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Dose outside < sum of permitted limits

at site boundaries

e Why?

1 mSv/y limit for members of the public: EURATOM Bss
96/29 Art.13
2013/59 Art.3

“No one will be exposed to more than 1 mSv/y”

e How to guarantee?

in Dutch legislation highest permitted dose limit 100 microSv/y
with the assumption of at most 10 sites

e Does it work? May it not be that... perhaps...
a surprising combination of sources...
and what about absorption? ... what about buildup?

rule for point sources at site boundaries |




Maximum dose at any point in the public domain
cannot exceed the sum of the permitted doses
for point sources
e for all locations outside the site perimeters
e for all possible site shapes and relative positions
e for all possible distributions of sources within the site perimeter
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Maximum dose at any point in the public domain
cannot exceed the sum of the permitted doses
for point sources
e for all locations outside the site perimeters
e for all possible site shapes and relative positions
e for all possible distributions of sources within the site perimeter
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simple example: a 1-D cross-section
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The radiation field f(x + y) on the public domain P
has its maximum value on the domain boundary 9P

for a point source

f, and f, have positive
Laplacian (second derivative)

- the sum as well
- on the domain P,

the maximum of f; + f,
lies on the boundary

source 1

domaimn P

source 2
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Counterxample:
the functions f,, f, have NEGATIVE second derivative

fith . ee. |
f, + f, also has NEGATIVE PN
second derivative / |
fio !
N ‘.. .
> on the domain P, T % e
the maximum of f; + f, | -,-"‘"f"
lies INSIDE the boundary ! o0
source 1 ! domain P : source 2
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Maximum dose at any point in the public domain
cannot exceed the sum of the permitted doses
for point sources
e for all locations outside the site perimeters
e for all possible site shapes and relative

nositions

e for all possible distributions of sources

the Laplacian differential operator
(divergence of the gradient, A = V2= V.V)
possess the maximum property

(it has its largest value on the boundaries
of its domain of definition)
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Point source : f(r) = 2 Af(r) = ac

r4

- for any distribution of sources,

i d? 1d the Laplacian is positive
Laplacian: Af(r) = 1Y

Contour levels of effective dose caused
by three arbitrary points.

All closed contours enclose a source!!

This guarantees that there is not a
location where a local maximum occurs. <
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Radiation may lose energy before it is absorbed

r dx :
f(r)= exp( 0 %) — A attenuation length
« absorption: A=constant, f(r) = r—ze"”ﬁL

—>Af>0 ———————— >

e moderation

theorem applies

it —(A) 17) > 0 oo .
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o scattering and build-up

integrate over all possible scattering positions
L@ = [ @0 £.0pD - P po®2d_, 1d

Af(p) > Asf,(p) = [ &°p’ filp’D) Asfa(lp —P'D)
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WARNING!!!
It does not work for altitude differences or skyshine
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Conclusion

When set dose limits at site perimeters of undertakings are enforced,
there can be no peculiar spatial arrangement of sources of radiation
which leads to a combination where the dose might be higher than
the simple sum of the dose given by the individual radiation fields*.

Public Domain P

+ outlook Bss

* with the exclusion of complex terrain
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dose constraints consistent with dose limits
(Euratom Directive 2013/59)

If dose constraints for activities within an undertaking are established,
and the simple sum of the dose given by the individual radiation fields
does not exceed the dose limit, consistency follows from this proof*.

outside boundary
of undertaking/site

X

* with the exclusion of complex terrain

/

SiteP
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extra slides
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Attenuation length A: — Tize—r//l
..absorption...
Af > () > theorem applies
..moderation...

theorem applies

L ad 7
|fdr(/17”)>0 ->

..scattering and build-up...
secondary radiation: integrate over all possible scattering positions

@) = [ & £pD AP - PD by= o= A+

AL > M:fo(p) = [ A(PD B3falp—P'D) -> @ @ , theorem applies
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