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ABSTRACT

The dose calculation algorithm for a symmetric four-element

LiF:Mg,Ti based thermoluminescent dosimeter is presented. The

algorithm is based on the parametrization of the response of the

dosimeter when exposed to both pure and mixed fields of various

types and compositions. The experimental results were then used to

develop the algorithm as a series of empirical response functions.

Experiments to determine the response of the dosimeter and to test

the dose calculation algorithm were preformed according to the

standard established by the Department of Energy Laboratory
creditation Pro ram (DOELA . radiation f ids :_ _ _ _ The test ie include
Cs gamma rays, Sr/ Y and _TI beta particles, low energy photons

of 20-120 keV and moderated _"Cf neutron fields. The accuracy of

the system has been demonstrated in an official DOELAP blind test

conducted at Sandia National Laboratory. The test results were
well within DOELAP tolerance limits. The results of this test are

presented and discussed.



INTRODUCTION

Personnel dosimetry processors in the United States must be

accredited by either the Department of Energy Laboratory

Accreditation Program (DOELAP)'-, or the _ational Voluntary
Laboratory Accreditation Program (NVLAP) '_'. It was reported

previously on the development of a non-symmetric multi-element TL

(LiF:Mg,Ti) dosimeter and algorithm that met all DOELAP

specifications with a large _rgin _)- A symmetric version of this
dosimeter was also developed where a pair of elements (TLD-700

and TLD-600) used for albedo neutron dosimetry, are both covered by

the same filter. This symmetry enables easier neutron dose

interpretation where both low energy photons and beta rays are

present The accuracy of the symmetric dosimeter _ been shown tomeet ali of the NVLAP required performance crlteri . This paper

describes a new dose calculation algorithm for the symmetric

dosimeter that enables this dosimeter, in addition to meeting the

NVLAP requirements, to meet the more restrictive DOELAP

specifications.

DOSIMETRY SYSTEM DESCRIPTION

The dosimeter is composed of two parts: a TLD card and a

holder. The TLD card consists of four LiF:Mg,Ti hot-pressed chips
mounted between two PTFE sheets on an aluminum substrate. The

holder covers each TL chip with its own unique filter, providing

different radiation absorption thicknesses to allow estimation of

the shallow and deep doses.

All four chips are 0.3 cm square; three of the chips, Chip i,

Chip 2, and Chip 4, are 0.04 cm thick; the remaining chip, Chip 3,
is 0.009 cm thick. Chip i, Chip 2, and Chip 3 are TLD-700

material; Chip 4 is TLD{600 material. Chips 1 and 4 have _ plastic

filtration of 600 mg_cm ABS plastic. Chip 2 has 240 mg/cm
plastic and 91 mg/cm copper filtration. Chip 3 lies behind a thin

aluminized Mylar film which, _ogether with the chip encapsulated
PEFE sheet, provides 17 mg/cm filtration.

The shallow dose estimation is based on the response of Chip

3. The deep dose estimation is based on the response of Chip i.

The ability of the dosimeter to act as a crude energy spectrometer

for low energy photons is based on the variation with energy of the

photon attenuation characteristics of the copper filter located in

position 2. Chip 4 is a neutron sensitive TL chip, used to enable
neutron dose measurements.

The TL measurements _re performed using the Harshaw 8800
Automatic TLD Card Reader . Glow curves were recorded to 300 ° C

at a heating rate of 25 ° C/s. The preparation of the dosimeters

prior to irradiation consisted of subjecting each dosimeter to one

readout cycle of the reader. Each TL chip is included in the

calibration chain, and the long term stability of the system is

ensured by a reference irradiator built into the reader. The

reference irradiator consists of a shielded 18.5 MBq _Sr/9_
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source. The radiation fields used to develoP139nd test the

_igo_.thm a_ llsted in Table 1 and include: Cs gamma rays,

Sr/ Y and T_2beta partlcles, low energy photons of 20-120 keV

and moderated Cf neutron fields. All irradla_ons were performed
accordlng to the standard established by DOELAP"'.

Table 1. Dosimeter irradiation fields.

Radiation Fieid Remarks

Filtered X-ray technique -- M30 20 keV

Filtered X-ray technique -- S60 36 kev

Filtered X-ray technique -- MI50 70 keV

Filter_ X-ray technique -- Hl50 120 keV
Gamma '_Cs 662 keV

2_sTJ/ 760 keVBeta (point geometry) w 90yBeta (poiD_ geometry) 2300 keV

Neutron, _=_Cf Moderated by

15 cm D20

Mean energy for photon radiation, maximum energy for
beta radiation.

DOSE CALCULATION ALGORITHM

The term algorithm, or more properly, dose calculation

algorithm, refers to the process of the interpretation of the

dosimeter response (counts or charge), in terms of risk related

quantity, i.e. dose equivalent. This algorithm is based on

parametrization of the response of the dosimeter measured using

both pure and mixed fields of various types and compositions The

experimental results were then used to develop a series of response

functions which are selectively applied to the observed response of
the dosimeter.

