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Important Message
to My Readers

This book contains a general overview

radioactive materials and guideli
dealing with radiation inciden
not intended to take o
training, more th n r
departmen S.
. is book to brush up on the

t nt it with other resources for a more

siye understanding of the topic. Know who your
suﬁ atter experts are, and call them promptly when
you'need assistance with an incident.
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Chapter 1

Introduction to
Radiation

Why is it h

This chapt
b
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Radiation is a form of energy. Radiation
from both natural and manmade sources
is around us daily. Examples include:

e The sun and outer space
e Our planet (rocks, soil,
e Heat (infrared), visibl

ultraviolet lig
e Radio elevi
e Microw
. t

ucts (e.g., smoke detectors,

t;
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We're generally not concerned with nonionizing radiation,
such as produced by microwaves, radio frequencies
and light. That doesn’t mean one can’t
be harmed by getting too close to a
heat source, for example. But th
beyond the scope of this bo

)

The electromagneti
by nonionizi
energy th

t, light, sound, etc. But the energy isn’t
ange atoms structurally, as happens with

Introduction to Radiation ¢ 13
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Ionizing radiation produces enough energy to change the
structure of atoms struck by that energy.
Each atom has a us ( A

filled with neutr &
B P
th ese

aid to 1de in shells
d orbits or rings).
ectrons are electrically
géd, protons positively (+1) and
cctrons negatively (-1). Neutrons

have no electrical charge; they are
neutral.

Atomic Charges

14 ¢ Introduction to Radiation
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Atoms must have an equal number .
of protons and electrons to ensure lonizatig
a balance between positive and
negative charges—to ensure the
atom is electrically neutral. How

Introduction to Radiation ¢ 15
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There are five types of ionizing
(damaging) radiation:

Alpha particles

Beta particles
Gamma rays
X-rays

Neutron parti

fine e is‘Dook
pri n the ree—the ’Y
tr e most likely to
atla radiation incident. w

Alpha, Beta,
and Gamma

16 ¢ Introduction to Radiation
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Alpha particles are subatomic particles made of two
protons and two neutrons released from the nucle

couple inches in air. Alpha particles co
but have very low penetrating pow
They're stopped by shieldin
light as a sheet of paper

2 Protons + 2 Neutrons
Released from Nucleus

Introduction to Radiation ¢ 17
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An excess neutron in the nucleus can transform into a

proton and electron. The electron is then ejected eta
particle. These relatively small particles can t egeral
feet to several yards in air. They vary i &1 e

with the

2

Beta Particles

bsorbed, or injected into the body.
It takes heavier shielding, such as
aluminum, wood, or plastic, to stop
beta radiation.

18 e Introduction to Radiation
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Gamma rays are high-energy electromagnetic waves
generated in the nucleus of an atom. Gamma radj
travels at the speed of light and has strong pen
power, able to travel considerable dista
skin, PPE, or other objects.
Although gamma emitters
(radioisotopes that emit
radiation) can be i

Electromagnetic Waves
Released from Nucleus

Introduction to Radiation ¢ 19
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X-Rays

20 e Introduction to Radiation

X-rays originate in the electron
shells. X-rays are simil
gamma rays, but they
energetic and

€
v
de .
wer is ned off, the
-energized and no
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Neutron particles (neutrons released from the nucleus of
an atom) are larger than beta particles, but small

power and often causes more damage t
do other forms of ionizing radiati

Neutrons
Released from Nucleus

Introduction to Radiation ¢ 21
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Most radioactive materials give off two or three types of
radiation. The chart below shows a few example 4

Radionuclide |Alpha|Beta| Gamma

Americium-241 v v
Cesium-137
Cobalt-60
lodine-129
lodine-131

AN

AN NN
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Other terms categorize radioactive materials based on
form, use, or activity. The following pages provi
only generic descriptions. Various state and
federal regulations contain more speci
on which materials fall into each

Special form materia
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Special form materials typically contain
radioisotopes that emit a high level of
radioactivity. However, they are encapsulated
in durable containers of such high inte

that a breach is unlikely. The o
open the containers is to de ‘
The containers u 1 materials usually
i i st inders. The key to

e‘Tadioactive trefoil symbol

24 e Introduction to Radiation
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Low specific activity (LSA) materials
are those with a low level of specific
activity (rate of decay) or those in
which the radioactivity is uniformly

distributed throughout a large a
of a nonradioactive material (
earth, concrete, rubble, he
debris). Closely r g
i obje
nonradioac ateri
* al

B

inat radioactive
minimal risk to
¢ descriptions for LSA-I, LSA-II, LSA-III,
O-II materials are found in 10 CFR 71 .4.

Introduction to Radiation ¢ 25
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Nuclear power plants, hospitals, universities, and other
industries that use radioactive materials generate
contaminated waste. Low-level waste, such a
supplies, discarded protective equipmeniff¢!
and filters, emit only
small amounts of
radiation. These
items are not a
cause for a
but they m
& ac
tio
( waste
ong form of an LSA
ma
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Fuel rods—long tubes filled with ceramic pellets created
from uranium, a radioactive element abundant i

cycle. In a process called fission,
uranium atoms split and release

Introduction to Radiation ¢ 27
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Spent fuel—fuel rods removed '
from the reactor—is highly
radioactive because it contains
fission by-products created
in the nuclear reactor. Spent
fuel continues to lose ener
through radioactive dec
but it remains radi i

thousands ears.
te ma s from operations where spent
0 constitute high-level radioactive
evel'waste is transported in heavily shielded

fuel rods are also stored at most commercial
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Transuranic waste (TRU) is material (including protectlve
clothmg tools glassware and equlpment) conta

uranium on the periodic table of elemep
Most transuranic waste is no mo
radioactive than low-level w:
it remains radioactive fa

. mall percentage of transuranic waste,
“remote handled,” emits enough radiation that
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—— S —

Uranium mill tailings are radioactive
rock and soil by-products that result
from mining and milling uranium for
use in weapons and nuclear reactors.
When the naturally occurring ra
in these mill tailings decays, i
radon gas. Radon is h
atmosphere, but i
in high con od. It's the second
leadiica un, nited States today.

th
n radon from the natural decay of

uraniu oil and rock can enter and build up inside
ho& nd other buildings.
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Fissile materials (uranium-233, uranium-235, plutonium-
239, and plutonium-241), also known as special
materials, are of particular concern because thé
used to create an atomic

bomb. (Per 49 CFR 173.403,
the term fissile material
excludes some forms of
isotopes, but the
beyond the e o

Tight restri go
&ion eo il
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Radioactive elements are unstable
atoms. When atoms give off radioactivity,
they are throwing off excess energy
and/or particles to become stable, as
illustrated earlier in the chapter.
process is called radioactiv
disintegration.

While it is nd t th k to explain how this
complex pr WO ations that exist among
t ren i ials, the bottom line is that

st mselves to become stable.

