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1. Introduction

Radioisotopes were first applied for industrial problem solving around the middle of the
last century. Since then, their use has increged steadily. Today various applications of
radioisotopes, as sealed sources and as radiotracers, are well established throughout the
world for troubleshooting and optimization of industrial process plants. Petrochemical and
chemical process industries are the main users and beneficiaries of the radioisotope
technology.

In this chapter we present the three major techniques used in petrochemicals. Gamma-
scanning is a very effective non-invasive technique used for on-line troubleshooting of
distillation columns and pipes. Neutron backscattering is applied for level and interface
detection in storage tanks and other reservoirs. Radiotracers are employed to establish the
residence time distribution which is an impo rtant mean of analysis of the petrochemical
units.

2. Gamma-scanning

Gamma Scanning is the best technique to carryout an internal inspection of distillation

columns, vessels and pipes without interrupting production. The gamma-ray scanning
technique is widely used for evaluating the operating characteristics of distillation columns

considered as the most critical components in petrochemical plants. Gamma-ray scanning
provides essential data to optimize the performance of the columns and to identify
maintenance requirements.

Gamma Scanning is a very effective, well established, troubleshooting technique. This
powerful diagnostic tool, which has been used for decades, has become popular as it allows
inspection of the distillation column comp onents without interrupting operation. In
comparison to other non-destructive control techniques used in practice, gamma-ray
scanning provides, in real time, the clearest vision of the production conditions inside a
process reservoir. It is also cost-effective, paticularly when compared to lost production
(Hills, 2001).

Gamma scanning can help diagnose and solve approximately 70% of column problems
encountered at refinery and petrochemical sites. For other cases, it allows resources to be
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focused on finding the true source of the problem by eliminating inadequate possible
scenarios. It provides essential data to optimize the performance, track any deteriorating
effects and identify the maintenance requirements of a distillation column so that it
significantly reduces repair downtime (Alami, 2009).

2.1 Main problems met on distillation columns

The hydraulic capacity of trayed distillation columns is always limited by either a high
liquid entrainment, or by an overload of down comers. The technology of high capacity trays
deals with these two fundamental limits by re ducing the entrainment or by releasing the
loads of downcomers. Both are generally connected (Hills, 2001).

2.1.1 Liquid entrainment

The entrainment can be defined as the physicalrise of droplets, prov oked by the ascending
flow of vapour. The vapour tends to hoist dr oplets upward, while the gravity tends to pull
them downward. If the vapour speed is relatively high, then the entrainment can surpass
the gravity and some droplets can be transported from a tray to the tray above. The
entrainment can be also seen as the excessivaccumulation of liquid on trays, which is led
by the ascending transport of liquid from a tray to the other one by the current of ascending
gas.

A high liquid entrainment can lead directly to a column flooding called "flooding jet". It can
also end in it indirectly by increasing th e liquid load until reaching the limit of the
downcomer, putting in danger the efficiency of separation. Consequently the reflux flow of
the column is increased, increasng more the global liquid flow.

The devices of contact between liquid and vapour in the distillation and absorption columns
which we meet most generally are trays with sieves and with va lves and, in a more or less
large extent, of trays with bubble caps. The capaity of retention of these trays is mostly
limited by the phenomena of entr ainment or flooding. In all the distillation columns of trays
type, liquid entrainment and flooding can be present.

2.1.2 Flooding

The flooding of a distillation column is usually defined as the operating mode in which the
entrainment is such as there isno downward flow or clear reflux. Conditions of flooding are
useful for the engineer-designer, because they represent the maximal authorized operating
mode which can serve as reference.

The flooding is usually caused by the accumulation of deposits (dirts) or a blockage on
trays. It is also present when the feeding flow of reflux towards the column is upper to the
flow coming down from the downcomer.

