
INTRODUCTION

It is very difficult to test the floor condi-
tions of the bottom plates in above-
ground tanks, since there are no conven-

tional nondestructive testing (NDT)
techniques that are effective while the tank
is in service. Development of a technique
for inservice testing of these plates is
strongly desired.

Acoustic emission testing based on pro-
cedure, database and evaluation criteria
has been widely used throughout the
world as a standard testing technique for
evaluation of floor conditions in above-
ground tanks (Cole and Van de Loo, 2000;
Union Française des Industries Petrolieres,
2000). The test method was introduced to
Japanese industries in 1999. Since then, an
acoustic emission testing database for data
evaluation has been developed to meet the
Japanese regulations for tank maintenance.

In addition to fundamental studies in
laboratories, field applications have been
made by several organizations. More than
160 tanks have been tested on the basis of
the test procedure as of the end of Novem-
ber 2006. After acoustic emission testing,
tanks were opened and thickness data
were collected. Good correlation was
found between acoustic emission activity
and corrosion risk parameters, based on a
statistic analysis of the thickness data. 

A recommended practice was issued by
the High Pressure Institute of Japan (HPIJ)
on 1 May 2005, based on the acoustic emis-
sion and thickness databases developed by
the research project conducted by the HPIJ
and sponsored by the Japan Oil, Gas and
Metals National Corporation (High Pres-
sure Institute of Japan, 2005). 

SUMMARY OF THE RECOMMENDED
PRACTICE

Scope

This recommended practice provides
guidelines for acoustic emission testing of
floor conditions (corrosion damage) of the
bottom of aboveground tanks (annular plates
and bottom plates). It is limited to test condi-
tions of the tank bottom. It is not applied to
the roof or side plates of the tank. This prac-
tice can be used to test conditions of the tank
bottom while in service. It can be used to test
corrosion damage due to active corrosion,
such as pitting, or other localized thickness
loss. It should not be applied to stress corro-
sion cracking or welding discontinuities. 

Summary of the Method
Since the introduction of the test pro-

cedure to Japanese industry, more than
160 tests have been carried out for tanks
with different sizes (ranging from 3 to
101 m [9.8 to 331.4 ft] in diameter) by the
High Pressure Institute of Japan and
other research projects. The Japanese reg-
ulations regarding tank maintenance re-
quire discrete thickness measurement of
bottom and annular plates during time
based internal testing of tanks with storage
capacity greater than 1000 kL (264 000 gal).
The purpose of the research projects was
to develop a new and reliable technique
in lieu of internal testing. In order to meet
the purpose, acoustic emission data and
thickness data were collected and their
correlation has been intensively studied. 

Good correlation was found between
acoustic emission activity in terms of hits
per channel and corrosion risk parameters
based on a statistic analysis of the thickness
data. 

Basis of the Test
The basis of the technique is that active

corrosion produces acoustic emission due
to fracture or debonding of thick corrosion
products formed on the inner or outer sur-
face of the floor plate. As the corrosion scale
thickens, the energy released from scale
fracture, debonding or delamination in-
creases. The energy released can be sub-
stantial, but usually the signals are small,
and detecting them in the middle of a tank
requires very high sensitivity, good test
conditions and excellent noise recognition
and rejection. 

Figure 1 illustrates the basis of the test.
Acoustic emission signals travel in the
stored liquid and are detected by sensors
mounted on the side plates. Tank floor con-
ditions are tested by comparing the detect-
ed acoustic emission activity with the
thickness database.
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Test Conditions
Tanks must be tested under quiet condi-

tions, with no environmental noises due to
rain, wind or vibration of close coupled
pipework due to operation of local pumps.
Tanks must be settled for a proper time to
reduce noises resulting from fluid flow.
Test conditions include:

setting time: 24 h (crude oil), 12 h (prod-
uct tanks)

test time: 1 h
fluid level: the level is recommended to

be as high as possible and not below 50%.
weather: no rain or strong winds

sensor positions: sensors are equally
spaced around the tank circumference and
mounted on the side wall at a proper
height (1 to 2 m [39.4 to 78.7 in.]) above the
bottom knuckle.

number of sensors: the number of sen-
sors used is determined by tank diameter
(Table 1). 

The numbers given in Table 1 are those
used for tanks with floating roofs. In cases

of fixed roofs, dripping due to condensa-
tion produces significant noise. Two rows
of sensors must be used to eliminate noise
from condensation. Tests must be per-
formed by suitably trained and experi-
enced personnel.

Test Procedure 
When preparing for testing, the tank

owner (user) supplies a completed tank in-
formation form to the inspector. The in-
spector decides on the number of acoustic
emission sensors to be used for the test, the
position of the sensors and the location of
the instrumentation.

