wo 2017/039789 A1 [N I P00 OO 00RO O

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2017/039789 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

74

31

9 March 2017 (09.03.2017) WIPOIPCT
International Patent Classification:
GOIN 17/04 (2006.01)
International Application Number:
PCT/US2016/038600

International Filing Date:
22 June 2016 (22.06.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/212,297 31 August 2015 (31.08.2015) US

Applicant: EXXONMOBIL UPSTREAM RESEARCH
COMPANY CORP-URC-E2. 4A.296 [US/US], 22777
Springwoods Village Parkway, Spring, TX 77389 (US).

Inventors; and

Applicants (for US only): KUMAR, Amit [US/US]; 2418
Dorrington St, Suite #C, Houston, TX 77030 (US). DE-
SAL Sanket, K. [US/US]; 2504 Johnson Circle, Bridge-
water, NJ 08807 (US).

Agents: JENSEN, Nathan O. et al; Exxonmobil Up-
stream Research Company, CORP-URC-E2.4A.296, 22777
Springwoods Village Parkway, Spring, TX 77389 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
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,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

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

(54) Title: SMART ELECTROCHEMICAL SENSOR FOR PIPELINE CORROSION MEASUREMENT

FIG. 2

(57) Abstract: A method of monitoring a pipeline, comprising positioning a probe device in the pipeline, passing the probe device
along the pipeline, collecting at least one fluid sample at each of a plurality of locations along a length of the pipeline, passing each
fluid sample into the probe device, and measuring at least one corrosion-related parameter of a fluid at a plurality of locations along
the pipeline, wherein the at least one corrosion-related parameter is selected from a group consisting of: pH, temperature, pressure,
viscosity, conductivity, salinity, deposits, and corrosivity.



10

15

20

25

30

WO 2017/039789 PCT/US2016/038600

SMART ELECTROCHEMICAL SENSOR FOR PIPELINE CORROSION
MEASUREMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States Patent Application
62/212,297 filed August 31, 2015 entitled SMART ELECTROCHEMICAL SENSOR FOR
PIPELINE CORROSION MEASUREMENT, the entirety of which is incorporated by

reference herein.
BACKGROUND

[0002] Ensuring the integrity of oil and gas transport pipelines is a significant focus of the
energy industry. Loss of integrity can result in significant adverse financial and environmental
impact. Operating experience has shown that internal corrosion is the one of the main threats
to pipeline integrity for flowlines and gathering lines carrying untreated produced fluids. The
fluids transported through the pipelines may be inherently corrosive and may rapidly reduce
the pipe wall thickness, thereby increasing the risk of aloss of pipeline integrity. Consequently,

pipeline inspection and pipeline corrosion measurement are of importance to the industry.

[0003] Currently, the industry uses two types of corrosion detection sensors: movable and
fixed. Movable pipeline inspection tools include tools such as in-line-inspection (ILI) tools or
smart pigs travel inside the pipeline with fluid to assess the condition of pipelines. These tools
may be equipped with sensors that measure the remaining wall thickness on the pipeline. The
data provided by such inspection, however, is a lagging indicator of corrosion; corrosion must
first occur and the wall thickness must first be reduced before corrosion may be detected.
Furthermore, the time period between two consecutive inspections runs may be relatively long
(e.g., more than 5 years), and substantial damage may progress in the interim. Early detection
of corrosion would enable earlier corrective actions, more timely corrosion mitigation and/or

intervention, and elimination and/or reduction of high consequence integrity loss events.

[0004] Fixed sensors may also be used for corrosion detection and/or measurement.
Installation of fixed sensors or coupons along the pipeline length may provide real-time
monitoring of pipeline conditions. Currently, corrosion coupons and/or corrosion rate
measuring probes such as Electrical Resistance (ER) and Linear polarization Resistance (LPR)

are used to measure corrosion rate in real-time, or at frequent interval in the pipeline at fixed
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location. These in-pipeline coupons/probes are only capable of providing corrosion
information at a local point. However, pipeline corrosion may vary with location along the
length due to topography and change in flow conditions in the pipeline. If fixed sensors are
installed at a relatively less corrosive location in the pipeline, the sensors may present an
inaccurate picture of the state of the pipeline. Identification of correct installation location may
be critical in extracting appropriate information from these fixed sensors, but such information
may be difficult to obtain. Consequently, a large number of such sensors may need to be
mounted along the length of the pipeline to get accurate information on the state of the full

pipeline.