-
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The names of radioactive elements
may be modified by a number, for

example, carbon-14 (**C) or cobalt-60
(°Co). The number indicates that
the element contains more neutr
than normal. The predomi
of carbon, for example,

“
Carbon-14
6 Protons
8 Neutrons

Introduction to Radiation ¢ 33

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Many elements with atomic numbers 84 (polonium) and
above may give off radioactivity in their natur

element
from
polonium
on (atomic
number 84
and above)

potentially
radi ive

The Periodic T:
& Elements

Alkali Metals
1

! Alkaline
Earth Metals.
2

R I e T

sctnin | o | et | v | wgnim | et | amoviom | i | oot | cotorim | cnsurion | pemion | viionr | otasen | tawcon
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Half-life is the measure of how long it takes for one half
of a radioactive material’s atoms to decay. Ha

mR/hr to 5 mR/hr as seen on a survey
of a radioisotope
is constant and
independent of the
sample size. As a
rule of thu

radioactive
d P&e

Radioactive Nu

Number of Half-Lives
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Half-lives can vary from less than a second to thousands
or millions of years. For example, carbon-14, t
used in carbon dating, has a half-life of 5730 y
Americium-241, used in ionization sm
half-life of 432.2 years. The half-li
treat thyroid cancer, is 8.04
radioisotope most widel
6 hours. The foll

Half-Life
Nickel-63 100 years
Radium-226 1599 years
Sulphur-35 87 days
Technetium-99 213,000 years
13 hours Uranium-235 704,000,000 years

36 ¢ Introduction to Radiation
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Half-life is significant in determining how long an area
must be sealed off and whether the incident can
to self-mitigate. If a material’s half-life is only a
or days, it may be best to simply seal of] site
hazard is no longer present. Conv e hal i ‘
several years, it will probabl ‘\

cleanup company to miti

Introduction to Radiation ¢ 37
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Half-life doesn’t mean that atoms disappear.
Rather, when a radioactive material decays,
it essentially “morphs” into something else

through a series of intermediate steps.
Every atom of the same ele c e
same number of proton on

are lost or gained d
atoms cha
to becomin,

s known as the “parent.” Other
in the decay chain are called “daughters.”

38 ¢ Introduction to Radiation
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Daughter products may have
different hazards and give off
different types of radiation than the
parent does. It's not a reason to be
afraid of radioactive materials, butgitsi
a compelling reason to seek a
from subject matter exp

ates the presence of beta
o own to emit beta radiation,
cting to emissions from a

Introduction to Radiation ¢ 39
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The term fission was introduced earlier in
the chapter, but let’s now take a closer

look at it. Fission is a process in which
a large nucleus splits into two smaller

been able to re-cr
purposes (t oduc

not—s&)ea
-

40 e Introduction to Radiation

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Fission occurs because of competing O
atomic forces. The nucleus of an atom
is held together by a strong attractive
force between protons and neutrons. ‘
However, among the positively c @
protons is a repulsive electr \
force (like repels like) th u i
the protons apartd fo O
neutrons— rt of )

*ion ’o:&\ ng electrostatic repulsion

T es the attractive force that
S

e nucleus together, and the nucleus
two smaller nuclei, where there is less internal
atic repulsion because there are fewer protons.

Introduction to Radiation ¢ 41
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Fusion is the opposite of fission—two
smaller nuclei combine to form one
larger one. It's the process responsible
for the energy output of our
sun and other stars in the
universe. Stars initially
consist of hydrogen (H)
helium (He). As
isotopes colli
form heliu
fi Vi

-
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Fusion doesn’t happen spontaneously on Earth because
the electrostatic repulsion between nuclei is too

However, scientists have been able to produce

reactions by squeezing nuclei so close e an \
that the attractive force between neut é
overcomes the normal electro

reaction behind thermo

¥
ombs).

Introduction to Radiation ¢ 43
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This book stresses the dangers of radiation, but radiation
has many beneficial uses. The following is a partia

Generate energy (nuclear power pl .
Diagnose and treat medical c
Sterilize medical equip
Kill bacteria and pre
Detect explosi
Inspect

aterials
in soil, asphalt, etc.
sing gas chromatographs

44 e Introduction to Radiation
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Chapter 2

Exposure Limits and
Units of Measure

Radiation is not
parts per million or

by volume as
Is.
i radioactive

ve ifferent.

Exposure Limits and Units of Measure ¢ 45
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We all receive a small amount of ionizing radiation
(average 360 mrem) every year, roughly 82% from

are defined on page 51.) The National
Protection and Measurement estime

46 ¢ Exposure Limits and Units of Measure
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The U.S. EPA has published recommended dose limits
for workers performing emergency services. D
to all workers during emergencies should, to th'
practicable, be limited to 5 rem. The c
situations for which higher doses
benefits outweigh the risks.
to save lives should be ¢ de

basis and only wi re of the
including t ealt th icipated doses.

it cti Condition
ptetecting valuable property lower dose
rem life saving or not practicable
> protecting large populations | voluntary basis, fully aware of risks

Exposure Limits and Units of Measure ¢ 47
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The EPA limits still leave a safety margin.
Although there may be some mild effects
with doses as low as 30 rems, most people
won’t develop “radiation sickness” at
less than 70 to 100 rems. Nonet
radiation exposures shoul
low as reasonably achi L S
known as the i rther,
the EPA rec kers
i reated

thesedimits have no value
derstand what they mean.

48 ¢ Exposure Limits and Units of Measure
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English units of radiation measure are used most often in
the United States:

Roentgen (R)
Rad (radiation absorbed dose
Rem (roentgen equivalent
Curie (Ci)
The Internatienal o
and siipp' ers
G
(
rél (Bq)

(
° E

is used on labels
ces internationally:

Exposure Limits and Units of Measure ¢ 49
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Roentgen (R) is the unit of measure that

identifies the amount of radiation (energy)
produced by gamma rays and x-rays. Itis
a measure of the exposure (dose) rate—t
ionization in air. Detectors comm
measure gamma radiation in
milliroentgens, or micro
(R/hr, mR/hr, or

entgen
Measures
Gamma and
X-Ray Radiation
(Energy) in Air
— Dose Rate

ion between time and
lained in more detail on

50 e Exposure Limits and Units of Measure
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Rad (radiation absorbed dose) describes
radiation energy absorbed by exposed

matter (living or not). The international
equivalent of rad is gray (Gy). Howeve
1 gray equals 100 rads.

Rem (roentgen equivale
millirem (mrem)
energy abso

Rem and Sievert
Measure Energy
Absorbed By
Living Tissue
(Dose) and Reflect
Biological Damage

Exposure Limits and Units of Measure ¢ 51
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Curies (Ci) measure activity (rate of decay). One curie
(Ci) is the quantity of radioactive isotope that pro
billion disintegrations per second (dps). For re
purposes, the DOT defines a radioactiv
material having a specific activi

Curie and
Becquerel
Measure
Activity
(Rate of
Decay)

is similar.
e di

52 e Exposure Limits and Units of Measure
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When comparing radioactive materials, the higher the
number of curies or becquerels, the more hazardo
isotope. However, curies and becquerels don’t
first responder about human exposure.
rad (gray), and rem (sievert) are
importance to emergency re

at
Importance to
mergency Responders

Exposure Limits and Units of Measure ¢ 53
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The following equation shows the approximate relation
between the five units of measure that are of mgs
importance to emergency responders.

)/

sievert)

¢reads 100 R/hr, you can expect
rems (1 Sv) if you remain in that

54 e Exposure Limits and Units of Measure
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In reality, the effective biological damage (measured in
rems or sieverts) is determined

by multiplying the number

of rads or grays by a quality R .
JSactor that varies with the type Qua

of radiation. This is becaus
some types of radiation
more harmful tha

s close enough for first
ee exposure levels cited in
ead of rems/sieverts, recognize that
matter experts may fine-tune to reflect
age based on type of radiation and how easily
ody organs absorb and are damaged by radiation.
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Understanding the relation between time and exposure
can help you stay within the EPA exposure limi
identified on page 47. For example, if you nee
someone who was trapped in a 50-R/h
could stay up to 30 minutes with
rem limit to save a life. Or
limiting each to 12 minu
at or below 10 re
Obviously, i

to havi SO

records.

