I*I Innovation, Sciences et Innovation, Science and CA 2949986 C 2022/11/15

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 949 986
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2015/06/18 (51) ClLInt./Int.Cl. C23F 13/04(2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/12/23 C23F 13/22(2006.01), F16L 56/00(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2022/11/15 ATKINS, CHRISTOPHER M., US:
(85) Entrée phase nationale/National Entry: 2016/11/22 SCHIRM, JACOB P., US;
®6) N° demande PCT/PCT Application No.: US 2015/036337 SHAY, KEVIN M., US

(87) N° publication PCT/PCT Publication No.: 2015/195858 (73) Propriétaire/Owner:

e SENSUS SPECTRUM LLC, US
(30) Priorité/Priority: 2014/06/18 (US62/013,580)
(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : SYSTEME DE GESTION DE PROTECTION CATHODIQUE
(54) Title: CATHODIC PROTECTION MANAGEMENT SYSTEM

(57) Abrégé/Abstract:

A cathodic protection system that is able to monitor the operational status of a plurality of test points and rectifiers. The cathodic
protection system includes a plurality of test point monitors that are associated with test points and a plurality of rectifier controllers
that are associated with the rectifiers located along a utility pipeline. The test point monitors are battery powered while the rectifier
controllers may be utility line powered. Each of the test point monitors and rectifier controllers communicates with a base station
utilizing a wireless communication technique. The base station communicates with a back end server that operates to accumulate
data and visually present the data to an operator on a display associated with cathodic protection software application. The
software application allows the operator to monitor the beam of the system and address alerts generated by any of the test points
or monitored rectifiers.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2015/195858 A 1[I 00 0O A O

(43) International Publication Date

CA 02949986 2016-11-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/195858 Al

23 December 2015 (23.12.2015) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C23F 13/04 (2006.01) F16L 58/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
C23F 13/22 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. o BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ. EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT.
PCT/US2015/036337 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
18 June 2015 (18.06.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
62/013,580 18 June 2014 (18.06.2014) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: SENSUS SPECTRUM LLC [US/US]; 8601 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Six Forks Road, Suite 300, Raleigh, NC 27615 (US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: ATKINS, Christopher, M.; 1813 Bagshot DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Court, Wake Forest, NC 27587 (US). SCHIRM, Jacob, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, 5K,
- Tont ; SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
P.; 2715 Jolie Point, West Linn, OR 97068 (US). SHAY, GW, KM, ML, MR, NE, SN, TD, TG)
Kevin, M.; 210 Annandale Drive, Cary, NC 27511 (US). » VL VL, DR, VL, S5, 105 190
(74) Agents: KUBORN, Joseph, D. ct al.; Andrus Intellectual * UPlished:

Property Law, LLP, 100 East Wisconsin Avenue, Suite
1100, Milwaukee, WI 53202 (US).

with international search report (Art. 21(3))

(54) Title: CATHODIC PROTECTION MANAGEMENT SYSTEM

(57) Abstract: A cathodic protection system that is able to monitor the operational status of a plurality of test points and rectifiers.
The cathodic protection system includes a plurality of test point monitors that are associated with test points and a plurality of recti-
fier controllers that are associated with the rectifiers located along a utility pipeline. The test point monitors are battery powered
while the rectifier controllers may be utility line powered. Each of the test point monitors and rectifier controllers communicates
with a base station utilizing a wireless communication technique. The base station communicates with a back end server that oper -
ates to accumulate data and visually present the data to an operator on a display associated with cathodic protection software applic -
ation. The software application allows the operator to monitor the beam of the system and address alerts generated by any of the test
points or monitored rectifiers.



CA 02949986 2016-11-22

WO 2015/195858 PCT/US2015/036337

CATHODIC PROTECTION MANAGEMENT SYSTEM

BACKGROUND
0001} The present disclosure generally relates 1o a method and system for monitoring
cathodic pipeline protection devices. More specifically, the present disclosure relates to a system
and method that communicate to both test points and rectifiers of a cathodic protection system

and presents status updates and intiates status checks for the devices of the cathodic protection

system.
0002} Presently, natural gas is transmutied utihizing gas transmission or distribution

pipelines that are buried in the ground. Many of these pipelines are formed frons an ron material
or an won alloy, such as steel, Iron-coutaining matenials have an electrical potential of abouwt
0.44 volts. Corrosion of metal occurs when electrons leave the swface of a more negatively
charged material (the anoede) and flow through an electrolyte to a more positively charged
material {the cathode). The difference in voltage potential can exist between one object and
another nearby obyect, or on different parts of the same object. The departure of electrons
depletes the material. Additionally, the departure of electrons creates a positively charged ion on
the surface of the material, which actively bonds with oxygen or other elements. In the case of
an iron-based metal, like steel, the bond with oxvgen creates rast and, ultimately comrosion.
{0003] Many buried pipelines are formed from iron-meluding materials. The won
possesses 8 more negative charge than common soil, which creates the potential for corrosion of
the fron pipe. In the natural gas imdustry, pipeline faslure can be catastrophic and thus a
significant amount of resources are expended to protect against such corrosion.

004} Presently, there are two similar but different techniques used {o protect gas
pipelines from corrosion. The most common technique is referred to as galvanic protection and
the less conumnon but more complex method 1s referred to as impressed current protection. Both
of these two common technigues are generally referred to as cathodic protection and both
mvolve manipulating the voltage of the steel pipe so that electrons flow to it rather than flowing
away from . The voltage of the ron-including pipe is manipulated, forcing it to become a
cathode, hence the name cathodic protection.

[0005] Cathodic protection, such as shown in Fig. 1, is used to describe the technigue

where a more negatively charged material, such as magnesiun or zine (the anode) is buried in
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close proximity to the less negatively charged ron gas pipelme (the cathede). A wire is used to
conmnect the two different metals to each other to allow electrodes to flow between the two
materials. The voltage differential between the two dissimilar metals will cause electrons to flow
from the anode (magnesiwm) through the connecting wire 1o the steel of the pipeline causing the
pmipehine to become vegatively polanized. The polanzation on the steel will now attract positive
tons from the soil to the steel, thereby halting corrosion of the steel.

