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ABSTRACT

Plant Assessment Technology (PAT) group, in association with Intelligent System (IS) Group and
Engineering Services Department of Malaysian Institute for Nuclear Technology Research (MINT) has
developed gamma scanning facilities for on-line investigation of industrial process columns and vessels.
The technology, based on the principle of gamma-ray absorption, has been successfully applied for
troubleshooting of a number of distillation columns and process vessels in petroleum refineries, gas
processing plants and chemical plants in the country and the region. This paper outlines basic
characteristics of the system and describes the inspection procedures, and in addition, case studies are also
presented. The case studies are purposely chosen to illustrate the versatility of the technology, and
furthermore to demonstrate the economic benefits which can be realised from the application of this
technology.
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1. INTRODUCTION

Radioisotope techniques, in particular, gamma-ray absorption techniques are used extensively in
industry. Their advantages are that they are rapid, simple to use, and, for most applications, can be used in
places where no other techniques can, for example in hot, dusty or aggressive environments or where
control measurements must be made through the walls of vessels. More importantly, results can be obtained
in real time, thus enabling the measurements to be used for on-line process investigations.

Determining why a column is not performing as expected from design considerations can be a
challenging task. Various techniques can be applied for troubleshooting of distillation columns. However,
on-line troubleshooting of process columns and vessels using gamma-ray scanning is perhaps the most
effective and useful application in oil refineries, gas processing plants, chemical and petrochemical
industries. The technique is based on the principle of gamma-ray absorption by the medium under study. It
provides a visible representation of the true nature of the operating characteristics (or hydraulic behaviour)
of a process column and identifies internal damage while the column is in operation.

Plant Assessment Technology (PAT) Group in association with Intelligent System (IS) Group and
Engineering Services Department of Malaysian Institute for Nuclear Technology Research (MINT) has
developed Gamma Scanning facilities for on-line investigation of industrial process columns. The
examination of process columns using these facilities in oil & gas, chemical and petrochemicals plants in
the country and the region is now a routine application. Scans are frequently carried out on a spot-check
basis to investigate column malfunctions. In addition, many columns are scanned on a regular" basis to
provide early warning of deterioration in column performance.

Gamma scanning technology allows inspection engineers and process technologists to study tray
o t packing hydraulics inside of a column at any set of on-line conditions. It provides essential data to

© optimise the performance of columns (and other vessels),
O extend column run times,
© track the performance-deteriorating effects of fouling and solids deposition, and
O identify maintenance requirements well in advance of scheduled turnarounds.
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The present paper outlines basic characteristics of the scanning system and describes the
inspection procedures, and in addition, case studies are also presented. The case studies are purposely
chosen to illustrate the versatility of the technology, and furthermore to demonstrate the economic benefits
which can be realised either as savings or as improved production efficiency.

2. DEVELOPMENT OF GAMMA SCANNING SYSTEM

2.1 Principle of Gamma-Ray Absorption

The attenuation of a beam of gamma-rays of intensity Io by an absorber of thickness x and density
p is described by the relationship

/ = /„ exp(-/zpx) (1)

where \i is a constant known as the mass absorption coefficient, for the particular energy of the beam.

In practice, the condition under which Equation (1) is accurately applicable are seldom attained
since, in general, we are only concerned with broad beam of radiation. Under broad beam condition, the
attenuation is modified by the effects of radiation scattering which increases the amount of transmitted
radiation above that predicted by Equation (1). The attenuation can then be described by: -

I = I0Bexp(-fiipx) (2)

where B is known as the "build-up factor".

The calculation of "build-up factor" is often very complex. Fortunately this is rarely required in
practice since scattering effects can usually be allowed for by calibration. For many applications, it is
convenient to write the absorption equation as: -

/ = IoBexp(-^effpx) (3)

where u.eff is an effective mass absorption coefficient derived experimentally.

For gamma-ray of energy greater than about 200 keV, the mass absorption coefficient is
approximately independent ot elemental composition. In the case of low-energy gamma-ray the absorption
is strongly influenced by the atomic number of the absorbing medium, elements of high atomic number
being the most effective absorbers.

Gamma-ray absorption techniques for the investigation of process vessel are, essentially, based
upon Equation (3). The effects of the build-up factor in this equation can be virtually designed out, and the
experimental arrangement set up in such a way that B approaches unity. This can be achieved either by
collimating the detector (thereby approximating to narrow-beam geometry) or by electronically
discriminating against all but the non-scattered component of the beam. In practice a combination of both
methods would probably be used.

