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Dose assessment
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MAIN LIMITING 1 mSv/y - public
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Dose assessment

Measurements
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Safety Reports Series

Generic Models for

Use in Assessing the
Impact of Discharges of
Radioactive Substances
to the Environment

Methodology for assebsing &
the Yadiolagical consequenceg.|
of routine releasés

of radionuclides

to the environment

EUROPEAN COMMISSION

OK

OK

Graded approach

No dilution model

Yes

A

No

v

Generic environmental model

Yes

A

No

v

Revise assessment

v

Site specific assessment, if necessary

increasing complexity of model
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Step by step process - model complexity increases
as predicted doses increase

1st step = ‘most conservative’
2nd step = ‘generic model
3rd step = 'modified generic assessment’

4th step ‘'site specific assessment’



SR ek Graded approaCh

IN BOTH DOCUMENTS:

In a NON CONSERVATIVE assessment,
uncertainty of the result (E;) must be estimated, or

at least discussed.
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“ALL MODELS ARE WRONG BUT SOME ARE USEFUL”

Box, GEP.
Science and statistics J. Am. Stat. Assoc. 71(356). 791-799 (1976)
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Realism
1996.
IAEA BSS
S afet [[I.3. Repistrants amd licenssss shall be responsible for ensuring that the optimiza-
= tion process for mesxsures o controd the discharge of radioactive substances from a
source to the environment is subject to dose constraimds established or approved by
Se r I eS the Regulatory Awlhornity, aking imbo acoound, as appropriate;

{a) dose contributions from other sources and practices, incloding realistically
assessed possible future sources and practices;

Optimization process based on dose
constraints, realistically assessed...

{ﬁ’a INTERNATIONAL ATOMIC EMERGY AGENCY, VIENNA, 1996
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Realism

safety
Serles Control of discharges of radioactive

substances is subject to dose
constraints, taking into account any
uncertainties in the assessment of
exposures.

{ﬁ’a INTERNATIONAL ATOMIC EMERGY AGENCY, VIENNA, 1996
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DIRECTIVA #8629 EURATOM DEL
CONSETD DE 13 DE MAYD DE
1996 POR. LA QUE S5E
ESTABLECEN LAS NORMAS
BASICAS RELATIVAS A LA
PROTECCION SANITARIA DE
LOS TRABAJADORES Y DELA
FOBLACION CONTRA LO3
RIESGOS QUE RESULTAN DE
LAS RFADIACTONES IONIZANTES
DIARIO OFICIAL N*L 159 DE
28040988 P, 0001 - 0114

DIRECTIVA 8620 EURATOM DEL
COMSEID de 13 de mayo de 1088 por
12 que 2 estblecen las nommas basicas
relativas a [a proteccion sanitana de los
mabajadores v de la poblacion conira los
resgos qua resultan de las radiacionas
lonizantes

EL COMSETD DE LA TNION
EURCPEA,

Visto el Tratado constimsive de la
Commmnidad Evropaa de la Epergia
Atemica v, en particular, sus articules
3lyi,

Vista la propuesta da la Comisicn,
elaborada pravie dictamen dawm gropo
de personas nombradas por el Comite
Crentifico ¥ Tecrico enme expemos de
los Estados mismbros,

Vista el dictamen dal Parlamenta
Enrapen (1)

Wista &l dictamen del Comité
Economico v Social (2),

Comsiderands que La letra b) dal articulo
1 dal Tratade dispone el establecimiznion
de nommas de sepuridad vniformes pam
l2 proseccion sanitasia de los
trabajaderes ¥ de la poblacion;

y Tecnologicas

Considerands que, de conformidad con
el arucalo 30 del Tratade, las pormas
basicas para la proteccion samitaria de
los mabajadares ¥ de la poblacicn conma
Los maszos que resultan de las
radiaciones joizantes se dafinen como:
a} las dosis maximas admesibles que
saan commpatibles con una sapunidad
adecuada;

b los mivales de exposicion v
COnAMImACion makimos admi
¢} los principios fimdamentala:
vigilancia medica de los mabajadores;

Constderandn que el amoale 33 del
Tratado dispors que cada Estado
miiembre adoptara las disposiciones
lepala:. reglamentarias v
administrativas adecuadas para
garantizar el cumplmisnte de las
mommas basicas establecidas v tomara
las medidas necesarias en lo que sa
refiere 2 la ensefianza, educacion y la
formacion profesional;

