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PIPELINE COMMUNICATIONS

FIELD OF THE SUBJECT MATTER

[001] The presently disclosed subject matter relates to communications
systems. More particularly, the presently disclosed subject matter relates to
associated methods and apparatus for permitting nodes on a cathodically
protected pipeline to communicate and to synchronize operations, using the pipe

as a communications medium.

BACKGROUND OF THE SUBJECT MATTER

[002] Buried pipelines are commonly provided with systems to protect them
from corrosion. Such protection systems generally include some form of cathodic
protection. In such system, it is a general requirement to monitor the protection on
a periodic basis to ensure sufficient protection is applied to prevent corrosion.
[003] Generally there are two forms of cathodic protection in use today on
pipelines. They include galvanic protection systems and impressed current
systems. In galvanic systems, a sacrificial anode is used as the source of an
electrical potential, which protects the pipeline. Galvanic protection systems are
generally used primarily for short segments of pipe and in relatively conductive
soils. In such systems, the segments of pipe are electrically isolated from each
other and implementation of monitoring stations is relatively easy due to the low
potential voltages, and small electrical currents. As the amount of pipeline
increases and/or the conductivity of the soil decreases, a simple galvanic anode no
longer suffices to provide protection.
[004] As further understood by those of ordinary skill in the art, the sacrificial
anodes (galvanic systems) are their own source, because as they dissolve they
generate current. In other words, sacrificial anodes have very limited current
capability but do not need a power source. Stated another way, sacrificial anodes
are often used in short segments of pipe, while non-sacrificial anodes with ICCP
(impressed current cathodic protection) are used to cover relatively longer
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segments of pipe which are too large to be covered by sacrificial anodes. In such
instances, as understood by those of ordinary skill in the art, a DC supply is used
between a pipe and a non-sacrificial anode since it cannot itself normally generate
current.

[005] Therefore, in instances where galvanic protection is inadequate,
protections systems employing one or more transformer and rectifier systems are
used to impress a protective electrical current on the pipeline. A number of
transformers may be used and distributed along the pipeline to provide significant
current to provide appropriate levels of protection. Because such systems are
active, and protects significant amounts of pipe, a more rigorous monitoring
system is required. At present, the industry standard practice for providing such
monitoring frequently requires turning off the transformer for a short amount of
time, typically for such as one second, to get an accurate measurement of the
protection potential. This is due to the possible inaccuracies caused by
interference between the monitoring system, and the current flow from the
transformer injecting the protection current.

[006] In addition, if there are numerous transformers, they need to be turned
off synchronously to measure the protection. It would be advantageous, therefore,
to provide a communications system to insure proper synchronization of the
numerous transformers within a pipeline protection system during such
measurement periods.

[007] While various implementations of cathodic protection systems have
been developed, and while various combinations of control systems have been
developed, no design has emerged that generally encompasses all of the desired

characteristics as hereafter presented in accordance with the subject technology.

SUMMARY OF THE SUBJECT MATTER
[008] In view of the recognized features encountered in the prior art and

addressed by the presently disclosed subject matter, improved methodology and
associated apparatus for synchronizing operation of a plurality of transformers in
an impressed current cathodic protection system have been provided.

[009] The presently disclosed subject matter relates in pertinent part to

methodology for synchronizing power control switching of single or multiple
2
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individual ICCP systems associated with a pipeline. In accordance with such
exemplary method, an alternating current (AC) signal is impressed on at least
selected ones of respective sections of such pipeline and individual ICCP systems
are disabled in accordance with characteristics of a received impressed AC signal.
In selected embodiments, individual ICCP system power supplies may be disabled
by disconnecting their transformers from their normal power source. In selected
embodiments, presently disclosed exemplary methodology may employ a
controllable switch to disconnect the transformers.

[0010] Presently disclosed methodology, in selected embodiments, may
provide for impressing a communications signal comprising an alternating current
(AC) signal corresponding to a low voltage AC signal on at least selected ones of
the multiple sections that, in some embodiments, may correspond to an AC signal
which has a potential level up to a certain relatively low voltage level, such as
about 15 volts AC. In some embodiments, presently disclosed methodology may
provide for capacitive coupling the AC signal to the multiple sections.

