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A Study on the Dose Assessment Methodology
Using the Probabilistic Characteristics of TL Element Response
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Abstract - Characteristics of element responses of Panasonic UD802 . personnel dosimeters in
the X, B, v, r/X, /B and 7/neutron mixed fields were assessed. A dose-response
algorithm has been developed to decide the high probability of a radiation type and energy by
using the distribution in all six ratios of the multi-element TLD. To calculate the 4-element
response factors and ratios between the elements of the Panasonic TLDs in the X, £, and 7
radiation fields, Panasonic’s UD80Z TLDs were irradiated with KINS’s reference irradiation
facility. In the photon radiation field, this study confirms that element-3 (E3) and element-4
(E4) of the Panasonic TLDs show energy dependent both in low- and intermediate-energy
range, while element-1 (E1) and element-2 (E2) show little energy dependency in the entire
whole range. The algorithm, which was developed in this study, was applied to the Panasonic
personnel dosimetry system with UD716AGL reader and UD802 TLDs. Performance tests of the
algorithm developed was conducted according to the standards and criteria recommended in the
ANSI N13.11. The sum of biases and standard deviations was less than 0.232, The values of
biases and standard deviations are distributed within a triangle of a lateral value of 0.3 in the
ordinate and abscissa, With the above algorithm, Panasonic TLDs satisfactorily perform optimum
dose assessment even under an abnormal response of the TLD elements to the energy imparted.
This algorithm can be applied to a more rigorous dose assessment by distinguishing an
unexpected dose from the planned dose for the most practical purposes, and is useful in
conducting an effective personnel dose control program.
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Table 1. Typical specifications of UD802 TL elements.

PN T4 e THEF ZH

#1 = - 19mg/cm’ of Plastic
NE & 3mm, LiBOr:Cu g/om_ :

# | FN 0 ~01mm 320mg/cm® of Plastic

#3 (mono grair) layer), 320mg/cm” of Plastic
MR+ carbon fl|2m, CaSO4Tm 220mg/cm’ of Plastic

#4 | A0t 10mg/cm’ of Teflon 800mg/cm’ of Lead

Table 2. Characteristics of neutron source in

PNL.

source Phantom Size,cm’ Fixed Distance,cm Mean Energy,MeV
Bare ““Cf 24
D:0 mod ““Cf 40x40x15 50 0.7
“'AmBe 4.4

Table 3. Characteristics of neutron source in PNL.
source Phantom Size,cm® Fixed Distance,cm Mean Energy,MeV
Bare ““Cf 2.4
D:0 mod ““Cf 40x40x15 50 0.7
“IAmBe 44
Table 4. Typical specifications of UD802 TL elements.
N} 24 Y THEH 2
# =2 - 19mg/cm® of Plastic
X& : 3mm, LiB0r:Cu gem_ :
# | W @ ~01mm 320mg/cm” of Plastic
#3 (mono grain layer), 320mg/cm’ of Plastic
ANAH = carbon f'lzm» CaS04:Tm 220mg/cm” of Plastic
#4 1 A20t: 10mg/cm? of Teflon 800mg/cm? of Lead
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Table 5. Radiation Sensitivities for each element of the UD802 dosimeter.
Beta Photon
Element Neutron
Low Energy High Energy Low Energy High Energy
# Low Good Good Good Thermal Only
#2 No Low Cood Good Thermal Only
#3 No Low High Good No
#4 No 1% 50% Good No
Table 6. Typical specifications of UD802 TL elements.
R T+ THEH g
# | X2 : 3mm, . 19mg/cm’ of Plastic
S - LiB407:Cu , _
# | FM : ~0Ymm B0 320m@nl‘ of Plastic
#3 (mono grain layer), 320mg/cm” of Plastic
" NAT : carbon film, CaS04:Tm 220mg/cm’ of Plastic
ALRTE 1 10mg/cm® of Teflon 800mg/cm’ of Lead

Table 7. Characteristics of beta Nuclides recommended by 1SO.

Nuclide Half life(y) ErestMeV) Filter Material and Dimensions
20 @ 4AcmPTP foil, thickness 7mg/cm’
Tl 3.78 0.53 @ 2.75cmPTP foil, thickness 25mg/cm2
Y, 9 @ 2cm, 3cm, 5¢cm, PTP foil,
Sy 285 180 thickness 7mg/cm’

Table 8. Characteristics of narrow spectrum series in ISO 4037.

iSO Series Tube VoltagekV HW, mm Mean Energy,keV
10 0.047Al 8

15 0.14Al 12

20 0.23A1 16

25 0.66AI 20

30 1.15Al 24

Narrow 40 0.084Cu 33
Spectrum 60 0.24Cy 48
80 0.58Cu 65

100 1.11Cu 83

150 2.36Cu 118

200 3.99Cu 164

250 5.19Cu 208

300 6.12Cu 250
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Table 9. Typical specifications of UD802 TL elements.