{0006} By connecting the anode and cathode together as discussed, the resulting electron
flow will canse the ron pipe to become polarized and changes the voltage around the mud-poimt
of the natural dynamic voltage of the two materials. Over time, the magnestum anode will
become depleted and become ineffective. The magnesium anode is referred to as a sacrificial
anode. When the sacrificial anode becomes depleted, it loses the ability to protect the pipe and
st be replaced.

0007} The second type of cathodic protection 1s referred to as impressed current
protection and 1s shown i Fig. 2. In a system that utilizes impressed current protection, a
rectifier is used to force electron flow to a gas pipeline to halt corrosion to the steel. In this type
of system, an AC powered rectifier converts AU voltage to DC voltage that has a maxamum DC
output of between 10-30 amps and 50 volis,

0008} The positive DC output termunal is connected via cables to an array of anodes
buried in the ground (the anode ground bed). The anodes in the mduced current protection
system are typically non-active metals or compounds such as platintm, graphite, high silicon
iron or other materials. Another cable 15 connected between the negative terminal of the rectifier
and the pipeline,

{0009 Smee electrons flow from negative to positive, the circuit causes electrons to flow
from the anode, through the circnit in the rectifier, to the pipe. At the tme of svstem installation,
the operating output of the rectifier is adjusted to an optimum level.

0010} Although the two types of cathodic protection systems work well to protect
against corroston of the steel pipeline, the U.S. Departinent of Transportation, under the Pipeline
and Hazardous Material Safety Administration (PHMSA) requires pas utilities to periodically
check the effectiveness of their cathodic protection systems and record the results. The utilities
are also requared by federal and local haws to correct deficiencies within time frames that vary by

different locations.
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LR To satisty the requirements of the PHMSA, test points are constructed throughout
the gas distribution network. These test points are spaced along the length of the pipe sections,
repardless of whether the pipe sections are protected by galvanic or impressed current
techmiques. Each test point must be surveyed not less than once per year,

{0012} Since rectifiers are critical elements in the impressed carrent systems, rectifiers
must be swveved according to regulations at an interval of once every two months.

{0013} In some utility applications, the utility may have over 100,000 geographically
dispersed test pomts and over 3,000 rectifiers. Since the 100,000 test points must be surveyed
once a year and the 3,000 rectifiers must be surveyed six times a year, this results in 118,000
measurements during a one vear period. Since the measurements are currently taken manually,
utitities must maintain a very large Heet of vehicles and must expend a significant amount of
manpower in making these measurements.

0014} in addition to the physical demands reguired for the manual readings, the vtility s
currently unable to monitor the status of the test points between the yearly or bi-monthly
measurements, Thag, if g test point malfunctions or the cathodic protection malfunctions duning
the one vear mterval between readings, the utihity 18 unable to detect the matfunction until the
next reading cycle.

[0015] Therefore, a need exists for a system and method that can swtomatically monitor

both galvanic protection test points as well as rectifiers used for mpressed curent protection.

SUMMARY
0016} The present disclosure relates to a cathodic protection system that mcludes a
plarality of test points and rectifiers that provide cathodie protection to areas and lengths of a
pipeline. The system includes a test point monitor associated with each of the test points and a
rectifier controller associnted with each rectifier of the cathodic protection systems. The test
point monitors and rectifier controllers each communicate with a base station, which i turn
communicates the recerved information to a back end server. The back end server includes a
software application that presents the received information to an operstor in @ way that the
operator can use to monitor the system heath and comply with Federal monitoring guidelines.
0017} In accordance with one aspect of the disclosure, each of the test point monitors

anad rectifier controllers are mstructed to obtain a time syachronization signal such that the test

¥
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point monitors and rectifier controllers are in time syochronization with each other. The time
synchronization of the two devices allows the devices to perform different types of testing and
monitoring procedures. As an example, the rectifier controller can interrupt the application of
the protection voltage to the pipeline. Each of the test point momitors can then obtain a voltage
measarement from the pipehine after a pre~deternuned time delay from the wterraption of the
protection voltags.

0018} The test point momiors of the present disclosure each mclude a control anit. The
control wmt meludes firmware that allows the test point monitor to be configured based on the
type of test point. For example, the test point momitor can be configured to mteract with multiple
different types of test points. In this way, the test point monitor can be configured at installation
such that a single type of test point monttor can be used with different types of test points,

j0019] The cathodic protection systen can further include a base station that 1s located
remotely from the test point monitors and the rectifier controllers. The base station is i wireless
communication with both the test pomt monitors and the rectifier controllers. A back end server
15 in conununication with the base station 1o receive voltage measyrements from the pluraklity of
test point monttors and can also commumiecate with the test pomt monitors. The back end server
in communication with the base station is operable to instruct the rectifier controller to interrup
the application of the protection voltage to the pipehine and to obtamn voliage measurements from
the test point montors.

{6020} Various other features, objects and advantages of the invention will be made

apparent from the following desoription taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{6021} The drawings illustrate the best mode presently contemplated of carrving out the
disclosure. In the drawings:
6022} Fig. 1 is a schematic illustration showing the element of a galvanic cathedic
protection scheme;
{0023} Fig. 2 1 a schematic tlustration showing the element of an impressed current
protection cathodic protection scheme;
0024} Fig. 3 15 a schematic representation of a system of the present disclosure for

communicating between multiple test points and rectifiers;
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[H025] Fig. 44 ts a schematic Hlustration of ong of the test point monitors utilized in the
system of the present disclosure;
0026} Fig. 4B is a schematc iHustration of one of the rectifier controllers ntitized n the

system of the present disclosore;

{0027} Fig. 5 illastrates a two-wire galvanic protection system;

j06028] Fig. 6 illustrates a three-wire galvanic protection systeny;

6029} Fig. 7 dlustrates a two~wire galvanic protection system meluding a one~wire
coupon,

{0030} Fig. 8§ illastrates a two-wire impressed current protection system including a one-

Wit COUpOL;

