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There are different views of biological effects of
2 low levels of radiation to healthy individuals.

Epidemiologist

"Data is consistent with
the LNT."

Medical professional

"Diagnostic and
therapeutic doses are not
adding additional cancer
risk."

Biologist

"Adaptive response is
rear

Health Physicist

"l'm not sure..."

Dosimetrist "Show me the bodies..."

3/14/2019



The Muller statement drove radiation standards to
3 accumulated dose with continuous exposure expected.

Muller Nobel
Speech

1946

o Linear Non-
Threshold
Model

Nobel Prize in Physiology or
Medicine, Hermann Muller:
"In this situation we can,
however, draw the practical
lesson, from the fact of the
great majority of mutations
being undesirable, that their
further random production in
ourselves should so far as
possible be rigorously
avoided."

o Conservative
Cancer Risk
Esti mates

1956

National Academy of
Sciences,The Biological
Effects of Atomic Radiation:

"Anything that adds
radiation to this naturally
occurring background rate
causes further mutations
and is genetically harmful?'

"There is no minimum
amount of radiation which
must be exceeded before
mutations occur?"

• [ 

"The harm is cumulative..."

Corresponding
dose limits

1958

o
,

Corresponding
D-values and

PTCs
‘ 

Recommendations of the
ICRP (ICRP-I): D=5(N-I 8)

• [ 
•

Ease of terror
effect with

event

1959

Report of Committee II on
Permissible Dose of Internal
Radiation (ICRP-2): "The
MPC values based on a
critical organ are set by the
requirement that the dose
rate (rems/week) after 50
years of occupational
exposure shall not exceed
the values..."
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Radiation standards morphed to annual (perceived)
4 risk as defined by effective and committed dose.

Muller Nobel
Speech

Linear Non-
Threshold
Model

1977

Recommendations of the ICRP
(ICRP-26): ...any necessary
exposures are kept as low as is
reasonably achievable..."

Effective dose equivalent concept
(not named)

tt,

Conservative
Cancer Risk
Esti mates

1979

Corresponding
dose limits

Limits for Intakes of Radionuclides
by Workers (ICRP-30):
"Committed Dose Equivalent (H
50), the total dose equivalent
averaged throughout a tissue in the
50 years after intake of a
radionuclide into the body."

Corresponding
D-values and

PTCs • [ 
2007

•

Ease of terror
effect with

event

Dangerous Quantities of
Radioactive Material (IAEA D-
Values): The D-value is that
quantity of radioactive material,
which, if uncontrolled, could result
in the death of an exposed
individual or a permanent injury
that decreases that person's quality
of life.
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Minimization of risk as defined by safety
s standards used to define security standards.

Muller Nobel
Speech

Linear Non-

0 
Threshold

0Model

1992

Manual of Protective Action
Guides and Protective Actions
for Nuclear Accidents (EPA-
400-R-92-001): Relocate the
general population, 2rem

Conservative
Cancer Risk
Esti mates • [ Correspondingdose limits

2008

NRC and DHS Need to Take
Additional Steps to Better
Track and Detect Radioactive
Materials (GAO-08-598): For
purposes of illustration, we
calculated how large an area
might be sufficiently
contaminated using IAEA
category 1, 2, and 3 quantities
of cesium-I37

o
,

Corresponding
D-values and

PTCs
‘ 
• [ 
2010

•

Ease of terror
effect with

event

The 2010 Radiation Source
Protection and Security Task
Force Report: (Significant
RDD) this means a device with
sufficient radioactive materials
to contaminate approximately 1
km2 of the environment to the
... [PAG] relocation guideline
of 2 rem in the first year
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IAEA D-values now used to set security requirements
6 for radioactive sources (IAEA COC, I OCFR37).

D-values are used in the assignment of
security categories (C I — C5) and
associated requirements.

D-value stands for "dangerous quantity"

Evaluations were made to deterministic
effects:

"Fatal effects are those that, if developed,
lead to death"

"Non-fatal effects are those that reduce
the quality of life and are organ or tissue
specific"

Thoracic lung evaluation based on lung
cancer (stochastic)

Effect o Dose

Source:
2 scenarios

Source:
Most Limiting

D I

Radioactivity

Contamination:
4 scenarios

Contamination:
Most Limiting

D2

D I vs. D2:
Most Limiting
D Value
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The GAO and Radiation Source Protection task force
7 have promoted the "power to contaminate" concept.

TWO MEANINGS:

I. Original (see table):

Area that could be contaminated by even
dispersion of category value to 2-rem in the first
year EPA relocation PAG.

