
180

CASE HISTORIES FROM TEN YEARS OF TESTING STORAGE TANK FLOORS
USING ACOUSTIC EMISSION

Stephen N. GAUTREY, Phillip T. COLE, and H.J. SCHOORLEMMER*
Physical Acoustics Limited, UK and *Physical Acoustics BV, Netherlands.

ABSTRACT

The enormous cost of opening and cleaning a storage tank for inspection of the floor is wasted if it is
found to be in good condition. The system described here evaluates floor condition on-line by
detecting active corrosion from the resulting acoustic emission. Evaluation of the emission against an
experience-based database allows the floor condition to be established, and appropriate maintenance
decisions made. This paper is a small cross-section of case histories from the past 10 years, taken
from a database of thousands of tests.

INTRODUCTION

During operation, the only part of a tank that affects integrity, which cannot be inspected from the
outside, is the floor. The enormous cost of opening and cleaning for inspection of the floor is wasted
if it is found to be in good condition. In addition, environmental problems may result from the need
to safely dispose of the waste inside many crude oil tanks. Major oil and chemical companies have
worked with Physical Acoustics to develop a non-invasive method of evaluating floor condition,
without removing the product. This method, known commercially as TANKPAC™, is widely
reported in published papers, for example ref. 1 which looks at the reliability on 600 tank tests to
June 1996, and ref. 2 which reports the cost savings resulting from its use as a maintenance planning
tool.

The method involves mounting sensors on the tank wall and detecting the emission that results from
active corrosion inside or underside the floor.  Evaluation of the emission against an experience-based
database allows the floor condition to be established, and appropriate maintenance decisions made.
The system is not an NDT method but a maintenance planning tool, to tell when internal inspection
is needed.

Iron, in the presence of water and oxygen combine to form a hydrated iron oxide, commonly called
rust. This simple definition describes the one chemical reaction that probably costs industry more in
losses and maintenance costs than any other. The emission detected during a test results primarily
from the fracture and de-bonding of corrosion product as a result of the volumetric changes taking
place, see ref. 3. Although corrosion is the prime source of interest, a leak may generate noise that
masks the corrosion activity, and this is of course of interest to the tank owner, who is often
unaware of the problem. This paper describes a selection of case histories from 10 years experience
monitoring storage tanks for floor corrosion.

CASE HISTORIES
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All the case histories below show the results after processing to remove extraneous noise sources,
which are inevitable at the high sensitivities being used. Sometimes only a few percent of the
collected data is attributed to floor corrosion and shown in these plots.

A. Oil-Field Production Tank

This example is given first simply because it provides a good demonstration that the procedure does
detect active corrosion. Many tanks with highly acidic and corrosive contents, such as those used in
field production, have epoxy-coated floors backed up by large internal sacrificial anodes. These
anodes provide protection when the coating has broken down, by corroding themselves; otherwise
the floor would rapidly hole through. The anodes in this case are 1 metre x 0.5 metre rectangular zinc
blocks. There are more than thirty in this tank, arranged in radial rings. Corrosion of zinc does not
produce heavy scale, so the signals are small, but clearly detectable where the floor coating has
locally failed and made them active. When the zinc has been consumed the activity becomes more
dispersed and louder, as the floor corrodes away. The location system is so accurate that it almost
shows the shape and orientation of these anodes, a remarkable result (Fig. 1). The same system is
used to locate and orient tank inspection "robots". Naturally, it is important to confirm the anode
locations from maintenance records in order to avoid incorrect interpretation.

Fig. 1: 54 m diameter oilfield production tank showing location of "active" anodes.

B. 48-m Naptha Tank Before and After Repair

This tank was selected for maintenance as a result of testing and receiving the grading of “E”, the
highest priority. Approximately 90 patches were used in the repair of the tank, which, with the
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benefit of hindsight, should have had a new floor; following repair the tank was returned to service,
and a test carried out as a baseline.  The "baseline" test showed that, despite extensive internal and
magnetic field leakage (MFL) inspection, not all the problem areas had been repaired, and
concentration of AE activity is shown, indicating potential future problem locations. (Fig. 2)

Fig. 2: Above: before repair; Below: after repair

C. 110-m GRP-lined Crude Oil Tank

The size of this tank and location of the damaged area some 40 metres from the nearest sensor make
it of special interest.  No damage was seen to the GRP liner, but MFL indicated >60% metal loss
from underside in the active area, this was confirmed by plate removal. It was found that chlorides
were present in the sand, which had possibly come from the beach rather than the depot!
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Fig. 3: GRP-lined Crude Oil Tank inspection.

D. Sulphur Tanks

A number of sulphur tanks have been tested, and the results have all been comparable, with 95-98%
of the emission originating as a result of corrosion under the insulation on the tank wall. This makes
it almost impossible to evaluate floor condition without resorting to complex 3D location methods to
differentiate the two. Even then it is questionable if the floor result would be reliable. However, in all
cases the wall was in exceptionally bad condition, threatening tank integrity, and in one case the tank
was shut down shortly after the test and found to be corroded >90% through over large areas, and
pin-holed in several locations, the tank was scrapped.