[0005] Prior art technologies include U.S. Patent Publication No. 2003/0121338 for a
pipeline pigging device for non-destructive inspection of the fluid environment in a pipeline.
This disclosure includes a spherical, flowing fluid monitoring tool wherein the sensing element
is at/near the surface of the sphere for directly measures the fluid characteristics as it flows
along the line. Another prior art technology includes U.S. Patent Publication No.
2012/0279599 for an infrastructure corrosion analysis. This disclosure includes a pig-like
device that collects pipeline wall corrosion data from a pipeline, analyzes the data, evaluates
corrosion risk, and creates an implementation plan for the remediation of the pipeline. Still
another prior art technology includes U.S. Patent No. 7,282,928 for a corrosion measurement
field device with improved harmonic distortion analysis (HDA), linear polarization resistance
measurement (LPR), electrochemical noise measurement (ECN) capability. This disclosure
includes a corrosion measurement device that measures corrosion of a structure exposed to a
fluid using a multi-electrode system and where a sinusoidal signal is transmitted into the fluid

through one electrode and response evaluated using a second electrode.

[0006] Consequently, there exists a need for a sensor that is capable of providing early
detection of pipeline corrosion without relying on an ex post facto corrosion analysis. There
also exists aneed for a sensor that is capable of providing corrosion information along a length
of a pipeline without regard to topography and/or change in flow conditions in the pipeline.
There further exists a need for a sensor that can provide accurate and timely information about

the state of a pipeline.
SUMMARY

[0007] One embodiment includes a method of monitoring a pipeline, comprising

positioning a probe device in the pipeline, passing the probe device along the pipeline,
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collecting at least one fluid sample at each of a plurality of locations along a length of the
pipeline, passing each fluid sample into the probe device, and measuring at least one corrosion-
related parameter of a fluid at a plurality of locations along the pipeline, wherein the at least
one corrosion-related parameter is selected from a group consisting of: pH, temperature,

pressure, viscosity, conductivity, salinity, deposits, and corrosivity.

[0008] Another embodiment includes an apparatus for monitoring a pipeline, comprising
an electrochemical sensor device comprising: a body configured for passage along the pipeline,
a fluid inlet on the electrochemical sensor device configured to collect at least one sample of a
fluid, an electrochemical sensor disposed within the body and coupled to the fluid inlet, wherein
the electrochemical sensor is configured to measure at least one corrosion-related parameter of

the at least one sample.

[0009] Still another embodiment includes an apparatus for measuring a fluid in a pipeline,
comprising a probe device, comprising a fluid sample collection section configured to collect
at least one fluid sample, a fluid sample analysis section configured to analyze the fluid sample,
a fluid sample disposal section configured to dispose of the fluid sample, wherein the probe

device is configured for passage down the pipeline from a first location to a second location.

[0010] Unlike U.S. Patent Publication No. 2003/0121338, in some embodiments the
present disclosure may not conduct measurements directly in the fluid. In disclosed
embodiments, the fluid may be collected in a small reservoir in the tool and/or the sensor may
be internally disposed. Unlike U.S. Patent Publication No. 2012/0279599, in some
embodiments the present disclosure may not involve monitoring pipeline wall thickness and/or
may only involve monitoring one or more corrosivity characteristics and/or parameters of the
fluid. Unlike U.S. Patent No. 7,282,928, in some embodiments the present disclosure may not
rely on transmitting a sinusoidal signal into the fluid for generating a response. Instead,
disclosed embodiments may use a direct (non-oscillating) signal to generate a response. Unlike
WO02014073969A2, in some embodiments the present disclosure may deploy the existing LPR
and ER probe technologies on a pig/ robot which can travel in the pipeline. Therefore, the
probes are not fixed to the equipment. Furthermore, our invention focuses on deploying suit
of sensors in the pipeline to retrieve the information along the whole pipeline as they move

through it.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The advantages of the present techniques are better understood by referring to the

following detailed description and the attached drawings, in which:

[0012] FIG. 1 is a schematic diagram of a first embodiment of a smart electrochemical

sensor device for pipeline corrosion measurement.

