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The sensitivity and application of traditional alpha 
monitors is limited by the short range of alpha particles in 
air (typically 10 cm) and in solid materials (typically tens 
of pm). Detecting small amounts of alpha-emitting 
contamination inside pipes presents particular problems. 
The alpha particle cannot penetrate the walls of the pipe. 
Associated gamma-ray detection and active neutron 
interrogation is often used to detect large amounts of 
radioactive material in pipes, but these methods are of 
limited use for detecting small amounts of contamination. 
Insertion of traditional alpha probes works well in large- 
diameter straight, pipes, but is increasingly difficult as the 
pipe network becomes smaller in diameter and more 
complex. Monitors based on long-range alpha detection 
(LRAD) detect ionization of the ambient air rather than the 
alpha particles themselves. A small fan draws the ions 
into an externally mounted ion detector. Thus, the air in 
the pipe serves as both the detector gas and the mechanism 
for transporting the alpha-induced ions to a detection grid 
outside of the pipe. All of the ions created by all of the 
contamination in the pipe can be measured in a single 
detector. Since ambient air serves as the “probe,” crushed or 
twisted sections of pipe can be monitored almost as 
effectively as straight sections. The pipe monitoring 
system described in this paper was tested both at Los 
Alamos and at BNFL’s Sellafield reprocessing facility in 
the UK. In this paper, we report on the first field tests of 
the pipe monitoring system. 

I. INTRODUCTION 

Extensive decontamination and decommissioning 
programs, both within the US DOE and at BNFX in the 
UK, have identified a continuing need for measurement 
technologies for detecting residual contamination inside 
pipes, process vessels, and complex structural equipment. 

Pipework or equipment that is not expected to be 
contaminated but is located in a contaminated area must be 
treated as potentially contaminated and cannot be reused or 
disposed of as non-radioactive waste unless the lack of 
contamination can be positively demonstrated. Pipework 
that has been decontaminated cannot be reused until the, 
decontamination is verified. 

BNFL Instruments Ltd, a wholly owned subsidiary of 
BNFX, has shown that measurement of alpha 
contamination within interconnecting pipework, both 
before and following removal from the plant, would be of 
considerable benefit for the planning and execution of 
decommissioning and in evduating options for and 
performing subsequent waste disposal. 

Detecting residual amounts of alpha-emitting 
Contamination (such as plutonium-239) inside pipes or 
other narrow enclosures is often difficult, expensive, or 
impossible by current techniques. The LRAD system 
described in this paper and elsewhere,’” is ideally suited to 
measuring contamination inside enclosed volumes such as 
pipes. A series of tests, performed both at Los Alamos 
National Laboratory (LANL) and at BNFL’s Sellafield 
reprocessing facility in the UK, have demonstrated the 
sensitivity and operational capabilities of the LRAD-based 
pipe monitoring system. We have previously reported on 
laboratory  result^;^ in this paper wewill present some of 
the field testing results. 

II. TRADITIONAL PIPE MONITORS 

Monitoring the insides of pipes and small ducts for 
trace amounts of alpha contamination has historically been 
difficult due to the short range of alpha particles. Gamrna- 
neutron-, and alpha-based probes have been used to loccttc 



contamination. Each of these methods has limitations as 
noted below. 

The alpha particle itself cannot penetrate the walls of 
the pipe, so external measurements have relied on detecting 
low-energy gamma- or x-rays associated with the primarily 
alpha-emitting contamination. This technique becomes 
increasingly difficult as the amount of contamination 
becomes smaller. 

Neutron-based nondestructive assay (NDA) and 
interrogation techniques are useful for determining the 
location and size of large amounts of fissile material inside 
closed systems. However, these techniques also have 
limited utility at low contaminant concentrations. In 
addition, neutron NDA requires access to the piping or 
equipment being assayed, limiting the use of this 
techniquefor in-situ contamination monitoring. 

Traditional alpha detectors are particle detectors that 
require the alpha particle itself to penetrate the detector. As 
a typical alpha particle will only travel a few centimeters in 
air, the detector must be near, or in contact with, the 
contaminated material. If the contamination is located 
inside a pipe, the alpha monitor must be inserted into the 
pipe itself. This works reasonably well on large, straight 
pipes. However, it is difficult to construct such a monitor 
that will reliably operate in complex systems of pipework. 
These monitors are also physically intrusive and can spread 
contaminated material within and outside a pipe. 

Although these techniques provide useful information 
for large or very contaminated pipes, none of them 
addresses the issue of small pipes with low levels of 
contamination. In difficult cases, at least three 
“techniques” have been used. 

(1) The accessible ends of the pipe can be swiped for 
contamination and internal contamination levels 
inferred from the swipe results; 

(2) in extreme cases, the pipes are cut in half lengthwise 
and scanned traditionally; and 

(3) most commonly, the pipes are stored and/or disposed 
of as radioactive waste. 

