
(12) STANDARD PATENT (11) Application No. AU 2019477996 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Method and system to determine variations in a fluidic channel 

(51) International Patent Classification(s) 
E21B 47/00 (2012.01) G01L 19/08 (2006.01) 
F16L 55/26 (2006.01) F16L 101/30 (2006.01) 

(21) Application No: 2019477996 (22) Date of Filing: 2019.12.13 

(87) WIPO No: W021/118586 

(30) Priority Data 

(31) Number (32) Date (33) Country 
16/713,118 2019.12.13 US 

(43) Publication Date: 2021.06.17 
(44) Accepted Journal Date: 2024.11.21 

(71) Applicant(s) 
Halliburton Energy Services, Inc.  

(72) Inventor(s) 
OGUNDARE, Oluwatosin;OLMI, Claudio;BENNETT, David B.;BICKLEY, Terry 
Don;STARK, Daniel Joshua;NICHOLSON, Jeremy Coss 

(74) Agent / Attorney 
Spruson & Ferguson, GPO Box 3898, Sydney, NSW, 2001, AU 

(56) Related Art 
US 2011/0139538 Al 
US 2015/0331007 Al 
US 4590799 A 
US 2017/0254165 Al 
US 4641529 A



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

(19) World Intellectual Property 
(1) Organization11111111111111111111111I1111111111111i1111liiiii 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2021/118586 Al 
17 June 2021 (17.06.2021) WIPO I PCT 

(51) International Patent Classification: CHOLSON, Jeremy Coss; 1506 Brendon Trail Ln, Spring, 
E21B 47/00 (2006.01) GO1L 19/08 (2006.01) Texas 77386 (US).  
F16L 55/26 (2006.01) F16L 10130 (2006.01) (74) Agent: BRYAN, Jason W. et al.; Polsinelli PC, 1000 

(21) International Application Number: Louisiana Street, Suite 6400, Houston, Texas 77002 (US).  
PCT/U52019/066164 (81) Designated States (unless otherwise indicated, for every 

(22) International Filing Date: kind ofnational protection available): AE, AG, AL, AM, 
13 December 2019 (13.12.2019) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 
(25)FilingLanguage: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, 
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, 

(30)KPriorityData: R, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, 
(30) 13,118 Pit Datamber 2019(13MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
16/713,118 13December2019O(13.12.2019) US M, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 

(71) Applicant: HALLIBURTON ENERGY SERVICES, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 
INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous- TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

ton, Texas 77032 (US). (84) Designated States (unless otherwise indicated, for every 

(72) Inventors: OGUNDARE, Oluwatosin; 9634 Lavender kind of regional protection available): ARIPO (BW, GH, 
Mist Ln, Katy, Texas 77494 (US). OLMI, Claudio; 1541 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 
Hollister St., Houston, Texas 77055 (US). BENNETT, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
David B.; 14678 Lyric Rd, Conroe, Texas 77032 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
BICKLEY, Terry Don; 9490 FM 1960 Bypass W., Hum- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
ble, Texas 77338 (US). STARK, Daniel Joshua; 8423 MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
Hearth Drive Apt. 3, Houston, Texas 77054 (US). NI- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 

KM, ML, MR, NE, SN, TD, TG).  

(54) Title: METHOD AND SYSTEM TO DETERMINE VARIATIONS IN A FLUIDIC CHANNEL 

(57) Abstract: A system is provided that includes a dart, a pressure sensor, and 
a controller communicatively coupled with the sensor. The dart is disposed in 

FIG. 1A a fluidic channel. The dart has a main body and a flange extending from the 
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of a variation in the fluidic channel, the flange creates a pressure pulse. The 
pressure sensor measures the pressure pulse within the fluidic channel created 
by the dart. The controller determines the location of the variation based on the 

= measured pressure pulse.  
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METHOD AND SYSTEM TO DETERMINE VARIATIONS IN A FLUIDIC CHANNEL 

CROSS-REFERENCED TO RELATED APPLICATIONS 

[0001] This application claims benefit to U.S. Application No. 16/713,118, filed 

December 13, 2019, the entire contents of which is hereby incorporated herein by reference.  

FIELD 

[0002] The present disclosure relates generally to a system and method to determine 

variations in a fluidic channel. In at least one example, the present disclosure relates to a system 

and method to determine variations in a fluidic channel utilizing a dart.  

BACKGROUND 

[0003] Wellbores are drilled into the earth for a variety of purposes including tapping 

into hydrocarbon bearing formations to extract the hydrocarbons for use as fuel, lubricants, 

chemical production, and other purposes. These hydrocarbons are often transmitted to 

processing plants via pipelines. Fluidic channels such as pipelines and wellbores need to be 

inspected to determine variations such as junctions, nipples, leaks, blockages by deposits, or 

structural erosion or damage.  

