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Elements

 The number of protons in the nucleus
determines the element

 If the number of protons changes, the
element changes

()

hydrogen

helium

lithium
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~ome Nuclear Reactions

Feaction Measured O (Me) Feaction Measured O (Me')
‘Hinvy)°H 6257 +/- 0004 ° Be(p,a)Li 2.132 +/- 0.006
“‘Hid,p)°H 4032 +/- 0004 '""Bina) ‘Li 2793 +/- 0.003

“Lilp,a)® 4016 +/- 0005 '""Bip.«) '‘Be 1.148 +/- 0.003
“Lild,p) 'Li 5020 +/- 0006 '’C(n)'3C 49048 +/- 0.004
Li (p,n) ‘Be -1.645 +/- 0.001  "*cipn)'®N -3003 +/- 0.002

Li (p,x)™He 17.337 +/- 0007 *'*Nipn)'*C -0627 +/- 0.001
“Beln,y)'"Be 6310 +/- 0006 '"*Ninv)'°N 10833 +/- 0007
Be (yv,ni®Be -1666 +/- 0002  "0ipn)'®F -2453 +/- 0002
‘Be (dp)'"Be 4585 +/- 0005 | Fip,a)'0 8124 +/- 0.007

The muclear reaction in the attmosphere which produces carbon- 14 for
radioccarbon datings.
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Another way to write a nuclear reaction:

on’ + H? He +y

neutron + deuterium  tritium + gamma

N|58 + n1 — C058m+ H1 — C058 + Y

Neutron activation reaction
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Isotopes

* |Isotopes - atoms of the same element which
have the same number of protons, but a
different number of neutrons

* |sotopes have the same chemical properties;
however, the nuclear properties can be quite

different

Hydrogen Hydrogen Hydrogen
(protium) (deuterium) (tritium)
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Stable vs. Unstable Atoms

If there are too many or too few neutrons for a
given number of protons, the nucleus will not

be stable
Hydrogen Hydrogen
(protium) (tritium)
STABLE UNSTABLE

"Non-Radioactive" "Radioactive”
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lonization

The process of removing electrons from

neutral atoms

Free ejected
electron
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Radiation

 Energy released from unstable atoms and
some devices in the form of rays or
particles

« Can be either ionizing or non-ionizing

ENERGY

RADIATION

UNSTABLE

ATOM 5

PARTICLE
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Uranium-235 Fission

Fission yields

An example of one of the many fragments of

reactions in the uranium-235 Gk Kr A intermediate
fission process. 36 —~ Mass, an averag
o0 of 2.4 neutrons,

[»+) and average

(]

AL T T energy about
N 215 Mev.
n
oQ—
%‘\gamma
ray
n# Impact by -
slow neutron 144
with energy compound .. Ba O
on order of nucleus is ¥ Meutrons can
an eV. unstable, initiate a chain

ascillates. reaction.



Uranium-233 Fission Example
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Uranium-235 Chain Reaction

It an least one neutron from
TJ-255 fHssion strilces another
micleus and causes it to
fzzion, then the chaimn
reaction will contitmie. If the
reaction will sustaun itself 1t 15
said to be "critical", and the
mass of TT-225 recquired to
produced the critical
conditton 15 said to be a
"crifical mass". A critical
cham reaction can be
achieved at low
concentrations of TT-235 1
the neutrons from fssion are
moderated to lower thew
speed, sihce the probabaity
for fission wath slow neutrons
15 greater.

A fsston chain reaction produces intermediate mass
fragments which are highly radicactive and produce
turther energy by thew radicactive decay. Zome of
them produce neutrons, called delaved neutrons, which
contribute to the fizsion chain reaction.




lonizing Radiation

 Radiation that possesses enough energy
to cause ionization in the atoms with
which it interacts

« Released from unstable atoms and some
devices in the form of rays or particles

- alpha O

- beta B

- gammal/x-ray Y
- neutron yn!
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URAHIUA 238 (238>
RADIDOACTIVE DECAY

type of
radiation

¥

res Ry

D-0O-0-0-8- 98

g = ™

2= =

nuclide

uranium-238

thorium-234

protactinium-23<4m

uranium-234

thorium-230

radium-226
radon-222
polonium-218
lead-214
Bismuth-214
polonium-214
lead-210
bBismuth-210

polonium-210

lead-206

half-life

447 billion years

24.1 days

117 minutes

245000 years

2000 years

1600 years
2.822 days
3.05 minutes
26.8 minutes

19.7 minutes

a.no0ied seconds

22.3 years

5.01 days
128.4 days

stable



Radioactive Half-Life

The time it takes for one half of the
radioactive atoms present to decay

Decay rate of raaa'rc}.ﬁ-atrwty :‘*.Fmr' tan han'F Frvaﬁ the level of r‘&dmtrﬁﬂ is reduvced to one thwgandth

o e —— e e e s

_ BB

Titne: One half life  two three  four Ave Six seven  eight nine
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Derivation of the Radioactive
Decay Law