None of these methods is entirely satisfactory or 
convincing. 

In. LRAD TECHNOLOGY 

Detection systems based on the LRAD method are 
sensitive to the ionized molecules produced by interactions 
of the alpha particles with ambient air rather than sensing 
the alpha particles directly as traditional monitors do. The 

air serves as a “detector gas” that is ionized around the 
contaminated area by the emitted alpha particles. Each 
alpha particle generates about 150,000 electron-positive ion 
pairs. The electrons quickly attach to a neutral gas 
molecule, creating a heavy negative ion. Either species of 
ion can be transported to a detection electrode. The ions 
create a small current in the electrode. This current is 
directly proportional to the total number of ions present 
and hence to the number of alpha particles emitted by the 
contamination. 

The ions are transported to the detection electrode 
either by an air current (airflow LRAD system) or by a 
weak electric field (electrostatic LRAD system). The 
airflow LRAD technique is best suited to collecting charge 
from all surfaces of complex objects or the inside of 
enclosed systems such as pipes. The LRAD-based pipe 
monitors discussed below are airflow LRAD-based 
systems. 

Although LR4D-based detector design is discussed in 
detail elsewhere,’” we will cover several significant 
advantages of LFL4D monitors over conventional portablef 
alpha detectors for pipe monitoring applications. 

(1) Using ambient air as a detection medium means that 
no bottled gases are required for an LRAD system and 
that no window is required between the alpha 
contamination and the detection grid. 

(2) All of the ions generated within a single pipe or 
within other enclosed objects can be collected on a 
single electrode. Thus, a single measurement can 
respond to the entire contamination loading of a 
extended object such as long section of pipe. 

(3) Since LRAD-based monitoring systems require no thin 
windows, fine wires, sensitive crystals, or high 
voltages, these systems are inherently vcry rugged. 
Furthermore, the lack of gas-handling systems and 
complex electronics makes them reliable as well. 

(4) The typical sensitivity’ (in the field) of an LRAD- 
based monitor is about 2 Bq in less than one minute or 
less than 0.2 Bq/100cm2. This real-time ability is 
considerably better than the actual field performance of 
most traditional alpha-monitoring systems. 

To summarize, L W - b a s e d  monitors are not limited 
by the range of the alpha particle, but rather by the lifetime 
of the ions (the observed several second lifetime allows 
transport of the ions over many meters or tens of meters). 
The LRAD-based monitors can provide real-time, iiz-situ 
measurements to aid in operational decisions about pipe 
removal and disposition. 



IV. LRAD PIPE MONITORS 

Many of the characteristics of LRAD monitoring are 
ideally suited to measuring contamination inside pipes in 
field conditions. 

(1) The ambient air used for LRAD detection and transport 
can easily travel around corners and through 
restrictions in a complex piping system. 

(2) All of the ions created by the contamination inside a 
pipe, or system of pipes, can be transported by an air 
current to a single detector located outside the pipe. 

(3) The ruggedness and reliability of the LRAD-based 
detector are essential for efficient field operation of a 
contamination monitor. 

(4) The sensitivity and response time of LRAD-based pipe 
monitors are good enough to allow “on-the-spot” 
monitoring of suspect piping prior to removal from 
the facility. The results generated can be made 
available to the nearby workers immediately. 

The prototype LRAD pipe monitor consists of an 
airflow LRAD detector that is clamped onto one end of a 
pipe, and a filter (for removal of externally generated ions 
and debris) that is clamped onto the other end. Air 
movement is provided by a fan or blower attached to the 
detector assembly. An additional filter located behind the 
detector collects any potentially contaminated debris from 
the pipe. 

Applications of LRAD-based monitors to D&D 
projects in generaP and prototype pipe monitoring 

as well as the adaptive system4 used for this 
paper have been described in some detail previously. As 
described in Ref. 4, the adaptive pipe monitoring system 
consists of two modules, one of which clamps on to each 
end of a pipe. The input module contains an air filter and 
an adjustable oriface to attach it to a test pipe. The output 
module (detailed in Fig. 1) consists of another adjustable 
orifice, a mixing volume with internal ion-collection grid 
and high-voltage grid, and a fan to draw air through the 
system. 

