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Abstract

Britvich G.1., Chumakov A.A. Reference Fields Superposition Method for Dosimetric Apparatus
Calibration to Operate Within the Neutron Radiation Fields: JHEP Preprint 93-66. - Protvino,
1993. - p. 15, figs. 11, tables 3, refs.: 18.

It has been proposed to calibrate some single neutron dosimetric detector in several ref-
erence fields with neutron spectra whose linear combination with some weighting coeficients
approximates the spectrum in the real measurement place. The corresponding linear com-
bination of the readings from this detector in these reference fields with the same weighting
coeflicients is used as the detector readings in a single reference field. <The efficiency of this
calibration method with real 8 reference fields has been investigated with théA help of the com-
puter simulation. Tt has been shown that this method allows cne to calibrate some ‘dosimetric
detector more correctly than commonly used ones. 3 .°

AupHOTANNA

Bpureua .., Yymakor A.A. Meron cynepnosuuin ONOPHEIX HOJ€R IpH [pallydpOBKe
MO3HMETPHYECKOH annapaTypsl I;iS paboThl B I0JISX HeHTPOHHCTO u3nydenus: Ilpenpuni
UDBI 93-66. — Hporsumo, 1993. - 15 c.. 11 puc., 3 Tabun., 6ubauorp.: 18.

[Ipennoxenc rpaoyupoBaTh KaiOblli HEl TPOHHIA JO3MMETPHYECKUN IETEKTOP B HECKOJIb-
KIIX OOPHBIX NOJISAX, TAKHX, YTO IHHeliHas KOMOHMHaIIS HEATPOHHBIX CIEKTPOB 3THUX IOJeH ¢
EEKOTOPBIMH BECOBLIMH K03(QdUINEHTaMM allPOKCHMHUPYET CNEKTP B PEajlbHOM MeCTe H3Mepe-
nng. CooTBeTCTBYIOUIas jIMHeliHas KOMOHHAIINA NOKa3uHMA 3TOr0 NETEKTOPAa B TeX Ke IOoyaX
C TeMI Ke BeCOBLIMII KOI(DQUINEeHTaMU PaccMaTPHBaeTCs KakK II0Ka3aHMe NeTEKTOPa B OIIHOM
ornopuo nozie. [locpencTBOM KOMIbIOTEPHOrO YKCIEPAMEHTa UCCleNoBaHa 3PHeK TABHOCTE 3TO-
0 MeTona Mpl ICHO0sIb30BAHIN BCChMII peajibHbIX onopblx nodeil. [lokasano, uTo Takoit MeTon
103B0C15€ T IPANYHPOBATh NO3HNET PIYecK e IeTeKTOPH 6oJiee KOPPEKTHO, YeM 0BBbIYHO UCTIOMNb-
3ve)ble MeTOIbl TPamVIIPOBKH € IIOMONTLIO ONIOPHBIX TOJIet.
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Introduction

It is common knowledge that the reading of the neutron radiometers and
dosimeters in the neutron radiation fields behind the biological shields of
nuclear-physics and nuclear-energetic installations are spectra dependent. That

- is why it is necessary to interpret these reading correctly. To this end someone

must know in detail a detector response functionlor calibrate this detector with
help of the reference neutron field provided that the neutron spectrum in the
place of the measurement is known. The calculated detector response  func-
tions are used as a rule when the first approach is applied to the abovementioned
interpretation. It connected with the fact that the detailed experimental deter-
mination of the real detector response function, as a rule, is a dufficult problem.
Only the spectra measurements are required for the 2" approach application.
Such measurements are a more easy problem. It is required of the reference
field that its neutron spectrum be similar enough to the spectrum in the real
measurement place. The ¢ommonly used reference field of the direct neutrons
from the %2C f radioactive source satisfies this condition not in all cases. That
is why the direct calibration in the measurements place is used sometimes [1].
But such method is not always possible and convenient. The other method used
is the calibration with single reference field with the spectrum which simulates

‘the real measurement place field spectrum [2]. The spectra belonging even to

a single installation can be significantly different [3,5]. It Limits the application
of this calibration method. However, the simple analysis of a great number of
spectra behind the biological shields of different nuclear installations points to
the fact that these spectra, as a rule, consist of a limited number of typical
components. The main of them are the following:

'Hereafter we shall use the term “detector response function” meaning “energy dependence of the
detector efficiency”. ’



— the high energy leakage neutron component of the spectrum behind the
biological shields of accelerators (it is dominant above 20 MeV);

— quasy-maxwell “evaporation” component of the spectrum with the effac-
tive temperature about 0.8 MeV (below 20 MeV);

— 1/E component of the spectrum from the air scattered neutrons (below
. 0.1 MeV);

— jntermediate neutrons peak behind the thick iron shields which is re-
lated to the neutron-iron interaction cross-section minimum (in the vicinity of
20 keV); :

— an additional contribution of the intermediate neutrons from the com-
munication laﬂyrmthes of the biological shields (below 1 keV).

Consequently, it is reasonable to suggest that some spectrum out of a great

variety of the neutron spectra behind the biological shields can more often be .

~ approximated than not with sufficient validity by means of superpositions of a
limited number reference field spectra.

We propose to calibrate each detector in several reference fields, alterna-
tively. Then it is necessary to approximate the real measurement place field
spectrum With a linear combination of these reference field spectra with some
. weighting coefficients. The corresponding linear combination of this detector
reading at these fields with the same weighting coefficients is equivalent to
this detector reading at the single reference field with a spectrum similar to
the measurement place field one.

We have at hand 8 suitable neutron reference ﬁelds 7 of them are based on
the %2Cf and Pu-alpha-Be radioactive sources [4] and the 8" one is the field
of the high energy leakage neutrons behind the biological shield of the 70 GeV
proton synchrotron [8] ( (spectra N 1333, see [5]). In this paper we investigate
the proposed method efﬁc1ency with these 8 reference fields, and we compare it
with the efficiencies of the calibrations made with direct neutrons from #2C f
and single reference field. This investigation and companson are carned out by
means of computer calculation.

1. Testing of the detector calibration methods

To compare the efficiencies of different methods of the dcsimetric detec-

tor calibrations we have simulated the maximum dose equivalent measurement

processes by-the computer calculation based on the data available in literature.
In the case being considered it has been suggested that the measurements are
carried out within the nentron fields with the known spectra with the help of
the calibrated dosimeters. And no information abcut the response functions of

\
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" Figure 11. The same as in Fig.1 for SR(COMBI IHEP) dosimeter.
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these dosimeters has been used to interpret readings. Three calibration tech-
niques have been simulated: '

— “method A” consists in the calibration with direct neutrons from the
252C f radioactive source;

— “method B” consists in the calibration with a single reference field with
the spectrum which simulates the ”measurement” place field spectrum;

— “method C” is the proposed calibration technique with the help of the
several reference fields.

The sample of 333 neutron spectra have been exploited to develope this
comparative testing. This sample contains the cosmic rays spectra in small
proportion and spectra behind the biological shields of the nuclear reactors,
tokamaks, different accelerators, some health installations and a number of
other nuclear installations spectra. All of them have been found in the published

- papers, but the reference list is not presented because of its great volume. Most
" of them have been chosen from [3} and [5]. The true maximum dose equivalents

have been calculated for all of them:

E 'mazr

= [ f(E)h(E)dE, « (1)

Emin

where f(E)— literature spectrum; h(E) — ernergy dependence of the neutron
maximum dose equivalent [6]; Emi, and Ep,; — the spectrum energy range
bounds given in the literature. Then, 11 desimeters have been chosen (see Ta- -
ble 1). They are: two albedo personnel dosimeters, five fast neutron dosimeters
and four radiation monitoring ones. The readings of these 11 dosimeters at
each of 333 spectra have been simuiated as follows:

Efmn

N = /ﬂEM@w (2)

Emm

Here <I)(E) — the literature dosimeter response function (all the references are
given in Table 1). The corresponding maximum dose eqmvalents are calculated
on the basis of readings: N

\ | H= ﬁ;Hc. «\‘ (3)
Here N, and H, are the simulation of the dosimeter readings and the neu-
tron maximum dose equivalents for the calibration imeasurements, respectively.
The values of N, and H, have been calculated by means of the three different
metheds which correspond to three different calibration techniques A, B, C.
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With A approach they are calculated as follows:

N.= [ 1(E)R(E)E, @
0 .

