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This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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ABSTRACT 

A successful and cost-effective D&D effort relies upon 
an accurate, real-time, in situ, and non-destructive method 
of characterization of contamination both before and after 
the decontamination process. Detector systems based on 
long-range alpha detection (LRAD) technology meet 
these criteria. Currently, LANL is in the process of 
investigating, designing, or building various surface 
monitors, various pipe monitors, and glove-box monitors. 
This paper describes the field studies conducted using 
detectors based on LRAD technology. 

I. INTRODUCTION 

Decontamination and decommissioning (D&D) 
consists of an assessment phase and a remediation phase. 
The primary problem during assessment is the 
identification of contaminants and their location. 
Identification is difficult in particular because 
contaminants may be hidden in difficult-to-sample areas 
and systems. Detectors based on long-range alpha 
detection (LRAD) technology are useful during the 
characterization phase on buildings, glove boxes, piping 
and ventilation system sampling. Not only can these 
detectors identify alpha-emitter contamination problems, 
they can also be used to identify uncontaminated 
systemslareas. Subsequent operations can be organized to 
prevent contamination of these systems. The LRAD- 
technology-based detectors are also useful during 
remediation to identify uncontaminated material which 
could not be checked earlier. Examples include structural 
debris, foundations, and soil. 

Of importance during remediation is waste 
characterization before transportation and disposal. The 
LRAD-based detectors are well suited for bulk item 
characterization (i.e., concrete, debris, soil) because assay 
of the items can be done quickly without analytical 
delays. Some additional characterization may be required 

to identify radionuclides and their proportional 
distribution. 

Monitors based on LRAD technology measure alpha 
Contamination by detecting ions produced in ambient air 
by alpha particles rather than by detecting alpha particles 
themselves. The number of ions created is proportional to 
the energy of the alpha particle. These ions are 
transported to an electrode by airflow (or gas flow, 
depending on the medium) or an electrostatic field. The 
ions produce a small current proportional to the amount of 
activity present. This current is then read by an 
electrometer. 

Detector systems based on LRAD technology are 
nondestructive, sensitive, and rugged, and they are 
capable of yielding in situ, real-time measurements. To 
tackle problems involved with the survey for radioactive 
contamination in D&D, a variety of detector systems 
using LRAD technology could be used in many different 
parts of the effort: surface monitoring, internal volume 
monitoring (pipe or glove-box monitoring), barrel 
monitoring, sewer monitoring etc. 

II. SURFACE MONITORS 

In DOE and industrial facilities where nuclear material 
was handled on a regular basis, building surfaces and the 
furniture or equipment inside the buildings can become 
contaminated. The majority of building surfaces are 
concrete. We have developed LRAD-based surface 
monitors which could monitor various surfaces such as 
concrete floors, metal table tops and soil surfaces. These 
surface monitors use an electrostatic field to collect ions. 
A more detai!ed description of the various surface 
monitors based on LRAD technology appears in several 
reports.1 

A background-subtracting surface monitor is shown 
schematically in Figure 1. In this detector the alpha 



particles emitted from the concrete surface create ions 
only in the lower chamber, and hence a signal only from 
the first signal plane. All of the ions created by surface 
contamination will be attracted to the first signal plane so 
that none can pass into upper chamber. Radioactive gas or 
radon which enters lower chamber from the concrete 
surface is not ionized, so that it can freely pass into the 
upper chamber. This gas will decay equally in both 
chambers, resulting in an identical contribution to the 
signal on both the first and second signal planes. To speed 
up the mixing of radioactive gas into both chambers, a 
small fan is inserted between the chambers. 
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Fig. 1. Schematics of background-subtracting surface 
monitor. 

With these monitors we have measured the 
contamination on various floors and table tops reliably. 
Two such field exercises are described below. 

A. Alpha Monitoring Results on Concrete 

The first field exercise was to measure contamination 
on the concrete floor of building 146 at site TA-21 of Los 
Alamos National Laboratory. The detector used here was 
a background subtracting surface monitor. This monitor 
has an active volume of 50 cm x 50 cm x 10 cm in an 
aluminum box which is open on the bottom. Thus, the 
sampling surface area is 2500 cm2. We used two 
commercial electrometers and a portable computer to 
collect data. 