{6031} Fig. 9 presents a graphic tHlustration of an off testing procedure;
j00321 Fig. 10 provides a graphic ustration of the decay in the pipeline voltage upon

discontinuance of the impressed galvanic protection system;
{0033] Fig. 11 15 a sample tllustration of one mode of operation for the solotion

managenent application;

j0034] Fig. 12 15 a screen display at the atility level;

[0035] Fig. 13 is a screen display at the division level;

[0036] Fig. 14 is a screen display at the zone fevel;

{0037} Fig. 15 is a screen display at the section level;

{0038} Fig. 16 illusirates the operation of the solntion management software application

1 managing alerts;

0039} Fig. 17 15 a display showing multiple new, cleared and tagped alerts;
{0040} Fig. 18 i3 a display showing the detatls of one test pomnt that 1s generating an alert;
{6041} Fig. 19 15 a display showing the graphical trend of the measured parameter that

generated the alert

j0042] Fig. 20 is a schematic iustration of troubleshooting utilizing different surveys
[0043] Fig. 21 15 a display showing the types of surveys that can be generated;
0441 Fig. 22 is a display showing the readings of a series of rectifiers;

[0045] Fig. 23 is a display showing the readings of multiple test points;

{0046} Fig. 24 1s a display showing the alert overviews over a one~-month period; and
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{0047} Fig. 25 is a schematic illustration showing the entry of measurements utilizing

manual surveys.

DETAILED DESCRIPTION
HHELS Fig. 1 illustrates a first type of cathodic protection used to reduce and eliminate
corrosion i a section of a pipeline 10 formed from an iron comtaining material, such as but not
limited {o steel. When a section of pipeline 10 i3 buried withm the ground 12, electrons leave the
surface of the more negatively charged material (anode) and flow through an electrolyte to a
more positively charged material (the cathode). In the case of won (or an iron alloy like steel)
that forms a gas tansmission or distribution pipeline buried in the ground, the iron possesses a
more negative charge than soil so that electrons flow from the pipeline to the soil, which causes
oxyeen to bond to the surface of the pipeline, thus causing corrosion.
0049} Fig. 1 illustrates a first type of cathodic protection referred to as g galvanic
cathodic protection. In the embodiment shovwn in Fig. 1, the gabvanic protection scheme 14
wclude a pair of magnesium anodes 10 that are each connected to a portion of the pipeline 10
throvgh a wire 18 The wire I8 provides a conduait for electrons to flow from the negatively
charged magnesium or zine anode 16 to the outer surface 20 of the pipeline 10. The pipeline 10
acts as a cathode since the pipeline 18 more positively charged than the anode 16, The
polarization on the steel of the pipeline 10 will attract positive jons from the soil, thereby halting
corresion of the steel. An important charactenstic that must be monitored to insure that
corrosion 18 not taking place ix the voltage on the swrface of the pipeline 10, In the embodiment
shown in Fig, 1, a voltage detection device 22 1s connected to the surface of the pipe through a
wire 24 and acts as a test point for the pipeline. By monitoring the voltage on the surface of the
pipe through the voltage detection device 22, the utility can insure that the anodes 16 have not
become depleted and thewr protection eliminated.
8050} i one embodiment of the system shown m Fig. 1, the connection batween the
anode and the cathode results i electronic flow, cansing the ron pipehne to become polarized and
changes its voltage to around the mud-point of the natural galvanic voltage of the two materials.
As an example, the natural galvanic voltage of magnesium s -2.3 volts while the natoral ionie
voltage of iron is 0.44 volts. The average between these two voltages is around ~0.95 voltages.

Experts i the field have determined that a cathode with a negative charge of -0.85 volts or maore
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negative is understood to be effectively protected against corrosion. Thus, the voltage of the pipe
1s tested at multiple locations along the pipeline utilizing the voltage detection device 22 o msure
that the surface of the pipeline 10 is at least - 83 volts insures that the pipeline is not underpoing
COITOSION.

LA E Test points, such as llusirated by the voltage detection device 22, are located at
spaced geographic locations along the pipeline 10, In some utility pipeline systems, there may

be over 100,000 geographically dispersed test points that must be manually surveyed at least
ORCE per year.

{0052} Fig. 2 illustrates a second type of cathodic protection system, which will be
referred to as the impressed current protection system and shown in Fig. 2 by reference numeral
26, In the impressed current protection system 26, a rectifier 28 is positioned between the
pipeline 10 and a series of joined anodes 30. The rectifier 28 13 connected to a utility power
supply 32 and forces electron flow to the gas pipeline 10 to halt corrosion of the steel. In thus
system, the AC powered rectifier 28 converts AC voltage to DU The rectifier 28 typically has a
maximum DC output of between 10-50 amps and 50 volts, Many gas utilities bt the amount
of impressed current to not more than 40 amps due o safety considerations.

8053} The positive DO output terminal 34 is comnected by a series of cables 36 to an
array 38 of anodes 30 buried in the ground. The anodes 30 are typically non-active metal or
compounds, such as platinum, graphite, high silicon iron or other similar materials. Another
cable 40 is connected to the negative terminal of the rectifier and extends to the ovter surface 20
of the pipeline 10, Since electrons How from negattve to positive, the rectifler cirowt will cause
electrons to flow from the anede strip 38 through the circuit in the rectifier 28 to the pipeline 10,
At the time the sysiem 26 is installed, the protection voltage output from the rectifier 28 1s
adjusted to an optimal level and recorded for reference.

{6034} The rectifier 28 also falls within the guidelines of the U.S. Department of
Transportation and nwust be tested once every two months.

j0055] In addition to the rectifier 28, nuwitiple test points, which each include the voltage
detection device 22, are also positioned along the length of the pipeline near the rectifier 28, The
voltage measurement taken at the test point, as in the embodiment of Fig. 1, needs to be

monitored and recorded at least once a vear.
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{0056} Fig. 3 illustrates a cathodic protection system 42 constructed in accordance with

the present disclosure. The cathodic protection system 42 includes a plurality of test points 44
that are geographically dispersed along with a plurality of rectifiers 28 that are also each
geographically dispersed. In the embodiment shown in Fig. 3, each of the test points 44 includes
a terminal block 46 that provides electrical connections to the pipeline 10 and the protection
system. The terminal block 40 s in turn connected 1o a test point monitor 48 that includes an
mternal, battery powered transmitter that transmuts information through an antenna 30. The
information sent from each of the test point monitors 48 can be communicated ntihizing varnious
different types of communication protocols, such as but not limited to the FlexNet®R
communication protocol available from Sensus Metering. The test point monitor 48 can both
transnuit and receive information and can record information related to the section of pipeline 10
and cominunicate this iformation on an automated basis.