Considerando que, para realizar su
tarea, la Comunidad establecio per
primera wez en 1959 las pommas basicas
de conformidad con o dispuesto en el
articulo 218 del Tratado mediante
directivas da I de febrero de 1959 enlas
gue s= establecen las nommas basicas
para la proteccion sanitara da los
trabajadores v del piblico en peneral
conTa los mesgos gue se demvan de las
radiaciones ionizantes (3); que dichas
directivas faeron ravizadas en 1942
mediante [a Directiva de 5 de marzo da
1262 (4). en 1944 madiapte la Directiva
G645 Buratom (5), en 1976 madiante la

Drirectova 76/572

(73, en 1980 madiarts la Directiva
2WB36/ Euratom (F), y en 1984
mediante la Directva 34447 Euratom
%

Realism

1996.
European BSS 29/96

Article 45

Estimates of population doses
The competent authonties shall:

(a) ensure that dozs estimates from practices referred
to m Article 44 are made as realistic as possible for
the population as a whele and for reference groups
of the populanon m all places where such groups
LAY DT,

Dose estimates should be made as realistically
as possible
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Annals of the ICRP

ICRP PUBLICATION 101

Assessing Dose of the Representative
Person for the Purpose of Radiation
Protection of the Public

and

The Optimisation of Radiologice!
Protection: Broadening the Proce

Editor
J. VALENTIN

PUBLISHED FOR
The International Conmnission on Radiclogical Protection

by

ELSEVIER,
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Realism

2005
ICRP 101

Representative person:

“An individual whose dose can be used for
determining compliance with the relevant
dose constraints”.

{n) Care should be exercisad to avold selecting extrenne percentile values for every
variable to prevent excessm e conservatism in the assessment . Such a result conld lead
to a signmihcant and unrealistic oversstmnaton of the dose to the representative per-
som, and may unduly burden the design of medical or other facibties, Taken together,

the selaction of parameter values must epresent a reasonahle and sustainahble expo-
SIS SCCNATIO,

Avoid extreme percentile values!
Prevent excessive conservatism!



MINISTERIO Contro-de In

ﬁ E EDUCACION C.ame S e 1 rad s il | g
Lot Uncertainties

2002

E=d
e — RP 129
Radiation protection 129 _ $

A guidance on how to pe oq\@eallstlc
Guidance on the realistic assessment
of radiation doses to members assessments for NucC ta”at|0nS and
ot S e undier pagfiatconditons.
normal conditions.

er non nuclear installations

A T
& 0\‘6

N Ry

The am of a realistic 2355 \9 o estmate doses as closely as possible to thoss that would
actually be received I:-er of the public. Thiz iz not ::rugl‘..f-:-mu:l and raguTes
Jadzemeant b 6 s 1o 2y oid sizrificant over- or underssiimation

o

..-_’"r
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FAGsE LT baa

Radiation protection 129

Guidance on the realistic assessment
of radiation doses to members

of the public due to the operation

of nuclear installatiens under
normal conditions.

a0

Uncertainties

Europe 2002 (RP-129) — The aim of
realistic assessments is to estimate
doses as closely as possible to those
that would actually be received by
members of the public.
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Uncertainties

“Dose assessments should be realistic but conservative enough”

ALARA

As low as reasonably achievable

ARAP

As Realistic As Possible

‘Dose assessments should be as realistic as possible,
just remember to adequately estimate their uncertainties”



= % i Centro de Investigaciones
E‘ﬁ-—\ rII\JAIIENéSDTLlJECRAI\%ION C;em“e Energéticas, Medioambientales

4 ® Y CIENCIA y Tecnologicas

= =

Annals of the ICRP

ICRP PUBLICATION 101

Assessing Dose of the Representative
Person for the Purpose of Radiation
Protection of the Public
and

The Optimisation of Radiological
Protection: Broadening the Process

Editor
J. VALENTIN

PUBLISHED FOR

The International Conmnission on Radiclogical Protection

by

o
ELSEVIER

Realism

2005
ICRP 101

Variability and uncertainty (V&U) are
inherent in any process of
estimating doses. In doses
estimated using measurements or
models, V&U contribute to a
distribution of possible values.
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Annals of the ICRP

ICRP PUBLICATION 101

Assessing Dose of the Representative
Person for the Purpose of Radiation
Protection of the Public
and

The Optimisation of Radiological
Protection: Broadening the Process

Editor
J. VALENTIN

PUBLISHED FOR

The International Conmnission on Radiclogical Protection

by

A
ELSEVIER

Realism

2005
ICRP 101

The variability and uncertainty
contribute to a distribution of
possible values.