Exposure: 25 rems | Exposure: 10 rems
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The Incident Stay Time Table below is one tool to help you
calculate how long you can safely remain in the hg

Dose Rate 5 rem

2 mR/hr 104 days
5 mR/hr
10 mR/hr

41.6 days
20.8 days
50 hours
10 hours 25 hours
30 minutes | 75 minutes
12 minutes | 30 minutes

6 minutes

‘ ) 3 minutes 6 minutes | 15 minutes

Exposure Limits and Units of Measure ¢ 57
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You can also calculate incident stay time with any of
the equations below. To understand where the “

EPA exposure limit (page 47). For exa
operations (25-rem limit), you can

protecting valuablg

property (1 m
11m1t), he c t Ef Meter Stay
i 0 Limit Constant  Reading Time
I 25 rems ... 1500 = R/hr Minutes
limit 10 rems .. 600 =+ R/hr Minutes
S 5rems .. 300 = R/hr Minutes

58 e Exposure Limits and Units of Measure
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The incident stay time table (page 57) and the equation
on the previous page can help you plan the work mi

radiation is present.

This includes incidents
where there has been
an explosion. Ele

dosimeters ippe
alarms are Se
7 f ma io
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The prefixes milli and micro (e.g., millirem and
microroentgen) were introduced earlier. Some of
prefixes you might see are shown below.

e oter

1/1,000
1/1,000,000
1/1,000,000,000
1/1,000,000,000,000

millionth
billionth
trillionth
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Familiar monetary units can help
you picture the relation between
these prefixes. This perspective is
helpful when sizing up an incident.
How do meter readings compare t

normal background levels? $

pages 153 through 155.)

they compare to t u $5

limits on p 10 mrem $10

valuable pr ) 25 mrem $25
&ves ufatively 1 rem $1,000

with 5 rem $5,000
10 rem $10,000
25 rem $25,000

Radiation in Perspective
m L

Courtesy: George D. Mosho,
Health Physics Society
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Some people use
hazard ladders for a
visual representation
of exposure values.
This one plots the “Radiati Pot
EPA recommended

exposure limits (page
47) relative to wh

100 rem

‘even)

40 rem (0.4 sievert)

ility of
Symptoms _|.[—L| 30 rem (0.3 sievert)
R
%ZQ#&T}VE; JJ—=L| 20 rem (0.2 sievert)
EPA Limit for ={-[—==>[ 10 rem (0.1 sievert)

Protecting

Valuable Property 0rem
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Chapter 3

Labels, Placards,
and Packages

Later in the book,
we’ll explore

monitiring.
y
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Three labels (Radioactive I, II, and III) reflect
the maximum potential radiation exposure
that a person could receive per hour in
close proximity to an intact package.
Materials labeled Radioactive I are
the least hazardous, while th
labeled Radioactive III

L %
. ,
hazardous. Labe a
two oppositegides o ge
a& effequired on vehicles
ng Radioactive III materials (those
t

emit the highest level of radiation) and
vehicles used for exclusive use shipments
(explained on page 71).
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The designation of Radioactive I, II, or III is based on
radiation level (dose rate) as measured both at t

are the maximum limits associated wit
maximum exposure rate one sho

Meter (3 Feet) from Package

None
1 mR/hr
10 mR/hr
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Labels also identify the radioisotope (contents) and its rate

of decay (activity). «
The contents are normally identified b A
may be identified by authorized s

e, b

s ad ( 60?
versus Cobalt-60). Low-speci ( )

may be identified with t ste actual
radionuclide.

se ecquerels).
: q [ X
uni as cdries) may be a
in following the
I
e

S
e
o) cases, the NG
. CONTENTS . Co
materials may ACTIVITY __0.2TBq

Activity is

66 e Labels, Placards, and Packages

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

The Radioactive II and III labels contain a transportation
index (TI). (The transportation index is also indi
shipping papers.) This number identifies the
radiation level (measured in mR/hr) at ter (

any surface of an undamaged pac

For example, if the tran at is
the radiation inte te eet)
should be . / ove

ing

CONTENTS _________________
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A placard on a square background means
the vehicle contains a highway route
controlled quantity (HRCQ) ... a high-level

radioactive material, such as spent fue
shipped along designated routes.

These designated routes err consist
of interstate high a ads areund cities.
They may i de a u lected by a state

or tribal in h affected state and

1 &e i fe otites are chosen based on an

i i such as accident rate, transit

nsity, activities/occupancies along the
day, and day of the week.
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A subsidiary corrosive
placard is required when
transporting 1001 pounds
or more gross weight of
fissile or low specific activity

uranium hexafluoride. }
e material’s UN
t er may be affixed next
c

t&t ard, but the UN number
not be used on the placard itself.
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Fissile labels may be affixed to packages
containing fissile materials, depending
on how they fall into the requirements
or exceptions under Title 49. The
criticality safety index (CSI) on the
is not a radiation measureme
it's a number used to li
containers containi

emptied as far as practical. It
s not mean that the container has been
cleaned and purged.
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When a package exceeds the Radioactive III limits identified
on page 65, it must be transported by exclusive
shipment. The following are some of the requi

e The package must be shlpped
(one used by a single con

rigte for safe handling
shipment.

Labels, Placards, and Packages ¢ 71

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Radlatlon limits are structured dlfferently for excluswe

above normal background levels.

Reading Location

In any normally occupied spac
Outer surface of vehicle
2 meters (6.6 feet) fr

00 mR/hr
10 mR/hr
200 mR/hr *

1000 mR/Hr (1 R/hr) **

ed to prevent movement during shipment, and (3)
ading or unloading operations between the beginning and
he transportation.
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Radioactive materials and wastes are placed in one of six
types of packages based on their level of radioacti
Each is explained in more detail on the followi

Package

Excepted
Industrial
Strong-Tight
Type A
Type
pe C

tivity, potentially life-threatening

radioactivity, the stronger the
e. Specific tests are used to determine
if ge design can withstand various transport and
accident conditions.
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Excepted packages are
used for materials with
extremely low levels of
radioactivity. The packages
range from fiberboard boxes to
sturdy wooden or steel crat S
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Industrial packages are used
to transport materials with low
levels of radioactivity (such as
uranium or thorium ores and
concentrates) that present a
limited hazard to the public a
the environment. The t

e as excepted packages
Must pass Type A free-fall and compression tests
Must pass all Type A tests for solid contents
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Strong-tight packages are used for certain low-level
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Type A packages are used to transport

relatively small quantities of radioactive

materials (such as radiopharmaceuticals and
low-level waste) with higher concentrati
of radioactivity than are allowed i
three previous packages. T
typically have three laye

from a variety of materials ranging
fiberboard to metal. Therefore, labels,
stencils, and shipping papers will provide
more reliable recognition clues.
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Type A packages are designed to protect and retain their
contents under normal transport conditions and i Aor
accidents. Although they may be breached un vere

accident conditions, their contents are ife-en f
To earn a Type A rating, the a, e
successfully pass four t t of e spelled

out in 49 CFR 17

Water s im g i @
fall ¢ A
in n) o
tibn ( a bar dropped onto the %
e @
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Type B packages, used to transport materials vmth the
highest level of radioactivity, are designed to prot
retain their contents in both normal and sever
conditions. They are more robust than Ap
and range from small drums
to heavily shielded steel cask
that can weigh more th
tons (89,000 kg).
materials tr;

}
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The tests for Type B package designs are more severe

