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INTRODUCTION

Power Reactor and Nuclear Fuel Development Corp. Tokai
Works develops thermoluminescent dosimetry and applies it
for routine personnel monitoring on a large scale in Japan.
More than 3000 personnels per 3 months who work at nuclear
fuel reprocessing plant, plutonium fuel fabrication plant
and uranium enrichment facilities have been monitored with
the PNC TLD badge and finger ring for past six years.

In order to measure the neutron dose which will be
recieved by the personnel handling the plutonium of the
order of kg at the plutonium facilities and also the B ab-
sorbed dose recieved by handling high radiocactive materi-
als at the reprocessing plant, we developed the PNC TLD
badge for whole body exposure and two types of finger ring
for partial exposure, which consists of some TL elements.
It is now possible to evaluate gamma, beta and neutron
doses on routine basis by using the
PNC TLD badge.

PNC TLD BADGE AND FINGER RING DOSI-
METER

The external view of the PNC TLD
badge and two types of finger ring is
shown in Fig. 1 and the composition
of badge in Fig. 2. The external
size 1is 46 x 76 x 11 mm and a materi-
al of the badge case is ABS plastic.

The TLD badge is composed of two
TL elements (CaSO4:Tm) for y-ray,; two
thermal neutron sensitive TL elements
(°LiF + CaS0,:Tm), one ther-
mal neutron insensitive TL
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amount of this dosimeter is several mrem, 10 mrem per 3
months is employed as a recording level for the routine
individual monltorlng

When y dose is calculated, background dose of each
dosimeter is automatically substructed by computer system.

This dosimeter has the good energy characteristics,
the low fading effect, the high sensitivity and the ease
of handling for the routine individual monitoring.

B-ray dose

The TL elements (UD-100M8) consists of thin Al film
base of 30um and thermoluminescence material (CaSO,:Tm) in
thickness of 60um. TFig. 3 shows a composition of B-ray
dosimeter and two sets of this dosimeter composes the PNC
TLD badge.

The method of dose evaluation is the following.

Incident B and y-rays are absorbed by TLD-1 and TLD-2
and in the TLD-3, only y-ray is absorbed.

Consequently, the amount of thermoluminescence emit-
ted from each TL element can be given, in case of the
mixed 8 and y radiation field, by the following equations;

L(1) = bl(E)DB+ g1(E)Dg + C o (D

L(2) = bz(E)DB+ g:(E)Dg + C e (2D

L(3) = ga(E)Dg+ C cee (3D
where

L{i) amount -of luminescence emitted from TLD(i)

bi(E)= sensitivity of TLD(i) for B-ray with Emax(MeV)
gi(E)= sensitivity of TLD(i) for y~-ray with E(MeV)

DB = B-~ray dose

D = y~ray dose

C = amount of noise luminescence

Accordingly, obtaining bi(E) and 1D hage

gi(E) previously, the y and 8 ray [T
doses can be calculated by the

following equations ! }UJWH B
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Neutron dosimeter incorporated in the PNC TLD badge con-
sists of three TL elements and Cd Sn filters. Fig. 4
shows a compesition of this dosimeter.

In the mixed radiation field of fast neutron, thermal
neutron and y-ray, the amount of thermoluminescent re-
sponse of TL elements is interpreted by the following
equations;

L(1) = nO(E)¢th + G, ... (8D

L(2) = no(E)(¢‘th + ¢'f) + G2 e (7D

L(3) = G; .. (8)
where

L(i) = amount of luminescence emitted from TLD(i)

n = proportlonallty constant

o(E) = the ®Li(n,n)’H cross section

¢th = the 1nc1dent thermal neutron flux

¢'th = the backscattered thermal neutron flux

¢'f = the tissue moderated fast neutron flux, that

is albedo-neutron flux
G(i) = the luminescence caused by y-ray to TLD(1)

If the effect of Cd and Sn filter to y-ray 1s equal,
01, G2 and Gz are equal, and so the thermal neutron dose

) and the fast neutron dose(D ) are calcurated by the
fOETOWlng equations;

Table 1. The example of dose evaluation in
the mixed exposure of B & y rays
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Where, ki1 and k2 are calibration constants to convert the
luminescence into the dose equivalent, and f is the frac-
tion effected by incident thermal neutron backscattered
to the TLD(2), that is albedo-rate of thermal neutron.

Thus, it became possibleto evaluate separately fast
neutron, thermal neutron and y-ray doses in the mixed
radiation field.

This neutron dosimeter was calibrated by PuO:, Cf
and AmBe neutron sources and paraffin phantom.

RESULTS

Exposing the B-ray dosimeter to the mixed field where
B-ray and y-ray doses are known by calculation, the dose
evaluation was practically done with the method described
above. The results are given in Table 1.

As seen from Table 1, the larger the A/Y ratio, the
evaluation precision for B-ray dose improve more. In the
routin monitoring, we think that minimum detectable amount
of f-ray dose is about 100 mrad.

The sensitivity ratio (b,/b,) to B~ray between TLD-1
and TLD-2 in R-ray dosimeter is shown in Fig. 5, using the
various f-ray sources. By this figure, we are able to
obtain the information on f-ray maximum energy and radio-
nuclide.

Table 2?2 shows comparison between Tersonnel monitoring
data and radiation dose rate by survey meter in plutonium
facilities. The ratio is almost the same, showing that
the neutron evaluation method is adequate. We think that
minimum detectable amount of neutron dose is 1lO0mrem for
thermal neutron and 20mrem for fast neutron in the routine
individual monitoring.

ol

1.0 2077 ¢ VA
1oce L L

- wp
Fioph

Table 2. Comparison between per-
sonnel monitoring data and radia-
tion dose rate

01 Wiy
Radiation 2ose ate s
3V survev meter

pray Evorgy index (Di1/b2)

awvmrew hr)/v(orewhe} oAy

I
w

°

2

1

TTT0h 62 ey o Zo
Biay £ max (Mev)

Fig. 5 Relationship
between bi/b; & Egmax

OO~ RU e ]
N0 N W E A e
aobomrhoLvo

VimLorwowowi
RN o O
clvbLowlLtel,

-

>
<
s

il

188