0057} Presently, multiple different types of physical configurations and terminal blocks
46 exist for measoring the voltage on the surface of the pipeline 10, As an example, the termunal
block 46 can be used with a two wire test point, a three wire test point, a four wire test point, g
critical bond test point, a casing test point, or a current drop lest point. Each of these different
termunal blocks utilizes a different configuration obtaming the voltage from the surface of the
pipehine 10

{H058] The test point monitor 48 includes a control unit that includes internal firmware
that can be configures to mteract with each of the different types of terminal blocks 46. At the
time each of the test point monitors 48 are installed at the test points 44, the internal firmware
contained within the test point monitor 48 s configured depending upon the type of terminal
block 46. Based vpon the mstructions to the finmware, the test pomt monittor 48 will calenlate a
voltage that 1s present on the surface of the pipeline 10, which ix then relaved utilizing the
antenna 50 and communication protocol.

8059 As further shown n Fig. 3, the rectificr 28 1s connected to a rectifier controller 49
having an antenna 50, In this manner, the rectifier 28 can both receive and transnut information
related to the operational status of the rectifier 28

{0060} The rectifier controtler 49 connected to the rectifier 28 also includes a control unit
that inclades firmware that allows the rectifier controller 49 to control operation of the internal

circultry contained within the rectifier 28 connected to the utility power supply 32. As an
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iHustrative example, the firmware will be able to disconnect the application of the protection
voltage to the surface of the pipeline at desired intervals based upon communication signals
received at the rectifier controller 49, Various other operational sequences can be carried out by
the control unit of the rectifier controller 49 utihzing the communication control signals recetved
by the rectifier controller 49 through the antenna 50.

{6061} As shown in Fig. 3, the cathodic protection system 42 includes a base station 52
that is able to warelessly commmmicate to the phuality of dispersed test point monitors 48 and
rectifier controllers 49. The base station 52 can be positioned at g location that can communicate
with a maximum nwnber of test point monttors 48 and rectifier controllers 49, Multiple base
stations 32 can be utilized when the geographic dispersion of the test point monitors 48 and
rectifier controllers 49 is great encugh such that a single base station 52 cannot commumeate 1o
all of the test point monttors 48 and rectifier controllers 49, As described above, the FlexNet
communication protocol allows for the communication between the base station 52 and a
plurality of dispersed test point mongtors 48 and rectifier controllers 49,

{6062} The base station 52, in turn, communicate with one or more back end servers 54
utifizing either a hardwired or wireless commumnication technique. The back end servers 54
process information received from the plurality of s test point monitors 48 and rectifier
controllers 49, The back end servers 54 include databases that compile information received
from the test point monitors 48 and rectifier contrellers 49 and are able to present the information
to an operator niilizing a solution management application 36, soch as is shown on the display
sereen 38, The solution management application 56 allows one or more operators to view the
information compiled by the back end servers 54 and to send conmands out to the individual test
points 44 and rectifiers 28 through the test pomt monitors 48 and rectifier controllers 49 as will
be described m much greater detatl below. The solution management application 56 provides a
software appheation that is able to collect and display data and provide analytics to identity and
resolve system issues without requiring service personnel o manually read the information at
each of the test points 44 and rectifiers 28.

{0063} Fig. 44 illustrates one schematic embodiment of the test point monitor 48 that i3
used to communicate between each of the test points 44 and the base station 34. Fig. 4B
illustrates one embodiment of the rectifier controlier 49 that i3 used to communicate between the

rectifiers 28 and the base station 54.
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64} Each of the test point monitors 48 and rectifier controllers 49 mncludes a control

unit 60 that controls the operation of the associated device. The contrel unit 60 includes mtemal
firmware that controls the configuration of the test point monitor 48 when the test point monitor
48 is used with one of the test points. The control unit 60controls the operation of a rectifier
through the associated rectifier controller. The control anit 60 13 coupled to a battery 61 that
provides power for all of the components contained within the test point monitor 48 or rectifier
controlier 49, It is contemplated that the battery 61 will be easily replaceable and will provide an
mndication to the control unit 60 when the battery 61 begins to reach a discharge threshold. Upon
reaching the threshold, the control wut 60 will signal that the battery 61 needs to be replaced by
service technicians.

6065} Since the rectifier controller 49 is wstalled at a location to monitor a rectifier
connected to a utility power supply, the battery 61 can be eliminated since a supply of utility
power can be used for powering the mternal components of the rectifier controller 49, In other
embodiments and applications where utility power is not available, the battery 61 will power the
miternal components of the either the test pomt monitor 48 or the rectifier controller 49,

[0066] The control unit 60 15 coupled {0 a transcetver 62 that 1s able to both transmit and
recerve mformation from the antenna 50, The control unit &0 is coupled to a memaory device 64
that allows the control unit 60 to both store information and retrieve stored operational
parameters enterad mto the device from a user input device 66. The control unit 60 receives
mformation from a voltage detector 68 and is coupled {o a switching element 70, The switching
element 70 allows the control unit 60 to interrupt current flow, and thus the application of the
protection voltage, from a rectifier to the pipeling in a manner that will be described m nwuch
greater detail below.

{6067} During the mitial setup of the test point monitor 48, a service technician can
configure the test point monitor 48 to take system readings with respect to the pipeline at a
selected interval, such as on an hourly basis or ooce per day, or upon a received command. In
addition, the firmware of the test point monitor 48 can be configured o interact with the differem
physical configurations of the test points that are available and were described above. In this
manner, the finmware is able to configure the test point maonitor or the various different tvpes of

test points. The control anit 60 can further recetve information from the fransceiver 62 regarding
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the signal-to-noise ratio of communication from the transceiver 62 and can tatlor operation
accordingly.