[0011] The presently disclosed subject matter also relates in pertinent part to an
associated impressed current cathodic protection (ICCP) system. Such systems
may comprise a pipeline that is separated into multiple direct current (DC) isolated
pipeline sections and a plurality of power supplies, individual ones of which are
associated with individual ones of the pipeline sections, and each of which may
respectively include a controllable switch configured to disconnect the power
supply from a source of AC power. In such system, each of the power supplies
include an associated receiver configured to listen for a signal from an alternating
current (AC) signal source coupled to at least selected of the pipeline sections.
Upon hearing an AC signal, the receivers can cause the controllable switch to
disconnect the power supply from its source of AC power. In selected
embodiments, each of the plurality of power supplies includes a transformer that is
disconnected from the AC power source by operation of its associated controllable
switch.

[0012] In certain presently disclosed embodiments, an exemplary system may
further include one or more anode elements associated with each of the pipeline
sections and with each of the plurality of power supplies configured to supply a

direct current (DC) voltage between its associated pipeline section and the one or
3
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more of the anode elements associated with its associated pipeline section. In
selected embodiments, the power supplies may be configured to supply a specific
range of currents at about a designated voltage, such as from about 10 to about 50
amperes of current at about 50 volts DC.

[0013] In accordance with other features of some embodiments of the presently
disclosed system subject matter, the AC signal source may be capacitively
coupled to at least selected of the multiple isolated pipeline sections, while in some
embodiments, the pipeline sections are capacitively coupled together. In particular
embodiments, the AC signal source may comprise an AC source of a relatively low
voltage, such as about 15 volts AC or less.

[0014] Additional embodiments of the presently disclosed subject matter are set
forth in, or will be apparent to, those of ordinary skill in the art from the detailed
description herein. Also, it should be further appreciated that modifications and
variations to the specifically illustrated, referred and discussed features, elements,
and steps hereof may be practiced in various embodiments and uses of the
subject matter without departing from the spirit and scope of the subject matter.
Variations may include, but are not limited to, substitution of equivalent means,
features, or steps for those illustrated, referenced, or discussed, and the functional,
operational, or positional reversal of various parts, features, steps, or the like.
[0015] Still further, it is to be understood that different embodiments, as well as
different presently preferred embodiments, of the presently disclosed subject
matter may include various combinations or configurations of presently disclosed
features, steps, or elements, or their equivalents (including combinations of
features, parts, or steps or configurations thereof not expressly shown in the
figures or stated in the detailed description of such figures). Additional
embodiments of the presently disclosed subject matter, not necessarily expressed
in the summarized section, may include and incorporate various combinations of
aspects of features, components, or steps referenced in the summarized objects
above, and/or other features, components, or steps as otherwise discussed in this
application. Those of ordinary skill in the art will better appreciate the features and
aspects of such embodiments, and others, upon review of the remainder of the
specification.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A full and enabling disclosure of the presently disclosed subject matter,
including the best mode thereof, directed to one of ordinary skill in the art, is set
forth in the specification, which makes reference to the appended figures, and
reflecting both presently disclosed methodology and apparatus, in which:

[0017] Figure 1 illustrates an exemplary portion of a pipeline incorporating
aspects of the presently disclosed subject matter; and

[0018] Figure 2 illustrates an exemplary block diagram of a power supply and
control system constructed in accordance with the presently disclosed subject
matter.

[0019] Repeat use of reference characters throughout the present specification
and appended drawings is intended to represent same or analogous features,

elements, or steps.

DETAILED DESCRIPTION OF THE SUBJECT MATTER

[0020] As discussed in the Summary of the Subject Matter section, the
presently disclosed subject matter is particularly concerned with associated
methods and apparatus for permitting nodes on a cathodically protected pipeline to
communicate and to synchronize operations.

