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Scope of the presentation RRG

Evaluating the

- combined standard uncertainty and

- coverage Interval at 95% coverage probability
using type -test data

Only showing
general ideas

Example:

- TLD photon dosemeter NRG-Arnhem
Type -test results from joined project
NRPB-RIS@-TNO (Villigen workshop 1993)
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Uncertainty evaluation of personal
dosemeters using numerical methods
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Uncertainty evaluation using GUM

Xi(u) —»
Input X, (u,) —»| Model
quantities X3 (Ug) ——p| Y=f(X)
Xe(Uy) —»

Output quantity
measurand

>
Y (uc)

Evaluating the propagation of uncertainties

from input quantities to

1) Analytical methods

measurand

2) Law of Propagation of Uncertainty, LPU

3) Numerical methods
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Numerical methods based on
Monte Carlo simulation

*Arbitrary PDFs for X, can be used

Non-linear or discontinuous f(X) allowed
(no sensitivity coefficients needed)

Input quantities can be correlated
(coverage Iinterval directly evaluated)
*No need for knowing degrees of freedom

Mathematical analysis and approximations
are replaced by

brute computing power
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Type test of TLD NRG -Arnhem

Joint NRPB -RIS@-TNO experiment 1991

Response

15 energies

4 angles

3 dosemeters per E,a
2 TLDs per dosemeter
360 measurements

B detector 3 mm PC
D detector 2 mm Al

Angle
Energy 0Q°

(keV)
17.4
17.4
17.4
23.1
23.1
23.1

662
662
662
1250
1250
1250

0.084
0.077
0.069
0.455
0.470
0.452

1.138
1.111
1.161
0.982
0.983
1.035

20°

0.062
0.076
0.060
0.403
0.406
0.410

1.189
1.158
1.143
1.000
1.003
0.984

40°

0.030
0.035
0.029
0.322
0.308
0.297

1.103
1.156
1.146
1.081
1.012
0.991

60°

0.012
0.018
0.010
0.162
0.153
0.146

1.143
1.113
1.112
1.041
1.029
1.024

\
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Type test of TLD NRG -Arnhem

N3G

CN KEMA COMPANY
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Uncertainty evaluation in RRG
EUR 14852 and IAEA RS -G-1.3

u Type A uncertainty (e.g. noise)

A
Type B uncertainty
Ug (E.a) S
: - from energy and direction
Ug i) - from all other sources
. Response averaged over angles
e _1
REiﬁ B Z(REi o™ REi 20 T REi a0t REi ,60)

FRG il ) i
%mmh uB(E,a) - MaXEi\' 1- REicT"/l-96

Combined relative standard uncertainty

uc=\/u,i+u2 +U; = 0.27

B(E.,a) B (other)
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Spectral distributions of

\
workplace fields NG

Weighted average of NRG customers

] — Hyperbolic
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. N
Input quantities of dose NRG
measurement

Indicated value
Calibration factor under reference conditions
«Correction factor for:
e signal fading
e radiation energy and direction
e dose rate
* non -linearity
 natural background
e supply voltage
e temperature and humidity
e electromagnetic disturbances
» shock and vibration
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Schematic input -output model for RRG
1 detector TLD

Input quantities Qutput quantity
measurand
—>
_> <
X,, Reader sensitivity — Y Dose °
X., Fading parms | Model | "2 °
5 o
X, Time readouts — | VX 2
X,, Background dose rate ——»p >
Xg, Photon energy — %
Xo, Angle of incidence — g




\
Course of events for the NG
numerical method

1) Generate for each input quantity  X::
random value x; based on the
probabllity density function (  pdf)
of that quantity

2) Calculate the output quantity

4) Repeat steps 1 and 2 e.g. 100,000 times

¥T 9002V SOAvdN3 Alia uea wajjimuer

5) Make a statistical analysis of the results




Bootstrapping RRG

Angle

Energy 0° 20° 40° 60°

(keV)

17.4 0.084 0.062 0.030 0.012
Uncertainties caused by variation in O o oo
e Individual TL -detector properties R R
o Zero Slgnal 23.1 0.452 0.410 0.297 0.146
 Reader noise Y

662 1.138 1.189 1.103 1.143
Are taken into account by using AL e
randomly one of three dosemeters o 100 Lo 1o