[0013] FIG. 2 is a schematic diagram of a second embodiment of a smart electrochemical

sensor device for pipeline corrosion measurement.
DETAILED DESCRIPTION

[0014] In the following detailed description section, specific embodiments of the present
techniques are described. However, to the extent that the following description is specific to a
particular embodiment or a particular use of the present techniques, this is intended to be for
exemplary purposes only and simply provides a description of the exemplary embodiments.
Accordingly, the techniques are not limited to the specific embodiments described herein, but
rather, include all alternatives, modifications, and equivalents falling within the true spirit and

scope of the appended claims.

[0015] At the outset, for ease of reference, certain terms used in this application and their
meanings as used in this context are set forth. To the extent a term used herein is not defined
herein, it should be given the broadest definition persons in the pertinent art have given that
term as reflected in at least one printed publication or issued patent. Further, the present
techniques are not limited by the usage of the terms shown herein, as all equivalents, synonyms,
new developments, and terms or techniques that serve the same or a similar purpose are

considered to be within the scope of the present claims.

[0016] As used herein, the term “fluid” may refer to gases, liquids, and/or combinations of
gases and liquids, as well as to combinations of liquids and solids, and particularly to

hydrocarbons.

[0017] As used herein, the term “hydrocarbon™ refers to an organic compound that
primarily includes the elements hydrogen and carbon, although nitrogen, sulfur, oxygen,
metals, or any number of other elements may be present in small amounts. As used herein,
hydrocarbons generally refer to components found in natural gas, oil, or chemical processing

facilities.
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[0018] As used herein with respect to fluid processing equipment, the term “inline” means

sequentially within an identifiable common axis of orientation of flow.

[0019] As used herein, the term “substantial” when used in reference to a quantity or
amount of a material, or a specific characteristic thereof, refers to an amount that is sufficient
to provide an effect that the material or characteristic was intended to provide. The exact

degree of deviation allowable may depend, in some cases, on the specific context.

[0020] As used herein, the terms “a” and “an,” mean one or more when applied to any
feature in embodiments of the present inventions described in the specification and claims. The
use of “a” and “an” does not limit the meaning to a single feature unless such a limit is

specifically stated.

[0021] As used herein, the definite article “the” preceding singular or plural nouns or noun
phrases denotes a particular specified feature or particular specified features and may have a

singular or plural connotation depending upon the context in which it is used.

[0022] This disclosure comprises mounting one or more sensing probes, e.g., LPR probes,
on a device configured to travel along a pipeline and gather fluid corrosivity information. LPR
allows corrosion-related metrics or parameters to be measured directly in real-time. The
operating principle of LPR is based on measuring the flow of current between electrodes.
When a metal/alloy electrode is immersed in an electrolytically conducting fluid of sufficient
oxidizing power, it will corrode by an electrochemical mechanism. At anodic sites, metal will
pass from the solid surface into the adjacent solution and, in so doing, leave a surplus of
electrons at the metal surface. The excess electrons will flow to nearby sites, referred to as
cathodic sites, where the excess electrons may be consumed by oxidizing species from the
corrosive liquid. The corrosion current, i.e., the current generated by the flow of electrons from
anodic to cathodic sites, may be used to compute a corrosion rate using a modified version of
Faraday’s Law. This disclosure may include distributing LPR probes around a device
circumference to sample fluid and passing the device inline along a pipeline to sample different

locations in the pipeline.

[0023] This disclosure includes a sensor capable of providing early detection of pipeline
corrosion without relying on an ex post facto corrosion analysis, e.g., by sampling the fluid and
not the pipeline wall. This disclosure includes a sensor capable of providing corrosion

information along a length of a pipeline without regard to topography and/or change in flow
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conditions in the pipeline, e.g., by periodically obtaining samples at predetermined intervals
along a length of pipeline and not remaining fixed. This disclosure includes a sensor that can
provide accurate and timely information about the state of a pipeline, e.g., by providing real-

time information about corrosive fluid conditions and/or parameters within a pipeline.

