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1. Introduction

Neutron radiation in natural environment is created in upper atmosphere of earth by fast primary ga-
lactic and solar protons. These two neutron components ," galactic" and "solar", have to be distin-
guished due to its dramatically different features. The flux density of "galactic" neutrons at the surface
levels depends on geographical latitude and is weakly modulated by solar activity in a periodical cy-
cle of 11 years. In contrary, the "solar" neutrons, are seen only during the unpredictable intense solar
flares and could reach the two order of magnitude higher levels than the intensity of galactic neutrons.
Another important difference between these components - energy spectra: wide and contant in case of
galactic neutrons, and unpredictable in case of solar neutrons.

Although the flux density and consequently the mean absorbed dose due to neutrons at the sea level
are very low, the single event spectra at cellular level are high. Lowering the dose reduces the prob-
ability that a cell can be hit but the damaging power of high LET track due to charged secondaries pro-
duced by neutrons, remains. This gives enough arguments to investigate the neutrons in the natural en-
vironment, especially during the solar flares.

A detecting system for environmental neutrons has to be characterised by very low inherent back-
ground (i.e. the background due to internal contamination of constructional materials of the detectors
by U-Th series). To determine such inherent background of a detector the measurements were carried
out in ,,neutrons free" environment in Low-Level Radiation Laboratory ( UDO) at PTB in Asse salt
mine. This reports gives the details of the measurements of the background of a 3He proportional
counter in UDO (1).

2. Materials and methods

A proportional counter, spherical with 40 mm ext. diameter, filled with 100 kPa of 3He and 53 kPa of
Xe was used in the experiments. The instrumentation consists of the portable microprocessor con-
trolled station containing HV supply and 256 channels pulse height analyser as well as the 64kB
SRAM Card as a nonvolatile storage system.

The pulse height spectra from 100 kPa counter have been investigated under different conditions of
external shielding, namely : bare counter without shielding at UDO environment , counter in a 203
mm dia. polythene sphere at the laboratory environment and finally counter exposed to Pu-Be neu-
trons and to pure gamma source of 137Cs

The measurements of the inherent back-
ground of a 100 kPa 3He counter were per-
formed at UDO Laboratory at Asse salt mine
at 975 m level. The background of a bare
counter were investigated during two 24
hours measuring sessions.

The responses in terms of fluence and ambi-
ent dose equivalent of a measuring assembly
consisting of 100 kPa He proportional
counter placed inside of 203 mm polythene,
PE, sphere were calculated. Ambient dose
equivalent and neutron fluence at selected

Fig. 1. An idealized pulse height spectrum from a He
proportional counter. Ex-edge of tritons spec-
trum, EQ-total energy peak
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place at Warsaw vicinity have been meas-
ured.

3. Inherent
counter

background of 3He

The idealized pulse height spectrum from
a He proportional counter is shown in
Fig.l.

The pulse height spectra from Pu-Be
source and from 137Cs are shown in Fig.2.
The pulse height spectra , when a bare
counter were exposed to radiation envi-
ronment at the earth surface together with
the results of measurements at Asse are
seen in Fig. 3, which gives the scale of ra-

Fig. 3. A pulse height spectra from a bare 100 kPa He
proportional counter: squares-natural radiation
environment; dots-Asse salt mine

Fig. 2. The real pulse height spectra from 100 kPa He pro-
portional counter: red line-irradiation by Pu-Be
neutrons; blue line-irradiation by Cs photons
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The results of two 24 hours runs at Asse are
summarized in Table 1. The inherent back-
ground of applied He proportional counter as
seen from this table, are extremely low . When
expressed in ambient dose equivalent units, (
for Pu - Be neutrons ), are of order of 1 nSv
per 24 hours. This create a comfortable situa-
tion for neutron measurements at earth sur-
face i.e. the inherent background of applied He
counter can be neglected as negligibly low
compared the neutron contribution at sea lev-
els.