The degree of variability and
uncertainty is represented by the
shape and extent of that
distribution
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Annals of the ICRP

PUBLICATIOMN 103

The 2007 Recommendations of the International
Commission on Radiological Protection

Editor
1 VALENTIN

FUBLISHED FOR

The International Commission on Radiologieal Protection

by

ELSEVIER

Uncertainties

2007
ICRP 103

(320 The measurement or assessment of radiation doses & fundamental to the
practice of radinlogical protection. Mether the equivalent dose noan organ nor
the eflective dose can be measuwred directly. Values of these quantties must be in-
terred wath the aid of models, nsnally involving environmental, metabohc, and dosi-
metric components, Ideally, these models and the values chosen for their parameters
should be realishic, s0 that the realts they give can be descnibed as “hest eshmates’,
Where practicable, estmates and discussion should be made of the nncertaintics
inherent in these mesults (see Secton 4 4).

Estimates and discussion should be made
of the uncertainties inherent in the
results

Models and parameters should be realistic.
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Annals of the ICRP

PUBLICATIOMN 103

The 2007 Recommendations of the International
Commission on Radiological Protection

Editor
1 VALENTIN

PUBLISHED FOR
The International Commission on Radiological Protection

by

SETTEI
i Pt
Sl

ELSEVIER

Uncertainties

Effective dose cannot be measured

directly, but it must be inferred
with the aid of models. Ideally
these models and the parameters
should be realistic. Where
practicable, estimates and
discussion should be made of the
uncertainties of the results.
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Uncertainties

Without uncertainty

N

° Real value
>

With uncertainty

Real value



B Uncertainties
IAEA
Safety Series 100 (1989)

Evaluating the Reliability of Predictions Made Using Environmental
Transfer Models

Supplements the guidance on modelling methods by describing the
available approaches to establishing the uncertainty in model
predictions
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UNSCEAR DRAFT
—_— (march 2010)

United Nations

lg,t General Assembly Distr - Resticted
25 21 Tuly 2010

Original- English enly

United Nations Scientific Committes
on the Effects of Atomic Radiation

A Uncertainty In Radiation Risk Estimation

Vienna, 16 to 20 Augnst 2010

T “The committee recommends that
uncertainty in the measurements,
variables, and models that are used to
estimate exposures, doses and risks —
both for specific individuals and for
groups — be defined as probability

e distributions that represent the state of
the knowledge about true but imperfectly
known quantities”.
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Uncertainties

Workers

\ 4

Controlled one by one
internal and external dosimetry

¥

Uncertainty mostly from measurements, including technique,
calibration of the instruments, variabilities, and even dose
conversion factors

In NORM industries, individual dosimetry is not usual,
so the model contribution is greater in this case.
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Uncertainties

Public

\ 4

Usually Hypothetical groups or individuals

¥

Uncertainty is greatly affected by models and measurements,

In NORM industries, scarce data needed for evaluations are available, e.g.
occupational habits or consumptions of aliments are not usually measured
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Uncertainties
MEASUREMENTS

Representativity of the temporal and spatial variability

* Evaluation of measurement data — Guide to the
expression of uncertainty in measurement — 1SO;
Joint Committee for Guides in Metrology (JCGM:
jcom 1002008 BIPM, IUPAC, IUPAP, ...) — 1995 (- 2008 minor
corrections).

Evaluation of measurement
data — Guide to the expression
of uncerfainty in measurement

Evaluarion des données de mesure —
Guide pour Fexpression de Fincertitude de

Uncertainty propagation using differential equations

First edtion Segptember 2008

USEFUL FOR SINGLE SAMPLES AND
SYMMETRICAL DISTRIBUTIONS




Uncertainties

Uncertainty propagation

Iff=1(x,,X,,...,X)

2

a?(f) - E“Emf( A1+ E“ EzuuZ(xz)+...+E“E (x|

0%, 0%, 0x

n

f(x,¥)= xt y u(f)= P (x)+ u’(y)

g(x,y)= xly ‘ Lblb gu\/z/z;(zx)Jr u;(zy)

X
h(xﬂy) il l/l(h): hD u2(x)+ u2(y)
Y 2 yz




Uncertainties

Error and Uncertainty

Error: difference between the measurements
or estimators and the real value.

