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This system for quantitative analysis of Pu in 
soil via 2 ( , 1An has four 2.5-mm high-purity Ge 
detectors of 33 cm2 total detecting surface area. 
These detectors are paralleled by gating circuitry 
to avoid the degradation of energy resolution 
associated with electronic output summing. In 
field tests the system was approximately three times 
as sensitive as a 70-en3 Ge(Li) detector and 
approximately an order of magnitude more sensitive 
than the FIDLER system. 

Introduction 

A rapid in-situ method for the quantitative 
determination of the transuranic radionuclides in 
soil or on the soil surface is desirable. Such a 
capability would be particularly useful for 
immediate assessments following accidental releases 
as well as for longer-term assessments for 
environmental studies. The development of a 
suitable detector system is complicated by the fact 
that the radionuclides of primary concern lack 
significant gamma emissions. In the most successful 
system heretofore available, 2 l t lAm is quantitated by 
detection of its 60-keV photon by a special thin 
Nal(Tl) crystal incorporated in the widely used 
Field Instrument for the Detection of Low . nergy 
Radiation (FIDLER). The concentrations of other 
radionuclides of more interest, such as 2 3 9Pu, may 
then be inferred from an assumed or measured ratio 
of radionuclide concentrations. The sensitivity of 
the FIDLER system is a few hundred nCl/m2, and it is 
subject to interference by other radionuclides. 
Significant improvement in sensitivity can be 
achieved with a large, high-resolution Ge(Li) 
detector. Still greater improvement would be 
expected from an array of thin high-purity Ge 
detectors, which would have substantially less 
Conpton continuum at 60 keV and a larger total 
detecting surface than is available with single, 
thin, high-purity detectors. 

Such a detector system has been fabricated and 
field-tested. It consists of four thin (2.S-mm), 
planar, high-purity Ge detectors, approximately 2.9 
cm x 2.9 cm, whose output* are paralleled by gating 
and logic circuitry. These detectors, mounted in a 
rectangular array, have a total surface area of 3i 
cm2. This paper describes the system and its 
performance. It also presents some results of a 
field comparison of the FIDLER* a 70-an3 coaxial 
Ge(Li) detector, and the four-detector system. In 
these tests, our primary concern was the sensitivity 
of the system to the 60-keV gamma rays from 2 1 t lAm. 

Four-Detector System 

Figure 1 shows a cross sectional view of the 
detector assembly and Figure 2 shows the detector 
system mounted on its tripod in field use. The four 
detectors are mounted in a horizontal rectangular 

array and have a 1.7-mm thick beryllium window. 
These detectors share a common high voltage (250 V) 
supplied from a battery pack mounted on the tripod 
flange. The chamber uses a vacuum ion pump. 

Each detector has its own preamplifier (no 
cooled field effect transistors). Each of the 
detectors has a capacitance of about 85 pF. These 
thin detectors represent a compromise between the 
better energy resolution of thicker detectors n̂d the 
suppresion of Compton continuum at 60 keV afforded by 
thin detectors. Because of the other man-made and 
natural radionuclides that usually accompany Am and 
Pu in the soil, the background under the 60-keV peak 
is a strong function of the higher energy response of 
the detector. But, because of the higher capacitance 
of the thinner detectors and the resulting poorer 
energy resolution, the baseline of the 60-keV peak is 
wider and therefore increases the background count. 
Both of the above considerations assume that the 
detector is not so thin that the efficiency at 60 keV 
is significantly reduced. The efficiency in (counts 
per min)/Cphoton/sec-cm2) for the four-detector 
system is plotted against energy in Fig. 3. 

The individual detectors, hereafter referred to 
as A, P, C and D as seen in Fig. 1, have 
approximately the same peak efficiency and energy 
resolution at 60 keV. The average resolution for the 
detectors at this energy is 2.6 keV FWHM. If the 
detectors' outputs were electronically summed, the 
resulting composite energy resolution would be 
approximately equal to the square root of the sum of 
the squares of the individual resolutions, i.e., 5.2 
keV FWHM. This degradation in resolution was avoided 
with a detector multiplexing or gating scheme1 

employed so as to effectively allow only one detector 
at a time to be seen by the multichannel analyzer 
(see Fig. 4). With this method, the energy 
resolution of the system is approximately equal to 
the average energy resolution of the four detectors. 
Figure 5 compares the 60-keV spectra for 2hlAm in the 
summed and gated modes. 

The state-to-state behavior for this logic 
systen is illustrated in Fig. 6, For a complete 
description of the gating logic and electronics of a 
similar detector system see Ref. 1. 