 Define

Activity = Rate of Decay = A

dN (t Where N(t) is the
A= ( ) oC N(t) number of radioactive
dt nucle1 present at time t

A = Radiwoactiv e Decay Constant

AN® oy
- o N =N

* Why do we have a minus sign in the formula?
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Activity (Continued)

A= dljt(t) o N(t) = -AN(0)
A= _ 5N
dt
N(t) t
ANO® _ = N - de = j dN = [ dt
N(b) N O
In N =M= N —e M= N(t) =Noe ™
No No
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Relationship Between Activity and Mass

(]112)(6.02)(1023)( " j

at.wit
A =
t1/2
« A = activity in Bq (sec?
 t,, = half-life in seconds A= dN(H = -AN(1)
* M = mass in grams dt

« at.wt = gram atomic weight

« 6.20 x 1023 is Avogadro’s number: the number of atoms
In one gram atomic weight
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Units of Activity

« Curie
— The traditional unit of activity
— 1 Ci=3.7x10"%disintegrations/second
— Based on the disintegration rate of 1 gm of Ra-226

 Becquerel
— Sl Unit
— 1Bq=1dis/sec
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Half-life

 Half Life Definition

= The average amount of time required for the sample

size or activity t o decrease to 1/2 of its mitial amount.

» Derivation => initial conditions: N(t) = N, . =t
p 0
I\;O =N e = % =e 2 = —In(2) = -At,,
In(2) 0.693 0.693
A= _( ) — :> Ly =
t1/2 t1/2 7\“
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Alpha Radiation (o)

o Particle, Large Mass,

Characteristics +2 Charge

Very Short

Range 1-2”in air

Shieldin Paper
g Outer layer of skin

Hazards
Sources
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Beta Radiation ([3)

Particle, Small Mass,

Characteristics 1 Charge

Range 12ft / MeV in air
Shielding ' Particle __
Hazards

Sources

Paper Aluminum
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Gamma Rays (y) and X-Rays

o No mass, no charge
Characteristics electromagnetic
Rande Hundreds of feet
g in air
. . Lead, Steel
Shielding Concrete
External Source
Hazards L
Gamma ¥} =
Sources
T R}R}R}R}R}R}R}R}R}R}R}R}RERE Paper ) Plastic
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Neutron Radiation (n)

- g Particle with
Characteristics no charge
Ranae Hundreds of feet
9 in air
Hydrogenous
Shielding material -
water, polyethylene
Hazards ik
Neutron (1)
Sources
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RAD or
GRAY(Gy)

Units of absorbed energy in any material

1 Gy =1 joule/kilogram of absorber
* 1rad =1 erg/gram of absorber
1 Gy =100 rad

Does not take into account the potential
effect that different types of radiation have
on the body
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Sievert (Sv) or rem (roentgen
equivalent man)

* A measure of biological damage
* 1Sv=100rem

« Takes into account the energy absorbed and
the biological effect on the body of that
absorbed dose
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Quality Factor (QF)

The QF is used as a multiplier to reflect the
relative amount of biological damage caused
by the same amount of energy deposited in
cells by the different types of ionizing

radiation.
Gy xQF = Sv

Alpha
20

Neutrons
2 - 11

Betas Gamma &

1 X-r‘ais 1

30 of 41 Module 1: lonizing Radiation




31 of 41

Radioactivity Units

Basic unit: Bequerel (Bq)
* One disintegration per minute
(dpm)
» derived from the number of
counts measured by instrument

Marie Curie
1867 - 1934

= Curie (Ci) Discovered

Traditional unit

radium & polonium

= 1Ci=3.7x10"Bg
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Background Radiation Sources

INDUSTRIAL
CONSUMER PRODUCTS

| ATMOSPHERIC TESTING

MEDICAL —
INTERNAL g e

TERRESTRIAL
COSMIC

NATURAL MANMADE
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Medical Procedures
qb
PROCEDURE  AVERAGE DOSE;

CAT SCAN 0.058 Sv to head
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Radium Dial Factory
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U.S. Average

The average annual dose
to the general population
from natural background and
manmade sources is about:

3.60 mSv.
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Possible Effects of
Radiation on Cells
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Acute Exposure Effects
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Cancer Risk

» Current rate of cancer death among
Americans is about 20%.

* An individual who receives 250 mSv over a
working life increases his/her risk of cancer by
1% to about 21%.

* The average annual dose to DOE workers is
less than 1 mSv.
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Comparison of Health Risks

Unmarried Male

Tobacco User

Unmarried Female

Overweight Individual

Alcohol Consumer

Motor Vehicle Driver

10
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Eos

Comparison of Occupational Risk

Coal Miner

Farmer

Transportation Worker

U.S. Average

Manufacturer

Radiological Worker

Trades Employee
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The Huclear Fuel Cycle
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