The flooding can also concern the capacity of downcomers to channel the liquid flow.
Because downcomers are passages fitted out fothe liquid flow coming down from a tray
towards the other one, limitations in their capacity lead to a reduction of the efficiency of
trays and, if the limitation is complete, the flooding of the column takes place.

The efficiency of the downcomer or its capacity is limited by:
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€ ltssize
€ The difference of pressure between trays, and
€ The vapour pulled in the liquid passing by downward.

If the downcomer capacity is inadequate, the level of liquid in this one increases gradually

until it limits the liquid flow on the tray above, or on its tray. This, however, increases the
entrainment from one tray to th e other one and cause finally the flooding. So conditions of
flooding can result, either of an inadequate capacity of the downcomer, or of an excessive
liquid entrainment in the vapour space.

In summary, the flooding can be seen as anindication of ineffectiveness due to an
insufficient liquid-vapour contact (Hills, 2001).

2.1.3 Other encountred problems

Some other problems can be met. These are mainly:

€ “Foaming”: foam formation

€ Destruction and collapse of trays

€ “Weeping” or in other words presence of downward droplets in the vapour space
between trays.

2.2 Measurement and physical principles of gamma sca  nning

In performing a scan of a distillation column or a similar reservoir, a small and adequately
sealed source of gamma rays, with an appropriate collimator, is placed on one side of the
column and a sensitive radiation detector is placed on the opposite side (Knoll, 2000). A
collimated beam of gamma rays passes through the column wall, is affected by the column
internals and hydraulic conditions, and passes through the other side. The source and the
detector are simultaneously moved down along opposite sides of the column in small
increments (Figure 2-1). Guide ropes for the source and detector are sometimes attached to
the column to ensure scan orientation and as anadditional factor of safety during the scan.

( ——— 1] 1<

L Gamma
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Lead plug

Radiation

detector 4 R P

~— Steel housing

Perspex disc

““““ Soutrce position
d

~ Lea

R Panoramic sean pot container

Fig. 2-1. Principle of column gamma scanning.

The scattering of the gamma radiation produces changes in the intensity of the beam that
can be correlated to the density of the material inside the inspected column through which
the radiation passed according to the following fundamental relationship:
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I=1g'® 1)
where:

€ lpand| are the initial and transmitted intensities of the gamma beam,

€ xis the thickness of the traversed material of density Q

€ and | is the coefficient of absorption which is constant for a given gamma-ray energy
and material composition.

Equation (1) shows that an increase in material density will reduce the radiation signal and
vice versa. The transmitted radiation intensity is measured and recorded via an interfaced
portable computer at predetermined length in tervals or positions along the side of the
column. A radiation absorption profile (the “scan profile”) is then produced.

By comparing the obtained scan profile with a mechanical drawing of the column,
deductions can be pulled concerning, as well the possible mechanical damage of the trays as
certain operating conditions of the column, such as flooding, blockages, weeping and other
abnormalities of process.

Gamma scanning can be performed on almost anytype and size of column (0.5 m to 10 m in
diameter) and is not affected by pressure and temperature. It usually requires no
preparation of the vessel or alteration to process and can be performed from existing
platforms and through insulation on vessels.

The correlation of the changes in density recorded in the scan profile with the inner part of
the column lead, therefore, to an accurate picture of performance and physical conditions
(Hills, 2001).

Each tray and the space above itreflect its working state. For instance, a tray functioning
correctly has a reasonable level of aerated liquid showing a fast decrease of the
corresponding density until a clear steam space is reached just below the following tray.

€ When gamma radiation goes through a medium containing a tray filled with aerated
liquid, much of the incident beam is part ially absorbed and the radiation quantity
reaching the detector is relatively small.

€ When a radiation beam goes through a non-aeraed liquid, the majority of this radiation
is absorbed and the detected signal is weak.

€ When a radiation beam goes through steam, only a small amount of suspended
material is present to absorb the radiation. This means that high intensities of radiation
are transmitted to the detector.