[0004] Most methods for monitoring the integrity of fluidic channels are intrusive, such 

as using pigs, overhead drones, low flying airplanes, and the like. These methods can entail 

considerable investments in money and time. Additionally, these methods are intrusive and 

require specific dimensions and abilities to properly interact with the fluidic channels.  

[0004a] It is an object of the invention to address at least one shortcoming of the prior 

art and/or provide a useful alternative.  

SUMMARY OF INVENTION 

[0004b] In one aspect of the invention, there is provided a system comprising a dart 

disposed in a fluidic channel, the dart having a main body and a flange extending from the main 

body, the flange having a diameter greater than or equal to a diameter of the fluidic channel, 

wherein when the dart translates within the fluidic channel and passes a location of a variation 

in the fluidic channel, the flange creates a pressure pulse; a pressure sensor to measure the 

pressure pulse within the fluidic channel created by the dart; and a controller communicatively 

coupled with the sensor, the controller determining the location of the variation based on the 

measured pressure pulse, wherein the controller determines a type of the variation.  

(44700086_1):KRM
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[0004c] In another aspect of the invention, there is provided a data acquisition system 

comprising a pressure sensor to measure a pressure pulse within a fluidic channel created by a 

dart; and a controller communicatively coupled with the sensor, the controller determining a 

location of a variation based on the measured pressure pulse, wherein the controller determines 

a type of the variation.  

[0004d] In a further aspect of the invention, there is provided a method comprising 

translating a dart within a fluidic channel; measuring, by a pressure sensor, a pressure pulse 

created by the dart when the dart passes by a location of a variation in the fluidic channel; and 

determining, by a controller, the location of the variation based on the measured pressure pulse, 

wherein the controller determines a type of the variation.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Implementations of the present technology will now be described, by way of 

example only, with reference to the attached figures, wherein: 

[0006] FIG. 1A is a schematic diagram of an exemplary environment for a system for 

determining a variation of a fluidic channel according to the present disclosure; 

[0007] FIG. 1B is a schematic diagram of another exemplary environment for a system 

for determining a variation of a fluidic channel according to the present disclosure; 

[0008] FIG. IC is a schematic diagram of a controller which may be employed according 

to the present disclosure; 

[0009] FIG. 2 is a schematic diagram of a dart used in the system of FIGS. 1A and 1B; 

(44700086_1):KRM



WO 2021/118586 PCT/US2019/066164 

[0010] FIG. 3 is a flow chart of a method to determine variations in a fluidic channel 

according to the present disclosure; 

[0011] FIGS. 4A-4E are schematic diagrams of a dart translating within a fluidic channel 

to determine variations in the fluidic channel according to the present disclosure; and 

[0012] FIG. 5 is an exemplary diagram of a pressure profile recorded in the fluidic channel 

after induction of pressure pulses by the dart.  

DETAILED DESCRIPTION 

[0013] It will be appreciated that for simplicity and clarity of illustration, where 

appropriate, reference numerals have been repeated among the different figures to indicate 

corresponding or analogous elements. In addition, numerous specific details are set forth in order 

to provide a thorough understanding of the examples described herein. However, it will be 

understood by those of ordinary skill in the art that the examples described herein can be 

practiced without these specific details. In other instances, methods, procedures and components 

have been described so as not to obscure the related relevant feature being described. Also, the 

description is not to be considered as limiting the scope of the examples described herein. The 

drawings are not necessarily to scale and the proportions of certain parts may be exaggerated to 

better illustrate details and features of the present disclosure.  

[0014] Disclosed herein are systems and methods to determine variations in a fluidic 

channel. Variations can include, for example, a change in the diameter of the fluidic channel, a 

joint, a junction, a perforation, a nipple, a leak, an indentation, and/or deposits in the fluidic 

channel. The system includes a dart disposed in a fluidic channel, such as a wellbore, a conduit, 

and/or a pipeline. The dart includes one or more flanges extending from the body of the dart. The 

flanges have a diameter equal to or greater than a diameter of the fluidic channel, such that when 

the dart translates within the fluidic channel, the flanges are in contact with the walls of the 

fluidic channel and, in some examples, are flexed. In some examples, the dart can include a pig.  

In some examples, the dart can include an oversized pig where the flanges are larger than the 

fluidic channel.  

[0015] When the dart passes by a variation in the fluidic channel, the flanges of the dart 

flex due to the change in the walls of the fluidic channel. For example, the flanges may be flexed 

or bent against the walls when the dart translates along the fluidic channel. When there is an 
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opening in the walls from a variation such as with a junction or a joint, the flanges may 

straighten and then flex again when coming back in contact with the standard shape of the walls.  

