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Abstract

Level measurement, in the industrial context, involves monitoring liquid or solid contents to enable continuous process
control such as buffering, mixing, dosing, or resistance management. Among the various technologies available,
radiometric level measurement has become prominent for its reliability in challenging conditions like high temperatures,
pressure, and abrasion. This paper presents a case study on maintaining measurement accuracy with a Cobalt-60
radiometric source after reaching its first half-life. It proposes a solution that prolongs source usability without
compromising process safety, highlighting challenges and adjustments necessary in petrochemical reactors.

Keywords: Level Measurement, Radiation, Reactor, Radiometric Gauge

1. Introduction
In process control, the basic objective is to maintain a given
variable at a desired value, even when it is subjected to external
disturbances [1].

In all these processes, it is absolutely essential to control or maintain
constant variations. The objective is to improve quality, reduce
energy waste, increase the quantity produced and maintain safety.
For example, we need to control pressure, flow, temperature, level,
pH, conductivity, speed and humidity in many of these processes.
Measurement and control instruments are elements that allow us to
keep these variables under control [2].

Level is one of the most common and widely used variables in
industrial applications. Level measurement is defined as the
determination of the position of an interface between media, which
can be liquids, solids or a combination of them. The interface can
be between a liquid and a gas or vapor, two liquids, or between a
solid and a gas [3].

Achieving the correct level reading in a petrochemical reactor is a
critical process variable in maintaining a good operational process
in the petrochemical industry. Since this reading can be used in
safety integrity level (SIL) loops or in plant safety shutdowns due
to high or low level, the level reading of the reader must be reliable

[4].

2. Methods

Level sensors are used for the control of liquids or solid grains,
contained in reservoirs, silos, open tanks, pressurized tanks in
industry. They are useful in detecting a fixed level and in continuous
measurement [5].

Due to the need to measure the level in different environments and
in different types of liquids, granular solids or powder, there are a
variety of level sensors available: capacitive, infrared, hydrostatic,
ultrasonic, radar, laser, optical, displacer, among others [6].

The selection of the measuring system to be used should consider
the application specifications, type of product whose level is
to be measured, the desired accuracy, costs and other existing
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restrictions [3].

For level measurement in petrochemical reactors, after weighing
all the pros and cons of each measuring technology, radiometric
(nuclear) devices are selected 80% to 90% of the time, due to their
reliability, when it comes to planning that includes variables with
fluids that contain gases, vapors, foams, pressure, double phase,
high simultaneous temperatures [4].

Radiometric level gauges, employing isotopes such as Cesium-137
or Cobalt-60, stand out for their non-contact measurement
capabilities and immunity to harsh environmental conditions.
However, the finite half-life of the radioactive source introduces
challenges in sustaining measurement accuracy over time. This
study explores a case where a Cobalt-60 source has reached its
first half-life and proposes a practical solution to maintain reliable
measurement without source replacement.

Y Biographical notes: Ycaro Souza is a master's student in
electrical engineering at the Federal University of Parana,
with electrical Engineering degree at Guararapes University.
Automation engineer with experience in the areas of process
control, measurement, instrumentation, automation in units, of
pulp and paper, petrochemicals, oil and gas.

Process control through nuclear measurements is a non-contact
measurement and is not affected by pressure, temperature or
physical-chemical properties of the product. When in use,
ionizing radiation does not affect the material being measured.
Furthermore, in most cases, the systems are mounted externally to
the vessel/pipe, thus avoiding the need to stop the process for their
installation. Cesium-137 or Cobalt-60 sources are normally used,
both of which emit gamma radiation [7].

One technology used in the measurement that is the subject of
this work is a Cobalt-60 source. The operating principle of the
radioactive sensor lies in the absorption of a radioactive beam by
the product of which a certain characteristic is to be measured, in
this case level. The source emits gamma rays, using Cobalt (60Co
— half-life — 5.3 years) [8].

The particles emitted by the radioactive source pass through the
reactor walls, the material contained therein and sensitize the
detector. As the level rises, the material moves between the source
and the detector, interfering with the trajectory of the particles.
The reactor material then absorbs part of the energy, causing the
intensity of the radiation perceived by the detector to decrease
proportionally with the variations in the level [5].