To sum up, a scan using gamma radiation of a column can detect and localise regions of
liquid and steam within the column. It can al so discriminate between liquid aeration and
can detect levels of foam and aerosol in steam regions (Urbanski, 1999) (Pless, 2002).

For distillation columns, without affecting processing unit, this reliable and accurate
technique can be used to determine:

€ the liquid level on trays,
€ the presence or absence of internals, soh as trays, demister pads, packing and
distributors
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()

the extend and position of jet and liquid stack flooding
€ the position and the density characteristics of foaming
etc...

ah

Trayed Tower Diagnostics

Tray
Damage

Mo,

Distance

Count rate

Fig. 2-2. Typical profile scan obtained (IAEA, 2002).

Baseline Gamma scans are performed after a startup or when a column is running efficiently
to define an operational reference condition within the column. The baseline scan can be
compared to future scans to determine how the column is responding over time or is
responding to changes in operating conditions.

An important factor to take into account is that , as far as is possible, the operating conditions
(such as feed rate, temperature and other process parameters) must remain constant
especially during the scan investigation. It is very important to record any process changes

during the time of the scan. This will facili tate the interpretation of the scan profile if

anomalies are observed.

2.3 Scanning of trayed columns

To conduct a tray-column scan, it is advisable to execute a scan across the trays and to avoid
scanning through the downcomers of the trays. Typical and recommended scan line
orientations for trayed columns are shown in the following figure (IAEA, 2002).
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Fig. 2-3. Typical scan line orientation for single pass-trays’ column (left) and double pass-
tray column (right).
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Examples of typical scan profiles obtained for various problems met on distillation columns
are presented in Figure 2-4.
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Fig. 2-4. Examples of typicalscan profiles obtained for variou s problems met on distillation
columns, respectively from up and left to bottom and right: normal column, collapsed t ray,
flooding, entrainment, weep ing and foaming (IAEA, 2002).
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2.4 Scanning of packed beds

Grid scanning is recommended for packed bed columns. A typical orientation of grid scan
lines is shown in the figure 2-5. At least four scans are recommended to examine a packed
bed column.

SCAN PRODILES OBTAINED ON PACKED BED
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Fig. 2-5. Scan line orientatims for packed beds (left) and example of real scan profiles
obtained for packed bed (Hills, 2001).

Grid scans may be conducted to investigate process-related conditions such as:

€ flooding or blockages
€ entrainment or carry over of liquid or
€ maldistribution of liquid flow through packed beds.

Grid scans can also be used to investigatemechanical construction problems such as
collapsed packed beds or the correct installation of distributors as well as the correct
distribution of incoming liquid feed. An irregular distributor can undermine the
performance of the entire packed bed and column. Liquid distributors must spread liquid
uniformly on top of a bed, resist plugging and fouling, and also provide free space for gas
flow. An incorrectly water level installed distribu tor, that is a tilted distributor, could cause
liquid to flow preferentially on one side of the column.

Grid scanning is recommended on packed columns with diameters up to approximately 3m.
Larger diameter columns must be approached in a different way, since too large an area
(especially in the centre) is not covered.

2.5 Planning of a gamma-ray scan investigation
The following data is required before a scan can be carried out:

€ inside diameter and wall thickness of the column (mm)

€ bulk density and type of packing material, for packed beds

€ downcomer orientation and type of trays present (single, double pass trays)

€ operating problems experienced, e.g. low or high pressure problems across the column,
or temperature differences along the length of the column
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€ detailed mechanical drawings of the unit show ing internal structure, such as elevations,
tray or packing assemblies, nozzle and pipework locations as well as other special
features.

Such information is vital for interpreting data from column scan profiles obtained and for
identifying and visualising possible mechan ical problems. The following additional
information is useful:

€ gamma scan profiles of an “empty” column (wit h all the internals but not in operation)

€ ascan profile before a maintenance shutdown

€ a scan profile after a maintenance shutdown when the column is under normal
operating condition.

