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Development of a prototype apparatus visualising on a
screen the gamma sources superimposed on the image of

the vision field
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Abstract
Mapping the gamma activity of irradiating zones is often an important prerequisite in disman-

tling nuclear facilities. This operation is necessary to define a suitable decommissioning strategy
before any work begins; it is also required during the procedure to measure the residual activity
wherever dose rates are too high to allow human intervention. This report summarizes the work
carried out under CEC contract FI2D-0055, covering a prototype imaging system designed to
display radioactive sources superimposed in real time over a visible light image on a video
monitor. This project was developed from an earlier off-line system.

The gamma photons are collimated by a double cone system. The imaging system comprises a
transparent scintillator bonded to the fiber-optic window of an ultrasensitive camera. The camera
was miniaturized to meet specification requirements: with its radiological shielding, the gamma
camera weighs 40 kg and is 120 mm in diameter. The processing system is compatible with a real-
time camera, and small enough for use at any nuclear site. The point-source angular resolution is
1.4° for 60Co and 0.8° for 137Cs. The dose rate sensitivity limit is approximately 0.01 mGy-h"1.
Process reliability was confirmed by tests in a high-level radiometallurgy cell at an actual decom-
missioning site.

1. Introduction
Gamma mapping is a valuable technique for a variety of operations during decommissioning of

nuclear facilities with highly irradiating zones:
• prior to dismantling, in order to define the overall decommissioning strategy;
• during the dismantling procedure to monitor the residual activity wherever the equivalent dose

rates are too high to permit human intervention;
• to organize decommissioning tasks in highly irradiating environments, and to define decom-

missioning procedures.
A photographic technique for localizing radioactive sources was developed by the Commis-

sariat a I'Energie Atomique (CEA) during the 1980s. The system uses a "pinhole" camera, in
which the objective consists of a collimator for gamma radiation, and the visible light image is
formed by a simple pinhole in a light-tight body opaque to radiation. An ordinary photographic
emulsion is used for the visible Light image, and a radiation-sensitive film reveals radioactive
sources by differences in contrast. A gamma-transparent shutter is opened only for the visible light
photo. After developing the films, the two images (exposed under identical geometric conditions)
are superimposed to form a composite image on which radioactive emission sources in the field of
view are immediately identifiable.

Numerous experimental measurements in a variety of nuclear facilities have demonstrated the
advantages of this technique. Nevertheless, a number of major drawbacks in the initial procedure
(uncertain interest of the observed zone, excessively long exposure times, complex processing
required before obtaining a result) prompted us to develop a real-time technique. Work began in
1988 by the CEA, and a research contract was signed in October 1991 with the Commission of the
European Communities to design and build a prototype imaging device meeting the following
requirements:



• dimensions compatible with telemanipulator penetrations 170 mm in diameter for entry into the
target cell;

• weight not exceeding SO kg to allow handling and remote manipulation;
• allowance for subsequent installation on a carrier system to allow remote orientation;
• maximum sensitivity to radiation emitted by l37Cs and ^Co;
• rapid source localization (in no more than a few minutes) without diminishing the angular

resolution of the off-line system.

2. Real-Time Gamma Mapping

The double cone collimator design was maintained. In order to allow real-time operation, the
photographic and radiation-sensitive emulsions were replaced by a scintillation screen. The scintil-
lator converts the incident 7 radiation to visible wavelengths that can be registered by the camera.
A transparent screen does not interfere with the visible light exposure of the scene. The camera
thus observes the scene through the transparent screen when the shutter is open, and the radiation
sources when the shutter is closed. An ultrasensitive camera is used to collect the weak light
emitted by the scintiUator.

The system comprises four main subsystems (Figure 1): the objective or collimator, the image
converter, the ultrasensitive camera and the computer processing unit. Each subsystem comprises
a complete step in processing the initial signal, and die overall system performance depends as
much on the inherent performance of each element as on their coherent integration.

2.1 Objective

The front portion of the device serves as a collimator for 7 photons, and as a lens for visible
light photons. In the 7 range, the collimator determines the spatial resolution, which depends on
the observed energy level; the cone angle represents a tradeoff between the collimation power and
the observed solid angle. The prototype gamma camera allows for interchangeable tungsten alloy
collimators with different aperture angles.