The steps that are taken during testing
are as follows:

The inspector mounts acoustic emission
sensors around the circumference of the
tank, in accordance with the predeter-
mined sensor positions, using a couplant.
Paint at the sensor positions (50 by 50 mm
[2 by 2 in.]) shall be removed to secure con-
sistent sensor sensitivities.

After confirming isolation of the tank
(no flow in or out, agitators and heaters off)
the inspector starts the test in accordance
with the procedure.

The inspector confirms that there is no
noise coming from the close-coupled
pipework due to operation of local pumps.
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Table 1 Recommended number of 
sensors for given tank diameters

Diameter Sensors
Under 12.5 m

(Under 41 ft) 3
12.5 to 25.0 m

(41 to 82 ft) 6
25.0 to 37.5 m

(82 to 123 ft) 9
37.5 to 50.0 m

(123 to 164 ft) 12
50.0 to 62.5 m

(164 to 205 ft) 15
62.5 to 75.0 m

(205 to 246 ft) 18
75.0 to 87.5 m

(246 to 287 ft) 21
84.5 to 100 m

(287 to 328 ft) 24

Figure 1 — Schematic of acoustic emission
testing of tank floors.
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The inspector confirms that all of the
sensors have consistent sensitivities, using
pencil lead breaks. The average of the am-
plitudes due to the breaks must be within
±2 dB in all channels. 

The inspector assesses the level of the
background noise. Since rain and strong
winds can produce significant noise, the
test cannot be performed under these
conditions.

The tank is monitored for a minimum of
1 h for reliable testing. 

In performing acoustic emission testing,
various environmental noises are unavoid-
able (Li et al., 2005). Since acoustic emission
signals due to corrosion are usually very
weak, acoustic emission systems are set to
very high sensitivity, often resulting in the
detection of useless noises. Therefore, dis-
crimination of meaningful signals from
noise is essential in performing acoustic
emission testing. Care must be taken dur-
ing tests by experienced inspectors to avoid
unnecessary noises in real time.

Evaluation of Acoustic Emission
Activity

The number of acoustic emission hits
per channel is used to evaluate activity.
This parameter can be an effective tool for
representing the acoustic emission activity
due to the corrosion on the tank bottom.

Amplitude distribution is a useful tech-
nique for analyzing acoustic emission ener-
gy levels produced during acoustic emis-
sion processes. The distribution usually
gives the following equation:

(1)

Converting this equation into a log-log
scale, we have

(2)

which shows a linear relationship with the
slope –b. Accordingly, we can determine
and characterize the process that produces
the distribution if b and log k are known.
Thus, amplitude distribution is widely
used to discriminate meaningful signals
from noises and to identify sources of
acoustic emission. At this time, we consider
acoustic emission signals detected by n
sensors placed around the circumference of
the tank above the bottom knuckle. The
amplitude distribution of acoustic emission
signals detected by the ith sensor corre-
sponds to the ith location given as: 

(3)

Since the acoustic emission sources are
common for all sensors placed at different
positions, the amplitude distributions for
the signals detected by the different sensors
should be described with the same fractal.
Therefore, slope –b is common for all distri-
butions. Hence, the amplitude distribution,

consisting of all of the signals detected by
all of the sensors, is presented as: 

(4)

Converting the equation into a log-log
scale, we have

(5)

It is possible to determine log K if the
threshold is set in the distribution.

In Equation 5, if the number of the orig-
inal acoustic emission events is N, the num-
ber of all the signals making the distribu-
tion is

(6)

Accordingly, we have the relationship X/n
= N, which leads to the following equation
from Equation 4: 

(7)

Hence,

(8)

Therefore, the distribution can be deter-
mined if log (K/n) is obtained. Setting the
acoustic emission threshold at Vth, Equa-
tion 8 becomes 

(9)

Therefore, log (K/n) can be obtained
from Nth and Vth, which determines the am-
plitude distribution generated by the origi-
nal acoustic emission events due to corro-
sion. Note that Nth corresponds to the
number of the detected signals per channel
at the threshold Vth, as shown in Equation 7.

If the corrosion (the origin of the
acoustic emission signals) presents fractal
and is transformed to the acoustic emission
amplitude distribution, Nth ( = [K/n]Vth

–b)
represents a feature to characterize the cor-
rosion activity.

Testing Corrosion in Terms of Corrosion
Risk Parameter

The corrosion risk parameter is used for
testing corrosion on tank bottoms. It is de-
fined in the following procedure.

Corrosion on the bottom of tanks can be
treated as a phenomenon determined by a
complicated probability process. In the case
of thickness losses due to corrosion, the
losses are distributed on the bottom. The
loss at location xi is given as X(xi), while the
probability of thickness loss of more than
h mm is given as P(h) = CF(X[xi] > h). Based
on the risk curve analysis, the curve for the
thickness losses of the tank bottom is given
as log F(h) – log h. An example of a risk
curve is presented in Figure 2.