As already indicated, the half-life (the time it takes for an isotope
to lose half of its strength) of Cobalt 60 is 5.3 years. In a short
period of time, the source would lose half of its radiation intensity
and could compromise the level measurement, and this source
could be exceeded after approximately five years. This fact would
make the use of this measurement principle extremely expensive
and bureaucratic [8].

The objective of this work is to propose a solution for measuring
the level of a petrochemical reactor in which the radioactive source
(Cobalt 60) has already reached its first half-life, without having
to replace the source and the reliability of the process remains in
safe conditions.

3. Case Study

A study was carried out in an application in petrochemical reactors
that use radiometric level meters, whose cobalt 60 sources have
reached their first half-life. The idea of the study was to conduct
a prospection of continued use of the radioactive source and to
predict actions to be taken to ensure continued indication of the
radiation level without occasional disruptions to the process.

Lines A and B of the reactors of the petrochemical research unit
use radioactive sources to enable level reading. The problem is that
the radioactive sources of the project are cobalt 60, which have a
half-life of 5.3 years.

The ideal solution to the problem would be to perform a fault
in the transmitter of each vessel, however, in the design of the
Petrochemical unit, there were no tools to prove the subsidies to
calibrate the instruments.

The subsidies needed to prove the ideal solution would be:

I. Empty each vessel and ensure that they remain completely clean
internally;

II. Open the upper manhole to leave the vessel atmospheric;

III. Install a hose on the side of the vessel and connect it to the
base of the vessel to make a level indicator with the principle of
communicating vessels;

IV. Fill the vessel with demineralized water to compare the
radiation count decayed with the fluid inside the vessel with the
indication of the level indicator of the communicating vessel.
However, one of the problems that prevents the implementation
of the ideal solution is that in the operational process of each
vessel (reactor) a thermoplastic product is used at 300°C, which
in the event of an attempt to drain the vessel for cleaning, leaves
around 8% of residues in the vessel and as the temperature drops to
drain, the residues of the product enter a molten state, solidifying
inside each vessel, making cleaning impossible. Therefore, it is not
possible to clean the vessel and leave it in a condition to apply the
aforementioned solution.

Other alternatives were evaluated:

I. Using a solvent that heats the heat or the refuge of the vessel
walls and would clean the vessel, however, we would need a unit
to recover this solvent, since it is not possible to send the thermal
solvent to the Effluent Treatment Plant, since the solvent would
kill the anaerobic bacteria;

II. The acquisition of a new radioactive source of Cesium 137 or
Cobalt 60, however, the bureaucracy involved in the acquisition
and disposal of old radioactive sources makes this option not the
most cost-effective.
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Furthermore, the option for a Cesium 137 source, despite having a
much longer half-life (30 years), would require the unit to be shut
down for a long period, since the radioactive material in Cesium
137 would take up more physical space to emit the same radiation
intensity required for ideal level measurement, so we would need
a larger enclosure, and to make its installation feasible, many
changes to the vessel structures would be necessary.

Therefore, once the premises raised above were considered, we
sought an alternative through a case study, aiming to find a solution
to the problem without the need to replace the source, ensuring
level measurement within acceptable tolerances and errors.

The meters studied are installed in two identical production lines
in a petrochemical plant, which operate in parallel and are called

line A and line B. In each line, one meter is installed in a vertical
vessel and two meters are installed in a horizontal vessel, with one
meter installed at the inlet and the other at the outlet of the material
in this vessel.

The meters are composed of the following components:
Radioactive Source / Shielding: gamma ray emitter.