Of particular interest was the way corrosion was concentrated at the insulation support rings.
Shown in the figure below is the vertical distribution of AE resulting from corrosion activity,
showing pronounced peaks at the support ring locations. (Fig. 4)

E. Hot Fuel-Oil Tanks

Temperature plays a large part in corrosion rate, so it comes as no surprise that warm tanks suffer
from higher corrosion rates once any corrosion barrier has broken down and conditions are right.
Very hot tanks theoretically should not corrode, however a problem is found in the areas of
temperature gradient, with locally high rates. In this case underside corrosion was more than 50%
through floor around most of the annular ring, but over a very narrow band which was missed by the
previous "spot" internal inspection. Tanks in similar service have failed catastrophically in service.
(Fig. 5)
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Fig. 4: Vertical distribution of AE resulting from corrosion. Lower plot: Y-axis is height in metres,
X-axis is relative activity, peaks corresponding to severe corrosion at insulation support rings.

Fig. 5: Hot oil tank with severe annular corrosion.
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F. Crude Oil Tanks

Crude oil tanks are usually large, and have indeterminate amounts of sludge in the bottom. The depth
and type of sludge can have a significant effect on the AE result and a number of tools are used to
try and compensate for this, all based on experience and comparisons with follow-up inspection.

Sludge depth is possible to measure by dipping or sonar methods, but the type of sludge is more
relevant. Some tanks have had a measured 3 m of sludge that had little effect on the results,
transmitting sound easily. Others with "dense" sludge have a severe damping effect. Often of more
importance is that the sludge is sometimes the only thing keeping the product in the tank, and over
one hundred holes have been found in some floors of crude tanks after cleaning. Operators
sometimes try to "re-suspend" sludge prior to cleaning, this is when the floor will often start to leak
as the "sealing" sludge is removed.

GRP linings are very common in some areas, and have been found to have minimal effect on the test
results. Very occasionally the lining de-bonds and breaks up, resulting in rapid corrosion and a high
grade AE indications compared with comparable service tanks.

Fig. 6: One of 50+ holed areas in a crude oil tank, (not leaking in service because the sludge sealed the
floor).

This also illustrates why "leak detection" is of limited use in professional maintenance planning.
Leak detection only tells if the tank is leaking at the time of the test. In tanks with sludge, the leaks
may stop and start on a random basis, over periods of seconds or minutes, or sometimes as a
function of fluid height. Cracked plate welds may leak at low fluid level but seal at high fluid level.
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Examples have been seen where the weld was completely missing over up to half a metre, but the
tank had been in service for 15 years.

G. Leaking Tanks

Leaking tanks fall into two categories; 1) those where the owner was not aware of a leak, and the leak
was found as a by-product of the floor condition assessment, and 2) those where a leak was known
or suspected, and confirmation or location was requested.

Assessment of floor condition is not possible in the presence of a significant leak, as the leak noise
"drowns out" the corrosion activity. The "leak test" is a different procedure, when a significant leak
is correctly located it is obvious, as the event rate is exceedingly high, with hundreds of events per
second from one position; in this case, a few seconds of data is sufficient. Leak location on large
tanks is difficult because insufficient tanks in the field actually leak for operators to gain the broad
experience of the different situations that occur in the field. Laboratory tests can provide only very
limited experience. Recent software and instrumentation developments, currently being field-tested,
promise to assist in this area.

Fig. 7: Gasoline tank; owner did not know of its leak, which was found during a routine test.
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The gasoline tank above had an epoxy coated floor. Where this failed locally, the floor had pin-holed,
1 mm in diameter when taken out of service about a month after the test, but the rest of the tank was
in good condition.

In the following example, operations had calculated a 100 cubic metre per day loss from their naptha
storage farm, based on mass balance. Inspection felt it was a gauging error as there was no evidence
of leakage, but at the request of operations requested our testing. The engineer found the leaking tank
using a 5131-LF portable leak detector, then located the leak with the AE test system. The leak rate
was so high, and generating so much noise, that the system amplifiers had to be switched off to
avoid signal saturation.  Opening the tank revealed a 1 cm hole due to MIC, (micro-biologically
induced corrosion), and the floor was unsupported over a cavity "washed-out" by the leaking naptha
of several cubic metres. Some 700 tons of naptha had gone into the ground since the leak was first
suspected.

Fig. 8: A few seconds of data was sufficient to reveal the location of this 100 ton/day leak.

Other major leaks found in the field have been as a result of:
• Corrosion, the most common reason.
• A pipe rubbing at the edge of a sump, wearing a hole through the corner.
• Weld cracking, or no weld present.
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Small leaks may not be detectable, either because they generate no noise, or the noise is drowned out
by active floor corrosion. Multiple leaks in the same tank make location difficult or impossible,
depending upon their individual characteristics.

STATISTICS

These are reported overall in reference 1, and since that report on 598 tank tests, there has been no
statistical change in the distributions. Overall statistics don't tell the individual picture though, and a
few observations are worthwhile making:
• Some sites have nearly all "bad" tanks. The method is not a substitute for maintenance and it
simply allows you to focus where it is needed most.
• Some companies have over-maintained their tanks, and they stand to save a lot of money by using
the method.
ª We can see there is no reason for tanks not to stay in service for very long periods, by combining
all best practices this should be possible. We see some sites with only internal corrosion, some with
only underside corrosion, but few have neither! Combining all best practices may achieve this.

CONCLUSIONS

AE now plays a major part in tank maintenance planning for many oil companies, bringing benefits
in safety, environment and cost. The TANKPAC™ procedure is very different from all
conventional AE testing procedures for tanks and vessels, as there is no change in stress required,
and the tank is simply monitored for a period of time. This makes the data interpretation and
evaluation difficult, as there is not a parameter with which to correlate. The test is run at such a high
sensitivity that proper noise recognition and elimination procedures are always required. The
limitations and restrictions on its application are well documented; the benefits far outweigh these
and have resulted in its rapidly increasing use world-wide.
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