2.2 Image Conversion

The converter is a scintillation crystal meeting specification requirements for both visible light
and 7 ray operation. In visible light it must offer maximum transparency and must not affect the
formation of the image. At the same time, it converts y radiation into visible light, to which the
photocathode is sensitive.

The major parameters include the photon yield, the crystal spectrum emission band (which
must be adjusted before the acceptance band of the input photocathode) and the high-energy 7
radiation stopping power (referenced to ^Co). Other criteria must also be taken into consideration,
including the peak emission optical refraction index, which affects both the resolution and sensi-
tivity, and the hygroscopic properties of the crystal, which must be low for ease of use.

2.3 Signal Amplification

Interactions with 7 radiation generate very little visible light in the scintillator, and strong
amplification is required to detect the signal. The imaging device is a CCD camera coupled with
two image intensifiers in series: a "first-generation" unit with a 50 mm input window, followed by
a "second-generation" microchannel wafer unit.

In order to maximize the detection signal/noise ratio, particular attention was given to tuning
the crystal and the input photocathode. In the gamma detection range, these image intensifiers
operate at very low light levels. The camera output is a standard CCIR video signal (625 lines, 50
Hz).



2.4 Image Processing

Digitizing the video signal from the camera does not provide a usable image directly. As the
gamma image is a statistical phenomenon, the signal must be integrated by summing a large
number of corrected images to determine the radioactive emission centers. Dedicated circuitry is
required to separate the image acquisition and processing functions (Figure 2):
• Acquisition. The images are integrated at the video scanning rate (25 images/sec) by means of

a dedicated circuit, which also subtracts the background from each frame to offset the poor
black image from the CCD. The image is then sent to the processing circuit.

• Processing. The correlation of a visible light image and a gamma image requires multiple
processing: isocontours, filtering, false color enhancement, etc. This is done by a dedicated
workstation, using custom application software developed specifically for the station to archive
the images, quantize the relative dose rates, provide various superimposition modes and display
a color map directly usable at the decommissioning site.

3. Prototype Component Optimization

3.1 Detection Circuit

Theoretical optimization studies were conducted for the collimator and for the screen and fiber-
optic system. Laboratory tests were then carried out to characterize the prototype in various
detection circuit configurations.

3.1.1 Double Cone Collimator
The collimator is a DX4 tungsten alloy component defined by three geometric parameters

(aperture half-angle, focal length and pinhole radius) and characterized by two fundamental
criteria: its sensitivity (which depends on the sum of the direct and attenuated flux transmitted by
the collimator) and its angular resolution (i.e. the ability to discriminate between adjacent point
sources).

The specification requirements for the size of the detection unit (focal length, image plane
diameter) and its resolving power (better than 2° under all conditions with an image contrast of at
least 15%) led us to adopt the following configuration: two interchangeable collimators with
aperture half-angles of 19° and 26°, and a variable extension within a 50 mm range.

3.1.2 Scintillation Screen and Fiber-Optic Window
The detection system comprises a scintillation crystal bonded to the camera input window. The

window must be a fiber-optic design to ensure transparency for the visible light image used to
situate the gamma sources.

For a given collimator, the sensitivity and resolution of the unit depend in the opposite manner
on the dimensions of the converter screen. A thick scintillator ensures high radiation stopping
power, but also diminishes the angular resolution; conversely, a thin screen ensures better spatial
resolution, but with poor sensitivity. The optimum tradeoff must also take a number of other
factors into account:
• the inherent stopping power of the crystal, depending on its composition;
• the luminous efficiency and optical properties of the crystal;
• optical coupling between the scintillator and the first image intensifier,
• the observed dose rate level and the nature of the incident radiation.

After investigating and testing a large number of inorganic crystals, we adopted thallium-doped
cesium iodide CsI(Tl), coupled with optical fibers with an aperture ratio of 1.

3.1.3 Resolution Tests
The resolving power, considered the primary characteristic of the detection system, depends on

the following critical parameters: incident 7 energy, collimator aperture angle, extension, scintilla-



tor thickness and optical fiber aperture ratio. Two types of tests were conducted with calibrated
^Co and 137Cs sources to determine the final detection unit specifications: transient response
analysis indicated that reducing the optical fiber aperture ratio to 0.66 would significantly enhance
the resolution; the resolution of both collimators was determined at short and long focal lengths
with scintillators of various thicknesses.

