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Radiation is simply energy=in the form of particles or waves

&

Particulate Radiation in-'@_ﬁjdes: Alpha, Beta and Neutron

Electromagnetic Radmion (Rays or Waves) includes:

Approximate Wavelength in Meters
10'* 1072 107° 10®° 10° 10 102 10° 10?

e X-Rays PR Infrared i [ Radio
Rays Violet . ~

0.39 0.45 0.50 0.55 0.60 0.65 0.70 0.76
Micrometers
‘visible light'

X-rays are the most common type of radiation at Accuray
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Atomic Structure

Nucleus: Contains Protons (+1 charge)
and Neutrons (no charge)

Nuclear Diameter ~ 10" m

Electrons:orbit the nucleus (-1 charge)

Atomic Diameter ~ 1019 m

More than 99.9% of the atomic mass and
all the positive charge are in the nucleus !

Atomic vs. Nuclear Dimensions !
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versus
Radiati

lonizing Radiation: Means radiation with suffladht energy to liberate an electron from an atom
or molecule. Such an event can afer chemical bonds and produce ions or ion
pairs. N
r

Electron
°-

The difference between ionizing and non-ionizing
radiation is energy.



Key ‘Dose’ Terms

Absorbed The rad (radiation absorbed dose) is the energy deposited per unit mass by
Dose ionizing radiation in a material. One rad equals 100 ergs per gram.

The Sl unit of absorbed dose is the Gray. 1 Gy =1 Joule/kg = 100 rad

Dose Takes into account the biological effectiveness, or quality, of different types of

Equivalent radiation. Dose Equivalent, measured in rems or Sieverts, is equal to the absorbed
dose times a quality factor (Q).

Equivalent Takes into account the different probability of effects that occur with the same
Dose absorbed dose delivered by radiations with different weighting factors (W)

The Sl unit of Equivalent dose is the Sievert. 1 Sv =100 rem

Exposure The unit of radiation exposure in air is the Roentgen (R). It is defined as that
quantity of x-rays causing ionization in air equal to 2.58 x 10* coulombs per kilogram
(C/kQ).

Air Kerma Kinetic Energy Released per unit Mass of a small volume of air when it is
irradiated by an x-ray beam. Kerma is measured in Gy.



Key ‘Dose’ Terms Cont.

«1Sv =100 rem Radiation W, Q
+ 1 Gy = 100 rads = 100 cGy Rays; B-Rays, 11
v-Rays
*1cGy=1rad Protons 2- 10
5
Equivalent Dose (H,) 'Ngggrggcﬁtﬁlc?sse[ T2 = 20
Welghtlnézﬁgggr en S
H, =D . xW,
Dose Equivalent (H) = Absorbed Dose (D) x Quality
Factor (Q)
H=DxQ

; EAar ¥ _.PAVe- N —\\/ — 1 ACCURAYW



More Key Definitions

Radioactivity: = The spontaneous decomposition or disintegration of unstable atomic nuclei is
termed radioactivity. The energy and particles which are emitted during the
decomposition /decay process are called radiation.

Units of Measure: Becquerel (1 disintegration per second)
Curie (3.7 x 10'° decays per second)

Contamination: Simply put, contamination is radioactivity where it is not wanted or controlled.

Units of Measure: Becquerels per liter (Bg/L) - if gas or liquid
Bg/cm? or uCi/m? - if on a surface

Atomic Number (Z): Number of protons in the nucleus. Mass
Number A
Mass Number (A):  Number of neutrons and protons in the nucleus. Atomic
Symbol
|sotopes: Chemical elements with the same Z number . R

Number

12 13 14
’C °C “C
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Types of lonizing Radiation and
Penetrating Ability

Alpha Particle a &
Massive; +2
charge §
Beta Particle B o
Some Mass; +/- 1 ¢

charge
Gamma / Y —
X-Ray
\[_é

No mass; No -

NERSR n e
Massive; No
charge




X-Ray (photon) Interactions with Matter

Incident Photon

Photodisintegration

.

X-Ray disappears => liberates a proton, neutron or alpha particle

»

Incident Photon B
. >
Photoelectric Effect

X-Ray disappears => liberates an atomic electron



X-Ray (photon) Interactions with Matter

»
Incident Photon

Compton Scatter ———— @

N

X-Ray survives => liberates an electron while changing course and losing some energy

v

~

Incident Photon A
=
Pair Production _

v

X-Ray disappears => creates an electron / positron pair
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Radiation In Perspective

Within the range of radiation frequencies, called
the electromagnetic spectrum, cell phones fall
between TVs and microwave ovens. Al that level,
many sclentists belleve the radiation from cell

’ phones couldn't conceivably
’?;.x impalr human health.

tanning
booth X-rays
| |
] ! |
JOR 302 10" 0 10"
Infrared X-ray

&?ACCURAY‘%‘



Sources of Radiation Exposure in the United States
Average Annual Exposure: 620 mrem [6.2 mSv]

Industrial &
Occupational
0.1%

Consumer Products
2%

Terrestrial (Soil)
3%

Internal mpace)

2% 5%



Accuray radiation generating machines (RGMs) are capable of creating
intense radiation fields. However, if used safely and properly in well
shielded environments, occupational exposures will be negligible.

