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INTRODUCTION

Martin Marietta Energy Systems, Inc. (Energy Systems), manages five sites for the U.S.

Department of Energy. Personnel dosimetry for four of the five sites is coordinated through a

Centralized External Dosimetry System (CEDS). These four sites are the Oak Ridge National Laboratory

(ORNL), the Oak Ridge Y-12 Plant (Y-12), the Oak Ridge K-25 Site (K-25), and the Paducah Gaseous

Diffusion Plant (PGDP). The fifth Energy Systems site, Portsmouth Gaseous Diffusion Plant, has an

independent personnel dosimetry program. The current CEDS personnel neutron dosimeter was first
issued in January 1989, after an evaluation and characterization of the dosimeters' response in the

workplaces was performed.

For the workplace characterization, Energy Systems contracted with Pacific Northwest Laboratory

(PNL) to perform neutron measurements at selected locations at ORNL and Y-12. K-25 and PGDP were

not included because their neutron radiation fields were similar to others already planned for

characterization at ORNL and Y-12. Since the initial characterization, PNL has returned to Oak Ridge

twice to perform follow up measurements, and another visit is planned in the near future.

CEDS NEUTRON DOSIMETER DESIGN

The CEDS personnel neutron dosimeter, shown in Figure 1, is the standard Harshaw 8806B

neutron dosimeter I manufactured by Solon Technologies, Inc. The dosimeter card contains four

thermoluminescent chips, and can be processed in the Harshaw 8800 automatic reader. This dosimeter

has two 0.015 inch thick lithium-6 fluoride (_LiF) chips (elements 1 and 4) and two 0.015 inch thick 7LiF

chips (elements 2 and 3). When assembled in the holder, one _LiF - 7LiF pair is positioned behind a

0.018 inch thick cadmium (Cd) filter. The other pair is covered only by the plastic of the holder. The

back of the holder has two loops across its width through which the wearer's belt is threaded. The plastic

is colored red to easily distinguish it as the neutron dosimeter; the beta-gamma dosimeter is blue in color.

The dosimeter's design has two distinct advantages. First, the pairing of 6LiF and 7LiF chips

makes the gamma signal subtraction relatively simple. The symmetrical design ensures that photons are

detected by the 6LiF and 7LiF chips with essentially the same sensitivity. The second advantage is that
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the holder's belt loop design ensures that the device that is calibrated as an albedo dosimeter is actually
used as an albedo dosimeter.

FIELD CHARACTERIZATION OF DOSIMETERS

Energy Systems and PNL personnel performed neutron measurements at over twenty locations
in ORNL and Y-12. 2 The ORNL locations included isotopic neutron source make up and fabrication

facilities, accelerator facilities, the High Flux Isotope Reactor (HFIR), calibration facilities, and a TRU

waste storage facility. The Y-12 locations included a neutron source storage area and a uranium fluoride

(UF4) storage area.

FIGURE 1. Harshaw 8806B Neutron Dosimeter

PNL used several types of neutron field characterization instruments for the measurements,

including tissue equivalent proportional counters (TEPCs), Bonner spheres, a helium-3 detector, and an

NE213 spectrometer. For personnel dosimetry purposes, the neutron dose equivalents obtained from the
TEPCs were used as the reference measurements for the neutron dosimeter characterization. At each

location, detectors were set up near a phantom on which neutron TLDs were mounted.

To analyze the results, the net neutron responses of the cadmium and plastic covered elements

are each divided into the delivered neutron dose equivalent reported from the TEPCs. Where two TEPCs

were used, the average of the reported results was used. The resulting ratios are TL-response-to-dose-

equivalent correction factors, named CFCD and CFPL for the cadmium filtered and plastic covered

elements, respectively. These ratios are presented for selected fields in Table 1.
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TABLE 1. TLD Response to Neutron Dose Equivalent Correction Factors
for the CEDS Personnel Neutron Dosimeter

CFCD CFPL CFPL/CFCD

Bare Cf-252 1.432 1.117 0.78

15 cm D20 moderated Cf-252 0.131 0.102 0.78

REDC TURF glove box 0.635 0.456 0.72

REDC Room 111 glove box 0.363 0.241 0.66
REDC TDF 0.205 0.106 0.52

SWSA waste cask 0.113 0.059 0.52

REDC waste cask 0.068 0.037 0.54

ORELA 0.027 0.015 0.56

HFIR 0.0057 0.0021 0.37

TECHNICAL PROBLEMS AND SOLUTIONS

Even a quick analysis of the correction factors shows that the dosimeter design is not capable of

providing enough information from which to empirically derive the delivered neutron dose equivalent.

This is perhaps most obvious in observing the correction factors for both bare and D20-moderated

californium-252 (Cf-252) in a low scatter facility. The ratio of the net neutron response of the cadmium

filtered elements to that of the plastic covered elements for each of these spectra is essentially the same,

but the ratio of the delivered dose equivalent to net TL response differs by approximately a factor of ten

for similarly filtered elements.

Other observations of the data show that the ratio of CFPL to CFCD is not a very sensitive

indicator of the spectrum in which the dosimeter was irradiated, varying only between about 0.45 for

fields with a high thermal component, and 0.7 for relatively hard spectra, while the magnitude of CFCD

and CFPL vary by more than a factor of fifty. The obvious conclusion is that the neutron dosimeter is
not capable of reporting the neutron dose equivalent without a prior knowledge of the dosimeter's

response in the spectrum of interest.

These limitations are overcome by analyzing the possible spectra to which different groups of

personnel may be exposed, and administratively ensuring that the appropriate correction factors are

applied to the TLD results. Since workers do not always work exclusively in a single neutron spectrum,

and because there are a variety of spectra present at Energy Systems sites (particularly ORNL), types of

work were analyzed and workers are now placed into one of nineteen standing categories of neutron

work. Each category has a somewhat unique CFCD and CFPL which are applied to the workers'

dosimeter processing results. For work categories which mix two or more types of spectra, CFCD and

CFPL are weighted conservatively by an occupancy factor and a dose rate using a standard two parameter

weighting technique supplied by Los Alamos National Laboratory.
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ADMINISTRATIVE PROBLEMS AND SOLUTIONS

The need to associate workers with the type of work they perform presents an administrative

challenge. CEDS monitors approximately 350 "permanent" neutron workers, and approximately 300

visitors per quarter. When workers switch job assignm,_nts, a switch in the category of assignment is

triggered by the area radiation protection supervisor. Currently, these changes are tracked on a personal

computer database at ORNL. The dose calculation programs are also executed from this computer.

Neutron dose equivalent results are transferred in a batch process to the personnel dosimetry records

minicomputer (a VAX 6320) once per quarter. A project is underway to upgrade and transfer ali neutron

data processing and storage operations to the minicomputer.

Special jobs and facility upgrades also pose an administrative problem, since PNL is not and

cannot realistically be "on call" to characterize the fields. To solve this problem, ORNL's operational

and research dosimetry groups are teaming up to provide an on site capability for the necessary

measurements. Several approaches are being considered in parallel, including on site TEPC measurement

capability, adapting Piesch and Burgkhardt's single sphere albedo technique 3 to area neutron

measurements, and area bubble dosimeter spectrometer measurements.
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