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Introduction 
Approximately 40 employees at LLL work in areas where personnel neutron 

monitoring is necessary. The dose rate in these reas is low, rarely exceed
ing 0.5 rem per year. However, the wide variety c neutron environments 
(dT neutron generators; a 3 MVI pool type reactor; a 100 MeV electron Linac; 
and a number of vaults and glove boxes where alpha, n and spontaneous fission 
sources are stored) makes the neutron monitoring task difficult. As a 
result, we have been studying potential developments i personnel dosimetry 
and neutron field monitoring, particularly as they rele e to proposed changes 
in the neutron quality factor and the implied reduction n allowable dose 
limits. 

Pjj^ii»et£r_pjByjljapjnent 

Our interest in use of electron chemical etching (ECE) of polycarbonate 
has led to development of a combined albedo-track etch dosimeter that was 
reported at the last workshop [1]. The result is a dosimeter with a two 
component energy response;albedo providing high sensitivity for low and 
intermediate energy neutrons together with polycarbonate foils which can be 
etched electrochemically to measure neutrons above 1.5 MeV. We have gained 
little experience with the combined dosimeter because nearly all of exposures 
detected by the albedo dosimeter have been below the 100 mren that we 
consider to be a practical lower limit for the ECE part of the system. 

| TTiu iep< rt m 
NOTICE 

prepired ai . *,..! 
spwn! >>> the L Ki i f dS i i i c t ' : r ^ n r v m Nmiwi ' ih t ' 

I j i f iO n 
Jfcl lis.' i>i- \-mti 

' ilwir emplu 
ul r i 0*p*r 
rn. nnr ar> •>r llirir 

1 t .nli jL'i - ivbi'-r.i'ic-Km. cjr Irt 

, *!*,"» nf>. e i p r r " or uiiplirJ or asv rn ( i ry ltgi\ 

• » uscfuln tt Ol JI % mlui tat i .u. . praram, pr dud .11 
| flfOl*U •'ll LI.JVT.1 J rejjrcjrnu (1 j , . . . U i t * j |d m.r 
j j n f . M ^ p n "il!L'l >r6 fifMi 

file:///-mti


We have, however, designed a new etch chamber which will hold individual 
samples (Fig 1). This provides the advantage that if one of the replicate 
samples sparks through or shorts out, it can be removed easily from the 
etching array (Fig 2). A short encountered while using the multi-sample 
chamber described previously [1] meant that the whole chamber had to be 

disassembled; the bad sample replaced with a blank and the chamber reas-
3 sembled. The new chamber also uses much less electrolyte - cm . 

During the past year, we have begun to follow up on some work begun 
by Tommasino, Klein and Soloman [2,3] on development of thin film neutron 
detectors (TFND). The TFND is a solid state analogue to the Geiger counter, 
where a highly ionizing charged particle passing through the dielectric 
region of a charged capacitor causes a breakdown which can be detected 
with an electronic pulse counting circuit. The capacitors we have been 

o 
testing (Fig 3) use a thin layer (600-1000A) <• SiO~ on a conducting sub-

o 

strate with a line layer (̂  500A) of alumir.jm on top, completing the cap
acitor. The aluminum is kept thin so that a breakdown will vaporize a hole 
in the top conductor to prevent multiple counts. 

2 Our work this year has been directed at development of a 1 cm active 
area detector that could be used to count neutron induced fission in a 
radiator foil ( 2 3 9Pu, 2 3 5 U , 2 3 8 U , 2 3 7 N p , 2 3 2 T h etc). The counting circuit 
is shown schematically in Figure 4. We have been testing the properties 
and reproducibility of 1 mm capacitors on metal-on-silicon (MOS) wafers 
made in the LLL solid state electronics laboratory. The small capacitors 

2 will be connected in parallel to achieve the 1 cm detector required for 
minimum practical application. We have achieved a hiqh deqree of 

uniformity between individual capacitors on a wafer and reproducible fission 
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fragment detection. Backgrounds are low, but detaiUd background evaluation 
awaits detector optimization. 

Although the initial work is being done with fission radiators, our 
hope is that the technology can be extended to detection of cnarged particles 
from neutron recoils, either in the detector itself, or a nonradioactive 
radiator material. After successful development of an Si0 2 dielectric 
capacitor we intend to study other materials, including organic dielectrics. 

Neutron Field Characterization 
The limitations of personnel neutron dosimeter (including the energy 

dependence) are generally well known [4], For this reason we feel that it 
is very important to characterize neutron fields in working areas so that the 
proper dosimeter calibrations can be used and variations in effective dose 
equivalent (DC) response can be predicted for the likely range of working 
environments. 