Let us define the following terms:

Indicated value. Value of the quantity derived from the instrument

reading following the application of all the scale factors.

Calibration factor. Factor which converts the indicated value,

corrected to stated reference condition, to the value of the

measured quantity.

Response. Quotient of the indicated value divided by the measured

quantity.

Let LI, L2, L3, and L4 be the indicated values of Chips i, 2,

3, and 4 respectively. The algorithm is developed as a decision
tree as follows:

!. T_ _h_ T_/T_ _na Y._/T.9 _ _m_]1_ than 0.7: or if the
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ratio L3/LI is greater than ii, and for the same dosimeter, the

ratio L3/L2 is smaller than 4, the reading should be questioned.

2. For a mixed photon neutron field, Chips 1 (TLD-700) and 4

(TLD-600) are used to determine the neutron dose via the albedo

technique. The TL signal associated with the response to neutrons,

NTL is given by:

NTL = L4 - LI (i)

The ratio NTL/LI, indicated the existence of neutrons in the

mixed field. For example, when NTL/LI > 0.2, there is a neutron
component included in the induced TL signal which contributes

approximately 20% of the TL response associated with photons.

The neutron dose, Hn, is given by:

Hn = HTL/I _ (2)

when K_ is the neutron calibration factor.

3. When L3/LI is greater than 15, there are almost

exclusively beta particles. The shallow dose calibration factor is

given by:

.17 for 9°Sr/9°Y

rs = (3)
77 for 2_T1

qua_on 3 _ determined based on experimental data collected withSr/"Y and 1 point sources. Both the deep and shallow dose

_91ibration factors rJ and r respectively will be referred to' g s
"-Cs, for which we deflne rs=rd=l.00.

4. When both L3/L2 and L3/LI are in the range of 0.7 to i.i,

there are only intermediate and high energy photons. The

calibration factors rd and r_3_re the average response of the
dosimeter to MI50, Hl50 and Cs, which results in i.i0 and 1.16,

respectively This veraging process will result in

underestimation of 1_Cs doses by approximately 10%-16% and

overestimation of MI50 doses by approximately the same amount.

5. If LI/L2 is less than (0.425 + 0.833 L2/L3), there is a

beta component mixed with intermediate and high energy photons, rs

and rd are computed as in step 4.



6. If none of the above conditions are met, there are low

energy photons possibly mixed with beta components, and:

i 15 if i.i < L3/L2 < 1.35

00 if L3/L2 > 9.25

(4)
1 15 if i.I < L3/L2 < 1.35

= .47 - 0.22X if 1.35 < L3/L2 < 9.25rs

33 if L3/L2 > 9.25

where X = log (L3/L2) .

7. After rd and rs have been determined, the dose due to beta
and photon fields is:

Hs = L3/r s
(5)

Hd = Ll/r d

where H a and H d are the shallow and deep dose equivalents,respectlvely

8. For dose levels greater than i Gy, the supralinearity

correction is given by the TL dose response curve, f(D):

f(D) = [TL(D)/D]/[TL(DJD 0] (6)

where TL(D) is the TL signal corresponding to dose D and TL(D0) is

the TL signal corresponding to Do, Do being in the linear region of
the TL dose response curve. The dose response curve resulting in

the following function:

05 I<D<2 Gy

f(D) = 8 + log(D) 2<D<4 Sy (7)

08 + 0._5 log(D)

0 005 log (D) 4<D<6 Gy

9. A fading correction function for the entire glow curve was

detez_nined experimentally:

F(t) = exp[-a(t-t0)] (8)

where t = T/2 and a = 0.0033 day "I. T is the lapsed time in days

between preparation and readout. The fading correction was defined

to reference time of to = 8 days, and is limited to dosimetry issue

periods (T) up to 90 days. Because no pre-heat or any other fading



reduction techniques were applied, the fading correction given by
Equation 8 represents the maximum expected fading. Both the
supralinearity correction factor f(D) and the fading correction
factor F(t), are applied as divisors.

RESULTS AND DISCUSSION

This algorithm was applied in an official DOELAP blind test
conducted at Sandia National Laboratory.

The Bias, B (the measure of the accuracy of the system), for n
dosimeters is given by:

B = (9)

where the performance quotient Pi is defined for the i-th dosimeter
by:

P! = [Xi(reported - X i(delivered) ]/X i(delivered) (i0)

where the deep or the shallow dose can be inserted for X, and the
standard deviation is:

S = [Zi(Pi-B)2/(n-l)]I/2 (ii)

S is the measure of the precision of the system.

The official Sandia blind test results are tabulated in Table

2 for the various DOELAP categories and represented graphically in
Figure 1 as compared to DOELAP tolerance levels. In all cases it
is evident that all DOELAP specifications are met with a large
margin.
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