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LLL DEVELOPMENT OF A COMBINE .H TRACK - ALBEDO DOSIMETER 

R. V. Griffith, J. C. Fisher and C. A. Harder 

The use of thermoluminescent albedo dosimeters is becoming increasingly 
more popular for personnel neutron dosimetry. High sensitivity and ease 
of automation make these dosimeters an attractive alternative to NTA film 
or fission track detectors for routine personnel dosimetry. The major 
limitation of albedo detectors is that the dose equivalent response is 
severely neutron energy or spectrum dependent (1). They are, primarily, 
low energy detectors (Fig. 1). In fact, the relative dose equivalent 
response can vary as much as a factor of 30 between exposure to an un-
moderated fission source and one heavily moderated by D 20 (Fig. 2). 
Although, in practice, the spectral variation found in the workplace 
should not cause such severe dosimeter response variations, considerable 
uncertainty about proper calibration factors may still exist. 

One attractive approach used by others (2,3) has been the addition of a 
fast neutron detector such as threshold fission foils to the albedo 
neutron dosimeter so that the fast neutron dose component can be estira'^d 
more accurately without losing the advantages of the TL detector. At LLL, 
we have found the use of electro-chemically etched polycarbonate (ECEP) 
to be an attractive alternative to fission foils or NTA film for this 
purpose (4). Laboratory employees retain their security badges with 
built in dosimeter when theygo home. As a result, we are not able to 
use radioactive material such as 2 3*Th or * 3 7Np for personnel monitoring. 
ECEP, on the other hand, is nontoxic, inexpensive, can be included directly 
in an albedo badge (unlike NTA film), and has an energy response similar 
to ! 3 2 T h (n, fission) (Fig. 3). One additional advantage is that the ratio 
of the track density on the neutron incident side of an ECEP detector foil 
to the exit side track density is significantly greater than 1.0 for neutrons 
near the energy threshold (Fig. 4). This provides one with the potential 
of being able to estimate the orientation of the person being monitored at 
time of exposure. Knowledge of body orientation i.ctild be very helpful in 
attempting to evaluate the effect of body shielding or scattering on dosimeter 
response. 



Conceptually, an albedo-ECEP dosimeter is evaluated as follows. The TL 
detector is read routinely for each monitored employee. I f , and only i f , 
the TLD indicates a signif icant neutron exposure (>50 - 100 mrem), we w i l l 
process the ECEP component. This consists of removing the protective poly
ethylene f i lm from each of 4 - 0.25mm thick pieces of polycarbonate located 
in the bottom of the dosimeter cup (Fig. 5). The samples are then exposed 
to a UV lamp for one hour tocompletea process of photo-oxidation that 
appears to be necessary to render many of the track etchable (4). The 
etching process involves placing the samples in a holder between two volumes 
of 2831 KOH, and applying a 2 kHz, 800 v AC potential across the sample for 
5 hours. The resulting tracks are actually tree-shaped, ^ub-surface voids 
(Fig. 6). Viewed from the surface of the sample, they have a circular 
cross section with an average diameter of 70ym, so that they can be counted 
easily with a microfiche reader (Fig. 7). 

In evaluating dosimeter response we begiii by determining the rat io of track 
densities on each side of the ECEP fo i l s . An air/body track density rat io 
greater than about 1.5 indicates that the neutrons were incident on the a i r 
side; i . e . , a frontal exposure. A rat io of less than 0.5 indicates the 
wearer had his back to the neutrons. The most l i ke ly situation is a rat io 
of about 1.0, indicating that the neutrons were not unidirectional; i . e . , 
the source was spacially distributed and/or that the wearer was moving 
around in the f i e l d . The result of the orientation evaluation w i l l govern 
the dosimeter calibration factors to be used. 

For dose equivalent evaluation, the combined dosimeter is considered to have 
a two component spectral response; ECEP for neutrons with energies greater 
than 1.5 HeV and albedo for m i t ron energies less than 1.5 MeV (the value of 
1.5 HeV is somewhat arb i t rary) . The effective dose equivalent response of 
ECEP to neutrons with energies above 1.5 HeV is relat ively constant for 
f ission or moderated f ission spectrum neutrons. Using a 2 5 ? Cf source, and 
spectra calculated with the ANISN discrete ordinate code, we obtain a value 
of 80 tracks * cm"2 ' Rem"1 (En > 1.5 MeV) for a frontal exposure and 6.4 
tracks ' cm"? " Rem"1 (En > 1.5 MeV) for a dcsir.eter on the back of a phantom. 
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The effective dose equivalent response of the albedo detectors for 
neutrons with energies below 1.5 MeV varies significantly with neutron 
spectrum. Rather than using a single effective calibration factor, we 
will use the ratio of ECEP response to albedo response to determine the 
spectral quality. Knowing something about the spectral quality* we will 
have a more accurate estimate of proper effective dose equivalent response 
for the albedo detector. To understand more about the relationship between 
ECEP-albedo ratio and the effective conversion factor for albedo response, 
we used Monte Carlo calculated spectra for many moderated fission neutron 
configurations (5). to calculate the effective response of albedo detectors 
and compare them with the equivalent calculated ECEP-albedo ratio (Fig, 8). 