In some examples, the flange may be straight or in a natural state, and when the flange abuts 

against a variation in the walls, such as a nipple or a deposit, the flange may flex and then return 

to the initial configuration after passing the variation. The changes, such as flexing and/or 

straightening, in the flange create a pressure pulse within the fluid of the fluidic channel. The 

pressure pulse traverses through the fluid of the fluidic channel, and is measured by a pressure 

sensor. In some examples, one or more pressure sensors may be disposed behind the dart. In 

some examples, one or more pressure sensors may be disposed in front of the dart in the 

direction that the dart is traveling.  

[0016] The pressure sensor(s) is communicatively coupled with a controller. The controller 

receives data from the pressure sensor(s) and determines the location of the variation. For 

example, the controller can determine the location of the variation based on the timing of the 

pressure pulse. In some examples, the controller can determine the type of variation, for example 

based on the shape and/or amplitude of the pressure pulse.  

[0017] The system can be employed in an exemplary wellbore environment 10 shown, for 

example, in FIG. 1A. The environment 10 includes a drilling rig 12 extending over and around a 

fluidic channel 50, such as a wellbore 14 in FIG. 1A. The wellbore 14 is within an earth 

formation 22 and has a casing 20 lining the wellbore 14, the casing 20 is held into place by 

cement 16. A dart 100 can be disposed within the wellbore 14 and moved up and/or down the 

wellbore 14 via a conduit 18 to a desired location. In some examples, the dart 100 can be fluid 

propelled. In some examples, the dart 100 can include a motor and propeller system such that the 

dart 100 can translate within the wellbore 14. In some examples, the dart 100 can include a 

downhole tool to carry out logging and/or other operations.  

[0018] The conduit 18 can be, for example, tubing-conveyed, wireline, slickline, work 

string, joint tubing, jointed pipe, pipeline, coiled tubing, and/or any other suitable means for 

conveying darts 100 into a fluidic channel 50 such as a wellbore 14. In some examples, the 

conduit 18 can include electrical and/or fiber optic cabling for carrying out communications. The 

conduit 18 can be sufficiently strong and flexible to tether the dart 100 through the wellbore 14, 

while also permitting communication through the conduit 18 to one or more of the processors, 

which can include local and/or remote processors. Moreover, power can be supplied via the 

3



WO 2021/118586 PCT/US2019/066164 

conduit 18 to meet power requirements of the dart 100. For slickline or coiled tubing 

configurations, power can be supplied downhole with a battery or via a downhole generator.  

[0019] A data acquisition system 195 includes one or more sensors 190 communicatively 

coupled with a controller 200 which can receive and/or process the data received from the 

sensors 190. While FIG. 1A illustrates one sensor 190, in other examples, more than one sensor 

190 may be utilized. In at least one example, as illustrated in FIG. 1A, one or more sensors 190 

can be disposed within the fluidic channel 50 at predetermined locations. The sensor 190 is 

positioned to measure pressure in the fluidic channel 50. Additionally, the sensor 190 may 

measure parameters related to the wellbore 14 and/or fluid in the wellbore 14, such as flow rate, 

temperature, and/or composition. In some examples, additional sensors 190 may measure 

additional parameters related to the wellbore 14 and/or the fluid in the wellbore 14 such as flow 

rate, temperature, and/or composition. In at least one example, sensor 190 can be disposed within 

the wellbore 14, for example coupled with or disposed in the casing 20, as illustrated in FIG. 1A.  

[0020] The system may also be employed in an exemplary system 150 shown, for 

example, in FIG. 1B. FIG. 1B illustrates a dart 100 deployed in a fluidic channel 50 such as a 

pipeline 160. In other examples, the fluidic channel 50 can be, for example, a wellbore as 

illustrated in FIG. 1A, a conduit, or any channel through which fluid flows. The fluidic channel 

50 has a first end 1060 and a second end 1062. Each of the first end 1060 and the second end 

1062 are open such that the first and second ends 1060, 1062 are accessible by an operator and 

fluid can flow through the open ends. In other examples, the second end 1062 of the fluidic 

channel 50 is closed such that fluid cannot flow through the second end 1062. In at least one 

example, the first and second ends 1060, 1062 can be located along any point of the fluidic 

channel 50. For example, the first end 1060 may be located in the middle of the fluidic channel 

50. The first end 1060 is any entry point to gain access to the fluidic channel 50. As illustrated in 

FIG. 1B, the fluidic channel 50 has a vertical section 1064 and a horizontal section 1066. In other 

examples, the fluidic channel 50 can extend only in one direction or multiple directions along 

any axis.  

[0021] The fluidic channel 50 has walls 162 which form an annulus 166 through which 

fluid 164 can be contained in and flow. The fluid 164 can be one fluid or more than one fluid.  