The floor in Building 146 is a concrete floor with thin 
layer of paint on it. This paint is peeling off in most cases 
which is what made this alpha characterization possible. 
In the final analysis the current measured from the top 
chamber (instrumental background at that location) was 
subtracted from the current measured from the bottom 
chamber (signal from floor + instrumental background at 
that location). Using commercial analysis software, we 
generated Figure 2. The locations of 24 data points are 
also shown in Figure 2. Hard-to-reach or inaccessible 
areas are shown in the figure as single-hatched areas. 
Most of the activity was in the range from 0-50 
disintegrations per minute (dpm)/l00 cm2. One data point 

was found to have activity of 193(+5) dpm/100 cm2. In 
this particular location there was a fairly large spot of 
grease. Readings surrounding this location measured at 
51(+3) dpm/lOO cm2 and 83(&19) dpd100 cm2, 
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Fig. 2. The results of alpha contamination monitoring in 
Building 146 at TA-21, obtained using a background- 
subtracting surface monitor. 

It is often difficult to separate activity due to 
contamination in the concrete from the inherent activity of 
concrete. Inherent activity of concrete depends on the 
material and their proportion used while pouring this 
concrete. In spite of this difficulty we found measurable 
contamination only at one location out of 24 locations we 
took readings at. 

B. Measurement of Contamination on Stainless Steel 
Table Top 

Figure 3 shows the alpha activity measured by the 
hand-held surface monitor described below on a stainless 
steel counter . This hand-held surface monitor only has 
one signal plane, as compared to the background- 
subtracting surface monitor. 
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Fig. 3. Contamination as measured by hand-held surface 
monitor on the stainless steel table top. 

The hand-held surface monitor covers the sampling 
area of 304 cm2. The dimensions of stainless steel counter 



were 77 cm x 305 cm. The locations where the 
measurements were taken are also shown in this figure. 
The interpolation between the measurements was 
generated by the contour plot feature of commercial 
graphing package. 

For these tests we built and used two surface monitors 
of different dimensions and designs. The largest surface 
monitor which we use for soil monitoring in the fields is 
of the dimension 1 m x lm and is mounted on a tractor. 
Results from this type of monitoring can be found in 
Reference 1. With additional development ,we can modify 
these detectors to measure contamination on walls and 
ceilings. 

III. INTERNAL. VOLUME MONITOR (IVM) 

Traditional detection technologies cannot address the 
problems presented by alpha contamination located in 
small-diameter pipes, complex process equipment, and 
inaccessible volumes such as glove boxes. To address 
these problems we have developed two internal volume 
monitors or IVMs. They are pipe monitors and glove-box 
monitors. These monitors use an airflow for ion 
collection. 2 

A. Pipe Monitors 

We have built a 8.9-cm (3.5-in.) and 24.1-cm (9.5-in.) 
-diameter (i.d.) prototype pipe monitors. Each of these 
monitors can be attached to the one end of the pipe. The 
pipe monitor is then followed by a fan which generates an 
air current through the pipe, thus drawing ions to the 
electrode inside the detector. Electrical current is then 
measured from these electrodes. The success of these pipe 
monitors depends on the lifetime of the ions. We 
performed laboratory tests by attaching this detector to the 
610-cm (20-ft) sections of 8.9-cm pipe and 24.1-cm pipe. 
The lifetime was found to be between 5 and 10 seconds, 
depending on the air speed and the pipe diameter. 

We field tested our 8.9-cm pipe monitor at the Savanna 
Army Depot Activity (SVADA) in Savanna, Illinois. 
Although the test setup at the SVADA did not replicate 
the conditions we will face at the D&D sites, this was our 
first field test using these pipe monitors. The test setup is 
shown in Figure 4. The lower chamber held the 230Th 
check source. The source disk was held in the center of 
the chamber by a stand. The source had an activity level 
of 6220 dpm over a diameter of 4.44 cm (1.75 in). 

In order to provide different activity levels, several 
masks were made. These masks consisted of sheet metal 
with circular holes punched out. Hole diameters were 
graduated and chosen to provide variations in activity 

level in  660-dpm steps-assuming the activity was 
uniform across the original source disk. The pellet 
chamber consisted of an empty 105-mm cartridge that was 
very roughly 2 ft long. The bottom of the cartridge had a 
large hole covered by a perforated metal sheet. This 
mechanical support for the pellets may have acted as an 
electrostatic filter which, in turn, resulted in the reduced 
measured sensitivity. 
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Fig. 4. Test apparatus for ion transmission from the source 
chamber through any propellant within the cartridge to the 
signal grid of the pipe monitor. 
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Fig. 5. Response of the ion monitor as a function of the 
source activity. Results are given at air speed of 145 fpm. 
The error bars are smaller than the symbols. 