Uncertainty: degree of doubt that the
measurement is equal to the real value
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Accuracy and precision

High Accuracy Low Accuracy

Low Precision High Precision

High uncertainty Low uncertainty

No systematic errors Systematic errors



. L
1 Centro de Investig
""'\DmENIIESDTL!JECRA%ION Cme Energéticas, Med oambe tale: - .
- % CIENCIA y Tecnologica U
—5 ncerainties

TYPE A: “[...] probability distribution function derived from an observed
frecuency [...]"

TYPE B: “[...] probability distribution function assumed]|...]”. Usually based in
a set of reliable informations.

TYPE TYPE B
NH ANNUAL MEAN TEMPERATURE
50 — ACTUAL DISTRIBLITIO
- GAUSSIAN DISTRIBUTION
40
aot+
=
5
L
20 |
10 |

]
1.0
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Components of the uncertainty

*Measurements

*‘Models (approach, simplification of the reality)
*Specification of the problem and definition of the scenario
*Formulation of the conceptual model
*Formulation of the mathematical model
*Estimation of parameter values
*Formulation of the computer code

*Modeller

Parameters

Natural background - must be considered in NORM
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METHODS

Uncertainty propagation
Fuzzy logic
Bayessian

Montecarlo

Should incorporate every component

Usually is possible to incorporate spatial and temporal variability



Uncertainties

MONTECARLO

The method is based in the random generation of

numbers under a preknown probability density function
(pdf).

The basis for the pdf generation is the uniform U(0,1) pdf

U(x)= 0 if x<0
I
0

U= -
Ux)=0 if x> 1

1f 0< x<1
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MONTECARLO

There exists multiple routines for U(0,1) generation. Ex:

J. Carlson

Vi <l {0t Yk+31)m0d247
y, = 16805y, _, mod 2~

k O [1,55]
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MONTECARLO

Several numerical techniques allows the creation of a lot
of other pdf. Modified Von neumann method:

Calculate M
Generate x =U[a,b]

Asignate the interval hi where x corresponds
kGenerate z =U[0,1]

»
o

Define the number of iterationsN
j=0

Calculate f(x)

N f(x) [
Calculate n — % —+ S =

|

hi =hi+n

|

e

YES

A

END
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MONTECARLO

Thanks god software solutions are available!

*Easy
*Cheap

*Fast
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& CROM v6.0 - Codigo de cRiba para evaluacion de iMpacto S E1ES
Datsbase Case Options View Help

Probabilistic air dispersion
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Uncertainties in NORM

UPT-As Pontes

Example of
uncertainties in NORM:

g dr‘\'j— 77 UPT-Compostilla
& : 1P2

Coal-fired power plants

: Gibraltar
Taﬁ-

S 'I'Imagv!‘;,ns’ﬂ‘." . \b - & P e
©2008IEuropa Teéhnologless IJ v ﬁ f’ B

3 N
Puntero 39°37°20.80" N 327398470 Secuencia ||| 100 . AltYojol 109271 krrl

el

L4

Py a3
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Image NASH

& 2008 Tele'Atlas
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Parametro (unidad) DlStl:ll?ucmn Repres,e ntacion Media (n) Desv. Est. (0)
tipica grafica
Altura fisica de la chimenea (m) Normal A 200 7007
Diametro de la chimenea en su
salida Normal /\ 9.4 3007
(m)
Tiempo de exposicion del
individuo Normal /\ 7300 1800
(h)
Media geom. poeom  desv. est. 2.(0 geom)
Temperatura ambiente (K) Lognormal /N\\\ 287 10
Velo_clzldad promedio del viento Lognormal 9 5
(ms™)
Concentracion vertida por
radioisétopo (Bq s™) Lognormal /N\ Datos en tabla 1
Lim. Inf. Lim. Sup.
Dls.ta.nma de la chimenea al Uniforme 4650 5250
individuo (m)
Lim. Inf. moda Lim. Sup.
Tasa de inhalacion (m’ a™) Triangular /\ 2600 8300 20000

Sin variaciones
Temperatura de salida del gas (K) 360
Probabilidad de que el viento

sople en la direccion del individuo 0.16
Velocidad de deposito (m s™) 0.012
Velocidad de salida del gas (m s™) 2.3