The linear gates arc virtual ground JFET type 
with an inverting *1 amplifier operating as a summer. 
Bach gate input to the linear gates has a 
three-position switch for on all the time, off, or 
gated. This facilitates setting the amplifier gains 
and checkout and also enables the detector system to 
be run in the summed mode if desired. 

Instrumentation and_ Method 

The characteristics of the three detectors are 
given in Table 1, The 70-cm3 Ge(Li) detector is a 
closed-end coaxial design with special mounting to 
provide a low attenuation path for incident gammas. 
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Fig. 1 Cold finger assenbly, cross-section view. 

Table 1. Characteristics of the three detector systems 

4-Detector 
Systea 

70-cm3 

Oe(Li) 
FIDLER 

Volume 8.7 cm3 70 cm3 20 cm3 total 

Cross section 1S« ! 15 cm* 
(L - Scml 

130 cm3 total 

Thickness 0.25 cm 0.16 cm 

Resolution 
cum at 
611 keV 2.6 keV 2.1 keV 13 keV 

N f/S* 

Tcounts per ainl 
(nCi/n<) 0.373 0.226 1.39 

*p • 1.5 g/cm3, 60 fceV; a « 0.6 cm"] 
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Fig. 3 Efficiency vs. energy for the four detector 
system. 

Fig. Detector, preamplifier and tripod mounting in 
the field. 
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Fig. 4 Block diagram of system electronics for four-detector system. 
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The FIDLER is an Nal(Tl) detector in which a 
1/16-in.-thick, 5-in.-diameter sodium iodide crystal 
is coupled by a quartz light pipe to a 5-in. 
photomultiplier tube. 

The general system2 consists of electronics 
and support equipment mounted in a van. Data are 
accuaulated in a 4096-channel pulse-height analyzer 
and recorded on magnetic tape which is returned to 
the laboratory for computer-processing. 

The use of point sources for calibration of 
these instruments for interpretation of the in-situ 
data follows an established procedure3. The general 
equation used is 
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Fig. 5 The 60-keV spectra of 2 t , 3Am, summed (top) and 

gated (bottom). 
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Fig. 6 State-to-state diagram for the gating sequential logic. Each directional arrow is labeled with the A' 
C 0' input condition from the "D" flip-flops, over the ABCD output condition to the linear gates; "on1 

is designated by 1, "off" by 0, and "don't care" by X, 



of counts that would be obtained i f the 
source were a point source directly 
beneath the detector, 

ft {$} = angular responce of detector as 
determined with a point source, 

t/S = the photon flux of the energy of 
interest upon the detector per unit of 
soil radioactivity, 

Nf /S a the count rate in the photopeak per 
unit of soil radioactivity S. This 
number is dependent upon the soil 
density and depth distribution of the 
radioactivity, 

Using the above formula and experimentally 
determined factors, N f/3 i s determined, at the 
energy of the point source used, for various soil 
distributions and soil properties. The soii 
distributions usually considered are an 
infinite-depth slab source (as for naturally 
occurring radionuclides), an infinite plane source 
Afresh fal lout) , or an exponentially distributed 
source taged deposit). In this experiment we 
consider the source to be exponentially distributed 
with depth. The parameters used to characterize the 
exponential distribution are the soil density (c) 
and the reciprocal «f the relaxation length of the 
assumed exponentially distributed source with depth 
la). For interpretation of the data, the net 
photopeak count rate i s divided ty the appropriate 
S f/S to obtain the total activity per unit area of 
soii surface (nCi/a 3 in th is experiment), 

The primary purpose of the in-si tu 
•etsurements was to compare the sensitivity* of the 
three-detector systems at 60 keV. The minimum 
detectable act ivi ty in the soil was defined as being 
that activity at which the fractional standard 
deviation due to counting s t a t i s t i c s and peak 
extraction is equal to 0 .3 , when the counting time 
is 2000 sec at a detector height of 1 m above the 
so i l . 

To determine the minimum detectable activity 
at areas where the actual activity (at 60 keV) may 
be higher than th is minimum, the following 
expression, was used."* 

S minimim detectable =-£75^ (l + jl +• 0,56(VAR P-P))1* ) 

where F i s the net photopeak counts and VAR P i s the 
variance of P obtained from whatever peak extraction 
method is used. This formula allows calculation of 
the minimum detectable activity without tfte specific 
background count. This i s useful when, as in our 
case, the computer printout of the peak counts 
furnishes only the peak count and standard deviation 
and/or fractional standard deviation. 

