely high density, there are still enough atoms of : : : ] _
DU in one milligram (about 2,530,000,000,000,000,000) also fail. When mice were irradiated on just the lower
so that more than a million atoms will decay every day. ~ half of their bodies, they developed brain tumors.

oo o THERE ARE MANY OTHER HIDDEN AND SUBTLE EFFECTS OF RADIATION POISONING . . .

The free radical will find an atom which
holds its outermost electron less tightly,
and will grab that electron. Then that
atom will be “1onized,” and so on down
the ladder of energy levels, one atom

&) ionizing another, in a long sequence.
take several 5 ’ i

different paths... When tritium decays, the decayed atom

might have been part of a water molecule.
The left-over OH molecule is a free
radical and 1s particularly hazardous to

Written, designed, and colorized by Ace Hoffman May be freely copied www.acehoffman.org
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Units of Meas

Becquerels

A count of
decays

Grays
An energy
density

of all the apples

that hit the sl

in a given ull
time can be

or grays
(absorbe

d dose).

. it If you only talk about Becquerels (Bq),
joactivily chances are you’ll minimize other

people’s understanding of the dangers
from radiation. There’s a lot more to it...

. <
Sieverts <
A damage S
asse‘ssmem %
% TBq
s 104
=
:EO 103
102
101
100
The effe -
body, de 10~

the size, We1g

(One Terabecquerel is 1,000,000,000,000 (one trillion) decays per second)

Total Nuclear waste remains highly toxic for longer than
Cs137 recorded history. The proportions of the various
) ( radioactive isotopes change over time but it

remains extremely hazardous.

Also: Most uranium ore remains locked in
AM 241 =——— the ground, while radioactive waste is
often released into the environment.

Uranium ore equivalent to
one metric ton of fuel

speed of the apples. ‘_ 102

can be C

A hundred years frolm _
discharge, the waste will still
be hundreds of time's more
radioactive than uranium ore.

o o 000 | 100,000 1,000,000 10,000,000
Time after discharge from reactor (years)

Activity of high-level waste from one metric ton of spent nuclear fuel

[Source: IAEA 1992 - Radioactive Waste Management Image colorized and adapted by Ace Hoffman
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What energy/levellis'the emission? (Whatlis'its'wavelengthiz)
What is the electrical charge ofitheremission (Positive; Negative; or. Neutral?) et stands For “roerien Eomivslent in mars
Forparticles; how much'kinetic energy does it have? (Whatidoes it weighi?) S T = S0 e

What element released the emission;?
What element(s) does it decay to? (What is its entire decay chain?) 1 curie = 37,000,000,000 becquerel

Radiation Conversion Factors
1 rad = an absorbed dose of 0.01 joules (J) of energy

o . o , , , per Kilogram (kg) of tissue, or 100 erg per gram
What type ofifradiationiisiemitted? (Alpha; Beta, Gamma) X-ray, Neutron; etc.)?2 BREUBRIUIEIIE

1 gray (Gy)=100rad =1J/ kg
1 roentgen = 0.876 rads (in air)
1 rem = 1.07185 roentgen

1 sievert = 100 rem
1 becquerel = 1 disintegration per second
1 curie = 37,000,000,000 disintegrations per second

1 becquerel = 2.7E-11 curies

What molecules are each of those elements likely to combine with?2 1 becquerel = 27 picocuries

What is the element:s biological affinity2 (Do living things seek it out?)

Is the emission internal or external?

.-.and many more.-..

1 curie = 1,000,000,000,000 picocuries

1 picocurie = 0.037 disintegrations per second

1 microcurie = 37,000 disintegrations per second
1 megacurie = 1,000,000 curies

1 Kkilocurie = 1,000 curies
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et N inland by theltsunami that swashed up six years

" ~ oA deyvastated Japan and s after the Tohoku

Y ,1"“"15" inundated the Fukushima O :rthquake ard

Daiichi nuclear reactors.

San Onofre Nuclear Waste
Dump is also vulnerable.
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In addition to creating tsunamis directly, earthquakes can also trigger under-
water landslides, which can create enormous local tsunamis hundreds of feet
high. SoCalEd claims their dry casks can survive 125 feet™ of submersion, but

that might not be nearly enough.

* This figure applies only to the 73 Holtec casks. This author was told by the SCE spokesperson at the
time that the original 50 horizontal casks are only designed to withstand 50 feet of submersion.

The region’s most populous areas are crisscrossed by faults capable of delivering jolts of magnitudes equal to or
greater than the 1994 Northridge earthquake, which measured 6.7. Below, the latest fault map released by the

California Geological Survey is coupled with earthquake scientists’ estimates of the maximum magnitude of
potential quakes on those faults.

Less than 6.7 or unrated 671075 e 751080 e 804

Lancaster
-

NEWPORT-INGLEWOO
7.5TO 8.0

(10 X more powertful 2h Diego
than Northridge Quake)

20 MLES MEXICO

eporting by Dovo SMITH, THOMAS SUN LAUDER

| ' Scientists:
- Tidal wave

117 30°
hit county

CHRISTINA S. JOHNSON
STAFF WRITER

SAN ONOFRE

2 CAMP PEND

Researchers have found ge-
ologic evidence that suggests
a 70-foot tsunami once washed
over North County, raising sea
levels by more than 50 feet in

' some areas.

Geologist Gerry Kuhn of

Carlsbad says he holds the

oc E A |  smoking gun, a bizarre rock

| deposit he found in Aviara

Canyon — east of Interstate 5,

on the north side of Batiquitos
Lagoon in south Carlsbad.

