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Abstract: This paper presents an inter-laboratory comparison of neutron personal dose
equivalent measured by the Harshaw thermoluminescence albedo neutron dosimeters, TLDs
between the National Institute of Metrology of China (NIMC) and the Institute for Nuclear
Science and Technology of Vietnam (INST). Three sets of TLDs (each set consisting of five
TLDs) were prepared for each laboratory. Each set was then irradiated to the corresponding
same nominal standard values of neutron personal dose equivalent (Hp(lo),iq_std) of 1.0 mSv,
2.0 mSv, and 3.0 mSv, respectively at these two laboratories. The irradiated TLDs were then
read-out at the INST using the Harshaw 4500 TLD reader to obtain neutron personal dose
equivalents at the NIMC (H,(10)}_y;yc) and at the INST (H,(10)%_;ysr), Which are
corresponding to different values of Hp(lo)il_std. Comparisons between the corresponding

pair values of H,,(10)%_yac and H, (10)% ;v s7 Shows good agreements within 10% with the
combined uncertainty of 20.1% (k=1). This implies that the TLDs can be used for safety
assessment of occupational neutron personal dose equivalents. This intercomparison result
also confirms the capabilities of these two laboratories (i.e., NIMC, INST) on deliveries of
neutron personal dose equivalent standard values for calibrations of personal TLDs.
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I. INTRODUCTION

There are various utilities of neutrons in research works, education, and daily demands.
Accompanying with many helpful aspects, there are potential threats revealed from applications of neutron
sources at radiation facilities. Thus neutron safety assessment is a crucial need for personnel working at
neutron fields. There are different types of neutron measuring devices for the purposes of neutron
monitoring and safety assessment, including active ones [1, 2, 3, 4] and passive ones [5]. While the active
ones have the advantage on real-time vision of the devices’ readings (possibly, neutron ambient dose
equivalent—H"*(10) rates [1, 3, 4] or integrated neutron personal dose equivalents - H,,(10) [6]), the passive
ones possess the advantage on read-out data storage and retrieval for legal evidences (possibly, integrated
neutron personal dose equivalents - H,,(10) [5]). For management of occupational neutron personal dose
equivalents, thermoluminescence albedo neutron dosimeters (TLDs) are widely used.

In this work, comparisons of H,,(10) due to neutrons, measured by the Harshaw TLDs (card type of
GN-6776; holder type of 8806), were performed between the National Institute of Metrology of China
(NIMC) and the Institute for Nuclear Science and Technology of Vietnam (INST). Three sets of the TLDs



(each set it" consisting of five TLDs) were prepared for each laboratory (except an extra set of ten TLDs
prepared for each laboratory to measure background radiation). Each set it (i = 1 to 3) was then irradiated
to the corresponding it" same nominal standard value of neutron personal dose equivalent (Hp(lo)fl_sm)
of 1.0 mSv, 2.0 mSv, and 3.0 mSv, respectively at the NIMC and at the INST. The irradiated TLDs were
then read-out at the INST using the Harshaw 4500 TLD reader (with the same setting parameters) in order
to obtain neutron personal dose equivalents at the NIMC (H, (10)%,_y;uc) and at the INST (H,, (10)5,_;ys7),
which are corresponding to different values of Hp(lo);'l_std. Comparisons between corresponding pair
values of Hp(lo);_,NST and Hp(lo),ii_,NST were made to verify the feasibility of using the Harshaw TLDs
in managing occupational neutron personal dose equivalents for safety assessment.

I1. MATERIALS AND METHODS
11.1. Neutron reference fields

The neutron reference field at the NIMC equipped with an X4-type **Am — Be neutron source with
the neutron emission rate of 7.66 x 10 s~ (on 23 November 2011; the standard uncertainty of 1.0%, k=1),
this value is traceable to the NIMC standard using Manganese Sulphate bath method. The anisotropy
correction factor of 1.05 with the standard uncertainty of 1.0% (k=1) measured with the long counter with
BF; detector at the NIMC [7]. The neutron irradiation facility has inner dimensions of 600 cm (height) x
600 cm (width) x 1000 cm (length). The neutron reference field was used to deliver the standard values of
H,(10)%_s4 in this comparison and for the routine calibration works at the NIMC [7]. The neutron