[0024] FIG. 1 is a schematic diagram of a first embodiment of a smart electrochemical
sensor device or probe device 100 for pipeline corrosion measurement. The device 100 may
have a body diameter that is substantially the same diameter as the pipeline. The device 100
may have at least a portion of the body having a substantially cylindrical shape. The device
100 may have a conical first end similar to that of conventional cleaning pigs. Those of skill
in the art will appreciate that suitable alternate embodiments are envisioned having differing
shapes and/or diameters to create the desired flow characteristics, e.g., having fins, ridges,
dimples, tails, etc., having a generally torpedo shape, a generally spherical shape, a generally
oblate spheroid shape, a generally prolate spheroid shape, etc. Additionally, some
embodiments may comprise propulsion mechanisms, e.g., propellers, jets, etc., on a second end
distal from the first end for propelling or accelerating the passage of the device along a pipeline.
Other propulsion mechanisms may permit the device 100 to roll, e.g., using gravity or drive
wheels. Other embodiments may comprise drag mechanisms, e.g., parachutes, fins, rudders,
ribs, etc., for slowing the passage of the device 100 in the pipeline and/or maintaining suitable

orientation/alignment of the device in the pipeline.

[0025] The device 100 comprises an inlet port 102 in a fluid sample collection section for
collecting a fluid sample. In some embodiments, the port 102 may be wire framed with/without
spring-loaded components, e.g., arms, flaps, caps, etc., for restricting sampling periods, e.g.,
limiting sampling to predetermined times, periodicities, locations, etc. The port 102 is depicted
on a radially inwardly disposed location on a conical head end of the device 100 in order to
collect a sample of fluid that is (1) substantially in front of the device 100, (2) relatively close
to the pipeline wall, and (3) generally representative of the fluid passing along the pipeline wall
(not depicted). Other locations for the port 102 may be suitably employed within the scope of
this disclosure to obtain the desired fluid sample characteristics as would be understood by
those of skill of the art and are considered within the scope of this disclosure. Some
embodiments may utilize filters, screens, baffles, or other mechanisms disposed on or in
conjunction with the port 102 to obtain a representative sample suitably representative of the

fluid for which sampling is desired.
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[0026] An internally disposed power source 104 is coupled to an LPR probe 106 in a fluid
sample analysis section of the device 100. The port 102 is coupled to and configured to pass a
fluid sample to the LPR probe 106. An outlet port 108 is coupled to the LPR probe 106 and is
configured to dispose of a fluid sample following sampling at the LPR probe 106, e.g., via an
internally disposed passage having an outlet located in a fluid sample disposal section
positioned at a second tail end of the device 100. In some embodiments, the outlet port 108 is
configured to act as or in conjunction with a propulsion mechanism as discussed above, e.g.,
by positioning the outlet port 108 such that the outlet port 108 emits a propulsion fluid between
the device 100 and a pipeline wall (not depicted). While depicted as having a singular internal
sampling system, other embodiments may include a plurality of internal sampling systems
sharing the same ports 102, 108, LPR probe 106, and/or power source 104 or having one or
more such components configured to operate independently, e.g., for redundancy, for sampling

different fluids and/or corrosion-related parameters, etc., within the scope of this disclosure.

[0027] In operation, the device 100 may be positioned in a pipeline at a first location. The
device 100 may pass along a pipeline and may collect one or more fluid samples via the outlet
port 108. The fluid samples may pass to the LPR probe 106 where each of the fluid samples
may be measured for at least one corrosion-related parameter, e.g., pH, temperature, pressure,
viscosity, conductivity, salinity, deposits, corrosivity, etc., that may be used to determine a
corrosion index for the pipeline. In LPR, the measurements may show decay characteristic,
e.g., due to capacitive effects. This delay or time lag may vary depending on the specific
characteristics of the metal/environment system. Since the decay characteristic is asymptotic,
systems with ‘capacitive inertia’ may closely approach equilibrium in 0-5 minutes, 0-10
minutes, 0-15 minutes, 0-30 minutes, 5-10 minutes, 5-15 minutes, 5-30 minutes, 10-15
minutes, 10-30 minutes, or 15-30 minutes. Frequency of sampling and measurement may be
varied based on the properties of the fluid to be sampled and/or measured parameters and may
be optimized using a control system configured to control the sampling frequency, e.g., by
controlling the opening/closing frequency of the ports 102 and/or 108 based on a timer, a
location, or another metric to obtained the desired operating characteristics for the device 100.
In some embodiments, the device 100 may be equipped with components configured to
periodically clean the LPR probe 106 either chemically or mechanically depending on fluid
properties to avoid fouling of sensors. The device 100 may be removed from the pipeline at a
second location, e.g., downstream along a pipeline. The second location may be remote from

the first location by a separation of between 0-1 kilometers (km), 0-10 km, 0-50 km, 0-100 km,
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10-50 km, 10-100 km, 50-100 km, a distance greater than 1 km, 10 km, 50 km, or 100 km, as
optionally determined, e.g., based on the power available to the power source 104, based on
global positioning system (GPS) availability, based on topological and/or geographic

limitations, etc.