1250 1.035 0.984 0.991 1.024

Bootstrapping

The re-use of measurement data for
evaluating uncertainty and
confidence limits
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Frequency

. | \
Uncertainty evaluation of NG
dosemeter with one detector

0.209  Hyperbolic, Distr o 207 Hyperbolic, Distr v Simulations D
£ 18- Measured D
5 sl
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Frequency

Uncertainty evaluation of RRG
dosemeter with one detector

00 02 04 06 08 10 12 14 16 18 20
Response D H p(10) /H (10)

Sim " p True

00 02 04 06 08 10 12 14 16 18 20
Response D H p(10) /H _(10)
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Ratio detector B/D

10

Algorithm for energy correction

Y, 3 mm plastic, Y, 2 mm Al

Calculate ratio Q=Y,/Y,
If Q>1
Use linear interpolation in type
table to find corresponding
responses R; and R,
YCorr :0'5(Y1/R1+Y2/R2)
Else
no correction

SRy amemcye =

10

100 1000
Photon energy (keV)
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True

/H _(10)

p Sim

Response H (10)_

c 0o 0o oo b kP P P P DN
o N A OO 00O O N A OO 00 O
A N T S T T N T A T

Effect of energy correction on

type -test results

O A DN O
o o o -°
© o o

10

100
Photon energy (keV)

LRI |
1000

Response detector D relative to Hp(10)

2.0

1.51

1.0

0.5+
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o 20°
40°
v 60°

0.0+
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Schematic input -output model RRG
component for energy correction

_’ _»
—_— —
—_ —_
—_— —_
—_— —_
—_ —_
—_ — W
—_ —_

Y5 Corr. parms ——p
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True

H _(10)

p Sim

Response H (10)_

Effect of energy correction on

2,0-
1,84
1,6-
1,44
1,2
1,0-
0,8-
0,6-
0,44
0,2-
0,0-

simulations

Hyperbolic, Distr A Simulations B
A v Simulations D
P ¥ i i
R0 Simulations H ID(10)
L) TN Measured B
A NG

WA

Measured D

ured H ID(10)
A

10

100 1000
Photon energy (keV)

\
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Effect of energy correction on
uncertainty and confidence limits

0,259 Hyperbolic, Distr Not corrected
-t Corrected
0,20 -
> 0,0% 0.667> >1.5 0,0%
O 0,154
g 5,4% 0.667> >1.50,0%
o>
L 0,10-
LL
0,05 -
O,Oo'ﬁ(l'll'l'l' r @+ 1 & 1
00 02 04 06 08 10 12 14 16 18 20

U.=11% (16%)

Response H Io(1O)Sim/HIO(10)

True
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Frequency

0,30
0,25 -
0,20-.
0,15 -
0,10-.

0,054

0,00

Effect of energy correction on
uncertainty and confidence limits

1 Al appl., Average

0,0% 0.667>
1,2% 0.667>

W

= Not corrected
= Corrected

>1.5 0,0%
>1.5 0,0%

0,0 ' 0:2 ' 0:4 ' 06 08 10 12 14 1:6 ' 1:8 ' 2:0
Response H p(1O)Sim/Hp(10)

True

u-=9% (15%)

Frequency

0,40
0,35
0,30-.
0,25-.
0,20 -
0,15-.
0,10-.

0,05 -

0,00

| Hospital, Average

0,0% 0.667>
1,9% 0.667>

.

>1.5 0,0%
>1.5 0,0%
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= Not corrected
= Corrected

L | '——F 1 — T v T ' 1
00 02 04 06 08 10 12 14 16 18 20
Response H p(lO)Sim/Hp(lo)

True

Uu-=6% (17%)
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Frequency

Effect of energy correction on

uncertainty and confidence limits

Average 100 exposures

0,50
0,451
0,40
0,354
0,30
0,254
0,20-
0,154
0,10
0,05-

0,00-

All appl., Average

0,2% 0.667>
0,2% 0.667>

W

/

J

= Not corrected
= Corrected

>1.5 0,0%
>1.50,1%

0,0 ' 0:2 ' 0:4 ' 0:6 ' 0:8 ' 1,0 ' 1:2 ' 1:4 1:6 ' 1:8 ' 2:0
Response H p(1O)Sim/Hp(10)

True

U-=3% (5%)

Frequency

0,40 -
0,35
0,30-.
0,25-.
0,20 -
0,15-.
0,10-.