reference field at the INST is equipped with an X14-type **'Am — Be source (supplied by Hopewell
Designs, Inc., USA) in the cubic room with inner dimensions of 700 cm x 700 cm % 700 cm. The source’s
neutron emission rate of 1.299 x 107 s~* (on 23 January 2015; the standard uncertainty of 1.5%, k=1). The
anisotropy correction factor of 1.030 at 100 cm from the source with the standard uncertainty of 0.1% (k=1)
was simulated using MCNP5 code [8]. This neutron reference field was used to deliver the standard values
of H,(10)_,., in this comparison and for the routine calibrations at the INST. From this **'Am — Be
source, several neutron reference fields have been established [8, 9]. The main dosimetric quantities of these
neutron reference fields were characterized and can be found in previous works [8-13]

11.2. Thermoluminescence neutron dosimeters and reader

The construction of a TLD card (type of GN-6776) consists of four thermoluminescence chips
(marked as: from | to 1V, see Fig. 1). While the chips I and IV are °LiF crystals, sensitive to both neutrons
and photons, the chips Il and Il are ’LiF crystals, only sensitive to photons. This configuration permits the
TLD measuring both neutrons and photons in mixed radiation fields. Therefore, the neutron personal dose
equivalent and the photon personal dose equivalent are achieved after reading out the TLDs. The qualities
of the TLDs used in the comparison were selected taking into account their batch homogeneity, linearity,
detection threshold, and reproducibility following the recommendations from 1SO 21909:2005 [14]. The
technical specifications of this type Harshaw TLDs can be found in Ref. [15].

The Harshaw 4500-type TLD reader was used for measuring the values of Hp(lo);'l_N,Mc and
Hp(lo);'l_,NST under the same setting parameters following the manufacturer’s recommendations (i.e.,
keeping preheat temperature at 165° € for 5 s; acquired temperature rate of 10° €. s~ * up to 300° € during
16 (2/3) s; annealed temperature at 300° C for 5 s). The factor k,,; of the TLD reader was set based on

the data read-out from the TLDs irradiated at 2.0 mSv at the NIMC. More details on the Harshaw 4500-type
TLD reader can be found from a website [16].
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Figure 1: Construction of the Harshaw TLD albedo neutron dosimeter card (type GN-6776).

11.3. Irradiation parameters

Each set i*" of five TLDs was attached on an ISO water slab phantom (30 cm x 30 cm x 15 ¢m) and
placed at 75 cm from the neutron source’s center so that the central beam line of the neutron field is
perpendicular to the water phantom’s surface at its center. The each set i*" of five TLDs was then irradiated
to the corresponding same nominal standard values of Hp(lo);'l_std of 1.0 mSv, 2.0 mSv, and 3.0 mSv at
the NIMC and the INST. The distance of 75 ¢m was selected for irradiation with expectation that no-
scattered components affect to total values of Hp(lo)fi_std, thus the neutron fluence-to-personal dose
equivalent conversion coefficient of 411 pSv. cm? can be applied [18].

Figure 2: Geometry for irradiation of the Harshaw thermoluminescence albedo neutron dosimeters.



The values of Hp(lo)il_std delivered to the TLDs can be calculated based on the neutron personal
dose equivalent rate which is calcualted as Eq. (1).

B.F,(6)
4.;.12 P (1)

Hp(lo)n—std =

where, B is the neutron source’s emission rate; F1(6) is the source anisotropy correction factor; h,,, is the

neutron fluence-to-personal dose equivalent conversion coefficient which is 411 pSv. cm?, taken from 1SO
8529-3 [18].

1. RESULTS AND DISCUSSION
I11. 1. Measured neutron personal dose equivalents

The measured values of Hp(lo)il_ Nimc and Hp(lo)il_ InsT are presented in Table 1 in comparison
with the nominal standard values of Hp(lo)fl_std.