H.= [ 1(E)(B)E, 5)
0 \

where f,(E) is the well—knownvspectrum of the direct neutrons from the %°C'f

radioactive source [7].
With B approach they are calculated as follows:

Ecmaz
 Ne= [ j(E)2(E)dE, NG

Ecmin

Eemaz

H= | (EMEME, @

Ecmin .
where f.(E) is one of the 30 spectra of reference fields which have previousiy
been reported [3-5, 7-12]. This set of spectra contains the above-mentioned
spectra: the direct neutrons from the ’C f spectrum and the spectra of cur 8
reference fields. Each out of 333 literature spectra has its own reference field
spectrum f,(F) chosen out of 30 in such a way as to minimize the following

functional:

‘ jmaz ’ 8
S = STUR(X;) X2 Wy QUE) # M), ®
. = )
where X; = f(Ej) — f(Ej), ©)
oL, af X; <0,
K(X;)=1{ 1, if X;=0, - (10
11 10, if X; >0,
Ej+1 - Ej, lf =1,
Wj=1{ Fjy1 — Bj-t, if 1<J <jmas, (11)
Ej, - Ejo1, if J = jmas,
Q(Ej) =1 (12)
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Here Ej, j = 1,..., jninz — the set of the energy points in which the literature
spectrum f(E) is given; K(X;) — the function to prefer the exceeding of H
above H, rather than vice versa; W; — the weighting function to minimize the
contribution of j** term to the error of H; Q(E;) — the weighting function to
apply the information about the dos1meter response function. Q(E;) =1 when
no information is used.

With C approach:

Ei maz

N=Ya [ HE)®(E)E, (13)
= Eiin
8 Bimae :
H. —EIA | HE)ME)E, e
Eim"l

where f;(F),i=1,...,8 are the spectra of our 8 reference fields; Ai, i =1,...,8
are the fitting weighting coefficients which minimize functional (8) with the
substitution of

= £(B;) - ‘i] AfA{E;) (15)

for (9).

Then we have built the distribution of the H, /Ho ratios by 34 nonuniform
groups. The bounds of these groups are given in Table 3. This distributions
are plotted in'Figs.1-11 for all 11 chosen dosimeters. The results obtained
with the methods A, B and C are plotted by points, dotted line and solid line,
respectively. « :

To characterize the efficiency of the A, B and C methods the fraction'of
spectra when the maximum dose equivalent estimations H differ from the true

~one Hy by less than 30% of Hy have been given on a percentage basis for all

these distributions. This 30% interval corresponds to H/Hj ratio values from
0.7 to 1.3. These proportions are given in each of Figs.1-11 for the A, B and C
methods consistently and are summarized in Table 2.

2. Short discussion

As can be seen from Table 2 and from Fig.1-11 the proposed method C is

ore efficient for the dosimeter Calibrations than A and B. It should be noted

that the sample of 30 reference fields used for the method B testing has included



8 reference fields used for the method G It is interesting that witk the method o EVENTS/ BIN N
B in none of 333 cases the spectrum of the direct neutrons from ?52C f source has

RTD (CR- 39. CE)

been chosen as a reference field spectrum most similar to the measurement place B ™ ,
spectrum. It can be seen the worse the dosimeter response function duplicates 60 i in Ho 30 /o(16: 66.:86)
the energy dependence of the maximum dose equivalent the more superior is — ‘ f*' E :
the method C over A and B. It is ésseritial, e.g., for such convenient on routine : Wk -—' : H.
operation dosimeters as albedo personnel ones. It is obvious that the proposed b

L

method is applicable not only to the maximum dose equivalent measurements
but to any integrél values (e.g., flux density, kerma etc.) measurements as well.
It is simple to apply the inforration about the dosimeter response function
with the help of the weighting function @ (see formula (8)). And it is simple to ‘ ea.
make changes in the measurement results using this calibration method when 2 6 10 % B 2 2 30l ~ BIN