The pellets are graphite-coated, and therefore normally 
have a conductive surface. The layer of pellets would act 
as a grounded, conducting sponge that could filter ions. 
The 8.9-cm-diameter pipe monitor was bolted onto the 
cartridge. The signal grid was nominally 3 ft (or 91.44 
cm) from the source disk. A 300-V battery was used to 
bias the grid. -A LANL-designed electrometer3 was 
secured to the monitor body and wrapped with black 
electrical tape. A portable computer ran the acquisition 
software. To generate the air current, a vacuum hose was 
connected with flanges directly to the top of the monitor. 
A 10.2-cm (or 4-in.) -diameter chamber was inserted 



midway along the hose and contained a probe for 
measuring air speed. A sliding opening assembly 
permitted control of the amount of vacuum and therefore 
the air speed. In Figure 5 we show one such data set. 

Figure 5 shows the response of the monitor with no 
propellant in the chamber. The data set was taken at 145 
fpm airflow. Within each of the data sets, the 6220-dpm 
data are consistently above what would be expected by 
extrapolating the lower activity data. This is also true to a 
lesser extent for the 4905-dpm activity. Therefore, source 
strength must be considered nominal. We suspect that 
only the total activity of the source would be guaranteed 
to some tolerance by the manufacturer. The slope at an air 
speed of 145 ft/m (fpm) is 35 dpm/fA. In the laboratory 
this sensitivity was found to be 10 dpm/fA. This 
difference in the sensitivity could have been due to the 
mechanical support of the pallet which was acting as an 
air filter. 

Thus, the field test was successful in demonstrating the 
monitor's sensitivity to various levels of activity. With 
further development LRAD-technology-based pipe 
monitors can provide non-destructive method of 
determining level of contamination inside other types of 
pipes. 

B. Glove Box Monitors 

Hundreds of glove boxes have been used at DOE sites 
to handle nuclear materials. Thus there are large numbers 
of glove boxes which are heavily contaminated. A sizable 
fraction of these glove boxes are scheduled for 
decontamination and decommissioning, and there is a 
strong need for a defensible method to measure residual 
contamination so that these glove boxes can be 
economically disposed of as low-level waste. 

We believe that ion-transport technology developed at 
LANL is likely to provide the measurement breakthrough 
needed to defensibly measure the alpha contamination 
inside the glove boxes destined for waste disposal. These 
glove-box monitors will also be able to provide 
information while actual decontamination of a glove box 
is in process. 

For a proof-of-principle test, we made a mockup glove 
box using metal sheets of dimension l m  x l m  x 0.667 m. 
One of the 1-m box surfaces had two 8.9-cm (i.d.) glove 
ports. On one of these glove ports we mounted the glove- 
box detector followed by fans., which are used to pull air 
out of the glove box. The fans were attached to a variable 
power source. On the second glove port we attached a 8.9- 
cm (id.) electrostatic filter to prevent ions from the room 
from entering into the glove box. In our test glove box, 

we generated air currents throughout the glove box and 
drew the ions generated in the moving air into a detector 
attached to the glove port. The air stream drawn out of 
one glove port through the detector will be returned to the 
glove box through the adjacent glove port in the 'real' 
scenario. 

On each of the six surfaces we placed the same source 
at five different locations (one in the center of the surface 
and then at the four corners) and obtained the responses. 
The response from one such exercise is shown in Figure 
6. Similar responses were obtained for the other sides. It 
is possible to localize the contamination by covering 
various places inside the glove box and looking at the 
responses. 
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Fig. 6. Response in the glove box monitor to a -125,000- 
dpm source when the source is placed at various locations 
on the glove-box surface, right to the surface bearing the 
glove ports. Grid voltage was set at 300 V. 

The source used for these tests was approximately 
125,000 dpm, or 56.3 nCi, in strength. Our glove box 
weighed 157 lb, i.e., we measured the 'contamination' in 
the box at the level of 0.0008 nCi/g. In order for glove 
boxes to be disposed of as low-level waste, it must have to 
register alpha activity of 100 nCi/g or less (the equivalent 
to using a source of an activity of 71201.8 nCi in our 
glove box), which is well above the activity measured by 
our glove-box monitors. Our first tests show that well- 
developed LRAD-technology-based glove box monitors 
have the potential to help keep the cost of glove-box 
disposal down. 

IV. CONCLUSIONS 

Detectors based on long range alpha detection are 
applicable in various aspects and phases of 
decontamination and decommissioning efforts. With 
further development these detector systems could provide 
cost-effective, rugged, non-destructive and in situ 
monitoring of alpha contamination for decontamination 
and decommissioning purposes. 
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