TomoTherap

CyberKnife
M6 Series
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Dosgl © = O ¢  Possible Effect

0 -5 rem (0 08nSH 8Non§
= @

5—50 rem (5& gOO(:,’, CIEJSthg Blood Changes
m3v) S| = S| = ?
' 2]

50 - 200 rem 400 —
2000 mSv)

T
200 — 450 reri
O
O

Naugea, Fatigue and Vomiting

ts ar

Hairqﬁ_.oss, Severe Blood Changes,
Poseﬁble Death in 2-6 weeks
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Risks In Perspective
Category Average Life Lost (days)

Smoking 20 cigarettes per day 1600

Being 15% overweight 900

Agricultural worker 320

Consuming alcohol (US Avg.) 230
Construction worker 227

Driving a car 200

Mining and quarrying workers 167
Manufacturing worker 40

Recreational swimming 40

Radon exposure 35

Skydiving 25

Radiation worker age 18 - 65 (300 mrem/yr, 3 mSv/yr) 15
All natural hazards 7

Riding a bicycle 6

_ Living within 10 miles of Nuclear Power Plant ONACC e Y“"‘U
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The Principles of Radiation Protection

Justification — NO practice shall be adopted
unless its introduction produces a net
positive benefit. This is a societal
decision.

Optimizaton — All exposures shall be kept
ALARA, economic and social factors being
taken into account.
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Dose Response Models of Low-Level Radiation Effects

Range of Assumed
Effects

Range of Somewhat
Verified Effects

Range of Well
Verified Effects

=— Higher Risk Model
=== Linear Model

=== | ower Risk Model
====Threshold Model
=@=Hormesis Model

O @ O O O O OO O O O O OO & &
OF (O L O O O O L & O & O £ O
TP LTSS S

S L L L &» LS L L &
O L O O O Q" & O O
a l& S5 Q7 9 kQ ‘\,b?) '\3)0

VQ O L O & &

Q" & O O SO Q QO
97 Q7 O O 9 L & Q7 9
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Exposure [mrem] ,@
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mrem >000mrem

50 mSv
5000

4500

4000

Radiation Doses and Regulatory Limits
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Radiation Protection Policies & -

Procedures

* The most important policy to remember is ... never be
iInside a test cell or bunker while the beam is made!

*« SOP 027444 is the main Radiation Safety Program
Procedure

* Personnel Dosimetry Request Form

* Lost, Damaged, or Exposed Personnel Dosimetry
Form

* Declaration of Pregnancy Form

* Declaration of Worker Status Form

* Engineering and Administrative Controls Checklist
* Request and Authorization for Radiation Exposure
History Form

* Notification of Nuclear Energy Worker Sggs



The ALARA Concept

ALARA is an acronym for As Low As
Reasonably Achievable.

Since it is assumed that any radiation exposure involves some risk, doses shall be
maintained as far below the regulatory limits as is practical. To keep doses ALARA,
the three most commonly used techniques are: time, distance and shielding.

Time — whenever practical, minimize the time spent near sources of radiation and
minimize the output from RGMs.

Distance — to the extent practical, maximize the distance between personnel and
radiation sources.

Shielding — incorporate attenuating barriers between radiation sources and personnel

whenever practical. &?



Reduce Exposures by Minimizing Time_

Dose Rate

Dose = Dose Rate x Time

500 mrem =10 mrem/hr x 50 hrs
Or

1000 cGy/min x 10 min =
10,000 cGy !!!

&?ACCURAN



Reduce Exposures by Maximizing -

Distance

Intensity =#

3d

2, ccurayd




Inverse Square Law - Example

I =intensity, dose, or

11D12 = K D22 dose rate
D = distance
2
111) _ 2
1102 \
I
. \ Isolate and
Solve for D2
100mR /hr (1m)?
= D2
10mR /hr
3.2m = D,



Reduce Exposures by Using Shiel!mg-

Materials

Close the Jaws/MLC, Plug Beam, and
Beam Down Whenever Possible/Practical

; &?ACCURAM



Radiation Hazard Communication

Some areas require specific authorization or an escort prior to entry. Be aware
of and adhere to the following Hazard Communication: symbols, signs and
other warnings located within and near restricted or controlled areas.

Radiation ‘Trefoil’ Symbols ‘ ‘ K ] ‘.‘
Foreground and background colors may vary ‘ L‘J ‘

[acauTion] [FXINY] (=
-Ra {
Caution Signs ‘.‘ iaﬁiﬁiigged RAE}EHON ‘ ‘ tAUTIONM
8 AREA 4B “ CAUTION RADIATION AREA




Engineering Safety Controls

Note: Actuating an
Emergency Button/Device,
or opening the main test cell
door/gate, will terminate or
prevent radiation.

Emergency Buttons/Devices

X'Riv— ? V\f;\rr;] itng
IN USE 'gs
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1209 Area Radiation Monitors

* Area Monitor Location
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safety program. As a result, even our
Workers” are expected to receive less than 10% of the
applicable limits (Accuray ALARA Policy).

Non-Radiation Workers are expected to receive truly
negligible exposures: less than 1% of the natural
background and typically below the limits of routine
detection.
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Radiation Safety Exam

Please email all questions and
comments to.:

RSO@accuray.com