2.2 Sealed Source

Throughout the period of investigation using gamma-ray absorption techniques, the radioactive
material remains encapsulated and a special source housing with an appropriate collimator is used to direct
the beam to the column. Interaction of the radiation with the medium of interest will produce changes in the
intensity of the beam, which can be correlated to the property of the medium.

Radioactive sources used for distillation column investigation should be capable of penetrating the
wall thickness of the column and the medium of interest. In practice, for small columns (in terms of
diameter of column) Ceasium-137 is used whereas for large columns, Cobalt-60 gamma-ray emitter is
recommended. The radiation source used for a scan poses very little threat to plant personnel. For example,
it's approximately 1/1000* of the radiation intensity used for x-raying welds.
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2.3 The System and Scanning Procedures

A radioactive source (of appropriate activity) housed in a "flying" container, is lowered on a wire
rope down one side of the column, while at the same time a radiation detector is synchronously lowered on
the opposite side of the column, Figure 1. The movement is performed and controlled by means of a
stepper motor and spool system. Displacement of source and detector are mostly carried out in steps of 5 or
10 cm. At all times the source and detector are maintained in the same horizontal plane by guiding them
with ropes. The source collimation is such as to give a uniform panoramic beam in the horizontal plane.
Axial rotation of source container thus has no effect upon the intensity of the beam reaching the detector.
The transmitted radiation intensity, a function of distance from the reference point on the column, is
recorded via a sealer/analyser. The system is then interfaced to a laptop computer for data acquisition,
retrieval, and processing.

Figure 2 is an idealised representation of the information, which can be obtained from a column
scan. As the source and detector scan through a normal vapour space in a process column, a transmission
peak (the high-count regions) is observed and when the "scan-line" intersects a structural material, such as
a tray, an absorption peak (the low-count regions) is observed. In practice it is found that the changes
experienced in moving from regions of low intensity to high intensity are not perfectly sharp because wide
beam instead of narrow beam of radiation is used. This is necessary because the shielding required to
produce narrow beam of radiation would make the source container too heavy and difficult to use.
Consequently, there is a contribution to the radiation scattered indirectly from the internal structure of the
vessel to the detector.

Table 1 summarises some common column malfunctions, which can be detected using gamma-
scanning technology.

Table 1. Gamma scanning can identify a number of common malfunctions in columns.

Mechanical

Rate Related

Process Related

© Displaced or damaged trays, demister pads and packings
O Corrosion resulting in partial tray damage
O Missing tray manways
O Level control problems in the base of the column
© Entrainment (slight, moderate, severe, jet flooding)
© Weeping or dumping trays
© Dry or flooded trays due to loading conditions
O Unequal liquid levels on trays and in parting boxes, troughs and collectors
© Foaming on trays or in reboilers, condensers and accumulators
© Maldistribution of vapour and liquid in packings
© Liquid hold-up due to plugging and fouling
O Superheated or subcooled feed or reflux

2.4 Features of the Gamma Scanning Technology

© Non-destructive and on-line nature of inspection.
© Preparation of the column is usually not required.
O Requires access to readily available platforms.
© No insulation needs to be removed.
O Preliminary results readily available on the same day.
© Non-contacting measurement therefore not affected by high temperature, high pressure and

corrosiveness.
© Computer-aided data provides fast and reliable results.

3. CASE STUDIES

3.1 Fractionation and Rectifying Columns in a Petrochemical Plant

At the request of a petrochemical company in Penang, gamma scanning was conducted on two of
its fractionation columns, primarily to look at the on-line characteristic of the columns with a view to use
these results as a base-line data for operating purposes, and secondly to look for malfunctions in the
columns. In addition, scan was also conducted on a rectifying column.
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From the scanning results, it was found that full length of its lower section and almost three-
quarter of the middle section packed beds of one of the fractionation column were having low-density
profiles. These suggested that the packed beds might have undergone gross physical damage, possibly due
to thinning of corrugated plates or voidages in them. The factory followed-up with the remedial actions
upon shutdown of this column. On the other hand, the other fractionation column appeared to have no gross
voidages in them and the rectifying column showed no indication of gross physical damage to any of its
trays.

3.2 Main Fractionation Column in a Petroleum Refinery

A petroleum company in Negeri Sembilan had been experiencing a poor specification of kerosene
product due to separation problem in its main fractionation column. It was suspected that the column
malfunctions such as tray flooding, tray dislocation or vapour entrainment are the possible causes of the
problem.

On-line gamma-ray scans were performed when the column was performing under normal
conditions as well as under upset conditions. From the scanning results, it was found that one the
downcomer of bubble-cap trays was partially blocked. Based on the scanning results, the company decided
to rectify that particular tray during the next shutdown.