The activity required depends of the column diameter, ranging from 5-10 mCi for 1-2 m up
to 60-70 mCi for 5-6 m and higher for greater diameters. Estimated source strength (activity)
can be calculated as follows:

A = (D.(d)2.(2)2wthi ) | T (2
Where:
€ D =dose rate required (mR/Hr)
€ d = diameter of column (m)
€ wt = total wall thickness of column (mm) + wall thickness of scan container
€ hl = half layer thickness value of material (25 mm for steel for 60Co)
€ T = gamma-ray constant for a specific source(1.31 R/h on a distance of 1 meter for 1 Ci

60Co source).

When using the above equation it is suggestedthat 200 mm be added to the diameter of the
column to make provision for the source and detector container on the outside.

The above equation is an approximation, and build-up factors of the material are not taken
into account. Shielding calculation software can be used to greater effect.

2.6 Factors Influencing the gamma-ray scanning technique

Major factors influencing the technique are:

€  Accessibility to the distillation columns

€ External construction of columns (piping, brackets, platforms, etc...)

€ Variation of the operating conditions during the scan (feeding flow, temperature, reflux
feeding, etc...)

€ Weather conditions (wind and rain)

2.7 Pipe scanning

Pipe scanning technique is a derivation of gamma scanning technique for pipes. It can be
used to detect:

€ solids build-up
€ refractory quality and losses
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€ slugging effects
€ vapour and liquid presence in the line.

Adjustable handle
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SCHEMATIC DRAWING OF THE PIPE SCANNER
Fig. 2-6. Pipe scanningprinciple (IAEA, 2002).

There are a number of radioisotope sources,which can be used; two of them are mostly
used: 137Cs with a gamma-ray energy of 662 keV (half-life 30 years), andéCo with gamma-
ray energies of 1172 keV and 1332 keV (half-life 5.2Fears). The source activity is calculated
accepting a dose rate of approximately 1.0 — 1.5 mR/h, at the detector.

Before executing any pipe scanning, the following information is needed:

€ the inside diameter and wall thickness of the pipe
€ the medium in the pipe (gas, liquid or slurry).

A jack guide is used so that source and detetor can be synchronised and always maintain
the same distance. The source must be collimated with a collimator of 6 — 8 mm and 10 mm
deep in order to obtain a narrow radiation be am. The detector also must be collimated for
best results.

A reference scan is obtained on a representtve area of the pipeline that is clean and
deposit-free.

Figure 2-7 gives an example of a scan profile oltained for a pipe containing solid deposits.
In figure 2-8 scan profiles for various conditions in pipes are presented (IAEA, 2002).

Scan profile of pipe line
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Fig. 2-7. Example of a scan profile oltained for a pipe containing deposits.
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Fig. 2-8. Typical scan profiles obtained for respectively empty pipe (up), pipe with liquid
and vapour (middle) and pipe with liquid and vapour separated by an intermediate phase
(bottom).

3. Detection of level and interface by neutron back-scatter ing technique

Modern petrochemical plant operations often require accurate level measurements of
process liquids in production and storage vessels. Although a variety of advanced level
indicators are commercially available to meet the demand, these may not suit the specific
needs of a situation.

3.1 Neutron backscatter principle

In a neutron backscatter gauge, fast neutrons (with energy 2 to 10 MeV) from a radioactive
source (24Am/Be or 252Cf) are beamed onto the inspected vessel. Neutrons are particles with
no charge and a relatively large mass. Because the distribution of nucleus is relatively sparse
in the matter, it could be assumed, that the neutron radiation can pass deeply enough
through the material. The effective measurement volume extends typically 100-150 mm into
the vessel. By collision with the nucleus the neutrons lose their energy and change the
direction of their movement. For ratio of energy of the neutron before collision E; and
energy after collision E; the relation holds (Thyn, 2002):
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