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(57) Abstract:  The invention
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] frequency, in determining the

comparison values in the monitoring units of the two ends.

damping rate of the frequency
amplitudes in  the  pipeline
monitorable  section and in
comparing with  predetermined
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Method And Device For Monitoring And

Detecting Coating Defects Of Underground Or Underwater Pipe Lines

The invention rclates to a method and a device for monitoring and detecting coating

defects on underground or underwater pipe lines.

Depending on the magnitude and type of risk, pipe lines subject to corrosion risks are
protected by a passive or active protection system or a combination ol both. The passive
protection is comprised of a coating, the active protection is either a cathodic protection or

protection via a so-called sacrificial anode.

The coating must be electrically insulating in order to avoid direct contact of the pipe line
with the electrically conducting medium 'ground’ or 'water' and therewith a corrosive attack

on the pipe line.

In the casc of cathodic corrosion protection of underground pipe lines provided with an
electrically insulating coating the pipe line is protected against corrosion at surface defects
of the insulating encasing thereby that to the pipe linc a DC voltage is so connected that the
pipe line has an electrically negative potential with respect to the surrounding soil, or acts
as a cathode. For this purpose the negative pole of a DC voltage source is connected to the

pipe line and its positive pole, or the anode, is grounded.

The active protection can alternatively also take place by way of applying so-called
sacrificial anodes to the pipe line. The basic principles are described, for example, in the

Handbuch des kathodischen Korrosionsschutzes, VCH Verlag, Third Edition 1989.

The effectiveness of the passive protection of the pipe line via the coating is a function of
the quality, i.e., the freedom from defects, of the coating. Damages on the coating, which

causc an
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electric contact of the pipe with the soil or the water, Jead to a corrosive attack on steel pipes to
be protected, which can result in large-area delaminations of the coating. The extent of
delamination depends herein on the type of coating system and the obtaining corrosion conditions

(for example conductivity of the ground, pH-value, etc.).

Damage to the coating can occur, for example, during the transport of the pipe such that before

laying the pipe the coating is customarily inspected for defects and the sites of the defect are
repaired.

However, the coating can also be damaged during the operation of the pipe line, for example
during earth work carried out {n the proximity of a laid pipe line, through microbiological attacks
or settleroents and shifts in the ground.

This requires that the pipe line is regularly checked for potential damage of the coating in order to
avoid greater corrosion damage, which is especially important in the case of pipe lines carrying oil

or gas, i order to prevent leakages due to corrosion damage.

Relatively frequent lme inspections are, however, not acceptable for economic reasons since the

measurements are complex and expensive.

Methods for locating defects known in prior art are described, for example in Handbuch des
kathodischen Korrosionsschutzes, VCH Verlag, Third Edition, 1989, pp. 112-124,

Conventionally, in this method from the trace-form of the protective current and the potential in

defined line sections conclusions are drawn regarding possible damage in the coating.

A further method based on measurements of the shape of the potential and the determination of

the resistance of the coating over a modulated cathodic protective current is disclosed in DE 690
14 002 T2,
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Of disadvantage in these known methods is, however, that, for example in the pipe line
sections to be examined, signals from current-carrying lines crossing the pipc line are also
acquired and the acquired signal indications can no longer be uniquely assigned to a
possible coating defect. The reason is that the analyzed current trace is composed of the

fed protective current and the external current signal.

Of disadvantage is, furthermore, that these methods can only be applicd in combination

with a cathodic protection of the pipe line.

EP 0560 443 B1 discloses a method for monitoring and localizing damages on the coating
of a cathodically protected underground pipe line, in which by applying superimposed
local sinusoidal exciting currents of different frequencies to the pipe line and measuring
the corresponding voltage responses or the impedance, possible damages arc detected.
Herein with a mobile measuring system the pipe line is examined in constant 2 meter long

sections for possible damages of the coating.

This method has several disadvantageous. For one, the method can also only be applied in
combination with a cathodic protective device. Furthermore, it cannot be excluded that via
external effects interference signals are also acquired and therewith a unique defect
assignment is no longer possible. Disadvantagcous is furthermore that for the application
of this method an examination directly on the pipe is required, which is highly time-

consuming and expensive in long pipe lincs to be tested.