CARLSBAD “ The rock festure located
ey b
CANYON : C i » WAVE, A-7
HOLOCENE 7 q ron i
FAULTING/ e app y 1999
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33 00"
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The ECCS at Monticello was
completely unavailable for the first few
decades! Fortunately, it wasn’t needed
in that time.

The Monticello ECCS was never tested
(no ECCS has ever been fully tested).
After several decades of plant
operation, the ECCS was finally
properly inspected. Massive baffles (to
prevent backflow) had been bolted shut
for transport from the manufacturer.
After installation, the bolts were
supposed to be removed, but they never
were!

Improper maintenance, lax
oversight, falsified records,
and lying to the public (and
even to the regulators) are
common occurances at every
nuclear power plant.

In normal businesses, these
would all be serious “red
flags.”

But in the nuclear industry,
it’s just how things are done.

The Emergency Core
Cooling System (ECCS)
at Diablo Canyon
hadn ’t been mspected

ppened

_g

Operating nuclear reactor licenses are being extended to 60, 80
and even 100 years or more, because building new reactors is too
expensive to be competitive with wind, solar, etc..

But the old reactors are full of rusted-out components and even
have components that have never been tested at full size!

No one knows if a nuclear reactor can survive an airplane strike
from a large jet aircraft intentionally flown into the reactor by a
crazed pilot or terrorist. It is considered a “beyond design basis”
event!

But in reality, everyone in the nuclear industry knows that no
reactor has EVER been designed to handle that!
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Withinuclear; energy ol ~ B Smokegetsinyoureyes:

Left: Plume from Sept. 2007 brush fire barely spreads as it travels over 200 km.

. n u cl e a r w e ap n s , m a c c1 d e nt across the Mojave Desert. Right: Plumes from Oct. 2007 fires drift out to sea.

Radioactive plumes are odorless, colorless, tasteless (except in very high doses)
but can cause permanent evacuations and latent cancers hundreds of miles away.

; YEAR 2000 ATTACK ON DISPERSED
|BEAEI9B§_ﬂED_EEEBQ£§§§L§§_Eg&ﬂI§
| 10-YEAR WASTE STORAGE

| DOSE RATE AFTER  MILLIROENTGEN
ﬂ ONE YEAR ~ PER HOUR

|
o 4 i SRR
2 100-1000
e 1000 +

h orth Lz
_;Vegas

s
R

If you live

anywhere near the

San Onofre

Nuclear Waste f
Dump and there is sl
a spent fuel fire or DIABLO CANYON NUCL::;M
other accident, you GENERATING STATION
will be in the path

of its poisons at

some point...

SAN ONOFRE NUCLEAR
GENERATING STATION

Photos by Ace Hoffman
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There are 1 77 tanks at-Hanford, con»talnlng various, texrc brews Ofliad Waste s
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“uctlon \in the 194
Some tanks are already Ieakmg radloactlve effluents m’?o the\groundw ler:
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Balt/more Tunnel fire (aka Howard
Street! Tunnel Fire, July, 2001)
reached an estimated 1800 °F: Hot
enough to burst a nuclear waste
sh/pp/ng canister. Peak temperatures
in.the Caldecott Tunnel fire (April,
B|1982) were estimated to be even
h/gher 2,000 °F.

reet Tunnel Fire |
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Investigators say pilots
tried to abort landing
at the very last moment

JASON DEAREN & JOAN LOWY
ASSOCIATED PRESS
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mistakes...

.r_..,

Sometimes costing their::
: ' SR Y
lives and/or costing other:

' .\whdmans theirlives.

ing that the jetliner could stall, and
they tried to abort the landing but
crashed barely a second later, the
head of the National Transporta-
tion Safety Board said Sunday.
The South Korean airline said
the pilot at the controls had little
experience flying that type of plane,
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gan piecing together what led to
the crash, San Mateo County Cor-
oner Robert Foucrault disclosed
that he was looking into the pos-
sibility that one of the two teenage
passengers who died Saturday
actually survived the crash but
was run over by a rescue vehicle

ber were critically injured.
Accident investigators are trying
to determine whether pilot error,
mechanical problems or something
else was to blame for the crash. At
a news conference, NTSB chief
Deborah Hersman disclosed the

Boeing 777 was traveling at speeds
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TIGER SEVERELY INJURES WORKER

Indiana woman bitten on head while cleaning exotic cat's cage

ASSOCIATED PRESS

believed to be life-threat-

ening.

CENTER POINT, IND.
A worker cleaning a cage

= 4 . -
/

A--A*: .P‘- “ﬂ"_“!jmf\ ':“

i "f-l.' 4 '3 "I |

)
1‘- el S, ‘f‘ 4 = |
» S Y m )
M a a3 ! 4

=

Dub was working at

the Exotic Feline Rescue

hold a bit, he sprayed it
with a water hose and the
tiger released Dub, Gambill

said.
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Both systems can generate plenty of electricity.

But one only costs a few hundred million
dollars to build, while the other costs dozens
of billions. One uses materials that can be —
recycled and used again. The other requires
armed guards starting before it Is even turne

on, and then leaves extremely hazardous
radioactive waste which must be isolated from
the environment for a quarter of a million
years (and no one knows how to do that).
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From Hiroshimato Lhree'MilelIsland to'Chernobyl'to 'Fukushima to..San Onofre? Many precise measurements'have already been made.::

Virtual Museum of Nuclear Events
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Virtual Museum ofi Nuclear Events

Desni i
spite decades of global opposition, money and power still make the wrong choice



There are many connections between nuclear waste from nuclear power plants and nuclear
weapons. Nuclear weapons are made from isotopes extracted from nuclear waste. And worse:
Nuclear weapons can vaporize nuclear waste, creating a global health catastrophe.
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Books on nuclear topics published from 19435 through 2008

(from the private collection of Ace Hoffman)
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