[0028] In some embodiments, the device 100 may further comprise a chemical dispersing
section configured to disperse a chemical, e.g., a corrosion inhibiting chemical, into the
pipeline, e.g., in response to a parameter measurement exceeding a predetermined set point.
The device may dispose corrosion inhibitor or biocide if the residual of corrosion inhibitor or
biocide is below threshold. Threshold value of corrosion inhibitor is defined based on fluid
corrosivity or corrosion rate at that location which depends on the corrosion allowance used
during pipeline design. Typical value of threshold corrosion rate may be lower than 20 mils
per year (mpy), e.g., between 0-20 mpy, 0-10 mpy, 0-5 mpy, etc. Suitable corrosion inhibitors
may include chemicals such as quaternary ammonium salt, quaternary amine, imidazoline, or
other similar compounds. In some cases, emulsifier may be added in the fluid to remove free

water, or pH buffering agent may be added to maintain pH at desired value in the pipeline.

[0029] In some embodiments, the device 100 may further comprises one or more location
sensors, e.g., a GPS sensor, for determining the position of the device 100. The device 100
may further comprise computer equipment configured to record the location of the device 100
at a particular time, e.g., in order to record particular regions of concern within the pipeline for

future monitoring, in order to disperse corrosion inhibiting chemicals, etc.

[0030] FIG. 2 is a schematic diagram of a second embodiment of a smart electrochemical
sensor device 200 for pipeline corrosion measurement. The components of the device 200 may
be substantially the same as the corresponding components of the device 100 of FIG. 1 except
as otherwise noted. The device 200 has an inlet port 202 and an inlet valve 204 configured to
start and stop fluid sample collection, e.g., as directed by a control system (not depicted)
configured to control sampling periodicity. A conductivity measuring probe 206 is disposed
in a fluid reservoir 208. A three-way valve 210 is configured to pass a fluid sample from the
fluid reservoir along a bypass 212 to the outlet port 214 or along an inlet line to the LPR probe
216. An internally disposed power source 218 is coupled to the LPR probe 216. An outlet
valve 220 is configured to pass the fluid sample from the LPR probe to the outlet port 214. In
some embodiments, the outlet valve 220 is directed by a control system (not depicted)

configured to control sampling periodicity. A probe cleaning equipment 222 is disposed in a
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cleaning section on the device 200 and configured to store a probe cleaning liquid. A cleaning
liquid valve 224 is disposed on a line coupling the probe cleaning equipment 222 to the LPR
probe 216. In some embodiments, the probe cleaning equipment 222 comprises chemical
cleaning equipment, e.g., one or more nozzles and pumps configured to pass the probe cleaning
liquid to the LPR probe in order to periodically clean the LPR probe 216 and thus avoid fouling
of the sensors. Mechanical cleaning equipment (not depicted) may be disposed on the device
200 and used alternately or additionally for substantially the same purpose as understood by

those of skill in the art.

[0031] While the present techniques may be susceptible to various modifications and
alternative forms, the exemplary embodiments discussed herein have been shown only by way
of example. However, it should again be understood that the techniques disclosed herein are
not intended to be limited to the particular embodiments disclosed. Indeed, the present
techniques include all alternatives, modifications, combinations, permutations, and equivalents

falling within the true spirit and scope of the appended claims.
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CLAIMS
What is claimed is:
1. A method of monitoring a pipeline, comprising:
positioning a probe device in the pipeline;
passing the probe device along the pipeline;

collecting at least one fluid sample at each of a plurality of locations along a length of

the pipeline;
passing each fluid sample into the probe device; and

measuring at least one parameter of each fluid sample using an electrochemical sensor
disposed within the probe device, wherein the at least one parameter is selected from a group
consisting of: pH, temperature, pressure, viscosity, conductivity, salinity, deposits, and

COITOSIVity.

2. The method of claim 1, wherein measuring the at least one parameter comprises
performing linear polarization resistance (LPR) analysis, electrical resistance (ER) analysis, or
both.