0,05 -

| Nuclear power, Average

0,0% 0.667>
0,0% 0.667>

\

>1.50,2%
>1.50,1%
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Not corrected
- Corrected

0,00

U.=11% (5%)

0,0 ' 0:2 ' 0:4 ' 0:6 ' 0:8 ' 1:0 ' 1:2 ' 1:4 1:6 ' 1:8 ' 2:0
Response H p(lO)Sim/Hp(lo)

True
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Distribution of the natural N{G
background in the Netherlands

20%
" 18% © & Measurements Lognormal distribution
‘g 16% | “=LogNormal Mean = 93.1 nGy/h
149 S Mode = 89.8 nGy/h
% ° Stdev = 14.7 nGy/h 3
< 12% n = 300 2
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. . \
Monte Carlo simulation N3G

Effect of background subtraction

Ustg Relative stdev Hospital applications | Luté
- |CRP coverage interval
S 1.6
&  0.25-
>
3 14 9 z
TS 0.204 QD 3
= - 412 B 5
17 | i =1 O
2 5 3
= 410 < AL
< 0.15- D 5
Q 5
- 0.8 %
Y ~50 - 150 pSv ' B
N
010 ' 1 ' 1 ' 1 ' CSD
0.0 0.5 1.0 1.5 2.0 N

Relative background contribution
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Evaluating standard uncertainty RRG
using Monte Carlo simulation

Do type test
Define distributions
Do Monte Carlo simulations

l

Combined standard uncertainty
Coverage Interval
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Evaluating standard uncertainty
using Monte Carlo simulation

Do Monte Carlo sampling N, times

|\Isim

Average response R, =2

Combined relative standard uncertainty

Nsi

an (Rsim,i ) ﬁsim )2

uCDs:VI=1 N

Sim

AN ECN KEMA COMPANY
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Evaluating standard uncertainty
using Monte Carlo simulation

Sort simulation results

Then for e.g. 100,000 simulations the interval of
95% coverage probability ranges from

Rsim 2500 10 Rgim. 97,500

The asymmetric ICRP coverage interval
IS easily calculated

L1 R <15
1.5

AN ECN KEMA COMPANY
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Evaluating standard uncertainty
using Monte Carlo simulation

not corrected Corrected

Coverage Coverage

Uc Interval Uc Interval

(95%) (95%)
EUR 14852 27% 0.47-1.53 15% 0.82-1.18
Hyperbolic 19% 0.60-1.40 11% 0.78-1.23
All PTB 14% 0.76-1.30 9% 0.81-1.22
Hospital PTB 16% 0.72-1.29 6% 0.91-1.14
NPP PTB 7% 0.92-1.20 12% 0.73-1.15

AN ECN KEMA COMPANY
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Evaluating standard uncertainty RRG
using Monte Carlo simulation

Monte Carlo based numerical methods

Allow to evaluate the

- combined standard uncertainty

- coverage interval (also asymmetric )
using observed distributions
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Evaluating standard uncertainty
using Monte Carlo simulation

Monte Carlo based numerical methods

Reduce the need for using

- assumptions on distributions

- approximations of analytical functions
- determination of sensitivity coefficients

No need for worries about
- correlation between Input quantities
- degrees of freedom for coverage calculation

AN ECN KEMA COMPANY
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Evaluating standard uncertainty RRG
using Monte Carlo simulation

Computer programming Is simple using
well established algorithms

Methods can be defined precisely and made
suitable for approval criteria

Simulation time 1 -10 seconds depending on
shape of distributions
number of input quantities
number of samples and
processor power

L€ 9002V SOAvyN3 Alia uea wajjimuer




Evaluating standard uncertainty N{G
using Monte Carlo simulation

Numerical methods
are transparent,
powerful and
a valuable

addition
to the tools available for
uncertainty analysis
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Uncertainties in workplace
external dosimetry

A Monte Carlo approach

Numerical methods can give
realistic estimates for
combined standard uncertainty !

Do some gambling and
your dosemeter might win
Thank you

AN ECN KEMA COMPANY
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