II. More commonly used:

Amount of radioactivity that, if evenly dispersed,
would contaminate I km2 to the 2-rem in the
first year EPA relocation PAG.

ler 
FRMAC

language:

•

Table 3: Potential Contamination from an RDD

Amount of radioactive material (cesium-137)

Thresholds for concern
(based on 1 year of exposure)

Category 3
threshold
(2.7 curies)

Category 2
threshold
(27 curies)

Category 1
threshold
(2,700 curies)

EPA recommends relocation (2 rerny 15.1 acres 150.7 acres 15,012 acres

Potential observable health effects
(100 rem)

0.3 acre 3 acres 300 acres

DRLDP — deposition derived response level (activity/area)
corresponding to the 2-rem in the first year EPA relocation PAG.
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In the security space, there are four radionuclides of concern
8 that represent four different potential consequences.

lb Open The Sky
Th.!. FIXIrd:P*IdIS tit:Nrlittflw P. Mr..5r

Accidents 'invoking Nuclear Energy
1m.

May 21.102:

I 37Cs: easily dispersible

D=2.7 Ci

PTC=42 Ci

60Co: hard metal, pellets

D= 0.81 Ci

PTC= 1 1 Ci

D=2.2 Ci

PTC= 100 Ci

Cu .11EnIng, a nudear seientlei Citraaigzhm, Clris, atlackn a buglness r[val with pelets cf Irldlum.1Š2.
Gu uses Forged papers kr obtain an industrial machine holding tho Olds, Dion places them above the

panela In ilia hospital Moe of Na Mil. The ...1fAm amn reporra memory tea% ratigue, appertte idea
headaares, win-dins and bleeding gurrni..Ancrlher 74 staff members at Ilhe hospital, inciading one
pregrant woman, aim develop symptonne. Gu Is CZIYAciEd 2E1 September 20C13 and griisn a suspended
dcath sentence (rie: in prison.) Ain assistant is sentenced to a 15.year prison term_

[ 24lAm: inhalation hazard

D= 1.6 Ci

PTC=4 Ci

•
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Large I 37Cs sources are used nationally and
9 internationally in blood and research irradiators.

Physical and chemical
properties — large
quantities in soluble salt
due to chemistry of Ba,
small sources vitrified.

Economic consequences
have been studied and are
significant — Goiânia also.

Risk assessment identified
vulnerabilities which
resulted in in-device-delay
program.

USG/private program for
replacement of blood and
medical research
irradiators.
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io 60Co is mostly used in gamma knives and panoramic irradiators.

In common use worldwide for teletherapy, gamma knife,
panoramic irradiators.

Hard "tr

In medic
approxi

Can disp

Easy to f
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Thefts of 1921r sources are common with vehicles.

2nd hardest metal known In solid disc form within
(osmium is #I) pig tail

•

Extremely difficult to Exposures can occur due
disperse ballistically or to high radioactivity
otherwise cascade of 2 — 3 gammas

rzgrAtuomiumunannuntumnamf ViaWitaatr-'2"
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Neutron sources of 241AmBe are common in
I 2 the oil and gas industry, used for well logging.

Powder is easily dispersible,Am assumed to separate from
Be, many oxidation states (like Pu), but AmO2 most common

With 5.5 MeV alpha (vs. 60 keV gamma), inhalation hazard

Resuspension assumed in calculation of 2-rem PAG

3/14/2019

cm

z I owe,/ soLrce
ID • 1:viri sty
U wawa (10.9,11ral

cc
❑

Dri Bk
25 cra

- 15,59 mj

Tea nwri

-Flaaattot
WOWS 12.71 ml

Total Length
115.24 ill



Prospective dose calculations from 241Am are difficult due
13 to the lack of proper science behind resuspension models.

r.

10
-7

104

•

a

Anspaugh et aI.
Olds% arid Larson

Wilson et aI.
Upshot-Knothole

Garland et al.
Garger et al.

Tveten
Antersveil et aI.

•

• 0

0
Time [days]

1500 2000

•

10

1 0-5

10-9

Averaged observations

- NCRP (1999)
  Anspaugh et al (2002)
— Double-Exponentia1 (2011)
  Power Law (2011)
— - Double-Exponential (fixed)
Fixed offset 11:0

- Double-Exponential (unfixed)

10-10 
0.1 10 100

Time Id]
1,000

3/14/2019



The 2-rem PAG clearly does not compare consequences between the
14 radionuclides of interest.

The LNT does not
consider dose rate, but
cumulative dose, justifying
the combination of
internal and external dose
(TEDE).
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Dose rate is reduced over
time by mechanical and
physical processes (only
half-life is expressed
here).