[0021] Selected combinations of aspects of the presently disclosed technology
correspond to a plurality of different embodiments of the presently disclosed
subject matter. It should be noted that each of the exemplary embodiments
presented and discussed herein should not insinuate limitations of the presently
disclosed subject matter. Features or steps illustrated or described as part of one
embodiment may be used in combination with aspects of another embodiment to
yield yet further embodiments. Additionally, certain features may be interchanged
with similar devices or features not expressly mentioned which perform the same
or similar function.

[0022] The presently disclosed subject matter takes advantage of the physical

presence of a pipeline to provide a communications medium to synchronize
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cathodic protection transformers and measurement systems, to precisely the same
time, to allow a synchronous turn off of the cathodic protection system, and to
allow accurate measurements to be made.

[0023] There are a number of standard measurements presently employed to
test pipeline cathodic protection systems. These tests include such as “instant off,"
and polarization decay measurements which must be made within milliseconds of
turning off the power to the transformer. Such tests are well known to those of
ordinary skill in the art and will not be further described here. In conducting such
well known tests (details of which form no particular part of the presently disclosed
subject matter), power to the cathodic protection system cannot be left off for very
long as the protection barrier created by the potential voltage can decay rapidly. In
view of such known rapid decay, the usage of outages on the order of one second
are typical.

[0024] In a cathodic protection system where measurements are made on an
infrequent basis, for example, daily or monthly, it is clear that an accurate
synchronization method is needed. Traditional systems require the use of precise
timing devices to synchronize the system, such as GPS time clocks, radio
modems, etc. In accordance with the presently disclosed subject matter, a
signaling system is provided wherein the timing data is sent when needed by way
of an alternating current (AC) signal imposed upon the pipeline itself. Also not
separately illustrated, it will be understood from the illustration of Figure 1 that
isolators (for example, 112 and 114) may be eliminated, in which case Figure 1
also represents the use of multiple ICCP stations on a common section or segment
of a pipeline. Subsequently, the isolators can be included when considering the
perspective of communications along the pipeline from various groups of ICCP
stations to a control center or collection point. It is intended that all such subject
matter is represented by the illustration of Figure 1.

[0025] Reference will now be made in detail to exemplary presently preferred
embodiments of the subject pipeline communications system, with the subject
figures disclosing both apparatus and associated methodology. With reference to
Figure 1, there is illustrated an exemplary portion of a pipeline 100 incorporating
aspects of the presently disclosed subject matter. As seen in Figure 1, an

exemplary three respective pipeline portions (sections) 102, 104, 106 are coupled
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together by way of electrically isolating coupling device 112, 114 that are
configured to block the flow of any direct current between the pipeline portions.
Those of ordinary skill in the art will appreciate that the three illustrated portions
are exemplary and that an actual pipeline may incorporate many more similar
portions. The pipeline portions 102, 104, and 106 are each provided with their own
separately operable cathodic protection systems 120, 130, 140. Each of the
cathodic protections systems may be configured to receive power from AC source
150 or from other AC sources, not separately illustrated.

[0026] In an exemplary configuration, pipelines may be routinely protected such
as by a coating supplemented with cathodic protection. An Impressed Current
Cathodic Protection (ICCP) system for such a protected pipeline configuration
would generally include a DC power source, which as generally known may be
often an AC powered rectifier and an anode, or array of anodes buried in the
ground. The DC power source may typically have a DC output of between about
10 and about 50 amperes and about 50 volts, but as well known such specifics
may depend on several factors, such as the size of the pipeline, location, and soil
resistivity. The output of the DC source would then be adjusted to the optimum
level after conducting various tests including measurements of electrochemical
potential, all as well known to those of ordinary skill in the art, and the details of
which form no particular part of the presently disclosed subject matter.

[0027] With further reference to Figure 1, representative cathodic protection
system 120 includes a direct current (DC) power supply 122 having a negative
output terminal coupled to pipeline portion 102 by way of line 124 and a positive
output terminal coupled to one or more anode elements, representatively anode
126, by way of line 128. As noted above, the anodes in this case are not sacrificial
as the rectifier provides the current, and not the electro-chemical action of the
anode dissolving into the soil. The anodes in this case are typically a specialized
material such as carbon rods or mu-metal anodes (as understood, mu-metal
generally refers to a range of nickel-iron alloys that are notable for their high
magnetic permeability). In accordance with the presently disclosed subject matter,
power supply 122 associated with pipeline section 102 (along with equivalent
power supplies associated with all remaining pipeline sections) may be controlled

by way of a signal source 160 as is more fully explained herein with respect to
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Figure 2. As previously noted, it is desirable to be able to synchronize operations
of the various cathodic protection system power supplies for measurement
purposes.