According to the present invention there is provided a method for monitoring and detecting
coating defects in a defined section of an underground or undcrwater coated pipe line,
wherein the pipe line is provided section-wise at the ends of the particular section with a
fixedly installed monitoring unit and the method comprises the following steps:

- application of an AC current signal at a clock cycle onto the pipe linc, whose
fixedly predetermined and stable frequency, taking into consideration a tolerance, is
distinct in comparison to the frequencies measured within the scope of the monitoring of

possible external interference signals,
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- acquisition of the wave form of the AC current signal in the two terminal
monitoring units of the particular section to be monitored for the determination of the
distance-dependent attenuation level as a function of the distance of the signal from the site
of an impression with this signa\,

- conversion of a time-dependent signal thus acquired into a frequency-dependent
signal,

- determination of the frequency amplitudes corresponding to the frequency of the
AC current signal,

- determination of the level of attenuation of the frequency amplitudes within the
pipe line section to be monitored and comparison with comparison values previously

determined in the two terminal monitoring units.

The method according to the invention may be advantageous because it may be that
therewith it become feasible to examine coated pipe lines located underground as well as
also underwater even if they are not actively protected for coating damages. This method
may also be advantageously utilized for the remote monitoring of pipe lines such that

complex and expensive examinations onsite become superfluous.

It is furthermore advantageous to make possible via the determination of the attenuation
level of the AC current signal placed onto the pipe line the monitoring of even longer pipe

line sections, for example up to 50 km, in simple, cost-effective and reliable manner.

In the case of cathodically protected pipe lines which are provided section-wise with
monitoring units for the cathodic protective current, the acquisition unit required for the
AC current signal to be applied can advantageously be integrated in simple manner into the
monitoring unit for the protective current monitoring. Herein the cathodic protective

current is advantageously superimposed by the AC current signal and analyzed separately.

The signals acquired by the monitoring unit can subsequently advantageously be
transmitted either via already laid ground cables or wirelessly via radio, GPS, or satellite

transmission to the central monitoring station and, if needed, be further evaluated.
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The method according to embodiments of the invention is based on the physical effect that
the voltage or current amplitudes of an AC current signal are attenuated as a function of
the distance from the site of its impression on the pipe line section. For this purpose at
certain distances signal generators are applied on the pipe line, which signal generators
impress the pipe line with an AC current signal. The further removed the measuring site is
from the site of the impressing of the additional current signal, the more strongly
attenuated are the amplitude signals. If there are defects in the coating which establish an
electric contact from the line section of the pipe to the ground, such defects are cvident in a
characteristic signal indication in the level of attenuation and can consequently be uniquely

assigned to this line pipe section.

Based on the level of the previously determined attenuation in the defect-free line section
in comparison to the determined actual attenuation, the site of the defect can be narrowed
down with satisfactory accuracy in relation to the distance from the site of the impression
of the signal. In order to be able to appraise the damage region and to be able 1o initiate
corresponding measures, the damaged site is subsequently located exactly through suitable

onsite measurements.

In the method of embodiments according to the invention, first, the wave form of the AC
current signal in the two terminal monitoring units of the particular section to be monitored
is acquired as a function of the distance of the signal from the site of the impression with

this signal and the time-dependent signal is converted into a frequency-dependent signal.

The attenuation determined herefrom of the frequency amplitudes is subsequently
compared with the previously determined attenuation of a comparison signal such that

possible discrepancies can be assigned to a coating defect.

On the basis of the measurements performed at specific time intervals from the magnitude
of the time change of these attenuation discrepancies can be determined whether or not

there is a coating defect on the pipe line.
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In principle, a very broad frequency spectrum can be considered for the sclection of a
suitable superimposition frequency in order to obtain various information about the
condition of the coating. l.ow frequencies, for example, are better suited for detecting
damage on the coating itself, while higher frequencies are better suited for detecting

coating detachments from steel surfaces.

The maximal frequency is limited by the indication range of the signal, which dcpends on
the length of the pipe section to be tested. Furthermore, the quality and type of the coating

affect the indication range.

The minimal frequency may be limited by a still sufficient signal-to-noise ratio. The
optimal frequency of the AC current signal depends, for one, on the measuring frequency,
for another also on the level of attenuation over the length of the pipe scction and the

signal-to-noise ratio.

The best superimposition frequency to be selected will therefore be a compromise between

the indication range of the signal and the signal-to-noise ratio.

The frequency of the AC current signal may be markedly different from the frequencics, or
their harmonics, of interference signals, such as, for example, are induced by crossing
power lines, to best ensure a unique assignment to a potential defect in the monitored line

pipe section.
In power lines the frequencies of these interference signals are, for examplce, 50 or 60 Hz.
For the detection of coating damage for this case, for example, good results arec achicved

with a frequency of 130 Hz.