Table 1: Nominal neutron personal dose equivalents (Hp(lo)il_std) and those measured by the Harshaw
thermoluminescence albedo neutron dosimeters at the National Institute of Metrology of China
(Hp(lo)il_ ~imc) and at the Institute for Nuclear Science and Technology of Vietnam

(Hp(lo)f’l—INST ) and (Hp(10);.1—1NST/Hp(10)£1—N1MC ratio.

Seq. Hy(10)5-sta | Hp(10)n-nime | Hp(10)n_insr Ratio
(mSv) (mSv) (mSv) INST/NIMC

1 1.0 1.1 1.2 1.09

2 2.0 2.0 2.2 1.10

3 3.0 3.2 3.5 1.09

111.2. Uncertainty budgets of measured neutron personal dose equivalents

The uncertainties of H,(10)4_;ysr and H,(10)%_yuc Were calculated taking into account the
budgets contributed from batch homogeneity, linearity, reproducibility, etc, which are presented in Table 2.
As a result, the combined uncertainty of 20.1 % (k=1) can be deduced, which is acceptable for radiation
protection purpose. The discrepancy between H,,(10)%,_;ysr and Hy, (10)5_y ac is within 10%. That means
the Harshaw thermoluminescence albedo neutron dosimeters (card type GN-6776, holder type 8806) can be
reliably used for managing occupational neutron dose equivalents of personnel working in neutron fields.

Table 2: Uncertainty budgets and combined uncertainty of neutron personal dose equivalents measured
by the Harshaw thermoluminescence albedo neutron dosimeters (card type GN-6776, holder

type 8806)
No. Uncertainty budget Value (%)

1 Batch homogeneity of TLDs 15.0
2 Linearity of TLDs 5.0
3 Reproducibility of TLDs 10.0
4 Stability of the TLD reader 5.0
5 Uncertainty of standard value of H,(10) 5.0
6 Others (distance, time, temperature,...) 2.0

Combined uncertainty (k=1) 20.1




IV. CONCLUSION

The comparison of neutron personal dose equivalents, H,(10), have been performed between the
National Institute of Metrology of China and the Institute for Nuclear Science and Technology of Vietnam
(using the Harshaw thermoluminescence albedo neutron dosimeters - card type GN-6776, holder type 8806).
The discrepancy of H,,(10) values between these two laboratory is consistent within 10% with the combined
uncertainty of 20.1% (k=1). That confirms the capabilities of these two laboratories on deliveries of
standard values of H,,(10) for calibrations of neutron dosimeters and radiation safety assessment for the
purpose of radiation protection.
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SO SANH LIEN PHONG VE XAC PINH TUONG PUONG LIEU CA NHAN NEUTRON
SU DUNG LIEU KE NHIET PHAT QUANG

Tom tit: Bao cao nay trinh bay két qua so sénh lién phong vé xac dinh twong duong liéu ca
nhan neutron sir dung liéu ké nhiét phat quang san xuat boi hang Harshaw, TLD, giira Vién do
lwong quéc gia Trung Québc (NIMC) va Vién Khoa hoc va K thuat hat nhan, Viét Nam (INST).
Ba nhom liéu ké TLD (m&i nhém gém 5 TLD) duoc chuan bi cho mdi phong thi nghiém. Mdi
nhom sau d6 duoc chiéu véi cling mot tuong duong liéu ca nhan danh dinh, H,(10)%_.4, lan
luot 12 1 mSv, 2 mSv va 3 mSv. Cac TLD déu duogc doc tai INST bing hé doc lidu ké Harshaw
4500 dé danh gia twong dwong lidu ca nhan neutron tai tirng phong thi nghiém. So sanh két qua
xéc dinh twong duong liéu ca nhan neutron giira NIMC va INST cho thay su phil hop trong vong
10% véi do khong dam bao do tong cong 20,1% (k=1). Diéu nay cho thay cac TLD c6 thé sir
dung dé kiém soat twong duong lidu c& nhan neutron cho céc nhan vién birc xa. Két qua cia so
sanh lién phong ciing khang dinh ning lyc caa hai phong thi nghiém (NIMC va INST) trong
viéc hiéu chuan cac thiét bi do liu c& nhan neutron.

Tir khoa: lidu ké, rong duwong liéu c& nhan neutron, hé doc lieu ké