71.73. They include:
e Free-fall drop

e Crush
e Puncture (from the p

dropped on
e Therma tual
im 1nge

-
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Type C packages, as defined by the International Atomic

plutonium). They are not authorized
for domestic use but are authoriz

significant
I le
i ringent than

t packages, simulating
the,stress’ a‘package might be subjected to if an aircraft
cra&.
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Type B and C packages are the only ones that contain
potentially life-endangering amounts of radioactiv:
materials. So just by knowing the type of pa
(usually identified on the

container and on shipping
papers), you can make

a quick estimate about
the degree of ris
by the material an

Industrial
Strong-Tight
Type A
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Radioactive materials are also “packaged” in a variety
of instruments that responders might encounter i
field. Examples include:

¢ Radiography cameras used to
in pipelines, boilers, and p

e Moisture density ga
that measure
ge
iles ers
tanks

gauges impractical
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Never rely solely on labels, placards, and packaging. For
transportation incidents, request shipping paper
the responsible party as soon as possible. Shi ers
provide more details about the hazardo ateri

|

also identify the shipper and provi eme
phone number(s). }

Mode Pa L‘ocation

ab (in easy reach of driver)
Engine or caboose (with conductor)
Holder on or near bridge

Cockpit (with pilot)
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Obtain material safety data sheets (MSDS) whenever
possible. MSDSs are required at fixed facilities, b :

Chemical and comm
Hazardous in
Physical amd c

h
H;iards exp

tions safe handling and use
and first aid procedures
facturer name, address, emergency phone number
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Signage (postings)

at fixed facilities CAUTION
differs from that in
transportation. You
may still see the labels
illustrated earlier on
individual packages, sonnel only.
but you will also

signs simil tho M
illustrated
- P
e
CONTAMINATED HIGH
&4 AREA g, 4| | RADIATION
a a

\ AREA
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The wording on facility signage (postings) reflects the
potential radiation exposure. (Source: 10 CFR 20

Facility Signage Potential Radi

Caution
Radiation Area

Caution or Danger
High Radiation Are

ads™ (5 grays®) in
at 1 meter (39.37 inches)

Airborne dusts, fumes, particulates,
mists, vapors or gases

Licensed material greater than 10 times
the licensing threshold for the radionuclide

* 10 CFR 20 switches to rads/grays when referring to very high doses received at high dose rates.
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Chapter 4 ‘
Health Effects
of Radiation
Exposure
Everything e
covered so ds
t lﬁ_‘es W
iati
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A person can be exposed
to radiation without bein

is when receivin,
Exposure t
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People can become internally contaminated
if radioactive materials enter the body through
inhalation, ingestion, or contamination of an

open wound. They can subsequently e
others nearby.

The body fluids (blood,
internally contamj
radioactive
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The speed with which initial signs and symptoms appear
increases with exposure level. Onset of nausea
vomiting—the earliest clinical signs of acute ra

also consider the
patients received a high
dose of radiation.
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Health effects vary depending on the type of
radiation, how much of the body was exposed,
the depth of penetration, the dosage received,
and whether the exposure is from a si

event or multiple events. (Multipl 0
increase the risk of cancer 0
ability to repair itself.) h S0
based on individ t

Th
ho

ut most people won't develop what is
“radiation sickness” at less than 70 to 100
(0.7 to 1.0 Sv).
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e Whole body exposures above 70 to 100 rems (0.7 to 1.0
Sv) may cause nausea and vomiting for 1 to 2 da
temporary drop in the production of new blo

e As the exposure increases, s
symptoms of radiation sic
include nausea, vomi ,
headache, an (o)
cause fe swe

enmiembe o 000 o
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Above 350 rems (3.5 Sv), the initial effects will be

within 2 to 3 weeks, patients will become si
experience infection, electrolyte imb
bleeding, cardiovascular probl

ation will die within 60 days
. However, all can survive with
r medical attention.
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e Above 1000 rems (10 Sv), the chances of survival drop
significantly, even with aggressive treatment.

e Patients exposed to 5000 rems
(50 Sv) will die within 48 hour:

There is no effective treat

such acute exposure e

is limited to ts
as p

1& grays instead of rems/sieverts
tieffects. At the first responder
tle difference. However, rads/grays is

reas rems/sieverts is “fine-tuned” to reflect
iological damage. (This is explained on page 55.)
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Aside from the radiation sickness
described over previous pages, ionizing
radiation can disrupt normal cell growth
and repair processes, resulting in an
increased risk of cancer—often consi
the primary health effect. Or
can cause changes in
that affect a deve
effects) or t
to child (m

ncer Agent
Present
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Partial body exposure results in
radiation burns that develop slowly, ~ 4
although patients may also experience
the early nausea and vomiting typical
of whole body exposures.
* Roughly 2 to 3 week T dy
10 Svj,

exposures of e to effects may
u

ems (25 Sv)—will

0 2 weeks.

s exceeding 3000 rems (30 Sv) may
ing ulcers or gangrene.

igh exposures manifest with tingling, pain,
ss, and swelling very soon after exposure.

A
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.

Chapter 5

Decontamination
and Patient Care
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Rescue is a higher priority than measuring

radiation levels. And by using time, distance,
and shielding to minimize exposure to
radiation, you should be able to safely
rescue without waiting for a haz
radiation experts.

a

nt
you to
r medical emergency,
e your own safety. Don’t go
it’s safe to do so. If patients can
o0 move to a safe refuge area. Otherwise,
can be rescued by appropriate personnel.

ig
hazards th sa
t
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Once patients have been thoroughly
decontaminated, they present no
risk of secondary contamination; thus
standard universal precautions
(barriers, handwashing, and precaati
to prevent injuries) are ade
However, if patie be
t t
)
. 1

decontami d, we ill protect against
tion) act with radioactive
lu g-sleeve uniform, gloves,

rotection, shoe covers, and a face

ter or equivalent).
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Serious medical problems take
precedence over radiation concerns,
such as monitoring and decon,
because radiation injuries are not
immediately life-threatening, whe
other injuries can be.

Nonetheless, us f patients are grossly
contaminat of secondary
EMS providers by

ver, remember that serious medical
e precedence.
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Remove contaminated clothing

as soon as practical. Doing so can
remove most of the contamination.
(Note: It may be sufficient to

remove just outer clothing. It’s
not necessary to compromise
patient’s modesty if only:
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Isolate contaminated clothing, shoes,
jewelry, and other personal items in

double plastic bags labeled with each
patient’s name and clearly marked
“Radioactive—Do Not Discard.” F

Warmng T t c

clothi
s unt

-
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Cleanse the skin with lukewarm
water or soap and water. Use low
water pressure and a gentle spray. If
contamination is minimal, cleansing
a mister, wet towel, or moist towe
may be preferable.

Decontaminate t
with eyes,
, Si
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Pay particular attention to areas

of the body where chemicals may
become trapped (e.g., hair, nostrils,
ears, nail beds, armpits, skin folds,
and private areas).
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If the eyes have become contaminated, flush o
the eyes with water or saline for at least EM EEPW-‘NSGHY
15 minutes. Use low water pressure to avoid AT .*-JN
further injuring the eyes. Flush from t
inside of the eyes toward the outsi
flushing material from one

patients to remov
it for them.

locatign. i if"'eyes open while you are
fl &

1)

-
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Use radiation

Front

(Note: The following
pages deal only with
patient monitoring.
General monitoring
information

is covered in
Chapter 7.)