For the above described reasons, in practice frequencies lower than 1 Hz and frequencies

higher than 1000 Hz may not be suitable.

A further aspect to be considered can also comprise sclecting a frequency which can be




2006274334 22 Feb 2012

15

20

25

30

C:ANRPonbNDCOWAS\I X8 _1.DOC-222/2012

-7-

processed with conventional cost-effectively available A/D converters.

The AC current signal itself is advantageously sinusoidal in order to facilitatc the
succeeding transformation of the time signal into a frequency signal of the digitized
signals, for example, by Fourier transformation. Other signal forms, for examplc

rectangular, are in principle also possible.

A further advantage of the method according to embodiments of the invention comprises
that, even in the case of cathodically protected pipe lines, the monitoring unit for damage
to the coating can also be added if necessary and independently of time. for example once

a day.

Since the length of the measuring cycle proper for the AC current signal may be in the
range of seconds or even lower, in combination with the monitoring of the signals from the
central station highly effectively and rapidly in comprehensive, cost-effective and reliable
monitoring of the entire pipe line may be able to take place in this manner and damages on

the coating can be detected in a timely manner.

When utilizing several signal generators for the length of the pipe line, wherein cach signal
generator can involve several pipe line sections, it may be necessary for the quality and
level of confidence of the measurement of the AC current signal that in cach instance
always only one signal generator for the particular measurement is switched on. In
embodiments, signal generators send out the current signal at both sides of the pipc [line
section], the signal to be evaluated would otherwise possibly be superimposed by further
signals of the other signal generators, and the result would therewith be falsificd. It may
therefore be important that the signal generators are either so programmed that with cach
measurement always only one signal gencrator is active or a further active signal generator

generates the AC current signal on another frequency.

Special attention may also be devoted to the stability of the voltage and frequency ol the

AC current signal since the signals to be acquired and to be evaluated are strongly affected
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by those factors. Trials have shown that for the voltage stability + 0.2% and for the

frequency stability + 0.02% suffice.

Embodiments of the invention may address the problem of specifying a reliablc and cost-
effective method for monitoring and detecting coating defects in a dcfincd section of an
underground or underwater pipe line, which method can be applied independently of active
corrosion protection methods and in which the further disadvantages of the mecthods

known so far are avoided.

The invention is further described by way of example only with reference to the
accompanying drawing, the single Figure of which shows schematically the measuring
setup for remote monitoring and detecting coating defects on, for example, a cathodically

protected underground pipe line.

An underground pipe line 1 is passively protected against corrosion by a coating 5 and
actively by a fixedly installed cathodic protective current layout compriscd of an anode 3

and a DC current generator 4.

The pipe line 1 is provided at intervals with monitoring units (RMU = Remote Monitoring
System) 2, 2', also fixedly installed, which units, as will be described in the following,

must fulfill several tasks.

The intervals between the monitoring units 2, 2', arc inter alia dctermined by possible
interference effects (for cxample stray currents, induced currents from power lines, bodics
of flowing water, cathodic protective current, etc.). ‘This means the greater the quantity
and extent of the interference, the lower are chosen the intervals for thc monitoring units.
In the case of a disturbance-free laying of the pipe lines, for example in a deserted area, the
distance of the monitoring units can be more than 30 km, while in densely populated

industrial areas the distance
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canbe 5 or 10 km.

In the embodiment cxample depicted in the Figure each mouitoring unit 2, 2' [sic] is according to
the mvention provided with an acquisition unit, not further depicted here, for the AC current
signal, however, only every second monitorig unit 2 is provided with a signal generator for
feeding in the AC current signal.

The monitoring units 2, 2', on the one hand, have the task of monitoring and controlling the
catbodic protective current aud, for another, the acquisition units integrated therein for the AC
current signal have the task of acquiring the AC current signal, starting from the site of the
impression, over the length of the pipe and of conducting the acquired and attenuated signal
further to a central monitoring station.

In the present example the coating 5 of the pipe line 1 has a defect 6 on the right side, which

defect effects an electric connection betwecn pipe line and surrounding soil.

For the testing of pipe line 1 for coating defects, only one signal generator at a time of the pipe
line is activated m order to exclude disturbing effects onto the measurement result by AC current

signals of other active signal generators.