It is clear that the relationship between relative albedo dosimeter response 
and ECEP-albedo ratio depends heavily on the moderator material. However, 
quality of the relationship can be roughly characterized as falling 1n two 
groups - low Z moderation (H2O, D SG\ concrete* jrapbite, beryllium) and 
"metal moderation" (iron» copper, lead, uraniuir). It, therefore, would be 
valuable and probably not impractical to know something about the moderator 
materials used in the working environment. 

A relationship of the form C = e* ' can be determined which approximates 
each class of moderator responses (Fig. 8), where C is the effective albedo 
detector calibration factor,a and bare constants dependent on the spectral 
sensitivities of the ECEP and albedo detectors, and R is the ECEP-albedo 
ratio. Using experimental data normalized to the responses shown in Figure 8, 
we obtain the following equation for evaluation of dose equivalent from the 
ECEP-albedo dosimeter components. 
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DOSE EQUIVALENT, D.E. = A e ( a " M n R j + cT = a'Ae * b l n R + cT 
where, A = ALBEDO RESPONSE - Gamma Rad 

T = ECE RESPONSE - Track/mm2 

R = ECE RESPONSE/ALBEDO RESPONSE 
a' and b depend on sensitivity and readout of specific dosimetry systems. 
c = 1,25 Rem/Track/nm2 (E n > 1,5 Mev, Front Exposure) 
c = 16 Rem/Track/mm2 (E > 1.5 Mev, Rear Exposure) 

Typical Background r 0,01 Tracks/mm2 

Typical Area of Count ^ 10 3 mm 2 

We ha.ve made preliminary tests of a prototype comofned dosimeter at the 
recent ORNL personnel Dosimetry Intercomparison and at a location in our 
plutonium storage vault. Reference dose equivalent data for the Inter*-, 
comparison were provided by the ORNL staff. An Anderson-Braun rem meter 
was used as a reference for the vault measurements. The results are pre
sented in Table 1. 

Conclusion; 
In addition of polycarbonate sheet to albedo detectors for electrochemical 
etching provides a simple, inexpensive way to reduce the spectral sensitivity 
of the personnel dosimeter without losinn the albedo features of sensitivity 
and ease of automation. The ECEP technique also provides the dosimetrist 
with the potential for identifying conditions of body orientation that might 
otherwise lead to significant error in dosimeter evaluation. 
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TABLE 1 

ALBEDO - ECE TEST EXPOSURES 

DOSE EOUIVALENT - REM 
SOURCE REFERENCE PHANTOM FRONT PHANTOM REAR 

HPRR - BARE 0.635 0.63 0.55 
HPRR - LUCITE 0.443 0.31 0.30 
HPRR - STEEL 0.719 0.60 0.80 
332 - VAULT 0.425 0.33 0.48 



FIGURE CAPTIONS 

1. Calculated Neutron Response of "Hankins Type" Albedo Dosimeter* 
Compared with ICRP-21 Dose Equivalent Conversion Factors 
(*AfterAlsmil ler and Barish, Ref. 1) 

2. Relative Response of "Hankins Type" Albedo Dosimeter to Fission 
Spectrum Neutrons in Spherical Moderators (after Ing and Makra, 
Ref. 5) 

3. Measured Neutron Response of Electro-Chemically Etched Polycarbonate 
(ECEP) 

4. Measured Ratio R. of Track Densities on Incident to Exit Sides of ECEP 
Vs. Neutron Energy 

5. Drawing of Corbined ECEP, Albedo Dosimetry 

6. Cross Section of ECEP Sample Showing Profi le of a Track 

7. Photograph of a Commercial Microficus Reader Showing ECEP Sample 

8. Calculated Relative Sensit ivity of "Hankins Type" Albedo Dosimeter to 
Neutrons with Energies Less than 1.5 MeV for 

a. "Low Z" Moderated Fission Spectra 

b. "Metal" Modulated Fission Spectra 
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