[0028] In accordance with the presently disclosed subject matter, signal source
160 is configured to supply a relatively low level AC signal to each section 102,
104, and 106 of the pipeline 100. Such AC signals may be coupled in any suitable
manner to the pipeline sections 102, 104, 106, for example by way of coupling
capacitors 162, 164, 166 where capacitors 164 and 166 may be configured to
bridge electrically isolating coupling devices 112, 114 to pass an AC signal while
continuing to inhibit passage of a DC cathodic protection voltage from one pipeline
section to another. In an alternative embodiment, a single signal line 170 (shown
in dotted line in Figure 1) from signal source 160 may be coupled by way of
individual capacitors 162, 172, 174 to respective pipeline sections 102, 104, 106.
In either exemplary embodiments, a relatively low AC voltage (such as of up to
about 15 Volts AC) may be preferably employed as the signaling voltage and still
be considered non detrimental to the cathodic protection system.

[0029] In accordance with the presently disclosed subject matter (apparatus
and associated methodology), all power supplies are preferably configured to listen
for such relatively low AC signal and can thereby be easily synchronized such that
multiple transformers can be turned off while accurate measurements are made.
Such measurements may be made at multiple points along the segment or section
(portion) of pipeline at locations which will be well understood by those of ordinary
skill in the art, without further detailed description thereof. Data collected by such
test stations may per presently disclosed subject matter be communicated over the
pipeline to a collection point such as a central monitoring station, or read directly
with another communications method. In certain instances where communications
are over or along the pipeline, the low voltage AC signal may comprise a
modulated signal for providing communications data (such as measurement data
on protection potential) along such pipeline to a collection point. Such presently
disclosed functionality enables measurements to be non-continuous or only as
required, enabling the test instruments to be battery powered. In addition,
measurements on galvanic sections of pipeline could be triggered and reported
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using a similar signaling approach, as will be understood by those of ordinary skill
in the art.

[0030] Referring to Figure 2 there is illustrated an exemplary block diagram of a
representative power supply and control system generally 200 constructed in
accordance with the presently disclosed subject matter. Individual power supplies
and control systems 200 are employed for each of the power supplies 122, 124,
126 of Figure 1. Each power supply and control system 200 includes a
transformer 210 coupled such as by way of an exemplary primary winding 212 and
a controllable switch 220 to a representative AC source 250. Exemplary output
winding 214 of transformer 210 is preferably then coupled by way of a
representative rectifier 220 to an associated pipeline section by way of line 224
and to associated anodes (not separately illustrated) by way of line 228.

[0031] In accordance with the presently disclosed subject matter, a signal
receiver 230 is incorporated with the power supply and is configured to monitor
signals impressed on pipeline 100 by way of line 232. In one embodiment of the
presently disclosed subject matter, such monitored signals may then be used to
synchronize operation of control switches such as controllable switch 220 coupled
in series between AC source 250 and transformer 210 primary winding 212.
Operation of such controllable switch based on instructions from receiver 230
functions to remove power to the various cathodic protection systems to permit
testing of the system. Those of ordinary skill in the art are well familiar with the
general scope of such testing traditionally involved with the ongoing testing
requirements for cathodic protection systems. As the particular aspects of such
testing form no part of the present disclosure except for the ability to synchronize
disconnection of the various transformers, such known measurement devices and
procedures have not been separately illustrated to better simplify the subject
drawings and because such are not necessary to fully illustrate the presently
disclosed subject matter.