In the present example, as the AC current signal 2 smusoidal AC current is superimposed onto the

cathodic protective current by the signal generator of the left monjtoring unit 2.

The acquisition unit of the monitoring unit 2' shows for an undamaged coating a normal trace of
already converted frequency amplitudes of the AC current signal in the covered pipe line section,
while the monitoring unit 2 depicted on the right acquires a markedly attenuated signal due to the

current flowing via the coating defect 6 from the pipe line 1 to the ground.

The signal contour is acquired at every installed monitoring unit 2, 2' and conducted to the central
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monitoring station whereby, by comparison with previous measurements, the level of change of
the attenuation is determined and therefrom the defect signal is derived. Since the location of the
signal indication in relation to the line pipe section to be monitored can be well delimited, the

defective pipe section can be quite accurately localized.

To appraise the damaged site and for the initiation of necessary repair measurements the exact

localization is carried out onsite through suitable roeasures.

10
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List of Reference Numbers

No.  Designation

| Pipe line

2 Monitoring unit with integrated signal generator
2' Monitoring unit without signal generator

3 Anode

4 Cathodic protective current

S Coating

6 Coating defect

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising”, will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Method for monitoring and detecting coating defects in a defined section of an
underground or underwater coated pipe line, wherein the pipe line is provided section-wise
at the ends of the particular section with a fixedly installed monitoring unit and the method
comprises the following steps:

- application of an AC current signal at a clock cycle onto the pipe line, whose
fixedly predetermined and stable frequency, taking into consideration a tolerance, is
distinct in comparison to the frequencies measured within the scope of the monitoring of
possible external interference signals,

- acquisition of the wave form of the AC current signal in the two terminal
monitoring units of the particular section to be monitored for the determination of the
distance-dependent attenuation level as a function of the distance of the signal from the site
of an impression with this signal,

- conversion of a time-dependent signal thus acquired into a frequency-dependent
signal,

- determination of the frequency amplitudes corresponding to the frequency of the
AC current signal,

- determination of the level of attenuation of the frequency amplitudes within the
pipe line section to be monitored and comparison with comparison values previously

determined in the two terminal monitoring units.

2. Method as claimed in claim 1, characterized in that

the frequency of the AC current signal is between 1 and 1000 Hz.

3. Method as claimed in claim 1 and 2, characterized in that
in cathodically protected pipe lines the cathodic protective current is superimposed

by the AC current signal and separately analyzed.

4, Method as claimed in claim 3, characterized in that

the AC current signal is applied independently in time of the cathodic protective

current supplied permanently by the line section.
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5. Method as claimed in claims 1 to 4, characterized in that

the current form of the AC current signal is sinusoidal.

6. Method as claimed in one of claims | to 5, characterized in that
the acquired measurement data of the AC current signal are conducted over wires

to a central monitoring station.

7. Mecthod as claimed in one of claims | to 5, characterized in that
the acquired measurement data of the AC current signal arc conducted wirclessly to

a central monitoring station.

8. Method as claimed in one of claims | to 5, characterized in that

the defined pipe line section has a length of one or several kilometers.

9. Device for monitoring and detecting coating defects in a defined section of one or
several kilometers of an underground or underwater pipe line for carrying out the method
as claimed in claim 1, wherein the pipe line is provided section-wise at the ends of the
particular section with a fixedly installed monitoring unit for acquiring the AC current
signal and the pipe line, as a function of the detectability and evaluatibility of the AC

current signal is, provided at intervals with a signal gencrator.

10. Device as claimed in claim 9, characterized in that
the length of the pipe line between the signal generators is onc or several pipe line
sections, wherein at the particular measurement point in time the pipe line i1s impressed

with only one AC current signal of an activated signal generator.

11. Device as claimed in claim 9, characterized in that
the length of the pipe line between the signal generators is one or several pipe line
sections,

wherein at the particular measurement point in time the pipe line is impressed with
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two or several AC current signals of different frequencies of, in each instance, two or

several activated signal generators.

12. Device as claimed in claim 9 or 10, characterized in that

the signal generators are integrated into the monitoring units.

13. Device as claimed in any one of claims 9 to 11, characterized in that
in the case of cathodically protected pipe lines the unit for the control and
monitoring of the cathodic protective current is integrated into the monitoring unit for the

AC current signal.

14. Method for monitoring and detecting coating defects in a defined section

substantially as hereinbefore described, with reference to the accompanying drawings.
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