2% 74 e | ZYEZ T

# 1 xE : 3mm, / LiBOrCu 19mg/cmz. of Plastic

#2 | FMH 0 ~01mm , 320mg/cm’ of Plastic -

#3 (mono grain layer), 320mg/cm’ of Plastic
AR carbon f'lzm’ CaSO4Tm 220mg/cm’ of Plastic

;#4 4%Y : 10mg/cm’ of Teflon 800mg/cm’ of Lead

Table 10. Radiation Sensitivities for each element of the UD802 dosimeter.

Beta : Photon
Element : : Neutron
Low Energy High Energy Low Energy High Energy ‘
#1 Low Good Good Good Thermal Only
7 No | ~ Low Good Good Thermal Only
#3 No Low High Good No
#4 No 1% 50% Good No

Table 11. Characteristics of narrow spectrum series in 1SO 4037.

ISO Series Tube VoltagekV HVL, mm Mean EnergykeV
10 0.047Al 8
15 0.14Al ' 12
20 0.23Al ' 16
25 0.66Al 20
30 1.15Al 24
Narrow 40 0.084Cu 33
Speétrum 60 0.24Cu 48
80 0.58Cu 65
100 1.11Cu 33
150 2.36Cu 118
200 3.99Cu 164
250 5.19Cu 208
300 6.12Cu 250

Table 12. Characteristics of beta Nuclides recommended by 1SO.

Nuclide Half life(y) Eres(MeV) Filter Material and Dimensions

® AcmPTP foil, thickness 7mg/cm’

204
T 3.18 053 1@ 2.75cmPTP foil, thickness 25mg/cm’

@ 2cm, 3cm, 5¢em, PTP foil,
thickness 7mg/cm’

Mty 28.5 1.80
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Table 13. Performance test categories and irradiation range.
MENE HE INEEJNREE]
I AtDAE Mol YR ZA M150 01 -2 Sy
0oAtDME DoUA 2 PCs 01 -1 Sv
M. Mol LAl ZERE M30,M60,M100,M150H150 0.3 - 100 mSy
V. DOjM A X ¥Cs 0.3 - 100 mSv
\/ wl ef, %5y, 24 1.5 - 100 mSy
V. ZA &8 WAME I Y Ivate st 05 - 50 mSv
VI B EF-ZER} B8 SEARMA IV & valol B3t 2 - 50 mSy

Table 14. Characteristics of neutron source in PNL.

source Phantom Size,cm’ Fixed Distance,cm Mean EnergyMeV
Bare “‘Cf 24
D,0 mod ““Cf 40x40x15 0.7
“'AmBe 44

Table 15. Performance test categories and irradiation range.

HENE 8%

NEZA 89

I AADM S KHOUA ZA M150 01 -2 Sy
I AtDM DoUR 2R Cs 01 -1 Sy
M. Mol &l 2 Xt M30,M60,M100,M150,H150 03 - 100 mSv
IV, TOI K K| ZEAp B 03 - 100 mSv
V. diEE Py, ‘“ﬂ 15 - 100 mSv
V. A &8 SARM A I & vale s§ 05 - 50 mSv
VIL BER-2 K B8 SAIME IV o vate] B3 2 -~ 50 mSv
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M ik STD ; sk = mean and standard deviation of parameter P,
P =E3/E? P_=EIl/E2
p; ~E3/E4 P:= E4/E2 RSP,;: Element response factor
P,~E1/E4 P =El/E3 DCF ,, : Dose Conversion Factor at the depth d
+ for the Radiation field i , Gamma Content j

k=1

Selects Radiation Cod

| |

ik l

P, <| M, +3STD RW =1 for P, <| M +3STD
' 5k « "
RW =2 for P, <|M +2STD

W.=3 for P <{ M +1STD

ik ik

W

ext b, j

Calealate RWSp; RWS = Sum of RW,
and Sclect RWSs: RWS > 14.5 Cailculate Exposurc Amount

EXP =~ Avg.(E, /RSP

v

Calculate Depth Rose
RDose, , = EXP, * DCF,,

iia)

No. of Selected RWS . =0 B

Dose(d) = Avg,(RDose‘J'd) J

Fig. 1. Flow chart of the algorithm using probabilistic characteristics of TL
element response.
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Substrate with
Silicon Filter Carben Backing

Optical Filter Thermoluminescnt
Light to
Photomultiplier Tub

P atateate

Transparent Covering

Element Plate

i i in nic TLD

TN 500071 OHIHE ‘SN

Fig. 2. Optical heating system of UD716AGL.
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energy.
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Fig. 5. Element response ratios for the mixed photon/gamma, beta/gamma and
neutron/gamma radiation field for the Element 1 and Element 2 as. a function of .
- energy.
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Fig. 6. Element response ratios for the mixed photon/gamma, beta/gamma and
neutron/gamma radiation field for the Element 3 and Element 4 as a function
of energy.
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and neutron/gamma radiation field for the Element 4 and Element 2 as a
function of energy.
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function of energy.
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|B|+S for Deep Dose

X
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Fig. 10. Performance test result, [B|+S, Deep dose.
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Fig. 11. Performance test result, IB|+S, Shallow dose.
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B and S for deep dose
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Fig. 12. Performance test result as a function of bias, B and
standard deviation, S for deep dose.
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Fig. 13. Performance test result as a function of bias, B and
standard deviation, S for shallow dose.