The adjustable orifice is a flexible valve that can make 
an airtight seal onto pipes ranging from 1 cm to 12 cm 
diameter with a round, elliptical, rectangular, or irregular 
cross section. The mixing volume allows the ions coming 
out of the pipe to spread out and be detected over the entire 
area of the electrometer grid, rather than just in a small 
spot in the center of the grid. The electrometer grid is held 
at virtual ground by the electrometer’s input stage, and a 
battery (typically 300 V) is connected to the high voltage 

(HV) grid. The electric field between the two grids forces 
one polarity of ion onto the electrometer grid. This ion 
flow is measured as a small current (typically tens or 
hundreds of fA) in an electrometer attached to this grid. A 
small, dc “muffin” fan pulls the air through the pipe and 
into the ion detector. Filters may be added to the fan 
output to eliminate the potential for spreading 
contamination. 
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Figure 1. Detector Module. This module is clamped onto 
the end of a random length and diameter pipe to be 
monitored. Both the HV and electrometer grids have 
connectors leading through the walls of the mixing volume 
for external instrumentation. 

V. TESTRESULTS 

Preliminary tests used small calibrated Pu-239 alpha 
sources and somewhat larger uncalibrated thorium sources. 
The data illustrated in Figs. 2 through 4 represent the 
results of some of these tests. In all cases, the data 
presented in the figures iare unprocessed and the 
fluctuations shown represent the true uncertainty in the 
results. 

This preliminary data iare intended to illustrate the 
sensitivity of the LRAD system to small sources and the 
relative insensitivity to changes in pipe size or geometry. 
None of these results should be interpreted as an absolute 
calibration of the detector. In Figs. 2-4, the source was 
inserted into the test pipe in the center of each figure; 
background data was acquired before and after the source 
data. 

The first test object was a 6.1 m long and 5 cm in diameter 
steel pipe. The pipe was unused and relatively clean but no 
effort was made to remove dust and other material from the 
pipe. The data shown in Fig. 2 represent the response of 
the LRAD pipe monitor to a 14.3-Bq Pu-239 source placcd 



at the far end of the pipe (i.e. 6.1 m away from the 
detector). 
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Figure 2 .  Response of the LRAD pipe monitor to a 
14.3-Bq source placed at the far end of a length of straight 
steel pipe. The pipe was about 6.1 m long and 5 cm in 
diameter. 

The data shown in Fig. 3 were acquired in a bent pipe 
(described below) using a thoriated lantern mantle (-100 
E3q) as a source. Again, with no data smoothing applied, 
the source response is easily distinguishable from 
background fluctuations. 

300 
250 

2 

n 

- 
c % 100 
al 

50 

0 

Figure 3. Response of the monitor to an -100-Bq thorium 
source paced at the far end of a 6.1-m bent pipe. 

For the measurement shown in Fig. 3, length of pipe, 
identical to that described in Fig. 2, was bent with a 60-cm 
right-angle dogleg in its center. Thus, the 5 cm diameter 
pipe was composed of a 2.75-m straight section, a smooth 
right-angle bend, a 60 cm straight section, another right- 
angle bend, and another 2.75-m straight section. 

The data illustrated in Fig. 4 were taken with a piece 
of thoriated lantern mantle (-40 Bq) placed at the far end of 
apiece of “crimp/shear” pipe. This pipe is about 2.5 cm 
in diameter and about 2.1 m long. One end of this pipe 
had been deformed by a shearing process and had very sharp 
edges. As before, the source signature is immediately 
identifiable in the raw data plot. 
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Figure 4. Response of the LRAD monitor to an 4 B q  
thorium source placed at the far end of a section of 
“crimp/shear” pipe that had been cut in a shearing machine. 

To test the ultimate sensitivity of this pipe monitor. 
several very small sources were placed in the mixing 
volume of the detector module. In this position. the 
sensitivity is not affected by the diameter or length of 
attached pipe. 
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Figure 5 shows the detector response to a piece of 
stainless steel plate with an area of -50 cm2 from an alpha 
contaminated glovebox. This plate had undergone 
thourough chemical decontamination prior to the 
measurement? The data illustrate the detector response to 
background (first set of data), the unknown metal sample 
(second set), and the 14.3-Bq calibration source (third set). 
The activity of the cleaned metal was significantly above 
background but less than the calibration source. From this 
data we estimate that the activity of the metal was 3 to 5 
Bq. 
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Figure 5. Response of LRAD detector to background 
(left), a small metallic source (middle), and a 14.3-Bq 
calibration source (right). 

VI. CONCLUSIONS 

Although the data presented here are preliminary and 
more data will be acquired, several conclusions are possible 

the LRAD method is well-suited for detecting very 
small quantities of contamination located in pipes, 
the detection efficiency is not radically affected by 
bends in the pipe, and 
LRAD-based monitors are capable of making more 
sensitive measurements than other fieldable 
instrumentation. 

The LRAD-based monitors in general, and the LRAD 
pipe monitor in particular, are rugged, reliable, fieldworthy, 
and simple to operate. These monitors provide a 

combination of sensitivity, real-time response, and 
portability that is unmatched by traditional alpha-detection 
methods . 
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