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Abstract. During the operation of large industrial installations, a very important task is to maintain the proper
technical state. In the event of an emergency, it is vital to locate the place of occurrence as soon as possible.
In solving this type of problem, it often helps to apply the methods of measurement associated with ionizing
radiation. One of these methods is the gamma scanning. The purpose of this type of measurement is the detec-
tion and localization of disturbance of technological processes which may result in incorrect decomposition
the flowing medium and workpiece (sediments, congestion) as well as damage to the internal constructions. A
particularly: (i) preventive diagnosis — early detection of installation failure; (ii) rationalization of repairs and
renovations — to determine the need to take or not to take remedial action; (iii) quick and precise installation
inspections — to gain knowledge of the technical condition and technological installations; (iv) indication of
worn parts and posing a threat — diagnostics of the technical condition installation; (v) forecasting the useful
lifetime of equipment.
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Introduction

During the operation of large industrial installations,
a very important task is to maintain their proper
conditions. In the event of a state of emergency it is
also important to locate the place of malfunctioning
as soon as possible. This often is associated with the
necessity of interrupting the production process and
the need to intervene in the structure of the installa-
tion by its disassembly [1]. This solution entails con-
siderable financial losses. Expedient, thus becomes
a search and use of such diagnostic methods that do
not require interruption of the technological process
and in real time may provide information about the
degree of wear (or pollution) of the tested elements
of the installation. The measurement methods as-
sociated with the use of ionizing radiation helps in
an embodiment of this type of problems [2].

Purpose of a diagnostic system

In the petrochemical industry, regularity of the tech-
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nological process and the reliability of the installa-
tion play a very important role. There is a need for
preventive maintenance, replacement of damaged
parts, and other measures to prevent the occurrence
of unexpected downtime. This increases the useful-
ness of the installation and therefore minimizing
production costs.
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The solution to the problem posed above is the
use of ionizing radiation. This makes it possible to
install the test gamma radiation (gamma scanning)
at different cross sections [3] and on the basis of
obtained values locate the place and type of damage.
The main problems associated with the development
of such a diagnostic system were: the develop-
ment of the gamma scanning equipment to enable
overexposure of installations in various systems of
geometry source — probe and development of appro-
priate mathematical models that allow prediction of
the degree of the object degradation on the basis of
single and periodic scans of the tested installation.

As aresult of the undertaken work, the diagnostic
system used in large industrial installation created
gamma radiation. By using multivariate statistical
analysis and trend analysis, both the assessment
and forecast of the technical condition of the tested
installation can be made. The use of apparatus which
allows performing layered of gamma radiation in dif-
ferent geometries and adaptation of algorithms used
in image reconstruction in computed tomography
allows for more detailed localization of disturbance
in the studied processes.

Gamma Scanner — principle of operation

Principle of operation of the scanner illustrates the
functional diagram shown in Fig. 1. Container Z
contains the gamma radiation source, scintillation
probe (SS), as a gamma radiation detector, which is
moved simultaneously up and down using the drive
source (NZ), and drive of the probe (NS). Scanning
takes place under the control of a portable PC (indus-
trial computer) equipped with appropriate software.

During the test, the source of radiation and scintil-
lation detector probe are moved every few centime-
ters, and the measurement of the speed of counting
impulses is done. On the basis of the measurements
of the speed of counting impulses, the average density
is calculated and the graph of density in the function
of height of the tested installation is obtained.

Industrial installations

Operation of designed system has been tested on
two different installations. The first of these was
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Fig. 1. Functional diagram of Gamma Scanner.

Fig. 2. Diagram of tested riser pipe with measurement
geometry. (Source — on the upper part of the figure, the
three probes locations — on the bottom of the drawing).

the installation of riser pipe to catalytic cracking
and the second was the laboratory installation for
obtaining the biogas.

Installation of catalytic cracking

Preliminary studies of Gamma Scanner were con-
ducted on installation of riser pipe to catalytic crack-
ing (Fig. 2). In 2013, three series of measurements
were made; their aims were to explore the potential
of measuring equipment and to familiarize with the
tested installation. During the fourth session of the
gamma radiation measurement, the installation was
tested in three cross sections. The scanning results
are shown in Fig. 3. Obtained graphs were compared
with possessed technical documentation, and on
this basis, places where the results deviate from the
expected were selected. They are indicated on the
graph in red. The most likely place where coke can be
deposited is at a place of height about 85 to 90 cm.

Laboratory installation for obtaining biogas

The Laboratory of Nuclear Control Systems and
Methods (INCT, Warsaw) carry out work related to
obtaining biogas. The important parameters describ-
ing the process are the level of liquid phase inside the
bioreactor (fermentor) and information concerning
the presence of foam arising during the process.

Initial installation tests were performed using
two sources of radiation *’Cs and %°Co. Source and
probe were at a distance of 90 cm. A photograph of
the tested installation with the measuring system
is shown in Fig. 4. Installation was scanned in its
middle part. For each source, three measurements
were performed. The obtained results are shown in
Fig. 4.
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Fig. 3. Result of X-rays (as a function of density) in the
three cross sections of the installation of riser pipe to cata-
lytic cracking. Ellipses mark areas that deviate from ex-
pected results on the basis of its technical documentation.
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Methods for the analysis of the measurement results

The arising diagnostic system (Fig. 5) provides

the use of selected methods in the field of multi-

variate statistical analysis and time series analysis.

These are:

— Principal component analysis (PCA) [4]. It will
be used to reduce the measurement uncertainty
resulting from the method of measurement (reg-
istration gamma radiation). This method should
also allow the separation of the solid component
(related to the shape of the object). This allows
transmittal of the signal imaging the changes
in the tested installation for further processing.
Examples of the results of analysis for the simu-
lated data are shown in Fig. 6.

— Partial least squares (PLS) [5]. It is expected that
the application of this analysis allows the assess-
ment of the degree of degradation (the changes)
in the tested object. This will be possible only in
the case of installations for which degree of wear
will be known (e.g., deposition of coke), degrees
that can be referred to the obtained scan results.

— Trend analysis. The use of regression analysis
should allow the prediction of the future state
of the object. To evaluate the future state of the
tested installation, the basic methods associated
with the analysis of the trend will be used.

- Image reconstruction [6]. The measurement
methods used in computer tomography (CT)
allow to obtain images of the internal contents
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Fig. 4. Installation for obtaining biogas with a visible measurement system. The graph shows the results of the scan

as a function of density.
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Fig. 5. Functional diagram of the diagnostic system.
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7. The proposed geometry measurement for X-rays

of layered industrial installations.

of the tested installation. However, in many in-
dustrial plants, it is not possible to measure the
geometry of such a setting that can be applied
to reconstruct the overexposed layer of known
algorithms used in CT. Frequently, it is possible
to apply, in its various configurations, the geom-

etry shown in Fig. 7, which leads to the need of
developing new algorithms taking into account
the measurements at a specific orientation of the
source — probe.

These algorithms will be checked on the tested

laboratory installation and then on the medium-
-laboratory installation for obtaining biogas located
at the INCT area, and their usefulness in industrial
applications will be tested on the target industrial
installation.
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