-
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Hold the probe one half inch from the body. Alpha
particles, in particular, can’t be detected if you don!
hold the probe close enough. Be careful,
however, not to touch the probe to any
contaminated surface. If you con
the probe itself, you will
“detect” radiation every
place you monito
decontami
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Pay particular attention to areas where
contamination is most likely and areas
that provide a route of entry into the body:

e Head and face

¢ Hands and feet (includin e

e Open wounds

e Areas visibly ¢ i

Also pay at other
gher i uld be shielded

cti ¥Blood, water, and other
algo shield alpha particles from

de‘ictio
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Follow local protocols regarding the need
for decon (or additional decon) based on

contamination levels. In general, a person
is considered adequately decontaminat
if meter readings don’t exceed twi
background radiation levels
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Mass casualty incidents may require
modifying the decon procedures.
Start with patients who need immediate
medical attention. Direct others to a
safe area for further assessment.

Be efficient, or some pe a

elsewhere before th i ions. For

example, some inci o isk that it’s safe for

people to g e ra h ate local hospitals.
-deégon ort scene if appropriate.

ency decon will suffice. If using
onitor the entire body for residual
isn’t practical during mass decon, consider
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As indicated in the last chapter, signs and symptoms
of radiation exposure usually don’t appear for sev
hours. Sometimes it can be days or weeks, de
type, route, and amount of exposure. 3

assessment and emergency trea t ‘
first on other potentially m e i
Are patients suffering fr th

ivi

effects (e.g., toxici
associated with the
material? ati e
inj &lby t fi

i 0 ic

of|pati care don’t
adiation incident.
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Provide basic life support as needed:

Oxygen administration
Suctioning the airway

Artificial respiration

CPR

Control of external b

Treatment for
Treatme or ot j
Manitor vita

0 al facility J
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Provide advanced life support as

appropriate:

¢ (Cardiac monitoring

e Intubation

e Intravenous (IV) therapy

Other drugs based o se ‘ |
signs and s oc il
protocol :

-
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Specific treatment is best determined by doctors
specializing in radiation health effects. Medic
treatments available to cleanse the body
of radioactive materials have limited
application. For example, potassi
iodide (KI) can protect agains
thyroid cancer caused b
contamination wi
offers no pr tion

body aor ag the

€I
19
t

o)

-
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If for any reason you need to transport
contaminated patients, protect the
ambulance:

e Wrap patients in disposable bl
e Stow unneeded equipmen

compartment doors.
P i vith plastic.
te ipment afterwards.
b in‘service or release
1 they have been checked for

e decontaminated as necessary.
ass casualty incidents, it’s acceptable
ulances in service until all contaminated
ts have been transported.)
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Transport patients to a medical
facility capable of handling
radiation accident patients. Any
hospital should be able to provide
the necessary initial care. Howewv
hospitals vary in their abili

provide continued care f
ully decontaminated.

radiation sicknes
in how well ippe
handle pati ho n
ate e fagi ore transporting patients so

C
ica an prepare.
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Chapter 6

Time, Distance,
and Shielding

Effective use of ti
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The principles of time, distance, and shielding are

intended to prevent both internal and external ex

However, if you've had an internal exposure

radioactive materials (e.g., from inhal

or contamination of an open wou
exp

otope. Alpha
rs are the most
ecause alpha and
a‘particles can transfer ionizing
nergy to surrounding tissue,
damaging DNA or other cellular
material and leading to an increased
risk of cancer.
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Radiation doses are directly proportional to length of
exposure, so keep your exposure time to a mini

If you know the dose rate present (R/h
calculate how long you can safel i
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A good incident management strategy
can help you minimize exposure time:

e Establish clear objectives before
entering the hot zone, and cle
communicate the objectiv

S .
e Plan your activities c 11 c
completed as a s possibie.
. i ck time personnel
. e will be extended, rotate

e area to limit individual exposure.
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Limit patient care performed in the hot
zone to maintaining an open airway,
controlling profuse bleeding, and

immobilizing the cervical spine as
needed. Delay further care until
get to an area of relative saft
patients and responders
it's best to use a

e contaminated,
ed as soon as practical. (See
., serious medical concerns take
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Distance is generally a more important factor than time is

in controlling exposure. Whereas cutting exposur in
half cuts the dose in half, doubling your dist
the radioactive source reduces expo
known as the Inverse Square La

Distance from
Point Source

Dose Rate
(R/hr or mR/hr)
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Distance is also effective in reducing the type of
exposure. Alpha particles travel only a couple in

you have the contaminant on you or th
spread by wind, rain, or other for

Gamma Rays Travel Hundreds of Feet
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Use the current edition of the
Emergency Response Guidebook (ERG)
to determine appropriate isolation
and evacuation distances. Guides
161 through 165 in the ERG2004
recommend 75 feet (25 meter

initial isolation, 330 feet S
for downwind eva
spill, and 1
initial evac
Wmti ialj ved in a major fire.
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Use common sense when establishing isolation zones.

It's appropriate to err on the side of safety if you ure
of the risks. However, incidents involving dang levels
of radiation are rare, and releases are mo
under accident conditions, due to t pack . ‘
So, seldom is it necessary, fo t t

impact

freeway in both directio ntire
community.

({ A\‘”H\‘)

N> & ¥ N
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Appropriate shielding will help reduce your exposure.
The relatively large alpha particles are stopped b
as thin as a sheet of paper. It takes heavier sh
as a thick piece of aluminum or an inc
beta radiation. Gamma radiation j p
denser shielding, such as sev i

is required.

Sheet of Lead or
Aluminum  Concrete
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Although lead is the best shield against gamma rays
and x-rays, it is generally not practical for emerge
operations. However, you can improvise by ta
advantage of shielding available at th
example, position yourself behind

or hills when not directly inv i
Even when working in t ch from
behind vehicles v i

~ i ﬁ[=]13
w0
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Radiation can be directional, like the beam of a

flashlight. So if a package is breached but the radi
source is still contained within the package, ra
be projected in the direction of the bre
detected in another direction sho

ielded, radiation
radiates in all directions
(like light from a light bulb).

Properly shielded,
radiation becomes directional
(like the beam of a flashlight).
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Personal protective equipment (PPE) also
provides some shielding. Firefighters
should wear structural firefighting
clothing and SCBA to enter the hot
This provides full protection from
particles. It also protects a i
or ingestion of beta parti
some beta radiati
clothing, th

exposure p
fl ta

a flashlight will
will be less strong on
ctural firefighting clothing
against penetrating radiation
gamma rays and neutron particles.

t

willk not
su
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EMS personnel do not need special protective clothing
if patients have been thoroughly decontamina

protect against inhalati
and secondary co i
contact) wit
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Police officers and other personnel who

don’t enter the hot zone also need no special
protection clothing. However, anyone
who must handle contaminated
people or evidence should wear
a long-sleeve uniform, gloves,
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Finally, as with any hazardous material, do not eat, drink,
or smoke in the incident area. Wash hands thor
before eating, drinking, or smoking.

134 e« Time, Distance, and Shielding

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Chapter 7

Introduction to
Radiation Monitorin

to use your
ctors, refer to user \, y
that came with them.
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Most radiation meters used by emergency responders
fall into one of two categories. Survey meters m 4
radiation present (dose rate) when the measu t
is taken. Personal dosimeters measu cum
exposure (dose) received by perso W g ar
radiation. (Newer electronic c

eters Measure —>
Accumulated Exposure

ewer Electronic Dosimeters
«— Measure Both) —
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To provide an analogy, the survey meter is like a car
speedometer that identifies how fast you are drivj
given point in time. A dosimeter is like a trip
that tells you how far you have travele
began. (Electronic dosimeters cap

meters provide vital information needed by
rs at a radiation incident.

