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ABSTRACT 
An intercomparison of high-energy neutron personnel dosimeters was performed 
to evaluate the uniformity of the response characteristics of typical neutron 
dosimeters presently in use at U.S. Department of Energy (DOE) accelerator 
facilities. It was necessary to perform an intercomparison because there are 
no national or international standards for high-energy neutron dosimetry. The 
testing that is presently under way for the Department of Energy Laboratory 
Accreditation Program (DOELAP) is limited to the use of neutron sources that 
range in energy from about 1 keV to 2 MeV. Therefore, the high-energy neutron 
dosimeters presently in use at DOE accelerator facilities are not being tested 
effectively. This intercomparison employed neutrons, produced by the 
9Be(p,n)9B interaction at the University of Washington cyclotron, using 50-MeV 
protons. The resulting neutron energy spectrum extended to a maximum of 
approximately 50-MeV, with a mean energy of about 20-MeV. Intercomparison 
results for currently used dosimeters, including Nuclear Type A (NTA) film, 
thermoluminescent dosimeter (TLD)-albedo, and track-etch dosimeters (TEDs), 
indicated a wide variation in response to identical doses of high-energy 
neutrons. Results of this study will be discussed along with a description of 
plans for future work. 
INTRODUCTION 
The U. S. Department of Energy (DOE) currently administers 12 laboratories 
that are associated with accelerator-based research. The accelerators at 
these laboratories produce radiations with energies from a few MeV to the TeV 
range. The new Superconducting Super Collider will extend this range to even 
higher energies. Particle beam currents vary from picoamperes to kiloamperes, 
and particle types include electrons and protons as well as heavy nuclei up 
to, and including, uranium (Coulson et al. 1989). High-energy neutrons are 
produced by these accelerators, and they present a radiation protection 
problem because they can penetrate thick shields. In addition, high-energy 
neutrons have a large relative biological effectiveness (McCall et al. 1988). 
The Department of Energy Laboratory Accreditation Program (DOELAP) has demon
strated that the performance of personnel dosimetry systems in use at DOE 
facilities is adequate to meet the requirements set forth in DOE Orders 
(McDonald et al. 1992). The neutron sources used for DOELAP proficiency test
ing are unmoderated and DJ)-moderated 2 5 2Cf. The unmoderated Cf source has 
a mean energy of about 2.3-MeV with a high-energy tail extending to approx
imately 10-MeV. However, this source is not appropriate for testing personnel 
dosimeters that are expected to measure neutrons with energies of several 



hundred MeV. 
There are no national or international standards describing reference radia
tions for high-energy neutron dosimetry. The National Institute of Standards 
and Technology (NIST) does not have a high-energy neutron standard. There
fore, it is not possible to perform a proficiency test for this type of radia
tion. In order to assess the degree of uniformity and reproducibility that 
now exists in DOE neutron personnel dosimetry, an intercomparison feasibility 
study was undertaken. 
MATERIALS AND METHODS 
Dosimeters for this study were submitted by several DOE accelerator labora
tories, including Lawrence Berkeley National Laboratory (LBL), Stanford Lin
ear Accelerator Center (SLAC), Brookhaven National Laboratory (BNL), and 
Pacific Northwest Laboratory (PNL). Several types of neutron personnel do
simeters were sent by some of the participants, including CR-39 
and Lexan polycarbonate track-etch dosimeters (TEDs), Nuclear Type A (NTA) 
film, and Thermoluminescent (TLD)-albedo dosimeters. The dosimeters were 
exposed five at a time on a standard DOELAP irradiation phantom constructed of 
polymethylmethacrylate (PMMA) and measuring 40 x 40 x 15 cm. Dosimeters from 
different facilities were exposed at the same time on the same phantom. 
Reports by McCaslin (1977) and Hoefert (1983) indicated that most of the neu
tron dose equivalent produced in the vicinity of high-energy accelerators is 
due to neutrons with energies between about 0.1 and 20-MeV. This is because 
the neutrons must pass through heavy shields, and this absorption and 
scattering produces large quantities of lower-energy neutrons. In addition, 
the quality factor is a maximum for neutrons of approximately 0.5-MeV and it 
decreases for higher-energy neutrons. These factors combine to maximize the 
dose equivalent for neutrons below about 20-MeV. 

The neutron field used for this study was produced at the University of 
Washington Hospital Cyclotron Facility. This cyclotron is used for cancer 
radiation therapy, therefore its neutron beam is well controlled, collimated, 
and monitored for the purpose of administering precise doses of fast neutrons 
to cancer patients. Neutrons are produced by bombarding a beryllium target 
with protons. The 50-MeV protons produce neutrons with a maximum energy 
slightly above 50-MeV, due to the positive.Q value of the reaction 9Be(p,n)9B. 
The neutron energy spectrum for a similar reaction is shown in Figure 1. The 
mean energy of the spectrum is approximately 20-MeV (ICRU 1989). 
Dosimeters were taped to the front surface of the polymethylmethacrylate 
(PMMA) phantom and were covered by a 1-cm-thick PMMA plate, which was used to 
establish transient charged particle equilibrium. A tissue-equivalent plastic 
ionization chamber was used to measure absorbed dose, and dose equivalent was 
subsequently calculated using values of the quality factor from publication 21 
of the International Commission on Radiation Protection (ICRP 1969). 
The dosimeters were given two different exposures of 3.25 and 6 rem. All 
dosimeters were then returned to the participants. The dosimeters were read 
out and the measured dose equivalent values were recorded. Ratios of the 
measured values of dose equivalent divided by the given dose equivalent were 
then calculated. 



RESULTS AND DISCUSSION 
The results of the two sets of exposures are shown in Figures 1 and 2. It can 
be seen that the ratios of reported-to-given values of dose equivalent differ 
from unity by almost a factor of three, in some cases. The error bars on in
dividual data points indicate the range of values for replicate dosimeters. 
Some dosimeter types indicated dose equivalent values that were close to the 
value delivered, however it is not obvious why certain dosimeters performed 
well and others performed poorly. All of these dosimeters have a response 
that varies strongly with the neutron energy. TLD-albedo dosimeters respond 
well to lower-energy neutrons, whereas NTA film and TEDs respond well to 
higher-energy neutrons and have a low-energy cutoff in their response of about 
100-keV. 
Dosimeters were also calibrated using different neutron sources. Some were 
calibrated using unmoderated 2 5 2Cf and others were calibrated with either 
Am-Be or Pu-Be neutron sources. Because of the fact that dosimeter response 
is energy dependent, the calibration source used can also make a large 
difference in the dose equivalent value. 
The results of this intercomparison can be summarized in the following way. 
First, it was demonstrated that an intercomparison of neutron personnel do
simeters could be performed and that useful information would result from such 
a project. This study showed a wide variation in the readings of the dosim
eters, which may have been due to the energy response of the dosimeters, the 
calibration methodology, or some combination of these items. This study only 
made use of dosimeters from a few DOE facilities, therefore it would be useful 
to extend the study to give a more complete* indication of the uniformity of 
high-energy neutron personnel dosimetry in DOE facilities. 
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Figure 1. Results for 3.2 rem exposures. Data points are averages of the ratios 
of measured to delivered dose equivalents for various dosimeter types. 
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Figure 2. Results for 6.01 rem exposures. Data points are averages of the ratios 
of measured to delivered dose equivalents for various dosimeter types. 