Risk curves have been experimentally
obtained for more than 60 tanks by using
the thickness loss data resulting from dis-
crete thickness measurements and ultrason-
ic floor scanning during internal testing.

As shown in Figure 2, the tail part of the
curve presents a linear relationship, repre-
senting a fractal with slope D. Note that the
tail part corresponds to the large corrosion
losses that play an important role in the
corrosion process. Hence, the slope D can
be related to the corrosion rate (activity)
that corresponds to dangerous corrosion
and used for theoretical analysis. Note that
a large corrosion rate gives a small D, while
a small rate gives a large D. Thus, the corro-
sion activity (rate) can be evaluated by the
use of slope D.

D is given in the following equation as
seen in the risk curve:

(10)

Accordingly, we have

(11)

Note that Equations 10 and 11 present the
relationship between corrosion loss and its
probability at time 0.

Now we consider the distribution of
corrosion loss after a very small time ∆t.
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Figure 2 — Example of a risk curve.
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After time ∆t, probability of corrosion with
loss greater than h is given as: 

(12)

where 
δF ≥ 0

Meanwhile, δF, the increment of F during
∆t, is given as: 

(13)

supposing that D is constant during time
∆t. Note that k is a constant determined by
the probability process. In the present
analysis, k gives one value that represents
the corrosion process on the tank bottom.

From Equations 11 and 13, we obtain

(14)

where
<h> represents a statistic value that

gives the corrosion loss in the area
of the corresponding localized cor-
rosion at the present time, that is, at
the time of internal testing. 

Therefore, the time differential of the statis-
tic corrosion rate (∂h[t] / ∂t) is given as:

(15)

Hence, for t = 0, we have

(16)

Note that h0.001, which corresponds to the
value of h for F = 0.001, is used in the pre-
sent analysis, since the areas under great
corrosion should be considered.

In addition, the period in service should
be taken into account in practical use since
the corrosion rate resulting from the thick-
ness loss measurement is dependent on the
service year (y) of the tank. Therefore, cor-
rosion risk parameter is described in the
following equation: 

(17)

Hence, we have the corrosion rate as

(18)

using Equation 16. Note that the value of k
has been shown to be between 10 and 20 in
practical use from the discrete thickness
measurements and the ultrasonic floor
scan testing of tank bottoms.

Correlation between Acoustic
Emission Activity and Corrosion Risk
Parameter

More than 160 tanks were tested in
Japan on the basis of the described test pro-
cedure as of November 2006. After the
tests, tanks were opened and thickness
data based on discrete point measurements
were collected. 

Figure 3 presents the relationship be-
tween acoustic emission activity in terms
of number of detected hits per channel
and corrosion risk parameter, represent-
ing corrosion rate, resulting from the sta-
tistic analysis of the thickness data. The
fitting line drawn in the figure shows a
good correlation between the acoustic
emission activity and corrosion risk para-
meter. Since the database gives good cor-
relation, quantitative information on the
corrosion rate can be evaluated by the
number of the detected acoustic emission
hits per channel. 

Furthermore, ultrasonic (16 cases) and
magnetic flux leakage (one case) floor scan
testing has verified the reliability of the cor-
relation demonstrated in Figure 3. 
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SUMMARY
As shown in Figure 3, the fitting line ex-

hibits good correlation between acoustic
emission activity and corrosion risk parame-
ters, which makes it possible to test corro-
sion damage (active corrosion rate) on the
bottom of the tank with acoustic emission.
The concept of acoustic emission testing sys-
tems for corrosion damage in the bottom
plate of aboveground tanks is schematically
illustrated in Figure 4. 

The purpose of acoustic emission testing
is to test the condition of the tank floor with-
out having to remove the tank from service
and clean it for internal testing. It is possible
to obtain corrosion risk parameters from the
detected acoustic emission activity by use of
the fitting line resulting from the acoustic
emission and thickness database. Since the
corrosion risk parameter can be converted
to a real corrosion rate for practical testing
by multiplying it with factor k, the remain-
ing life of the tank floor can be estimated if
the initial thickness is known. Thus, the test
procedure, criteria and database described

in the present recommended practice pro-
vides a practical guideline for testing a tank
floor’s condition without the need to re-
move it from service for internal testing. 
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Figure 3 — Relationship between corrosion risk parameter (CRP) and acoustic emission activity
in terms of number of detected hits per channel.

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

CRP (h 0.001·D–1·year–1) /mm·year–1

A
co

us
tic

 A
ct

iv
ity

/ h
its

·c
h–1

1000

900

800

700

600

500

400

300

200

100

0

Figure 4 — Schematic of acoustic emission test system for tank floor conditions based on acoustic
emission and thickness loss databases. Ω
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