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BACKGROUND-SUBTRACT ADJUSTMENT FOR PLUTONIUM
CONTINUOUS ALPHA AIR MONITORS USING #Cf

Alfred L. Cucchiara, Ronald G. Stafford,
and James L. McAtee

ABSTRACT

We investigated a method to make optimum adjustments to the electronic back-
ground-subtract circuit of a continuous air monitor (CAM) by using a californium
source instead of a background air sample. We observed spectra of detected alpha
particles emitted by radon-thoron daughters and a californium source on a multichannel
analyzer connected to a CAM to determine their effect on the behavior of the subtract
circuit. The californium source alpha energy spectrum simulates the spectra of 2'®Po
and *'?Bi, the radon-thoron daughters most likely to cause spurious CAM alarms. This
simulation was the basis for deriving an empirical method using californium to adjust

the background-subtract circuit.

I. INTRODUCTION

Continuous alpha air monitors (CAMs) are often used
to monitor the air in areas where a potential for airborne
alpha-emitting radioactive contamination exists. If a
significant amount of certain alpha emitters are released
in the air, the CAM detects their presence and an audible
alarm alerts personnel to evacuate the area. At the Los
Alamos National Laboratory, commercially available
CAMs* are used for this purpose.

Though several different CAM models are used, their
basic operating principles are similar to those shown in
Fig. 1. Air drawn from the monitored area is passed
through a filter and particulates are deposited on its
surface. A silicon surface-barrier detector detects alpha
particles emitted from these particulates and sends
electronic pulses to an amplifier, which transmits the
pulses to a primary single-channel analyzer (SCA) and
then to a ratemeter. The amplitudes of the pulses
produced by the detector are proportional in voltage to
the energies deposited in the detector by the alpha

*Eberline Instrument Corporation, P. O. Box 2108, Santa Fe,
NM 87501.

particles. The SCA consists of upper and lower dis-
criminators that determine pulse rejection or acceptance
according to their voltages. The voltage of a given pulse
must fall within the limits prescribed by the discriminator
settings in order to send a pulse to the instrument’s rate-
meter. By this arrangement, the CAM can be adjusted to
monitor only alpha particles within a particular energy
range. Alpha particles with energies above or below the
upper and lower discriminator set points will not be
counted. Typically, at Los Alamos, CAMs are adjusted
to detect alpha particles with energies between 4.65 and
5.65 MeV. This adjustment allows detection of **Pu
(5.15 MeV), 2Pu (5.50 MeV), and **'Am (5.49 MeV),
which are of primary interest.

A significant problem with CAMs is spurious alarms
caused by the presence of natural background radiations
from radon-thoron daughters. Radon (*?Rn) and thoron
(**Rn) emanate continually from soil and most building
materials at highly variable rates that depend upon
temperature, barometer pressure, and humidity. After
emanating, they decay into a series of radioactive
daughter products before they reach a stable nuclide.
Decay schemes for these nuclides are shown below.
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Fig. 1. Simplified CAM schematic.

Radon-220 and -222 are inert gases that pass through
the filter; however, 2'®Po (6.0 MeV) and 2'?Bi (6.1 MeV),
both particulates, are collected and may be detected in
the primary SCA window because their alpha energies
are degraded, as shown in Fig. 2, by the filter media and
intervening air. Degradation causes pulses to fall in the
4.65- to 5.65-MeV detection window, thereby causing
spurious alarms if the levels become too high.

More advanced CAMs manufactured by Eberline
include a second (background) SCA and an electronic
subtract circuit to cancel fluctuations in the primary

2

SCA window caused by these background radiations, as
shown in Fig. 3. The threshold of the background SCA is
determined by the upper discriminator setting of the
primary SCA. The background upper discriminator is
set at 6.65 MeV to give a 1-MeV window range from
5.65 to 6.65 MeV. With this setting, alpha emissions
from background 2'®Po and *'?Bi are observed in the
background SCA and an adjustable percentage (typi-
cally about 10% as shown in Fig. 4) of their counts are
subtracted from counts in the primary SCA to com-
pensate for the 2'®Po and ?'’Bi emissions that overlap
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Fig. 2. Energy degradation of 2'*Po and ?'?Bi alpha emissions.
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Fig. 3. CAM with background subtract.
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into the primary SCA. Background alpha emissions from
2MPo (7.69 MeV) and 2'2Po (8.78 MeV) have energies
high enough to prevent significant degradation into either
the primary or the background SCAs, and therefore, are
of little concern. Polonium-210 is unimportant due to the
long half-life (21 years) of its grandparent, 2'°Pb, which
precludes its significant accumulation on the filter.
Similarly, 2'6Po is excluded because its half-life (0.15
second), and that of its parent, 2Rn (55 seconds), are so
short that they decay before appreciable filter accumula-
tion occurs.