3. The method of claim 1 or claim 2, wherein the length of the pipeline is at least 1
kilometer.
4, The method of any of claims 1-3, further comprising:

delivering at least one chemical in the pipeline based at least in part on results from
measuring the at least one parameter, a location of the probe device in the pipeline, or a

combination thereof.
5. The method of any of claims 1-4, further comprising:

cleaning at least one sensor on the probe using cleaning equipment disposed on the

probe.
6. An apparatus for monitoring a pipeline, comprising:
an electrochemical sensor device comprising;
a body configured for passage along the pipeline;

a fluid inlet on the electrochemical sensor device configured to collect at least

10
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one sample of a fluid;

an electrochemical sensor disposed within the body and coupled to the fluid
inlet, wherein the electrochemical sensor is configured to measure at least one

corrosion-related parameter of the at least one sample.
7. The apparatus of claim 6, wherein the electrochemical sensor device further comprises:
alocation sensor, and

a memory configured to store a location of the electrochemical sensor device in
response to measuring at least one corrosion-related parameter, sensing a location of the

electrochemical sensor device, or a combination thereof.

8. The apparatus of claim 6 or claim 7, wherein the electrochemical sensor device further

comprises:

a fluid reservoir having a fluid reservoir inlet and a fluid reservoir outlet, wherein the

fluid reservoir is configured to retain the sample of the fluid;
an inlet valve coupled to the fluid reservoir inlet; and
an outlet valve coupled to the fluid reservoir outlet.

9. The apparatus of any of claims 6-8, wherein the body has a diameter that is substantially
the same diameter as the pipeline, and wherein at least a portion of the body has a substantially

cylindrical shape.

10. The apparatus of claim 9, wherein the body comprises a conically shaped first end
configured to lead the probe device along the pipeline, and wherein the fluid inlet is disposed

on the first end of the body.
11.  The apparatus of claim 9, wherein the electrochemical sensor device further comprises:
a propulsion mechanism disposed on a tail end of the electrochemical sensor device.

12.  The apparatus of any of claims 6-11, wherein the electrochemical sensor device further

comprises:

a plurality of electrochemical sensors configured to measure at least one corrosion-

related parameter of the fluid.

11
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13.  The apparatus of any of claims 6-12, wherein the electrochemical sensor device further

comprises:  a cleaning fluid reservoir configured to retain a sensor cleaning fluid; and

a cleaning fluid dispenser coupled to the cleaning fluid reservoir on a first end and
coupled to the sensor on a second end, and configured to pass the sensor cleaning fluid from

5 the cleaning fluid reservoir to the sensor.

14.  The apparatus of any of claims 6-13, wherein the electrochemical sensor device further

comprises:  achemical reservoir configured to retain a corrosion inhibiting chemical; and

a chemical dispensing port coupled to the chemical reservoir, and configured to

dispense the corrosion inhibiting chemical into the pipeline.
10 15. An apparatus for measuring a fluid in a pipeline, comprising:
a probe device, comprising:
a fluid sample collection section configured to collect at least one fluid sample;
a fluid sample analysis section configured to analyze the fluid sample;
a fluid sample disposal section configured to dispose of the fluid sample;

15 wherein the probe device is configured for passage down the pipeline from a first

location to a second location.

16.  The apparatus of claim 15, wherein the probe device comprises:
ahead end;
a center section coupled to the head end; and

20 a tail end coupled to the center section, wherein the head end is distal from the tail end,

and wherein:

the fluid sample collection section comprises at least a portion of the head end,

the center section, or both; and

the fluid sample analysis section comprises at least a portion of the center

25 section.

12



10

15

WO 2017/039789 PCT/US2016/038600

17.  The apparatus of claim 15 or claim 16, wherein the fluid sample collection section is
configured to periodically collect a plurality of fluid samples, and wherein the fluid sample
disposal section comprises a reservoir for retaining one or more fluid samples for subsequent

analysis.
18. The device of any of claims 15-17, wherein the probe further comprises:

a cleaning section configured to clean at least a portion of the fluid sample analysis

section.
19. The device of any of claims 15-18, wherein the probe further comprises:
a chemical dispersing section configured to disperse a chemical into the pipeline.

20. The device of any of claims 15-19, wherein the fluid sample analysis section comprises
at least one sensor for analyzing the fluid sample for at least one corrosion-related parameter
selected from a group consisting of: pH, temperature, pressure, viscosity, conductivity, salinity,

deposits, and corrosivity.

13
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