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Relevant Reading Assignments

e Chapter 9 of “Introduction to Nuclear
Engineering,” Lamarsh and Baratta, 3rd
edition, Prentice-Hall (2001)

e Chapter 3 of “Nuclear Engineering: Theory
and Technology of Commercial Nuclear
Power,” Knief, 2nd edition, American
Nuclear Society (1992, reprint by ANS 2008)
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Learning Objectives

e Describe current US radiation protection
standards

e Explain the three primary and two
subordinate dose reduction principles.
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Describe current US radiation
protection standards
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Background Radiation

e Natural background radiation
— Varies in world with altitude and soil composition.

US Average -- 300 mrem/y + 50 mrem/y

[ICRP]
Cosmic 30 mremly 0.3 mSv/yr
Terrestrial 30 mremly 0.3 mSv/yr

Internal (Food/Water) 40 mrem/y 0.4 mSv/yr
Inhaled (Radon) 200 mrem/y 2.0 mSv/yr
Medical / Etc. 50 mrem/y 0.5 mSv/yr



https://ans.org/pi/resources/dosechart/
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Variation in Natural Background radiation in US

The 1 mSv per yr (100 mrem/yr) public dose limit is
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Down in the noise
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Sources of Radiation Exposure

Radon 25%%
Imsade Human Body 11%
s Riscks and Sol 8%
{52%) Cosmic Rays from Space B%
Medical ¥ rays 1%
Nuclear Medicing® 4%
Congsumer Produsis® I
H% Ciogupational Uses” 0.3%
Sounces Faliourt from Mudiear Weapens Tests Less than 03%
(1E%) Muclaar Power Prodution 0.1%
3 Misoelansous’ 0.1%

B Invatvizs tha use of radicactive materials i diagnesing and eating patients with cancer and other discases.
b Buikding matenals, tebaccs, mining and agicultural products, water supplies, efe.

® Uraniuem mines, industial and medical users, ats.

4 Denanment of Energy tacililies, smelters, fransportation, eic,

* Sourey: Naltional Councl on Radiation Proliction and Measunemenls, Report Mo, 23,
(Taolal adds up 1o mone than 10086 due Lo roundging off of percentages.)

From: National Institutes of Health: Look up XKCD chart 7



https://xkcd.com/radiation/
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Linear No Threshold Hypothesis
for evaluation of radiation health effects

Models for the Health Risks from Exposure
to Low Levels of lonizing Radiation

Threshold

Risk (excess cancers)

/ . Approximate lowest acute
7 ¥ dose known 10 cause cancer
<
R, 100 mSv
. o
S s Dose (above background) 8

Radiation HormeS|s
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External Radiation Standards

e Universal annual radiation dose limits

Whole body 5 rem 0.1 rem
Lens of the eye 15 rem 5 rem
Other tissues 50 rem 5 rem

e Special situations

— 25 rem “Lifesaving” (on voluntary basis)
— 10 rem “Equipment/Property saving”

— Remember: “no observable effects below 25 rem”
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Annual acceptable public dose in US

e Despite the Variation in Natural Background,
most locales in the US are below 6 mSv (600
mrem) per year.

e Regulatory value selected is 1 mSv (100
mrem) per year
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Explain each of the three primary and
the two subordinate dose reduction
principles
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Dose Reduction

e How do we optimize radiation exposure to get
it as low as reasonably achievable?

e Three basic principles
— Restrict proximity TIME

e Dose = Dose Rate X Time
— Increase the DISTANCE from the source

e For example, Point source: “1-over-r-squared” reduction

— Use SHIELDING material

12
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Dose Reduction and control

e Other subordinate approaches:
— Allow to DECAY away with time
— Provide CONTAINMENT

e |solate contaminated materials & surfaces

— Containment enclosures
¢ |solate workers

— Respirator

— Protective clothing
— Provide engineered controls
e Procedures, physical controls

e Also Monitor (personal dosimetry, area monitors), though this dose not prevent
dose, merely informs of its accrual
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