Introduction to Radiation Monitoring ¢ 137

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

There are two main types of
dosimeters. The first is a badge type,
the predominant technologies being
thermoluminescent dosimeters
(TLD) and film badges. These
dosimeters are used to create
exposure records for ra
workers. They m
provided to

at a radiati
t &)si
on‘ o
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ory (preferably the
they were obtained).
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Direct reading (self-reading) dosimeters allow response
personnel to monitor their own accumulated expo
during an incident rather than have to wait for
or to calculate approximate exposures on
meter readings and length of exp
measure accumulated expo
radiation. Pocket optic
chargers (left) are
(right) are a

dosimeters
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Pocket optical dosimeters measure accumulated
exposure in roentgens (R) or milliroentgens (mR).

horizontal scale. The

indicator can be viewed
through a lens at one
end of the dosimeter
when pointing it
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Electronic dosimeters measure accumulated exposure
in roentgens or milliroentgens. Some measure in

dosimeters. Some meas
dose (accumulate
and dose r
have
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Dosimeters are designed to be used by a single .

individual. Badge type dosimeters must not
3

be traded with other responders under any
circumstances. A direct reading dosim ay
be handed off to another respond ce
mission is complete and the e
been recorded.
rate ith\@ direct reading
e unless you are
cu téd exposure over multiple
i rd both the starting and ending

on an appropriate exposure log.

To ensure
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Prepare the dosimeter for use. Each
dosimeter is different, so it’s essential to be
familiar with the manufacturer’s instructions.
The following are only general remind

e Be sure the dosimeter ha

e
calibrated and is full T, ‘
fresh batterie ' ’
e Zero the ime
. i ete u ing as directed by the
us t e upper torso).

dosimeter to monitor your exposure
a radiation environment.
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An electronic dosimeter capable of measuring dose
rate (R/hr) has added value for emergency responders

user to higher-than-normal radiatio
incident, whether one suspects ragi
continuously and doesn’t re
to “operate” a meter the 0
deploy a survey

1, the point at which we’d normally
itial perimeter. (See pages 153 through 155
ation on background radiation.)
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Some electronic dosimeters can do double duty as
a survey meter. They can be used to verify reading

responders aren’t relying on a single in
If the incident extends over a lar;

survey meters, all
more areas simult

e in the hot zone while keeping survey
ontamination detection capability in the decon
isk patients and responders exiting the hot zone.
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Survey meters are no longer limited to the civil defense
meters that still dominate the field. The vast arr.
detection equipment is beyond the scope of thi

Instead, we’ll focus on some important iples &) ly
to survey meters in general. }
The most sophisticated ( e ‘ins S are
ra otopes ost agencies
e

capable of identifyi
i cqul .
ate i
ce nty or state
personnel from

won’t have e

adiological Assistance
ational Guard Civil
eams, or similar resources.
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Although survey meters can’t identify specific radioisotopes,
they will confirm that radiation is present and, subj o

some of the limitations highlighted in this chap i
indicate how much radiation is present

Measure s ui
estab o eb
0 eXpoSure, assess
P gr d locate sources of
ra n

T

on devices are
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Know the limitations of your equipment.
No meter can detect all types of radiation

effectively. Many meters are also limited
in the levels they can detect. For examp
the CD V-715 survey meter (top)
hlgh -level (>50 mR/hr) gam
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Understand how to adjust the equipment based on type
of radiation. For example, the probe of the CD V-
detects both gamma and beta radiation with th
and gamma only with the shield closed
such as the Ludlum unit below ri
gamma scintillator for area
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Understand the units of measure, and read the meter
correctly. One of the most common mistakes pe
is misinterpreting the reading. If you fail to re
meter correctly, you might either turn or p
a major incident or inadvertently our
other responders. Remember

1000 milliroentgens (m OO
(uR/hr).
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Know what scale you are reading. If your meter is set
to the x1 (times 1) scale, the exposure rate
is what you see on the meter. However,
if the selector switch is set to x0.1, x10
x100, or x1000, the meter readin,
be multiplied by 0.1, 10, 10
respectively. For examp
is reading 1.5 m
switch is se x10

y
S

&
&

1.5x 1000 = 1?00 mR/hr
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Many survey meters display results in counts per
minute (cpm). It takes a subject matter expert t
counts per minute into more familiar units of
So for practical purposes, consider cou
reference unit to identify Whether
is present. Some response fr
due to background radi
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Some background radiation is normal. It’s typicall

less than 0.05 mR/hr, but that can vary with ele 4
geology, etc. Knowing the normal background
your area can help you quickly determi
of a problem. If meter readings e
the normal background level
materials are present, a
(Consult with yo j
pre-determi

2x Background P

Possibility
of a Release

>
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If you've already recorded normal background
levels in your area (see next page), you'll be

ahead of the game. But one way or another,
once you've prepared your survey mete

use, you'll need to establish and d
the background radiation 1 ‘

)

ted relative to this
en made based on

nonimpacted area.
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Use this space to record normal background radiation
levels in your area. Don’t wait for an incident to

Location
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Because of the limitations inherent in the equipment,
it may be necessary to use more than one detect
Ideally, you should have the capability to
monitor for alpha, beta, and gamma radi

You must also be able to moni
and low levels of gamma
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Know how to improvise if you don t have a full range of

to fall back on while waiting for other r
with the right tools for the job.)

than one type of 1.
example, if

of detictin
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Prepare the meter for use. Each survey
meter is different, so it’s essential to be
familiar with the manufacturer’s instructions.
The following are only general remind

May not be printed in whole or in part.
N’T
e Attach and adjust the pro a
e Be sure the meter h en
i re tterie k -

e Verify th e selector switch is set
, the audio can be heard
esponse registers on the meter.

a
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If the meter is not intrinsically s“
monitor for flammable atmo e

before taking the surve ter i
hot zone.

When using meas q t
(e.g., to assess the t f
safe distan d sl lo
if pri lay i (o}
onders up e
r ults.
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When using contamination detection
equipment (e.g., to monitor patients),
keep the probe no more than
an inch (preferably half an

inch) from the surface. Move
the probe slowly (one to
two inches per second)
methodically. Ang
the instru
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Chapter 8

Radiation and
Terrorism

This chapter provij
brief overviewgof wa V]
which radi e m
eu

eve

-
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Approximately 70% of terrorist events
involve the use of conventional
explosives and improvised explosive
devices (IEDs). The components are
comparatively easy to obtain, ma
and deploy, and the effects
produce the desired res S
for most terrorist \ n
explore usi ther

destruction; eV c i
ibil ter t event
i ino radi erials.