Detector: device sensitive to gamma radiation that converts the
radiation into electrical pulses. Evaluation Unit: unit that receives
the count of pulses generated by the detector and converts it into a
material level value.

detector

radioactive
source shielding

—

assessment unit

Figure 1: Basic Arrangement of Level Meter

The radioactive sources are made of Cobalt 60 and manufactured
on 02/10/2011. Table 1 is presented below with the information

and characteristics of each radioactive source:

Location TAG Serial Number
Line A

Vessel 1 30LE-01 468-02-11
Vessel 2 Inlet 15LE-04 470-02-11
Vessel 3 Outlet 15LE-05 461-02-11
Line B

Vessel 1 30LE-01 469-02-11
Vessel 2 Inlet 15LE-04 472-02-11
Vessel 3 Outlet 15LE-05 462-02-11

Activity (mCi) Source Quantity Model

1.514 1 P 2608.100
7.297 24 P 2608.101
T:297, 24 P 2608.101
1514 1 P 2608.100
1.297 24 P 2608.101
7.297 24 P 2608.101

Source: Berthold Instruments
Table 1: Radioactive Source Data
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Figure 2: Illustrates the Shielding of the Radioactive Source Used

The detectors are model LB 5401-03, 50/50 crystal, with cooling and radial collimator.

Location TAG
Line A

Vessel 1 30LT-01
Vessel 2 Inlet 15LT-04
Vessel 3 Outlet 15LT-05
Line B

Vessel 1 30LT-01
Vessel 2 Inlet 151T-04
Vessel 3 Outlet 15LT-05

Table 2: Location and Tags of the Detectors

Figures 3, 4 and 5 below show the detectors mounted in line A

Figure 3: Photo of the A30LT-01 Detector
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Figure 4: Photo of the A15LT-04 Detector

Figure 5: Photo of the A15LT-05 Detector

The evaluation units are installed in a panel at substation 500. They are model LB 440-02.

Location

Line A

Vessel 1

Vessel 2 Inlet
Vessel 3 Outlet
Line B

Vessel 1

Vessel 2 Inlet

Vessel 3 Outlet

TAG

30LY-01

15LY-04

15LY-05

30LY-01

15LY-04

15LY-05

Serial Number

60040561-6597
60040561-6596

60040561-6595

60040561-6598
60040561-6594

60040561-6593

AR RETTE
AR TV

Table 3: Location and Tags of LB 440 Assessment Units

Figures 6 and 7 below show the LB 440 evaluation units installed in the substation panel 500.
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Figure 6: Front Photo of LB 440 Evaluation Units Installed on the Panel

Time Constant: The two production lines, A and B, are identical
from the physical construction of their components to the type
of material used in production. Therefore, we expected similar
configuration values for the meters of both lines. The time constant
is one of the main parameters regarding measurement stability,
since the evaluation unit calculates a moving average from the
measurement values provided by the detector using a defined
time constant. One of the characteristics of this type of meter is
the use of a filter at its output to reduce the effects of statistical
variation, since the radioactive source is not emitting gamma rays
at a constant rate, this is a statistical process. According to the
meter manual, to reduce statistical variations, you should select the
largest time constant that is allowed in the process. Of course, this
depends on the permissible error in the process during a maximum
possible rate of change. Regarding the possibility of replacing
radioactive sources, we gather all the information in the field and
send it to the manufacturer.

Figure 7: Rear Photo of LB 440 Evaluation Units Installed on the Panel

According to him, radioactive sources must be exceeded when the
total error in the measurement reaches the value that is especially
harmful to the process. To calculate the total error, the following
calculation is applied:

Where:

o is the standard deviation

It is a pulse count in idle

T is a time constant

Taking the B30LY-01 tag as an example, we have:

I T [ 288
o= B = —2_40:1.901)3.
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So, the effect due to the variation in background radiation is 2c.

With this, we calculate: Error on statistical decline, Error A = +2¢
/ pulse variation from 100% to 0%. We calculate, Error A = (4 x
1.9) / (288-22), therefore Error A = 2.8% of the level. We need
to calculate the error due to the effects on the detector of change
in background radiation, Error B = = 15% of the background

Location TAG
Line A

Vessel 1 30LY-01
Vessel 2 Inlet 15LY-04
Vessel 3 Outlet 15LY-05
Line B

Vessel 1 30LY-01
Vessel 2 Inlet 15LY-04
Vessel 3 Outlet 15LY-05

radiation (for this detector) / pulse variation from 100% to 0%,
therefore Error B =4/ (288-22) Error B = 1.5% of the level.