241Am

I 37CS

60Co

1921r
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2

0[ 
If the LNT is real, the 2-
rem PAG would result in
vastly different risk
depending on the half-life
of the radionuclide,
among other properties.

241Am

I 37CS

5

Time (y)

60Co

1921r

10
0

•

Using BEIRVII (LNT) at 2
rem:

0.16% excess cancer
risk, 45% base risk

0.08% excess cancer
death risk, 22% base risk

241Am

i 37Cs

60Co

1921r

0 5

Time (y)

10
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Neither PTC nor D-value concepts
15 addresses security risk.

Power to Contaminate

Treats all radionuclides the same

Begins with 2-rem EPA
relocation PAG

Assumes uniform spread over
l km2

Radioactivity amount that meets
this is PTC

D-Values

Evaluates individual radionuclides
based on specific safety-based
scenarios

2 source scenarios:
“

pocket"

"room 99

4 contamination scenarios:

"inhalation,"

"ingest•ion,"
“

contamination"

"immersion"

Likely Consequences

1921r: Direct exposure

6°Co: Ballistic projection

137Cs: Contamination and
groundshine

241Am: Contamination and
resuspension
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The process of environmental cleanup is
expected to be successful without consequence.

Cleanup process NOT without consequences:
Disposal of non-hazardous waste soil

Industrial accidents — Enewetak

Transportation of waste

Low limits (e.g., 15 mrem/yr) that probably
overestimate true dose

Loss of topsoil — 3 years to recover 5 in. with
active management

Topsoil is the upper, outermost layer of soil, usually the top
5 inches (13 cm) to 10 inches (25 cm). It has the highest
concentration of organic matter and microorganisms and is
where most of the Earth's biological soil activity occurs.
Topsoil is composed of mineral particles, organic matter,
water, and air.

Cost less than l 00 billion
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A proper paradigm for risk from the use of radioactive
I 7 sources must include probability and consequences.

Risk of an
RDD Attack

Probability of an
RDD Attack

1Perpetuator 11
Motivation

Source
Material
cquisition

r 1

L

1111 RDD 111

1
Development/
Assembly

iDelivery &
Successful

r 
Deployment

.

Consequence
Given RDD

Attack

Psycho-social
(fear/distrust
uncertainty)

Economic /
Loss of Access
(area denial)

Health Effects
(prompt/delayed)

•



Evaluation of consequences should take into account
I 8 such material chemical and physical properties as

Material
considerations:

Is the material physically
dispersible?

137CsCI: yes

1921r metal: no

Are there chemical
considerations that affect the
consequences?

137Cs l37mBa 137Ba:

exothermic reactions

241Am02: soil?

CsCI absorption

Economic and physical
consequences:

What will cleanup entail:
Cleanup levels

Decontamination

Destruction of structures

Could there be radiation-
induced illness?

Is there an increased cancer
risk (i.e., is the LNT real?)

•

Psychosocial
consequences:

What are the consequences of
enforced actions like
relocation?

What will be the unintended
consequences of years of
radiation fearmongering and
overprotection?
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Probability considerations should include material security, dose rates
I 9 from sources at risk, and ability to move to target.

Can the material truly be exploited based on its physical location and facility's security posture?

Are the dose rates such that the adversary be deterred or physically harmed?

Can the source be moved to the target without detection?

Consequence
Given RDD Attack

Psycho-social
(fear/distrust
uncertainty)

Economic / Loss of
Access (area denial)

Health Effects
(prompt/delayed)

•
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The LNT and decades of overprotection can only
20 increase the harm to victims, responders, and the public.

Remedial Action aont,-.

Gcri.1•11•111411CIN..

411011C1•111•111.11,,

Eh oltIri 2.n4

•

Description Factor of Conservatism

a) Application to a specific practice 3

b) Conversion to Activity Concentration 3 - 15

c) Practical measurement margin 1.5 — 2.5

d) Sum of fractions 1.2 - 2

e) Activity distribution 2 - 5

Cumulative impact (Range) 33 - 1125

•Typical Cumulative impact 100 - 1000

Table courtesy of Roger Coates, IRPA



2 I Doing it the right way is the best for everybody.

Do away with the 2-rem relocation PAG.

Balance all risks appropriately inclusive of that from
radiation exposure.

Don't be over-conservative with prospective dose
calculations.

Stop overprotection in all aspects of radiation protection.

Resolve the LNT controversy — especially between the
adaptive response and epidemiological views.

•

Remember: we can only measure exposure to individuals, not dose.
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