The in-si tu comparisons were done at the 
Nevada Test S i te in three s i t e s : CMX, Hamilton, and 
Small Boy. The CMX area i s the s i t e of several 
"safety shots" and contains essentially no fission 
product*. Hamilton was also a safety-shot area, 
but, due to adjacent s i t e s of nuclear explosions, 
fission products are present in varying amounts. 
The Small Boy area was the s i t e of a nuclear 
detonation and therefore does contain many fission 
products which omit higher-energy gammas. The area 
also is covered with snail fused s i l ica particles 
and hot spots where these particles have collected 
around small mounds. 

Results 

The results of the field measurements can be 
seen in Table 2, which shows the detected activity 
per square meter and the minimum detectable activity 
at each location, assuming thatp= 1.5 g/ea3 and a = 
0.6 cm*2. These assumptions may not be valid for 
all locations but nevertheless permit comparison of 
detector performance. 

The higher minimum detectable activity at the 
GMX 5 orange 10 site is due to the high 
peak-to-background ratio. As can be seen from the 
detected activity at this location this was a "hot" 
location. Since the expression for minimum 
detectable activity in effect subtracts the net peak 
count from the gross peak count the results are most 
valid at low net peak counts. 

The apparent discrepancies in detected 
activity among the results from the FIDLER, the 
70-cm3 Ge(Li) detector, and the four-det -tor system 
at Small Boy could be due to the itihomogeneous 
nature of the soil activity as mentioned before. 
The detectors, because of their difference in 
angular response (Fir.. 7) "see" different fields of 
view. Adjacent ho- spots seen by one detector might 
not be seen by the ither due to the different field 
of view or physica detector placement. 

In general the minimum detectable activity £or 
the four-detector system is about three tines low;r 
than that for the coaxial Ge(Li) detector and abr-ut 
an order of magnitude lower than that for FIDLER. 
The method used for peak extraction of the FIDLER 
spectra causes considerable uncertaintity in its 
calculated minimum detectable activity. The peak 
extraction sicthod as outlined by lindeken et al. s 

involves taking a background spectrum [Well SB] and 
determining the ratio of the count rates for the 
70-80 keV interval and the 50-70 kcV interval. This 
ratio is later used to determine the background 
count to subtract from the gross 69-keV peak count. 
This ratio is relatively constant wi«.hin broad 
geographical areas, but does vary- from site to site. 
We determined the standard deviation of this ratio 
from data taken by Lindeken at sites in the 
tivenaore Valley (see Bef. 4). Because of the 
strong dependence of the variance of P upon this 
error the minimum detectable activity for the FXDVER 
is a rough approximation at best. 

If i 5 S E u is present, its interfering 60~keV 
peak must be subtracted from the peak count to 
obtain a net peak count due to 24,'Am. This is done 
by inferring a 1 S 5Eu activity from its other peaks 
at S6 and 105 keV. Thus, this would increase the 
minimum detectable activity for both solid-state 
detectors due to the additional counting error from 
those peaks. In this situation the FIDIER would 
give poor results because its resolution is 
insufficient to identify the S6-keV peak from 1 5 5Eu. 

One disadvantage of the four-detector system 
is its inability to see higher-energy peaks from 
fission products. This means that while the 
four-detector system is more :snsitive at 60 keV, 
the coaxial detector has the additional capability 
for quantifying other isotopes of interest. 

It should be noted here that the actual 
accuracy of the pluteniura concentrations as obtained 
from the peak count rate is strongly dependent upon 
factors such as assumed soil parameters, depth 
distribution, and Am/Pu ratio. For seme locations 
that have been disturbed by plowing or grading it is 
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difficult to select a depth distribution. 
Therefore, the counting errors nay be relatively 
insignificant in estimating the total accuracy of 
the r.alculoted plutoniuw concentrations. 

Conclusions 

The four»detector systea can detect 2 l , 1 A» 
act ivi t ies which are an order of magnitude lower 
than those detectable by the FIDLER, 

Plans for increasing the sensit ivity of this 
multi-detector system include the following. 

t . * Because most of the flux fmm the soil 
i s a higher angles 3 (70-90 J the 
sensi t ivi ty could bt improved 
significantly by mounting the detectors 
at a higher angle wir.h the horizontal. 
To preserve symmetry, more detectors 
would have to be used. 

Z- Bo cause of Compton scatrerin^ from the 
aluminum choflfecr walls, as much as 
possible of the aluminum in the cap 
should be replaced with beryllium. 

3. It is suspected that the detectors are 
too thin, shut i s , that this thickness 
(2.S nun) sacrifices too much energy 
resolution for the reduction in Compter* 
continuum. Therefore* i t Is planned to 
determine tfto optimum detector thickness 
for the detection of 60-kcV photons. 
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