0068 When the fest point monitors 48 and rectifier controllers 49 are mitially installed,
the GPS coordinates of the instaltation are entered into the control unit 60 through the input
device 66 and stored n the memory 64, Alternatively, the test point monttors 48 and rectifier
controliers 49 can include an internal GPS device and can record this information automatically.
[0069] In addition 1o this mformation, the technician also provides information to the
control wmit 60 as to the type of system-specific application for which the test point monitors 48
and rectifier controllers 49 are being used. As an example, the test point monitor 48 may be used
as part of a galvanic protection test point or an impressed current test point. Thus, when the
control anit 60 sends signals through the transceiver 62, the base station and associated back end
servers can determine the type of application for which the test point monitor is being utilized.
{0070} in addition to this mformation, a technician can enter coarse and fine voltage
sensors in the rectifier controller 49, depending on the configuration of the rectifier 28

{6071} In addition, the type of protection scheme being utilized at the test pomt can be
entered into the firmware of the test point monitor. As will be described below, multiple
ditferent types of protection schemes can be utilized, such as & two-wire protection, three-wire
protection, two-wire protection with a one-wire coupon, critical bond protection or casing
protection.

{6072} Through the transcetver 62, the control wait 60 can receive information from the
solption management application software such that the configuration and settings of the control
unit 60 can be adjusted. For example, the controller reading threshold and frequency can be
adjusted through awtomatic signals recetved by the transceiver 62.

{6073} According to one embodiment of the disclosure, the rectifier controller 49 shown
m Fig. 4B mcludes a voltage detector 68 that can measure and record both single phase and three
phase input AC voltage, DC voltage up to 50 volts, DC current up to 50 amps.

0074} Fig. 5 illustrates one type of galvanic protection arrangement utilized by ntilities.
i the embodiment shown in Fig. 3, the test point monitor 48 1s shown coupled to the fest station
terminal block 46, which is n tura coupled 1o a two-wire galvanic protection system. In this
embodiment, a cable 72 iy connected divectly from the anode 16 to the pipeline 10 In this case,

charge is always present on the pipeling 10, When configured a shown, two wires are presented
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to the test station terminal block 46, namely a first wire 74 from the cathode and a second wire
76 from a reference half-cell 78, In this arrangement, the only meaningfol data that can be
extricated will be the potential difference between the pipeline 10 and the reference haif-cell 78.
The voltage detector 68 in a test point monitor 48 detects this voltage difference, In the
embodiment shown, the test point monitor 48 can terminate both connections and measure the
voltage of the pipeline 10 relative to the half-cell 78.

{0075} Fig. 6 dlustrates another protection arrangement referred to as the three-wire
galvanic protection arrangement. In this embodiment, three wires are presented at the test station
ternunal block 46, A first wire 72 1s connected divectly to the anode 16, 4 second wire 74 1
conpected to the cathode pipeline 10 while the third wire 76 is connected to the half-cell 78. The
mternal firmware of the test point monitor 48 and switching element 70 allows the test point
monitor 48 to connect the anode 16 1o the cathode (pipeline} 10 during normal operating
conditions. Durmg testing procedures, the test pomnt monitor 48 can move the switching element
70 and the voltage detector 68 can be nsed to detect the voltage difference between the pipeline
10 and the half-cell 78, The switching element 70 allows the test point mounitor 48 to have the
ability to teeminate all three wires and interrapt the flow of electrons from the anode to the
cathode. In this manner, the test point monitor 48 can measure both the potential difference
between the anode and the reference half-cell as well as the difference between the unprotected
pipe and the reference half-cell.

{0076} Fig. 7 illustrates yet another galvanic protection arrangement that is referred (o as
two-wire galvanie protection with one~-wire coupon. In this embodiment, the anode 16 1
connected directly to the pipeline 10 through the ware 72, The half-cell 78 is connected to the
terminatl block 46 through the wire 76.

16077} Many utithties have become concerned that federal regulations may change,
thereby forcing utilities 1o augment standard galvanic system on testing with instant off testing
that is currently used with impressed current mwethods. I order 1o do this, the utility will bury 8
coupon 80 with stnular material charactenistics as the pipeline 10 tn close proximity to the pipe.
The coupon 80 will be connected to the pipe which is always bemng charged by the anode. The
coupon 80 is shown having a wire 82 extending to the terminal block and ultimately to the
switching element 70. This connection will cause the coupon 80 to achieve the same voltage as

the connected svstem.
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{0078 When configured as shown in Fig. 7, the current supply to the coupon 80 can be
mterrupted by the test point monttor 48, thereby allowing an instant off voltage to be measured
between the coupon and the reference half~cell 78. The test point monitor 48, through the
switching element 70, has the ability to terminate all three wires and provide an interruptible
continuity between the coupon 30 and the pipeline 10. The test point monitor 48 can break the
coupon to pipe connection and with a fiftv millisecond delay, measure the potential difference
between the coupon and the reference half-cell.

{0079 Fig. 8 illustrates a two-wire impressed current protection schematic that mnclodes a
coupon 8¢, In the embodiment shown in Fig. 8, the rectifier 28 is positioned between the anode
array 38 and the pipeling 10 that forms the cathode. The test point monitor 48 that forms part of
the test point is connected to the terminal block. The erabodiraent shown in Fig. 8 is similar to
the embodiment of Fig. 7 except that the rectifier 28 is positioned between the anode and the
pipehine 10,

{0080] Althoogh not shown in the drawing Figures, m situations m which the pipeline 1s
routed under a roadway or another area with significant load, utilities encase the avea of the pipe
subject to the toad. In such a situation, the protective casing is electrically isolated from the
other portions of the pipe. Over time, loads can shuft the orientation of the casimng with the
poteniial to create a short between the outer casing and the pipeline. Such a situation would have
the effect of causing the pipe to become unprotected by the cathodic protection system.

{0081} In this scenario, two wires can be presented at the termunal block; one from the
pipe and the other from the grounded casing. The voltage potential between these two sources
should be more negative than — 0.850 volts. In such an embodiment, the smart gateway can thus
determine whether or not the outer protective covering 1s shorted and send a signal to alert the
utility.