A simple technique using two moderated detectors has been used success
fully for in-field calibration of albedo systems for some time [5]. However, 
we also feel it is important to make more detailed measurements at few key 
locations in facilities where neutrons are produced. Such information is 
needed to verify the relative response of dosimeters and survey instruments, 
to calculate the DE response of dosimeter and survey instruments considered 
for service in the future; as documentation for future changes in DE con
version factors; and to provide information necessary to design additional 
radiation shielding, if necessary. 

We have been using the Bonner sphere [6] spectrometer system to provide 
-8 spectral information over the energy range from thermal (2.5.10* HeV) to 
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20 MeV. We make measurements with a 1/2" x 1/2" Lil scintillation detector, 
with and without a cadmium sleeve, then placed in the center of each of five 
polyethylene moderating spheres (3, 5, 8, 10 and 12 inches in diameter). 
The two smaller spheres are covered with .020 inch cadmium shells to suppress 
the thermal response. An 18 inch sphere is used for measurements around 
high energy neutron facilities (> 10 MeV). We take data with the LLL portable 
pulse height analyzer [7], using the integrated Li (n, a) peak as the 
detector response. The LOUHI computer code [8] is used to unfold the spectra 
from measured detector response and response functions calculated at the DOE 
Environmental Measurements Laboratory [9]. 

We have now made measurements in shielded work areas at four LLL 
facilities (3 Mw pool type reactor, high flux 14 MeV neutron generator, 
a Z 4 4 C m glove box facility and outside a low scatter facility used to calibrate 

252 
dosimeters and survey instruments with a moderated Cf source). Measure
ments have also been made at at. 850 MeV pressurized water power reactor 
and a 250 keV TRIGA reactor. We can measure spectra at DE levels below 
0.1 mrem*hr" in an 8 hour period using the Bonner sphere system. The 
practical upper limit appears to be 200 to 300 mrenvhr* with the current Lil 
detector. 

We have used the spectra unfolded with L0UH1 to calculate spectrum 
weighted responses of two commonly used survey instruments and four reactions 
used for personnel neutron dosimetry (Table 1). The calculations are nor-

252 malized to an unmoderated Cf spectrum to simulate a calibration with a 
fission source (the entries for the Cf calibration cell in Table 1 refer 
to measurement made outside the cell door with the source in position. They 

poo 

do not refer to calibration fields inside the cell). The PuBe response 
Is included to indicate the effect of calibration with an n, alpha source 
spectrum. Detailed discussion of the calibration of the Cf and PuBe 
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Cf and PuBe sources has been published elsewhere [10]. Results of 
these measurements must be used with care since spectral distortion may couple 
with spectral response features of an instrument or dosimeter to overemphasize 
detector response weaknesses. An example of this appears in Table 1. Com
parison of 9" remmeter responses with measurements shows that the calculated 
cverresponse is too high by 30-40%. Calculations for the albedo dosirrp.ters 
match measurement more closely, however. 

It is clear that the effect of spectra on the effective response of 
commonly used personnel dosimeters is very significant, with under-response 
of a factor of five for some detector types and over-response by as much 
as 30 times for others. In practice, of course, adjustment of calibration 
factors for spectral response can reduce these apparent errors signifi
cantly—unless workers are apt to encounter a wide range of spectral 
variation in their daily work. Use of a two component system such as that 
used at LLL and by others [11, 12] or multiple dosimeters [13] would help 
in reducing spectral uncertainties However, it is clear that a more 
satisfactory dosimeter needs to be developed to put neutron dosimetry on 
a par with gamma dosimetry. 

Effects of Proposed Changes in Neutron Quality Factors 
In a recent report [14] H. H. Rossi has proposed changes in radiation 

quality factors based on biological evidence-. We do not intend to discuss 
the merits of the proposal here. Rather, we want to consider the implications 
of Dr. Rossi's recommendation for personnel neutron monitoring. 

The heart of the proposal is adoh ion of a new quality factor, q. 
q = (LVkeV urn" 1) 1 - 5 
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where 
L*=Lo! U-e-U/Lo)2, 

L is the linear energy transfer of a given charged particle 
in keV«ym 
and Lo has the value 110 keV«um" 

Using this relationship, and LET distributions for monoenergetic 
neutrons by Auxier, Snyder and Jones [15], we have calculated neutron 
DE conversion factors implied by the proposal (we have assumed that the 
maximum permissible DE gamma rays for 60 Co with a/q of 2.6 would not 
change and, therefore, serves as our reference radiation). Comparison 
of these calculations with current conversion factors is shown in Table 3. 