the energy dependence of the measurement value is modified. o o | o ! |
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Conclusions :
' ; Figure 5. The same as in Fig.1 for RTD(CR-39 CE) dosimeter.
~ The method of the refereuce fields superposition has been proposed for the _ ‘
dosimetric apparatus calibration to operate within the neutron fields behind
the biological shields of different nuclear installations. The main point of this EVENTS/ BIN
method is the calibration of a single detector in several reference felds, alterna- '
tively. Then it is necessary to approximate the spectrum in the real measure- : 80
ment place by means of the linear combination of these reference field spectra -
with some weighting coefficients. The corresponding linear combination of the : ' 60
detector evidences at these reference figlds with the same weighting coefficients -
is used as a detector evidence at the Bingle reference field. This method effi- !
~ ciency with utilization of our real 8 reﬁerence fields has been investigated with 3 40—
‘the help of the computer simulation. Itthas been shown that this method allows : \ R
_ us to calibrate some dosimetric detector more correctly than two commonly used ;
ones: the calibration with the direct neiitrons from 252C f radioactive source and 20—
the calibration with the help of a single reference field with the neutron spec-
trum similar to the real measurement piace one. It can be seen the worse the ‘ 0
detector response function duplicates the energy dependence of the value under , - |
measurement the more superior is the proposed method efficiency over those ) ' 001
commorly used. It is essential for some convenient for the routine operation ] : )
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Figure 4. The same as in Fig.1 for BD dosimeter.
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Table 1. The neutron dosimeters used

Dosimeter short Symbols for Calculated References
description : designation or measured

Albedo personnel dosimeters:
SLiF within cadmium-
plated polyethylene

aoderator. AD(CLiF) M (13]
357 with cadmium-
plated track detector. AD(®%U) M [13]

Fast neutron dosimeters:

Fission track detector .

ENp FTD(**'Np) C,M 3]
Bubble detector with

superheated disperse

working substance. 8D M i14]

- Recoil track Jdetector

CR-39, chemically

etched. RTD(CR-39 CE) c;M [3]

Nuclear track emulsion

film, type K-20. NTEF(K-20 M) M [13]
. Nuclear track emulsion

film, type K-20. NTEF(K-20 C) C [15]

Radiation monitoring docimeters:

8L:I detector within

cadium- plated 10”diam.

polyethylene moderator.  SR(10” CH,) C [16]

Cylindrical remmeter

with BF; counter. CR(JINR) M 17

Leake remmeter, 95/0075 SR(LR, 95/0075) M - [3]

6 cadmium-platted

polyethylene spheres

27437457 +8"+10"+12” .

combination dosimeter SR(COMBI! IHEP) C,M [4]




'I'g,ble 2. The proportions of spectra for which the maximum dose equivalent estimations H

differ from true owes Hy less than 30%

Dosimeters A B C
) % % %
Albedo personnel dosimeters:
AD(SLiF) ~ 7 21 68
AD(®U) 6 22 68
Fast peutron dosimeters:
FTD(® Np) 59 84 81
BD 46 79 84
RTD(CR-32 CE) 16 66 86
NTEF(K-20 M) 49 45 717
NTEF(K-20 C) 42 70 89
Radiation monitoring dosimeters: -
SR(10"CH,) 53 69 87
CR(JINR) 58 72 86
SR(LR, 95/0075) ' 52 77 87
SR(COMBI IHEP) 71 89 95

Table 3. The bounds of the groups for the building of distributions

Groups 1 2 3 4 5 6
bounds 1.00E-4 1.00E-3 1.00E-2 1.00E-1 2.0CE-1
Groups 6 7 .8 9 10 .1
bounds 3.00E-1 4.00E-1 5.00E-1 6.00E-1 7.00E-1
Groups 11 12 13 14 15 16
bounds 8.00F-1 8.50E-1 9.00E-1 9.50E-1 1.00E-0
Groups 16 17 18 19 20 21
bounds 1.05E-0 1.19E-0 1.15E-0 1.20E-0 1.30E-0
Groups 21 22 23 24 25 . 26
bounds 140E-0 1.50E-0 1.60E-0 1.70E-0 1.80E-0
Groups 26 27 - 28 29 . 30 31
bounds 1.90E-0 2.00E-0 5.00E-0 1.00E+1 5.00E + 1
Groups ‘31 32 33 34

_bounds 1.00E+2 L.O0E+3 LG0E+4 -

'S— .
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15C ¢+~

o

-
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Figure 1. The distributions of the H/Hj ratios, obtained with A (points), B (dotted line)
C (solid line) callibration methods for AD(SLiF) dosimeter.

EVENTS/BIN

150 -

e
'
'
[

AD | By,
Ho230% (6:22.68)

N\ > 50

Feemmemmmad oo

100 H/H,

Figure 2. The same as in Fig.1 for AD(**U ) dosimeter.
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