The manufacturer recommends an empirical adjust-
ment of the percent background subtract in which the
CAM is run for 2 to 24 hours to allow the radon-thoron
daughters to equilibrate on the filter. This adjustment
must be conducted in a “clean” area to assure that
counts in the primary SCA are caused only by degraded
background and not by plutonium or americium. After
equilibrium is reached, a potentiometer is adjusted to
vary the percent subtract and bring the ratemeter needle
to zero. This procedure is time consuming and requires
that the CAM be removed from service for adjustment.

We investigated another method whereby the alpha
radiation from californium is used to simulate the 6-MeV
alphas from 2'®Po and ?!?Bi. The filter is replaced with a
californium source, which eliminates the need to estab-
lish background equilibrium or move the CAM to a
“clean” area. Two californium sources were prepared
and their alpha radiation spectra compared with those of
the natural radon-thoron daughters. From these studies,
we devised a procedure for adjusting the CAM back-
ground subtract that can be performed quickly and in the
field.

II. PROCEDURE

We connected the output signal from a CAM
amplifier to a Davidson Model 1056A multichannel
analyzer (MCA) to study the energy spectra of radon-
thoron daughters and other radionuclides of interest.
This setup was capable of viewing an alpha energy range
of 0 to 10 MeV with an energy resolution (FWHM) of
approximately 350 keV at about 6 MeV.



Background radon-thoron daughter samples were col-
lected by running the CAM under its usual operating
conditions. Standard 5.0-um millipore filters and a 1-
CFM flow rate were used for the background collection.
Background energy spectra were obtained on the MCA
simultaneously with collection of the daughters on the
filter, or alternately, immediately after termination of a
background collection period. Also, background collec-
tion_times were varied from approximately 1 hour to
several days. In all cases, the background radon-thoron
daughter spectra were similar in relative peak heights
and energies. Figure 5 shows an example of a typical
background spectrum.

Two californium sources were prepared by evaporat-
ing a standardized acidic solution onto stainless steel
disks. These sources had isotopic concentrations by
weight at the time of measurement of 60.05% 2*Cf (6.12
MeV), 20.72% 2°Cf (6.0 MeV), 11.52% 2°Cf (5.8 MeV),
and 7.72% »'Cf (5.7 MeV). The disks were mounted in
special holders and placed in the CAMs to duplicate the
geometry normally present with the millipore filters. The
energy spectra of these sources were accumulated by the
MCA for comparison with the ?'®Po and *'’Bi back-
ground peaks.

Counting times for each source were varied to provide
peaks of approximately similar heights. Polaroid photo-
graphs were taken to aid in comparison of the different
energy spectra. For each case, accumulated counts in the
different channels of the MCA were used to calculate the
percentage of a peak falling within a given energy region
of interest. Most important were calculations of the
percentage of the californium and 2!®Po-212Bi peaks that
crossed over into the 4.65- and 5.65-MeV energy region,
which normally is the window of the primary SCA. The
percentage crossover into this region by the californium
peak was compared with the similar value for 2'*Po and
212B{ to determine how closely the latter spectrum was
simulated by the californium spectrum.

II. RESULTS

As shown in Fig. 6, the alpha energy spectra of the
two californium sources were similar to the '8Po-2!?Bi
spectrum. However, we noted that a slight difference
existed between the spectra of the two californium
sources. When the low-energy edges of the two source
spectra were closely compared, we observed that the
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Fig. 5. Typical background alpha energy spectrum.
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Fig. 6. Comparison of californium sourcés 1 and 2 with 2'%Po

background.

maximum alpha energy degradation of source 1 was
about 300 keV greater than that for source 2. Because of
this greater energy degradation, source 1 more closely
approximated the 2'®Po-2'2Bj energy spectrum than did
source 2. The total 2'®Po-2'?Bi counts that degraded
below 5.65 MeV (overlapping into the primary SCA
channel) were determined to be about 9%, while the
similar values for californium sources 1 and 2 were 7%
and 4%.

To set the background-subtract circuit using the
californium source, the filter was removed and replaced
with source 1. The percentage subtract potentiometer
was then adjusted until the ratemeter fluctuations
averaged near zero counts per minute.

IV. CONCLUSIONS

We concluded that the alpha energy spectrum of
californium source | approximates the spectrum from

218pg.212Bj well enough to be used to adjust the back-
ground-subtract capability of the CAMs. Californium
source 2 does not simulate the background as well and is
not recommended for use in background adjustment.
Using source | instead of a background air sample
obtained over several hours in a clean area allows more
frequent background subtraction tests and adjustments.

Differences between the spectra of the two californium
sources were caused by differences in self-absorption
(source thickness) resulting from minor variations in
source preparation technique. The plating of source 1
was thicker, which led to increased self-absorption and
alpha energy degradation, which resulted in better ap-
proximation of the 2'®Po-2'?Bi spectrum than that of
californium source 2. It should be possible to alter the
californium spectrum to some extent by purposely
varying the source plating thickness or by changing its
ratio of isotopic concentrations.
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