Since the response of a dosimeter or instrument would not change with 
new conversion factors, the sensitivity (response per unit does equivalent) 
would decrease in proportion to the ratio of new to old spectrum weighted 
conversions, while limit of detection would increase in the same proportion. 
Using the data in Table 2, we have calculated the effective change in 
spectrum weighted DE conversion factors for a number of spectra of interest, 
both calculated [16] and measured. The range of DE conversion factor 
increase is 9.7 to 12.1X's, implying an increase in detection system limit 
of detection by the same amount. Since the shape of the dose equivalent 
conversion curve would not change significantly, neutron dosimetrists could 
expect to have continued problems with energy response of dosimetry, but at 
a penalty of a factor of about 11 in effective sensitivity. Certainly the 
need for dosimetry development we see under current limits would be mag
nified significantly with adoption of increased quality factors (assuming 
no changes in reference radiation). In fact it is likely that the whole 
philosophy of personnel neutron monitoring would need reevaluation. 
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TABLE 1 

CALCULATED DOSE EOUIVALEtlT RESPONSE OF SELECTED NEUTRON 
SURVEY INSTRUMENTS AND PERSONNEL NEUTRON' DOSIMETERS1'13'0 

Shielded Response/Unit Dose Equivalent (arbitrary units) 
Neutron Producing Andersson Bran,', 9" Spherical llankins NTA ? i 7 N p 2 3 2 T h 
Facility Locations Albedo 

Remmeter Renmeter Dosimeter Film (n, fission) 
2!0Pn[ie (unmoderated)d o.9 

Hiuh Flux Neutron Generator 1.0 
? >, '"Cn Handling Faci li ty 

Loc 1 1.1 
Loc 2 1.0 
Loc 3 1.0 

2 5 ? C F Ca l i b ra t i on C e l l -

Source iinmoderatcd 1.1 

Source in 25 cn l J„0 1 .n 

Source in 25 cm D?0 1.0 

Source i n 20 cm Al 1.1 

3MW Pool Type Reactor 
Loc 1 0.9 
Loc ?. 1.0 

0.9(0.9) 0.7 1.2 1.2 1.6 

1.3 ( .9) 8.0 0.9 1.1 1.1 

1.3 (1.0) 
1.5 (1.2) 
1.5 (1.0) 

5.0 
11.0 
11.0 

0.8 
0.8 
0.7 

0.9 
1.0 
1.0 

0.7 
0.8 
0.5 

1.4 7.0 0.6 0.3 0.4 
1.3 7.0 0.7 0.9 0.5 
l.G 14,0 0.5 0.9 0.4 
1.7 11.0 0.4 0.8 0.2 

2.0 (1.3) 
1.4 (1.4) 

28.0 
13.0 

0.5 
0.7 

1.2 
1.0 

0.6 
0.6 

850 HW Pressurized 
Power Reactor 

2 5 0 k e V Triqa 

Loci 1.2 2.5(1.8) 23.0(23.) e 0.2 0.7 0.1 
Loc 2 1.2 2.8(2.0) 31.0(23. ) e 0.2 0.8 0.1 

Loci 1.1 1.6(1.4) 12.0(10.) 0.5 0.3 0.3 
Loc 2 1.1 1.7(1.5) 10.0(11. ) e 0.5 0.3 0.3 
Loc 3 1.1 1.8(1.5) 13.0(12.) 0.5 0.S 0.4 
Loc 4 1.1 1.8 (0.6) 15.0(17.)" 0.3 0.7 0.1 

Calculations based on Conner sphere spectral measurements made in occupied work 
areas shielded from the neutron source. 
Reference to unshielded, unmoderated ? r , 2Cf source calibration [10]. 
Data in parenthesis are experimental results normalized to the dose equivalent 
estimate from the Bonner sphere system. 
Unshielded calibration spectrum, 
Based on sphere ratio survey method [5]. 



TABLE 2 

EFFECT OF PROPOSED CHANGE IN RADIATION 
QUALITY FACTOR ON DOSE EQUIVALENT CONVERSION FACTORS 

•C2J ev 

1.0 
10. 
100. 
1.0 keV 
10. 

100. 
500. 
1.0 HeV 
2.5 
5.0 
7.0 

10.0 
14.0 

NCRP [13 ' ] Modified* 

Rem- (n-cnT 2)" 1 

1.02. 10' •9 10.3.10" 9 

1.24 11.4 

1.24 10.4 

1.20 8.5 

1.02 6.9 

0.99 7.7 

6.0 58. 

26. 250. 

36. 420. 

35. 400. 

43. 410. 

41. 340. 

41. 350. 

58. 440. 

•Calculations based on proposed quality factor q [14]. 
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FIGURE CAPTIONS 

1. Chamber for Electro-Chemical Etching of Individual iolycarbonatu Samples 

2. Etch Chambers in Array for Multiple Sample Etching 

3. Cross Section of Thin Film Capacitor 

4. Circuit Suggested for Use of Thin Film Neutron Oetectr in a Personnel 
Monitor, 
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