Factores de conversion a dosis

(Sv Bq'l, Sy m’ Bq'l, Sy m> Bq") Datos en tabla 1
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Air concentration Soil deposition

0.030 - 0.03
0.025 - 0.025 4
ddp concentracion en aire ddp depdsito en suelo
0.020 1 002 Hgoon?0.10
0 geor0.05
0015 0.015 4
0010 C t 01
0.005 )05 4
0000 . . . . . E &\i : : : ! . :
0.E+00 1E08 2E08 3E-08 4E08 508 T 0.E+00 5602 1E-01 2E-01 2E-01 3E-01 3E-01

Bqm-3/Bqs-1 Bq m'z/Bq 5!

Inhalation Immersion Deposition

4E02 4 4E-02 3E02
3E-02 q c 3.E-02 4 3E-02 4 ce s
Inhalacion Inmersion en nube . .'. Depdsito en suelo
3E02 1 ) 02 1 - & B 034
”960'"'2'22 2.E-02 “geoszE'4 2802 : " 0gerf 069
0 | 0 geon0- E-02 _ ;
2E:02 0 goonSE4 - : :,
26021 | 28402 1 ‘ :
: 1E02 4 1£02 | :
1E-02 : . M,
5E03 ; el M"mm 5E03
9 . - s i
3 i, 0E400 e T T T T 1
- Ll LR
0.E+00 ot ; ; ; ; ; — ‘
0.E+00 5E-04 1.E-03 2E-03 2E-03 3E-03 0EHD ‘ i i i ‘ '
0.E+00 2.E-02 4E-02 6E-02 8E-02 1E-01 1E-01 1E-01 2E-01 2E-01 2E-01 Sva-1 0E+00 5E-01 1.E4+00 2E+00 2E+00 3E+00 3E+00
uSva-1 jove- ySva-t
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e Uncertainties in"‘NORM
100,000 Trials Split Yiew 97,889 Dizplayed
HojallAb Statistic | Fit: Lagnommal| Forecast value

Trialz 100,000

_ 3500 Mean 9.96E -1 1.00E+0

Median 8.29E-1 g8.21E-1

L0 3,000 o [Moce 5, 75E -1
= - 2,500 = |Standard Devi E.BZE-1 £.87E-1
ﬁ 0,02 - i S —SEE ]| 2000 £ |Variance 4 38E-1 4 72E-1
o hean = T.00E+0 ] T |Skewness 2.29 253
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e = Other NORM industries

One of the main problems in NORM are the big
amount of residues that are produced.

The main pathways In those cases are:
> External exposure due to the materials

> Internal due to the inhalation of the
resuspended material

> Inhalation of radon
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And so the main uncertainties will come from:

» Time of exposure

» Resuspension factor (mass loading factor)
> Ingested amount

» Radon exhalation rate

> Spatial and temporal variability
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The uncertainty due to the model can be estimated as
the difference of results from different models.

That value should be incorporated to the final
uncertainty
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The use of materials from different locations will
appear as a temporal variability in the activity
concentration of the raw materials.

This component can represent several orders of
magnitude.
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If an adequate chemical characterization is not
carried out, an additional factor 2-3 appear in the
uncertainty.

Usually as an overestimation of the real value, as the
default chemical form tends to conservatism.
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Lo SR Conclusions

» Too conservative assessments in NORM industries
might produce more harm than benefits to the society

» Comparisons between different assessments are more
understandable, both for the modeller and the regulator,
using uncertainties analysis
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Lo SR Conclusions

> Basic Regulations on Radiation Protection which
requlate nuclear installations will also regulate NORM
Industries.

»Confidence levels for the results must be a-priori
defined (95%, 99%7) by the regulatory authority

» New results will assure that dose constraints are not
surpassed within the confidence level
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PR Clemal [HH5 Conclusions

» The uncertainties of some parameters usually not
considered can be easily implemented:

» Ocupancy times
» Different places for occupancy
» Consumption habits

» Inhalation rates
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» Some uncertainties that has never been faced, are now
been under consideration:

» Epidemiological studies

» LNT model

» Dose Conversion Factors (variability in persons)
» Weighting factors

»New results will assure that dose constraints are not

. Spain 7 52
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THANK YOU

jc.mora@ciemat.es
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