3.3 CO2 Desorber and Absorber Columns in a Fertiliser Plant

A fertiliser company in Sarawak experienced process upset in its CO? removal unit whereby
process condensate could not be recovered from the unit, due to the presence of K+ ions in the condensate.
The K+ ions were suspected to have originated from the Benfieid solution used to remove the COj.
According to the design, the amount of potassium ions inside the packed columns of the Desorber and
Absorber columns should not exceed 10 ppm. However, due to this carry over, potassium ions of greater
than 200 ppm was detected in the process condensate which condenses from the CO2 gas stream. It was
suspected that the migration of the K+ ions is due to foaming of the Benfieid solution or due a previous
tilted tray. In addition, level measurements were also carried out to determine the high concentration of
hydrogen present in CO2 is due to liquid vortexing.

Gamma-ray scans were able to identify the top section of the Desorber column was in a foaming
condition and a high loading situation, while, the liquid level in the bottom section of the absorber column
was normal with no vortexing observed. The company based on these results decided to perform remedial
actions during the next shutdown.

3.4 Blank and Reference Scans of CO2 Absorber and Desorber Columns

At the request of a fertiliser company in Sarawak, column density profile measurements were
undertaken on two packed columns at its Ammonia plant. The investigation was carried out on a Desorber
column and an Absorber column. A Blank Scan and a Reference Scan was performed on the former, while
only a Reference Scan was conducted on the latter. These scans were done to look at the internal structures
and the on-line characteristics of the columns, while operating at an optimum condition. This is to help
their plant engineers and technologists to interpret and identify the source of problems, if subsequent
Disgnostic Scans are conducted on the columns.

Scanning results revealed that all internal structures of the Desorber column appeared to be in their
correct positions and in good conditions (Blank Scan). As for the Reference Scan, results indicated that
valve-trays at the top of the column appeared to be in their correct positions and holding a reasonably good
amount of 'liquid". The amount of 'liquid' (plus tray and tray support) was between 20 to 25 cm. Scans for
the Absorber column show that the column seemed to be operating satisfactorily with all packed bed
sections appeared to have no indication of gross physical damage or no voids in them.

3.5 Visbreaker and Visbreaker Fractionation Towers in a Petroleum Refinery

Column density profile measurements were undertaken on two visbreaker columns of a petroleum
refinery plant in Singapore. The columns were scanned to look primarily at its on-line characteristics with a
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view in using these results as reference data for operating purposes, and secondly to look for malfunctions
of the column internal structures.

Scanning results for the visbreaker tower showed the column to be operating satisfactorily with no
indication of gross physical damage to any of the trays. Results also indicate trays appeared to be in their
correct positions and holding a reasonable amount of 'liquid'. The average depth of 'liquid' plus tray
support is approximately between 15 to 20 cm. Interpretation of the results for the down-comer scans
indicates all of them in their correct positions and holding 'liquid' with a very light foaming condition
observed at one downcomer.

Scanning results for the visbreaker fractionator tower (downcomer scan) showed a high loading
(or almost flooding) situation. Ail subsequent scans showed indication of the downcomer outlet being
partially clogged. The company took note and decided to monitor the situation before going ahead with any
further remedial action.

3.6 Stabilizer Column in a Petroleum Refinery

At the request of a petroleum refining company, density profile measurements were undertaken on
a Stabilizer Column at its refinery in Terengganu.

Scanning results revealed that the column was in good operating condition. Ail the trays are
accounted for, with no evidence of any gross damage. However, a trend of higher vapour density profile
towards the bottom of the column was observed. According to refinery technologist the observation was
considered normal as the densities of the less volatile components of the process material accumulated at
the bottom section is at a higher level.

3.7 Esterification Column in an Oleochemicals Plant

An oleochemicals company in Selangor had been experiencing a poor throughput of products due
to process operation problems in its Esterification Column. It was suspected that column malfunctions such
as trays flooding, trays dislocation or vapour entrainment are the possible causes of the problem. The
gamma-ray absorption measurements were carried out using the method described in section 2.

From the scanning results, a particular downcomer was identified and suspected to have 'partial
blockage', which may lead to serious flooding when the column is subjected to a high loading condition.
The column was shut down and the offending downcomer examined. A blockage was found and removed
and the column was put back on-line. The problem was found to have been eradicated and the column
operated efficiently at full process rate.

4. CONCLUSION

The successful development and application of the Gamma Scanning Facilities has been
recognised both nationally and internationally. The system has been used to investigate process columns
problems in all major oil refineries, gas processing plants, petrochemical and chemical installations in the
country and the region. The technology has also been transferred to Regional Cooperative Agreement
(RCA) member states through the International Atomic Energy Agency (IAEA), Vienna.
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