{6082} Reterring back 1o Fig. 3, the rectifier controller 49 associated with each of the
rectifiers 28 is able to perform multiple different functions and obtain multiple different types of
readings related to the operation of the rectifier 28, For example, the rectifier controller 49 can
measure the AC put voltage to the rectifier 28 from the utility power sowrce 32, the DC output
from the rectifier 28 to the pipeline 10, as well as the DC current to the pipeline.

0083} When an operator is viewing the solution management application 36 on the

display 58, the operator may receive an alarn that indicates a low DC current threshold alanm
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has been detected. The low DC current threshold alarm indicates that the value of DC current
flowing to the pipeline 10 1s below a threshold valwe. In order to troubleshoot this alarm
situation, an operator issues a command to obtain all of the critical metrics from the rectifier 28
that 15 generating the alarm condition. Based upon this wformation, the operator may determine
that the AC voltage wput is 120 volts while the DU output voltage and the DC current output ave
0. Such readings indicate that the rectifier is receiving AC power from the wtility but that the
rectifier is not operating properly to sapply the required current and voltage to the pipeline. In
such an mstance, the technician can send out a repair team to replace or repair the troubled
rectifier,

[084] In addition to this alanm situation, the svstem of the present disclosure allows the
utility to execate various different testing procedures for the rectifier. Que such procedure is
referred to as a PSP2:off testing procedure. In this procedure, the DC cwrrent flowmg from the
rectifier to the pipehine is miterropted utilizing the switching device shown in Fig. 4. As shown in
Fig. 9, the interruption tn DU current ts shown by the transition 84, After this interraption, each
test poiat was given a specific time to collect voltage readings that occur 0.5 seconds after the
current flow is interrupted.  After these measurements are taken, power is restored to the pipe
section, which s shown by the transition 86 in Fig. 9. During this interruption in the current to
the pipeline, the system determines whether or not each of the test point returns a reading that is
above the 830 critical voltage line &8 shown in Fig. 8. In this manner, the system is able to test
the voltage on the pipeline at each of the test points following interraption to the corrent flow
from the anode 1o the cathode.

0085 in order to carry out the procedure described above, the rectifier controller 49
associated with the rectifier and the associated test point mouitors 48 associated with each of the
test points must be time synchronized. In accordance with one aspect of the present disclosure,
each of the test point monitors 48 and rectifier controllers 49 associnted with either the test points
or the rectifier receives a common time synchropization signal. The time synchromization signal
15 tied to either a signal from the back end server or from g common GPS clock. Since the test
point monitors 48 for the test points and the rectifier controliers 49 for the rectifiers are
connected to the same network, the time synchronization between the rectifiers and the test

points can be coordinated. Such coordination was not available in prior art systems.
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[{H086] As an indicative example, a rectifier 28 may provide current and thus a protection
voltage to the pipeline 10 shown in Fig. 3. The pipehine 10 may include a large number of test
points, such as twenty test points, spaced over a distance, such as five miles. In order to carry out
the test procedure shown in Fig. 9, the rectifier controller 49 interrupts the corrent flow and thus
application of the protection voltage to the swiace of the pipeline. Since each of the test point
monitors and rectifier controllers are synchronized with each other, the test point monitor at each
test pownt can be coordinated to collect a voltage reading that oceurs (0.5 seconds after the current
flow 15 interrupted at the rectifier. This voltage measurement 1s saved and relayed back to the

back end server 54 for analysis utilizing the management application sottware 56 shown mn Fig.

3
{6087} Fig. 10 mdicates the result of another type of testing procedure that can be

implemented utihizing the system of the present discloswre. According to utility schedules, an
operator executes a 100 nullivolt polarization test. Duning thus test, the DU current is interrupted
to all of the rectifiers associated with a pipe section that is being tested. Aftier interruption, the
system records hourly voltage reading from each of the test points associated with the pipe
section ander the testing procedure. In order to determine the results of the tests, the apphcation
software calculates the difference between the last "on" voltage measure prior 1o the test and the
last "oft" voltage taken during the testing procedure. If the absolute value of the difference was
greater than or equal to 100 millivolts for a test point, the test pomt passed. Otherwise, the test
point failed. Fig. 10 illustrates the decrease in the voltage value on the pipeline following the
mstant off shown at point 90, As illostrated in Fig. 10, the voltage 92 drops below the critical
voltage line 88 and again exceeds the critical line when the rectifier 18 again activated, as
ithustrated by the portion 94 of the voltage signature.

{6088} As can be understood i the test procedure shown in Figs. 9 and 10, the svstem
application software is able to run s multitude of different testing procedares based upon the time
synchronization between the test point monitors and rectifier controliers and the ability to
commuynicate to the test point monitors assoctated with each of the test points 44 and the rectibier
controllers assoctated with each of the rectifiers 28, The two-way compmumication between the
application software and each of the test point monitors 48 and rectifier controllers 49 allows the
operator to test the fanctionality of the rectifiers and test points at regularly designed intervals or

at user defined ponts in time.
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{0089} As described with reference to Fig 3, part of the cathodic protection application
42 15 the solution management application 56 that operates on the back end servers 54 and 1s
presented on the display 58, The solution management application 56 wiil be shown and
described with reference to Figs, 11-25,

{0090} Fig. 11 schematically iHustrates a first function of the solution management
application, which is the ability to monitor the entire system health, As shown in Fig. 11, an
operator 100 viewing the display 58 is able 1o monitor the system health on four separate levels
tlustrated by reference numerals 102, 122, 130 and {39, At the top level 102, the dashboard
allows the operator 100 to view the entwre utitity gnid. The utility gnid display screen s shown
with more detail in Fig. 12, As shown in Fig. 12, the utility display screen is broken down into
four separate divisions (Portland, Beaverton, Salem and Clackamas) which are shown in the
display area 104, Although four separate divisions are shown, i should be understood that
depending upon the atility, the number of divisions could be greater or fewer than four.