So, we have Total error = \ (Error A2 + Error B?), therefore Total
error = (2.82+ 1.52), Total error = 3.2% of the level. Based on this
calculation, the errors below were calculated for all meters:

MEASURED VALUE ERROR

3.0

3.0

o2
29

1.9

Table 4: Full Scale Error Calculated by Instrument

As time passes, the pulse count will be decreasing due to decay of
source activity radioactive, so the error also increases. Therefore,
to determine at what point the sources radioactive materials must
be replaced, it must be checked which is the maximum acceptable
measurement error for the process, as the From this and based on
the calculation presented above, it can be calculated how long the
radioactive sources can be used.Based on the calculated errors, we
can state that all the meters in 2018 were measuring within the
tolerance permissible for the process, which is +- 3% of the value
full scale. However, due to the decline of activity of radioactive
sources, the error of the measured value in Some meters will
exceed the 3% value.

S
i

Error

[

The error of the measured value meets the background error scale,
only when the measurement reaches 100%. In the measured value
error, the error will always be the same percentage of the actual
measurement. Using as an example gauge of B30LYOl with
measuring range is 1100mm, thus the full scale (100%) is 1100
mm, if the measurement is carried out at 100% of the level, the
error will be the same as the full-scale value, in this case +- 33
mm. However, if measurement is carried out at 50% of the level,
the error value will be of +- 16.5 mm, that is, half the error of
the background value scale. Below we have Figure 8 with the
behavior of the % of error of full-scale value vs error of measured
value depending on the measuring range:

N\ = + 3% of full-scale value

* = 3% of the measured v;ll.ie

] g 10

% of the measurement range

100

Figure 8: Full Scale Error Curve
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In the applications of level gauges installed in vessels with Cobalt
60 (Co-60) radioactive sources, the half-life is of 5.3 years,

nl)

7: Mean-life

Number of radioactive atoms (n)

T j5: Half-life

calculated according to the formula and graphs in Figure 9 below:

n: Number of radioactive atoms at time (£)
ng: Number of radioactive atoms at initial time (£g)

A: Decay constant

_ 0693,

n=nge M =nge 1

l
1P 2k 3P

Time {t)

Figure 9: Half-life Calculation Graph and Formula

4. Conclusion

For the meter to have an error of less than 3% throughout measuring
range within the conditional assumptions, there is a following
technical option for this:Detector replacement: The detector must
be replaced with a detector with greater sensitivity, but without
losing the stability of measurement. We study current technologies,
manufacturers of transmitter/source, where the supplier market
has the SuperSens detector, whose scintillation crystal is larger
than the of the currently installed detector. The installed detector
has the crystal with dimensions (diameter and length) of 50x50
mm, while the SuperSens has dimensions of 150x150 mm. This
makes the pulse count per second increase considerably, which
allows us to use a radioactive source for at least another half-life.
Considering the example calculated for TAG B30LY-01 we will
have: The empty pulse count is approximately 864, so 6= 2.93
cps. The effect due to the variation in background radiation is 2a.
With this, we calculate: Error about the decline statistical, Error
A = +2c / pulse variation from 100% to 0%. We calculate, Error
A = (4 x 2.93) / (864-66), Error A = 1.47 % of level. we need
to calculate the error due to the effects on detector of change in
background radiation, Error B = £ 15% of background radiation
(for this detector) / pulse variation from 100% to 0%, so Error B =
10/ (574-66) Error B = 1.25% of the level. So we have Total error
= (Error A>+Error B?), therefore Total error = V (1.472+1.25?),
Total error = 1.93% of level.

Replacing the detector would avoid procedures bureaucratic and
costs related to acquisition, transportation and installation of
radioactive sources, as well as procedures and costs related to
source disposal current. In our assessment, the best option was
to replace the detector/transmitter, as we would be able to apply

this solution, extend the use of the source for another 5.3 years,
in media. In addition to being able to carry out the experience
based on the original confidence curves. Investment: To replace
the 6 transmitter detectors of line A/B we would need to invest
approximately US$ 220,830.00 [9-11].
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