162 e Radiation and Terrorism

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

This chapter briefly looks at several potential
scenarios:

¢ A hoax or threat, with no actual eve
Planting a radioactive source
intended targets

Dissemination with
Contaminatio

suppli
sportation vehicle
vice (IND)

, use of a dirty bomb, is the most likely
but the others are worth reviewing.
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Keep in mind as you read through these scenarios that
most of the radioactive sources a terrorist mi i

radiation. High-level radioactive sour
regulated and controlled in man

as much panic
y obtainable low-level

e materials (and less risk of
ng caught), most will take the path
least resistance.
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So many people are afraid of radiation
that a simple hoax might be

enough to terrorize a portion of the
population. For example, a damaged
box with a radiation label left in

significant concern unti
responders with T i
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Likewise, the mere threat of a terrorist
attack involving radioactive

Responders must
determine if
to prote i
ca ub

-
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Radioactive materials concealed
near intended targets could cause
victims to develop radiation sickness.
The source would irradiate (but
not contaminate) exposed person
until the radioactive material
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Dissemination of radioactive materials with a spra

device is another low-tech method that lacks the i
immediate, dramatic results some of the other
would produce. However, it contalns t
comphcatlons of delayed discove
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Contamination of food and water supplies
isn’t a scenario most experts talk about.
But if a religious cult can contaminate
salad bars with Salmonella (Oregon,
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A terrorist might use an ordinary explosive device to
damage a nuclear power plant, a nuclear stora,
facility, or a vehicle transporting nuclear m In
general, nuclear facilities are at less ris ause e
.1;

high-level radioactive materials inv ted,

shielded areas.
vehic are more

ack. However, other
e used to protect high-
ioactive materials in transit,
cluding heavy-duty packaging,
ng the shipment, devices that can
e transport vehicle in a hijack attempt, and
us satellite monitoring of the transport vehicle.

0
le

immobi
co
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Use of an improvised nuclear device (IND)—be it a
nuclear weapon obtained from a nuclear State or 2

because of the extreme
acquiring a fully f;
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Use of a radiological dispersal device (RDD)—a “dirt
bomb”—is the most likely scenario. A conventio ‘

heat). Some radioactive
is likely near the i
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An RDD, or dirty bomb, is far less
powerful than a nuclear weapon
or nuclear bomb. Dispersion of
radioactive materials would be
limited to a few blocks or a few
miles, depending on the siz
of the bomb, the radiois
involved, and loc i
such as we

And iiwill
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The tremendous heat generated by an
explosion from an RDD or IND causes
an updraft that draws dirt particles

and other debris into the air. The dirt
and debris can become coated wit
the radioactive materials.
contaminated dirt and d

fall back to earth,
radioactive_fallout. m
with RD pa

€ € ND
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RDD and IND incidents require
precautions not routinely practiced at
ordinary explosives incidents. Precautions \

include, but are not limited to:

o cl

. .

e Wear pe radiation detectors
or contamination.

those individuals as soon as possible.
consuming potentially contaminated food or water.
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The Department of Homeland Security highlights five
major differences between RDD or IND inciden
nuclear power plant accidents. These presen
challenges for emergency responders

ificant
e An IND incident is likely t ‘
radiation levels and 1 da n a
ere pr ion and
i t. incidents won’t be

ying the material and its ‘ ‘
azards, ereas that information is part ?
uclear power plant’s emergency plan.
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e An RDD or IND incident will likely have
no warning and involve a release of
short duration, whereas a nuclear QE

power plant accident is more likely
involve a protracted release pr: d
by enough warning to begi
the public.
i e li t
iti str , many nuclear facilities
or areas to reduce the risk to

, and property.

populations or

rist targets are likely to be less prepared than
ar facilities and surrounding communities.
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A nuclear power plant accident, as described in the next
chapter, doesn’t produce that “mushroom cloud”
radioactive fallout associated with a nuclear bl
one considers fallout and all the other
on the previous pages, it’s easy to
have a far greater potenti
nuclear power plant acci

178 e Radiation and Terrorism

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.
May not be printed in whole or in part.

Chapter 9 ‘
Nuclear Power \ ‘
Plant Accidents
The worst-case sc i
at a nuclear power
plant is on lvin
se n
origi i
d
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While the idea of a catastrophic nuclear power plant
accident is frightening, such a scenario is unlikel

after the worst nuclear power plant acci
(Three Mile Island, Pennsylvania,
March 28, 1979).

Most accidents
release of radi
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The first line of defense are
the fuel rods themselves.
About 99% of the fission
products remain trapped
in the ceramic pellets of

a fuel rod. The remainder
is contained within the
cladding (the out

| Fuel Pellet
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Within the reactor vessel are several
redundant cooling systems designed to
prevent overheating under normal and severe
accident conditions. It would require a
of all these systems to generate a

re

o T
severe damage to the reactor }
Should the fuel c to sel, an
all other re e il, there’s
a thaba i uilding

c cte einforced concrete
eet

-
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The containment building is designed to withstand not
only a severe power plant accident, but also eart
hurricanes, tornadoes, airplane crashes, and o
foreseeable disasters.

S,

\)

e only a
released, despite severe
coolant system.

The effectiveness of contain i asil
i cidi
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Redundant monitoring and alarm systems guarantee
that most foreseeable accidents would be prec
enough warning to notify the public and provi
action instructions.

Although emergency plans fo
will vary based on the ci S d
local conditions, ide uld
i t pr va ion
to e
i irecti

d up to 10
wind. Others
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A radioactive plume is similar to any airborne
cloud of hazardous materials, except that
the gases, vapors, and/or particles are
radioactive rather than flammable,

corrosive, etc. Potential health
effects were covered in Chapt
Appropriate protective a
prevent inhalatio

contaminatiom of on ing.
S ﬂld 1 ci& ed to perform subsequent
i d ifffadioactive materials have been
thefground, where they can present further
. oDy

being consumed after entering the food
grazing animals or plant uptake.
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Nuclear power plants and
surrounding communities are
required to have emergency
plans and regular drills. If
you live or work near a nuclear
power plant, you should be

book is a valuabl
but it’s not
familiar wi
|Y pa

-
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Chapter 10

Radiation Incident
Management

This final chapter
brief summ
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Look for clues that hazardous materials
may be present. Remember, radiation

cannot be seen, smelled, tasted, heard, or
felt. So you become more dependent og
other clues:

Occupancies or locati
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Call for trained personnel. The first of
what may be several phone calls should be
to 911 (or the appropriate number in your

name and the phone number you are calling from
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Make a safe approach.

e Approach from upwind,
uphill, and upstream.

¢ Do not drive through
spills or clouds.

e Maintain a safe dista

e Park vehicles fi

escape.
e Avgid b ot y vehicles.
o &Iert s okc al or terrorist activity,
i in ibility of secondary events or devices.

-
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Provide a report on conditions as soon as
possible. Speak clearly and distinctly, and
include the following information:
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Assume command using the incident

command system (ICS). Effective use of the
incident command system goes a long way to
reducing chaos and making the incide
more smoothly.

e Formally assume co
Establish a co

clearly marked and that
onfusion.
il relieved by a higher authority.
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Establish an initial isolation zone

(perimeter). This step is often referred
to as isolate and deny entry. The initial
perimeter should be set up where radi
levels are at or below 2 mR/hr.

If you can’t determine a
use the current edi

Guideboolk .
in the ERG owing minimum initial

s) - isolation of spill or leak

0 meters) - downwind evacuation for large spill
feet (300 meters) - evacuation for large fire
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If radiation is not the primary hazard,
adjust the isolation distances on the
previous page. Remember, this book
focuses on radiation, but there can be
many hazards, chemical and othegwi
at a hazmat incident. Or the
multiple products involv

If you have ito
oxygen met om indicators, etc.), use these
t det es. Use the Emergency

Gui ove all, use common sense, and

ubt, on the side of safety.
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Assist in setting up control zones as appropriate.
Control zones should be established based on tec

usually determined by hazmat teams,
can assist once the appropriate di

a. Requires use of proper PPE once
aminated people or equipment enter zone.

Clean area for command and support functions.
Special PPE is not required.
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Shown below is a generic control zone layout that can be
modified to meet the needs of the incident.

Hot Zone Warm Zone Cold Zone

Contamination
A‘A Area A‘A

and Other
Support Personnel

Treatment
caime / Safe Area

Area , for the Public
and the Media

ernate
mergency) Exit

!