[0032] In accordance with a further aspect of the presently disclosed subject
matter, aspects of the presently disclosed subject matter may also be employed to
include the transmission of data to and/or from various test points along the
associated pipeline. In such regard, an auxiliary data signal output may be derived

from receiver 230 based on information modulated in any suitable manner on the
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AC signal sent from source 160 and sent from receiver (transceiver) 230 to output
line 236 for any suitable purpose. Similarly, although not separately illustrated
herein, additional AC signal sources may be incorporated into the various power
supply and control systems 200 and configured to apply a modulated signal to
associated pipeline 100 for transmission back to a remote receiver. Such
transmissions may include data from any testing measurements taken at the
various transformers or any other data as should be desired by the users and/or
operators of the subject system. Yet other methods of data collection may be
practiced, such as involving wireless RF or logging recorders, in which instances
only a synchronization signal is needed.

[0033] While the presently disclosed subject matter has been described in
detail with respect to specific exemplary embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining an understanding of the
foregoing, may readily produce alterations to, variations of, and equivalents to
such embodiments. Accordingly, the scope of the present disclosure is by way of
example rather than by way of limitation, and the subject disclosure does not
preclude inclusion of such modifications, variations, and/or additions to the
presently disclosed subject matter as would be readily apparent to one of ordinary
skill in the art.

10
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WHAT IS CLAIMED IS:

1. In a pipeline impressed current cathodic protection (ICCP) system, a
method of synchronizing power control switching of individual ICCP systems
associated with respective sections of such pipeline, comprising:

impressing an alternating current (AC) signal on at least selected ones of
the multiple sections; and

disabling individual ICCP systems in accordance with characteristics of a
received impressed AC signal.

2. A method as in claim 1, wherein disabling comprises disconnecting
individual ICCP system power supply transformers from their normal power

source.

3. A method as in claim 1, wherein disabling comprises operating a
controllable switch.

4. A method as in claim 1, wherein impressing an alternating current (AC)
signal comprises impressing a low voltage AC signal on at least selected ones of
the pipeline sections.

5. A method as in claim 4, wherein the low voltage AC signal has a potential
level up to about 15 volts AC.

6. A method as in claim 4, wherein the low voltage AC signal comprises a
modulated signal for providing communications data along the pipeline to a
collection point.

7. A method as in claim 4, wherein the low voltage AC signal is impressed on

at least selected ones of the multiple sections by way of capacitive coupling of the
AC signal to the pipeline sections.

11
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8. A method as in claim 7, wherein the pipeline sections are capacitively
coupled together.

9. An impressed current cathodic protection (ICCP) system, comprising:

a pipeline, said pipeline separated into multiple direct current (DC) isolated
pipeline sections;

a plurality of power supplies, individual ones of said plurality of power
supplies associated with respective individual ones of said isolated pipeline
sections, each of said plurality of power supplies including a controllable switch
configured to disconnect the power supply from a source of AC power;

a plurality of receivers associated with each of said plurality of power
supplies; and

an alternating current (AC) signal source coupled to at least selected of said
isolated pipeline sections,

wherein each of said plurality of receivers is configured to respond to a
received signal from said AC signal source by operating the controllable switch
associated with each of said plurality of power supplies.

10. Asystem as in claim 9, wherein:

each of said plurality of power supplies includes a transformer; and

said controllable switch is configured to disconnect said transformer from a
source of AC power.

11.  Asystem as in claim 9, further including:

one or more anode elements associated with each of said multiple isolated
pipeline sections; and

wherein each of said plurality of power supplies is configured to supply a
direct current (DC) voltage between its associated pipeline section and the one or

more anode elements associated with its associated pipeline section.

12.  Asystem as in claim 11, wherein each of said plurality of power supplies is
configured to supply from about 10 to about 50 amperes of current at about 50

volts DC.
12
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13. Asystem as in claim 11, wherein said AC signal source is capacitively
coupled to at least selected of said multiple isolated pipeline sections.

14. A system as in claim 11, wherein said isolated pipeline sections are

capacitively coupled together.

15.  Asystem as in claim 11, wherein said AC signal source comprises an AC

source of about 15 volts AC or less.
16. A system as in claim 11, wherein said AC signal source comprises a

modulated signal source for providing communications data along said pipeline to

a collection point.

13
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