{0091} In the display area 104, the application software presents the operator with the
listing of the four divistons, the number of zones in each division and the current number of
alerts at a given time in each of the divisions. The map area 106 visnally illustraies each of the
divisions by a borderline 108, In each of the lustrated divisions, an indicator 110 shows the
number of alents taking place in the area.

{0092} In the display shown m Fig. 12, an information graphic 112 graphically displays
the number of galvanic test points 114 and impressed circuit test points 116 within each of the
separate divisions 120, In tus manner, the operator can guickly view the breakdown of each of
the divisions, the mumber of alents i each division and the location of each division
superimposed on a map.

{6093} When a user selects one of the divisions, the user 15 directed 1o the displav screen
shown in Fig. 13. The division level display screen 122 includes a similar map area 106 that
visually shows the division broken down into separate zones. The zones are listed and shown in
display area 124 along with an indicator 125 showing the namber of alerts in the zone, In the
example shown in Fig. 13, the Portland Metro ares includes eight zones. The informational
graphic 126 shows the number of galvanic protection svstems 114 and impressed current test
points 116 on each of the zones. The display 122 shown in Fig. 13 further illustrates the

breakdown of the test points in each of the zones.

-6 -



CA 02949986 2016-11-22

WO 2015/195858 PCT/US2015/036337
{0094} i the operator selects zone 4, ay indicated by cursor 128 m Fig. 13, the user is

presemed with another map 1o the zone display screen 130 of Fig. 14, The zone display130
inctudes individual sections shown in the display area 132, Each zone section inclades a rectifier
display column 134 and a test pont display colummn 136 that provide the nwaber of each m each
section. The alert colomn 138 guickly indicates to the operator the namber of alerts in each of
the sections. The highlighted section 140, labelled Rock Creek in the illustrative example,
mdicates that an alert 1s taking place m this section. The cursor 128 can be used to highlight this
are of the map and, when selected, drills the user to the section display shown in Fig. 15

[0095] In Fig. 15, the operator is presented with a more detatled map 106 as wellas a
complete listing 140 showing each of the rectifiers within the specific zone. In the embodiment
shown in Fig. 15, five rectifiers are tHustrated and labelled with letters g-e. For the rectifier a,
the AC voltage, DU voltage and current is displaved to the operator. Rectifier a has six test
points, all of which are listed in the table section 142, The last reading for the voltage at the test
point 1s displayed m column 144,

{6096} As can be understood i the dnll down menus and displays shown in Figs, 12-15,
an operator can identtfy which test point may be generating an alarm by selecting more detailed
areas of a map and, based up on this selection, identifying which test pomt in the uttlity's system
is generating an alanm condition.

{097} As described previously, each of the test points is able to commuuicate bi-
divectionally with the back end server through its own test point monitor 48, The back end
server 84 accurmidates this data and presents the data to the operator in a visually understandable
manner that allows the operator to access data on demand from a centralized location

{0098] In addition to monttoring system health, Fig. 16 illustrates that an operator 100
can manage alerts that are indicated on the displav 538, The first step in this process is for the
operator to venty if an alert has been generated and, based upon the reasoning behund the alent,
gither clear the alert as shown by step 150 or generate a work order shown by step 152,

{0099} Fig. 17 illustrates an alert display screen 154 indicating all of the alerts taking
place across the utibity network, Each of the alerts 15 identified by a textual 1dentifier 156 as well
as a visual display 158, The visual display 158 is color coded and indicates whether the alert is
new, old and requares follow-up, or has been cleared. Each line on the display 134 indicates the

location of the alert, which pipeline section the alert cccurred, what type of device is generating
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the alert and the type of protection the device is providing Column 160 shows the last value
read at the device generating the alert. An action button 162 gives the operator a series of
functions the operator can select based upon the alert.

[00100] If the user selects the first alert shown in Fig. 17, the user 1s moved to display
screen 104 shown in Fig. 18, In this display screen, the apphication software presents the user
with an indication of the type of alarm 166 as well as the time that the alarm took place. The
value 168 that triggered the alarm 1s presented {o the operator. A summary line 17¢ allows the
pperator to quickly determumne the tvpe of alarm, the type of protection provided by the device, as
well as the network address and the mstallation date of the device. The summary Hne 170 also
mdicates the frequency at which the test point is tested. In the embodiment shown, the test point
1s tested once every twenty-four hours, Au action button 172 allows the user to mnitiate several
functions as iHusirated.

00101} Fig. 19 illustrates the same test point s shown m Fig. 18 with a chart of the test
point voltages tHustrated by the graph shown in area 174, The graphical iltustration allows the
operator 1o quickly review the change in the recorded value over an extended pertod of time.
jeo1az} Referring back to Fig. 18, if the operator deternunes that a service order s
requived, the operator can quickly order the service order right from the display screen shown m
Fig. 18, If the alarm was generated based wpon a known service call or other procedure, the
operator can simply clear the alarm atilizing one of the action items shown in Fig. 18,

{60103 In addition 1o the functions discussed in the alent section of the application
software, the cathodic protection software application of the present disclosure can also be
utihized to troubleshoot by initiating a survey of the rectifiers and cathodic protection test points.
As shown i Fig. 20, an operator 100 can initiate the survey through the display 5& When
mitiated, the survey request is relaved from the base station 52 to each of the rectifiers 28 and
test points 44 that each mclades one of the test point monitors 48 or rectifier controllers 49, The
information recorded by each of the test point monitors 48 and vectifier controllers 49 s returned
to the base station 52 and sununarized by the back end server and presented to the operator 100
ot the display 58

{00104} Fig. 21 dlustrates the ability of the operator to initiate a PSP-off procedure shown
in the selection box 180. Once the survey has been initiated, each of the test points carries owt

the survey function and returns the measured value 1o the back end server. The back end server,
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i furn, presents the results of the survey m the listing 182 shown in Fig. 22 In this manner, the
operator can conduct a survey of each of the rectifiers. In the display 182 shown in Fig 22 the
rectifiers that include a tamper door open alarm 184 are displayed to an operator.

[00105] Fig. 23 illostrates a display 186 of each of the test points that has had a DC alarm
voltage 188, The results are sorted by most recent and are easily presented to an operator such
that the operator can act upon the alerts in a quick and decisive manner.