Wind Direction ;
B S —

ration Not to Scale
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Make mandatory notifications if the incident
involves a reportable quantity of the material

and if the responsible party has not yet done
so. Reporting requirements and resour; ary
from state to state, but they gener. in
the four levels below. These

Phone Number

911 or

w (800) 424-8802
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Use this space to list other important resources you can
call for assistance with radiation incidents.

Name/Agency

CHEMTREC

>~
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A transportation incident (including loading,
unloading, and temporary storage) is reportable 4
if there’s a fire, breakage, spillage, or suspe
contamination involving radioactive rial \
if any of the following occurs as a dimect tof a

hazardous material:

e Someone is ki es jury réquiring

. or one hour or more
j ery or facility is closed or shut
fi

Se* R 171.15 for complete requirements.
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If in doubt about the reporting requirements
(or anything else about handling the
incident), consider calling your state or

local radiation officer for guidance.

Reporting requirements for r. it

differ slightly from thos ot at

incidents. Repo adionuelides are

ie
ity (m c r becquerels), not
LIt report the loss, theft,
jon radionuclides, because of

Ds. Other reporting requirements
ure levels, contamination levels, how
ight be restricted due to contamination, or
equipment designed to prevent a release.
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Size up the incident from a safe
location to determine the magnitude
of the problem in terms of potential
outcomes. Your size-up should includ
an assessment of:

=4 o VAN
e Hazardous material 0 i
and amount)
. on S can affect the risks
e

andle the incident
ndary contamination to patients

patients and need for decon and medical care
of criminal or terrorist activity
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Correctly identify the product. Your safety
depends on it. Something as simple as a

spelling error can send you in the wrong
direction and endanger everyone involv,
Pay particular attention to the foll

9

btdined from labels, MSDSs,
ever, it may be necessary to

e Name (correct spelli
Form (solid, li

s, CHEMTREC, or other resources.
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Use at least three information sources for
product identification and hazard assessment. If
you find conflicting information, check additio
reference sources. When in doubt, ass
the worst and err on the side of s
specific radioisotope is not
in a terrorist event), foll
for dealing with r i . Isot

atter experts later.

sive. These hazards must also be considered
ning your response.
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Predict the behavior of the material and

its container based on information from the
Emergency Response Guidebook, MSDSs,
shipping papers, and input from the shj
manufacturer, facility personnel,

otential (short-term to long-term)
and physical hazards
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Estimate the potential harm to the best of
your ability. Evaluate the following:

e Size of the endangered area
e Quantity of material already r
concentrations in the en
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Determine your response objectives (strategy). First
responders, by definition, are limited to defensive

Actions

Noninterventio
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Plan your initial response within the capabilities and
competencies of available personnel, PPE, and co
equipment. Document your plan.

e Establish roles and responsibiliti
e Determine what PPE is ne

e Determine if there is
involved and
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Conduct a safety briefing. Make sure all personnel
understand the objective and their responsibilitie
minimum, the briefing should cover:

Preliminary evaluation of the i
All identified risks (chemi
Site description, incl

for preserving evidence
ther pertinent information

g
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Implement the planned response

to favorably change the outcomes
consistent with your local emergency
response plan and your agency’s SOPs.

e Maintain scene control b
control zones, perfor e

decon as need t
i mu
. stem (ICS).
ive easures identified in your
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Fires involving radioactive materials were not
addressed in previous chapters, so let’s look at
them in the context of incident management.

According to the 2004 Emergency Resp
Guidebook:

¢ Fire control is a high
measuring radi
Radioactiwi

properti
o
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General guidelines for dealing with fires involving
radioactive materials include:

e Move undamaged packages away
from the fire if you can do so s
Do not move damaged p

uréstate or local radiological officer or health
for assistance.
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Implement protective actions as needed. Guldes
161 through 165 in the ERG2004 recommend a
downwind evacuation distance of 330 feet (100

large spills and an initial evacuation d1 e
(300 meters) in all directions for a
additional protective actions

Evacuation 1s bes

1gh the
equately
ctlon (shelter-

d when the risks are
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The U.S. EPA Manual of Protective Action Guides and
Protective Actions for Nuclear Incidents (also kno

actions as summarized below. These gui
referred to as PAGs) are nonregul

approximate levels at which_t 0

Justified, but they give e en

to weigh this agai e

hazards, u o incident, potential
-ter

for lo
c inat i Protective Action Guide

emergency | 5 rem (except where unavoidable)
worker exposure| *** See page 47 for more info ***

prqtecti shelter or 1 to 5 rems projected dose
act . evacuate public | (should normally begin at 1 rem)
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Decontaminate people and equipment
as needed. As indicated in Chapter 5, EMERGENCY
serious medical problems take precedence
over radiation concerns such as monitqi

at cannot be adequately decontaminated.
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Evaluate your progress throughout
the incident to make sure your efforts
are successful and that everyone is
operating safely.

If there is nothing you can d
the incident and it looks
may deteriorate, i

o .
intensified, omif the be
unsafe, pul an
si . e te"appear foolish for retreating.
ri tect yourself and other people

18}
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Preserve evidence as much as possible to

the extent that it does not hamper emergency
operations. Preservation of evidence is vital
where criminal activities are suspected
can be just as important in accid e

e Secure and isolate a nc ()ted.
e Touch as httle distur e scene
ur safety, treat the

rescérveTioles or other evidence on the clothing.
&3 sible, take photographs before moving anything.
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Collect evidence as appropriate. Ideally,

evidence collection should be done by people
with special training. Evidence can easily
be contaminated or rendered inadmissi
court if not handled properly.

Wear proper PPE to

espond with your log.
evidence collection containers.
ain an unbroken chain of custody.
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Facilitate cleanup and disposal.
Anything from the incident that
must be disposed of, whether it be
the spilled material itself or anything
contaminated by the material, sh

must be disposed
with all applieable
local laws.
d ali

-

218 e Radiation Incident Management

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Properly terminate the incident to ensure the safety
of response personnel, to facilitate transition fro

and to identify lessons learned that ma;
benefit emergency responders at fi

P

incidents. Terminating the i
generally involves three 0 :
. i .. or
eaving the scene

... recommendations for improving the
gency response system
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Document the incident. Failure to

document properly is one of the most

common causes for an OSHA citation.

Documentation may include, but is no

limited to:

* Your incident action ‘
(or site safety

Names, tact , cident roles and

respons i € ersonnel
ies S hipping papers

i eo, etc.
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Appendix

e Acronyms and

Abbreviations
Index
Bibliog

A*ltt
Other B
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Acronyms and Abbreviations

ACGIH American Conference of Governmental Indu Y, '!nists
ATHA American Industrial Hygiene Associati x
ALARA As Low As Reasonably Achievable

CD Civil Defense ‘

CFR Code of Federal Regul

CHEMTREC Chemical Tran tio T y
CsI e

CSTI i i rai nstitute
DOE

DOT t

EP‘

onhse Guidebook
of the Emergency Response Guidebook
Route Controlled Quantity

ernational Atomic Energy Agency
ICS Incident Command System
IDL Immediately Dangerous to Life and Health
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Acronyms and Abbreviations (contln d)

IND Improvised Nuclear Device

Lethal Concentration
Lethal Dose
Lower Explosive Limit
Local Emergency Plan
Level of Concer
Material
i nal Safety and Health
i Administration

Equipment

sorbed Dose

tgen Equivalent Man

diation Dispersal Device (Dirty Bomb)
Thermoluminescent Dosimeter
Weapons of Mass Destruction
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