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Estimates of biological effects associated with exposure to external
radiation fields are generally based on the measured response of passive per-
sonnel dorimetry systems to the incident radiation. The increasing number of
Dersons occupationally exposed to mixed neutron and gamma fields and recent
questions concerning the relative biological hazards of different types of
radiation have emphasized the need for accurate personnel radiation dose mea-
surements. To determine the performance characteristics of various neutron and
gamma personnel dosimetry systems under actual mixed-field conditions, seven
annual dosimetry intercomparison studies1.2 have been conducted since 1974 at
Oak Ridqe National Laboratory using the Health Physics Research Reactor (HPRR)3.
These studies have Droduced more than 2000 measurements of neutron and gamma dose
equivalents between 0.1 to 15.0 mSv on anthrooomorDhic ohantoms in six differ-
ent radiation fields.

Participants in these studies generally used one of four basic types of
neutron dosimeters - nuclear emulsion film, thermoluminescent (TLD), TLD-albedo,
and track-etch. Table 1 shows the mean of normalized (measured divided by
reference) dose equivalents averaged over the seven intercomoarisons for each
basic neutron dosimeter type and each radiation field (HPRR olus shield) used in
these studies. Mean values of the dose equivalents measured with film dosim-
eters are less than 11% of reference doses for all spectra with some individual
measurements indicating zero dose. Thermoluminescent and TLD-albedo dosimeters
yield similar qualitative performance in that the mean normalized dose increases
monotonicaily with increasinq neutron spectral softness (i.e., decreasing median
energy). For the softest neutron spectrum (Lucite/concrete shield), averaqe
measured dose equivalents are factors of 3.42 and 1.94 times reference values
for TLD and albedo dosimeters, respectively. Individual measurements were
hinher than reference dose equivalents by as much as a factor of 10 for TLD's
and 3 for albedo dosimeters. Average measurement accuracies exhibited by
track-etch dosimeters were within 0.60 to 0.97 times reference values for all
spectra. However, several individual measurements using various track detection
methods and materials indicated zero dose.
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Table 1. Average normalized neutron dose equivalents for the basic dosimeter
tyDes used in the personnel dosimetry intercomparison studies'

Shield

.None
13-cm steel
Steel/concrete
20-cm concrete
12-cm Lucite
Lucite/concrete

Neutron median
enerqy

0.7* MeV
0.34 MeV
6.0 keV
3.3 keV
68 eV
10 eV

Film

0.41
0.77
0.15
0.18
0.65
0.28

Neutron
TLD
0.75
_
_

1.47
2.35
3.42

dosimeter type
TLD-albedo

0.91
1.41
1.42
1.51
1.54
1.94

Track
0.82
0.97

, 0.75
0.60
0.87
0.70

Gamma dose equivalents determined during the intercomparisons were measured
usinq TLD or film systems. Thermoluminescent dosimeters with low neutron sensitivity
(Drimarily 7LiF or CaSOiJ yielded average dose equivalents between 0.84 and 1.16
times reference values for all spectra. Film gamma dosimeters yielded average re-
sults which were higher than TLD-measured values by as much as a factor of 1.46.
Results of individual measurements using natural LiF dosimeters, which are very
sensitive to neutrons, oroduced some reported gamma dose equivalents which were more
than a factor of 100 higher than reference values.

Analysis of these results indicates that significant inaccuracies can occur in
neutron and gamma dose measurements in mixed radiation fields unless dosimeter per-
formance and characteristics of the monitoring environment are considered in dosim-
eter evaluation. Neutron dose measurement accuracies could be improved by using
dosimeters more suited to the anticipated radiation fields, calibrating dosimeters
with sources aporoDriate for the energy snectra to be measured, applying correction
factors to account for dosimeter performance in incident radiation fields, and stan-
dardizina the basis of reported dose equivalents. With regard to gamma monitoring,
intercomparison results indicate that the selection of a basic dosimeter type which
is relatively insensitive to neutrons is of great importance for accurate dose mea-
surements in mixed fields.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