00106} Fig. 24 dlustrates an analytic display 190 that allows an operator to quickly
determine the number of alerts that have been received over a predetermined penod of time. In
the embodiment shown, the alerts are shown for a one month period. A graphical display 192
shows the displays on a daily basis while the pie chart display 194 shows the tvpes of alerts that
were genersted during this same one month period. As the analvtics display indicates, an
operator can quickly assess the number of alerts generated, the type of alerts generated and create
a variety of reports while sitting at the termimal without having to individually pull each ot the

test points and rectifiers.

{60107] In addition to automatically polling cach of the devices, trained field personnel
can perform a field survey as iHustrated by step 208, Based upon the results of the field survey,

the technician can manually mmpott the results into the back end server for display 38,

j00108] This written description nses examples to disclose the invention, including the
best mode, and also to enable any person skilled wn the art to make and use the wvention. The
patentable scope of the invention is defined by the claims, and may include other examples that
occwr 10 those skilled m the art. Such other examples are intended to be within the scope of the
claims if they have structural elements that do not differ from the literal language of the clatms,
or if they nclade equuvalent structaral elements with insubstantial differences from the literal

languages of the claims.
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CLAIMS:

1. A system for monitoring cathodic protection of a pipeline, comprising:

a plurality of test points geographically dispersed at a plurality of locations along the
pipeline, each of the plurality of test points including one of a plurality of connection
configurations to connect the plurality of test points to an outer surface of the pipeline, and each
of the plurality of test points including a configurable terminal block;

a rectifier associated with the plurality of test points, wherein the rectifier is operable to
impart a protection voltage on the pipeline;

a plurality of test point monitors each having the same configuration and each including
an internal switching element and each test point monitor being in communication with one of
the plurality of test points through the configurable terminal block to allow the test point
monitor to determine at least a voltage measurement associated with the pipeline at the location
of the test point, wherein each of the test point monitors includes a control unit including
firmware selectively programmable to control operation of the switching element to determine
the voltage measurement based on a specific configuration of the test point and a transceiver to
both transmit and receive wireless communication signals;

a rectifier controller in communication with the rectifier to control that application of the
protection voltage on the pipeline, wherein each of the test point monitors and the rectifier
controller are instructed to receive a time synchronization signal such that the test point monitors
and the rectifier controller are in time synchronization with each other;

at least one base station located remotely from the test point monitors and the rectifier
controller and in communication with the plurality of test point monitors and the rectifier
controller; and

a back end server in communication with the base station, wherein the back end server
receives at least the voltage measurements from the plurality of test point monitors and
communicates commands to the plurality of test point monitors and the rectifier controller;

wherein the back end server in communication with the base station is operable to send

an instruction to the rectifier controller, the rectifier controller being operable on receipt of the
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instruction to interrupt the application of the protection voltage to the pipeline from the rectifier
and to obtain the voltage measurement from each of the test points after a pre-determined time

delay.

2. The system of claim 1, further comprising an operator interface terminal associated with
the back end server, the operator interface terminal being configured to display the

measurements from the plurality of test point monitors after the pre-determined time delay.

3. The system of claim 2, wherein the back end server records the measurements from the
test point monitors in a database and is configured to provide access for an operator to the

recorded measurements via the operator interface terminal.

4. The system of claim 1, wherein the back end server is configured to generate an alert

when the voltage measurements after the pre-determined time delay fall below a reference value.

5. The system of claim 1, wherein the rectifier controller associated with the rectifier
operates to measure at least the utility input voltage, an output voltage from the rectifier and an

output current from the rectifier.

6. The system of claim 1, further comprising an operator interface terminal associated with
the back end server to display the measurements from the plurality of test point monitors,
wherein the operator interface terminal includes a software application operable to display the

voltage measurements from the plurality of test point monitors.

7. The system of claim 6, wherein each of the plurality of test point monitors is operable to

generate an alert when the voltage measurements falls outside of normal operating parameters.

8. The system of claim 7, wherein the software application displays the alert received from

the plurality of test point monitors.
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9. The system of claim 7, wherein the software application visually displays the alert

received from the test point monitors.

10. The system of claim 7, wherein the software application presents an operator with a

plurality of actions for each of the alerts received from the test point monitors.

11. The system of claim 6, wherein the software application allows an operator to initiate

measurements at the plurality of test point monitors.

12. A method of monitoring cathodic protection of a pipeline, comprising:

positioning a plurality of test points along the pipeline, each of the test points having one
of a plurality of physical configurations, and each of the test points having a configurable
terminal block;

positioning a rectifier in position to impart a protection voltage on the pipeline, wherein
the rectifier is associated with the plurality of test points;

positioning a commonly configured test point monitor at each of the plurality of test
points and a rectifier controller at the rectifier, each of the test point monitors and the rectifier
controller including a transceiver and a control unit, wherein each of the test point monitors
includes an internal switching element;

configuring a control unit of the test point monitor utilizing firmware of the control unit
to control operation of the internal switching element of the test point monitor and to
communicate with the test point through the configurable terminal block based on the physical
configuration of the test point;

time synchronizing each of the plurality of test point monitors with each other and the
rectifier controller;

generating a command to the rectifier controller associated with the rectifier to interrupt

the application of the protection voltage to the pipeline and to the test point monitors associated
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with the plurality of test points to obtain a voltage measurements from the pipeline after a
pre-determined time delay from the interruption of the protection voltage;
wirelessly transmitting the voltage measurements to a back end server;
comparing the voltage measurements to an alarm threshold; and

generating an alert when the voltage measurements violate the alarm threshold.

13, The method of claim 12, wherein the voltage measurements and alerts are visually

displayed based upon a geographic location of the test points.

14. The method of claim 13, wherein the rectifier controller associated with the rectifier is
operable to measure utility voltage, output voltage from the rectifier and output current from the
rectifier, wherein the measurements from the rectifier controller are wirelessly transmitted to the

back end server.

15. The method of claim 12, further comprising allowing an operator to initiate a

measurement cycle from a display coupled to the back end server.
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