The results obtained with two ^Co point sources (Figure 3) confirmed and quantified the
following characteristics: higher resolution is obtained with the 19° collimator; increasing the
extension significantly enhances the resolution; the resolution is inversely proportional to the
thickness of the scintillator. The point-source angular resolution is approximately 1.4° for ^Co
and 0.8° for l37Cs.

3.1.4 Sensitivity Tests
Under experimental conditions, the illumination transmitted by optical fibers with an aperture

ratio of 0.66 was only 65% of the illumination with a ratio of 1. Regardless of the detection unit
configuration, the enhanced resolution obtained by the lower aperture ratio could not offset the
resulting sensitivity loss.

Moreover, the sensitivity decreases with the scintillator thickness. We finally opted for a thick-
ness of between 2 and 4 mm as the optimum tradeoff between sensitivity and resolution.

3.1.5 Response Linearity with the Irradiation Dose
Tests were conducted to determine whether the radioactive source image could be used to

determine the irradiation dose rate of the source. The results obtained with ^Co and 137Cs point
sources and various detector configurations showed a relatively linear response over an absorbed
dose rate range of about 2 orders of magnitude. Typical calibration curves are shown in Figure 4.

3.2 Amplification Circuit

The operating principle allows the use of a digital imaging system for both the visible light and
gamma images. The system (Figure 5) comprises a "first generation" (electrostatic lens focusing)
intensifier tube coupled to a CCD camera that is in turn intensified by a "second-generation"
(proximity focusing) tube.

3.3 Computerized Image Processing System

This system ensures two functions: acquisition and processing of the output signal from the
CCD camera. In order to provide a suitable image of the emissive zones, the device must be
capable of integrating a large number of video frames in real time (25 images/sec), as well as
superimposing the visible light and gamma images simply to provide the final composite image
map of the observed scene. The system comprises a Hamamatsu DVS 3000 real-time acquisition
unit and a DEC Station 5000 computer.

3.4 Radiation Protection of the Detection Unit

The shielding is designed to provide effective collimation of the high-energy gamma photons,
while protecting the electronic and optoelectronic components from radiological damage; it also
provides mechanical protection, allows handling of the camera assembly and basic photographic
functions (shutter, focusing extension, etc.).

The specification requirements called for a compact unit. The result is a compact, cylindrical
unit 120 mm in diameter and 445 mm long.

4. Testing at an Actual Decommissioning Site

The prototype unit (Figure 6) was tested in the radioactive cells of the RM2 radiometallurgy
facility at Fontenay-aux-Roses, currently being decommissioned by UDIN.



The gamma camera was mounted on a specially designed carrier unit and inserted vertically
into cells 2 and 3 through overhead ports. Because of the relatively high ambient dose rates (5 to
30 mGyh1) the configuration with the lowest sensitivity and the highest resolution was selected,
i.e. the small-aperture (2 x 19°) collimator with a 2 mm CsI(Tl) scintillator.

Figure 7 is a typical image obtained in less than 2 minutes in Cell 3. The photo shows a strong
irradiating source (about 2 mGyh1 at 1 meter) due to accumulated contamination around the edge
of an intercell conveyor access hatch.

5. Conclusion
Since the completion of this work program at the end of 1993, a prototype gamma camera is

now operational for mapping of irradiating zones. The unit provides an angular resolution of about
1.4° for ^Co and 0.8° for I37Cs, with a sensitivity of about 0.01 mGyh"1 at the camera position for
^Co and 137Cs point sources.

Tests under actual decommissioning conditions demonstrated the satisfactory operation of the
unit and its advantages, notably for obtaining a radioactive inventory prior to dismantling.

Further improvements can be implemented in a number of areas:
• design and construction of a multipurpose carrier unit;
• irradiating source distance measurement as an absorbed dose rate quantification aid;
• improved visible light and gamma image quality;
• methodological approach to quantifying the dose rates generated by extended sources.
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Figure 6. Overall view of prototype unit



Figure 7. View of RM2 Cell number 2