Table 1. The results of inherent background measurements of 100 kPa He counter

Date of measure-
ments

30/05/95
31/05/95

mean

Gamma chan-
nels

counts/24h
340
376

356 ±13

Neutron channels
counts/24h

peak area
3
1

2 ±1

full area
9
6

7.5 ± 2

Neutron channels
nSv/24h

peak area

0.5 ±0.25

full area

0.75 ± 0.2

4. Response of 3He counter in 203 mm polythene sphere

The fluence response and ambient dose equivalent response of He counter in 203 mm PE sphere were
calculated based on the following data: Hertel and Davidson (2) for PE sphere response R(E), Taber
and Normand ( 3 ) for neutron spectrum f (E). The data for conversion coefficients, h(E), are taken
from Siebert and Schumacher ( 4 ) as well as from Sannikov ( 5 ).

The following relations for mean values of fluence response, <Rf>, and ambient dose equivalent re-
sponse <Rh> have been used :

{Rf) =
\R(E)f(E)dE

\f(E)dE
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\Rh{E)f{E)dE R(E)

(Rh) = J—r- , where Rh(E) = - K

\f{E)dE h(E)

The responses were calculated in energy range 0.1 - 1000 MeV. The following results have been ob-
tained :

For<Rf>=l . l cm2

For<Rh> = 2.0nSv''

Table 2. Response of 100 kPa He counter in 203 PE sphere to Pu - Be neutrons

peak area
4

Neutron channels ( nSv'1)
full area

10

5. Pilot environmental neutron measurements

Using calculated responses the measurements of environmental neutrons at the suburbs of Warsaw
were carried out in 24 hours runs. The typical pulse height spectrum gathered during 24 hours meas-
urements is seen in Fig.4. Based on the calculated responses the following results have been obtained:

Ambient dose equivalent rate:

Flux density:

6. Discussion

195 nSv/24 hours i.e. 8.1 nSv/h

15n/cm2/h

Fig. 4. A typical pulse height spectrum registered

As seen from Fig.2. the pulse height spectrum
from 100 kPa 3He proportional counter inside a
203 mm polythene sphere, irradiated by Pu-Be
neutrons have pronounced peak at 70 channel
and large part due to wall effect between 20 to
60 channels. For the purpose of this work the
pulse height spectrum between 19 to 78 channels
are defined as the „ neutron channels". Below 20
channel we can see the gamma contributions i.e.
pulses which are generated by electrons released
from the wall od the counter i.e. the ,,gamma
channels". This is clearly seen from Fig.2 where
a pulse height spectrum is generated by 137Cs
source. Within „ neutron channels „ we can dis-
tinguish the peak area, which encompasses 55 to 78

from 100 kPa He proportional counter in PE
sphere exposed to radiation environment in
Warsaw
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channels and full area between 19 to 78
channels. It can be see from table that the response of the device is higher when the full area under
neutron channels are used.

As seen, the inherent background of the investigated 100 kPa counter is extremely low and in terms of
ambient dose equivalent is less than 1 nSv per 24 hours. When we compare this result with the ob-
served count rates ( and ambient dose equivalent) at the ground level radiation, as seen from Figures
3 and 4, which give, in the neutron channels ( full area), 1310 counts per 24 hours, which is equiva-
lent to 131nSvper 24 hours ( in terms of ambient dose equivalent of Pu - Be neutrons), which is
less than one percent of natural neutron radiation level.

The calculated responses in terms of fluence and ambient dose equivalent have been overestimated,
up to a factor of 2, due to lack of precise data on response of He counter in 203 mm PE sphere to
neutrons in the 10 to 1000 MeV range.
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7. Conclusions

The radiation environment at UDO in Asse salt mine was used for determination of the inherent back-
groung of 3He proportional counter. It has been found that the inherent background of the investi-
gated 100 kPa 3He proportional counter is less then one nSv per 24 hours. This is less than one per-
cent of natural neutron radiation level at the ground level at Swierk .

The ambient dose equivalent due to environmental neutrons in the vicinity of Warsaw has been esti-
mated as 100 - 200 nSv per 24 hours, 4 - 8 nSv / h, (36 to 73 uSv per year).

It has been shown that a measuring assembly consisting of 3He proportional counter in polythene
sphere together with active spectrometry is enough sensitive for estimating neutron component at the
environmental levels.
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