The fluid 164 can include, for example, water and/or oil. The fluid 164 can also substantially fill 

the entire fluidic channel 50. In other examples, the fluid 164 can partially fill the fluidic channel 
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50. The walls 162 of the fluidic channel 50 can form a cross-sectional shape such as substantially 

circular, ovoid, rectangular, or any other suitable shape. The walls 162 of the fluidic channel 50 

can be made of any combination of plastics or metals, suitable to withstand fluid flow without 

corrosion and with minimal deformation.  

[0022] The fluidic channel 50 can also include one or more ports 1061. The ports 1061 

extend through the walls 162 of the fluidic channel 50. As such, the ports 1061 permit 

communication across the walls 162 from external the fluidic channel 50 to the annulus 166 

within the fluidic channel 50.  

[0023] The system 100 includes a data acquisition system 195, similar to the data 

acquisition system 195 of FIG. 1A, which receives and processes data such that the data can be 

used and interpreted by a user. The data acquisition system 195 can be proximate to the first end 

1060 of the fluidic channel 50. The data acquisition system 195 can include one or more sensors 

190 communicatively coupled with a controller 200 which can receive and/or process the data 

received from the sensors 190. In some examples, the sensors 190 can be coupled with the 

controller 200 by a transmission system 154. The transmission system 154 can be wireline, 

optical fiber, wirelessly such as through the cloud or Bluetooth, or any other suitable method to 

transmit data. In some examples, as illustrated in FIG. 1B, the controller 200 can be located in a 

data center 110. The data center 110 may be above ground, under water, underground, or located 

at any point to collect data. For example, the data center 110 may be an underwater vehicle such 

as a submarine. In other examples, the data center 110 may be located on a platform, as 

illustrated in FIG. 1B.  

[0024] Referring to FIGS. 1A and 1B, along the fluidic channel 50, variations 51 in the 

fluidic channel 50 may form. The variations 51 can be a change of shape and/or cross-sectional 

area, for example, of the fluidic channel 50 any amount and in any shape and form. For example, 

in some areas, the variations 51 may extend into the annulus 166 of the fluidic channel 50.  

Variations 51 can be caused, for example, by deformation of the walls 162 of the fluidic channel 

50, deposits formed along the walls 162 of the fluidic channel 50, a change in the diameter D1 of 

the fluidic channel 50, joints, junctions, perforations, leaks, indentations, and/or nipples.  

Deposits can be, for example, wax deposits, clay deposits, or any other possible deposits that can 

adhere to the walls 162 of the fluidic channel 50 such that the fluid flow is at least partly 
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impeded. FIG. 1A illustrates an example of a nipple, and FIG. 1B illustrates an example of a 

junction and an indentation in the fluidic channel 50.  

[0025] In some areas, the fluidic channel 50 may not have any variations 51. For example, 

the cross-sectional shape of the fluidic channel 50 can be substantially circular or any other 

originally desired shape as discussed above. In yet other areas, the fluidic channel 50 may have 

variations 51. The change in shape of the fluidic channel 50 by the variation 51 can cause the 

cross-sectional shape of the fluidic channel 50 to be substantially ovoid, rectangular, diamond, 

triangular, irregular, or any other possible shape other than the original shape of the fluidic 

channel 50. As illustrated in FIG. 1A, the illustrated portion of the fluidic channel 50 has one 

portion with variations 51. In other examples, for example as illustrated in FIG. 1B, the fluidic 

channel 50 can be more than one portion with variations 51. In yet other examples, the fluidic 

channel 50 may not have any portions with variations 51.  

[0026] FIG. 1C is a block diagram of an exemplary controller 200. Controller 200 is 

configured to perform processing of data and communicate with the sensors 190, for example as 

illustrated in FIGS. 1A and 1B. In operation, controller 200 communicates with one or more of 

the components discussed herein and may also be configured to communication with remote 

devices/systems.  

[0027] As shown, controller 200 includes hardware and software components such as 

network interfaces 210, at least one processor 220, sensors 260 and a memory 240 

interconnected by a system bus 250. Network interface(s) 210 can include mechanical, electrical, 

and signaling circuitry for communicating data over communication links, which may include 

wired or wireless communication links. Network interfaces 210 are configured to transmit and/or 

receive data using a variety of different communication protocols, as will be understood by those 

skilled in the art.  

[0028] Processor 220 represents a digital signal processor (e.g., a microprocessor, a 

microcontroller, or a fixed-logic processor, etc.) configured to execute instructions or logic to 

perform tasks in a wellbore environment. Processor 220 may include a general purpose 

processor, special-purpose processor (where software instructions are incorporated into the 

processor), a state machine, application specific integrated circuit (ASIC), a programmable gate 

array (PGA) including a field PGA, an individual component, a distributed group of processors, 

and the like. Processor 220 typically operates in conjunction with shared or dedicated hardware, 
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including but not limited to, hardware capable of executing software and hardware. For example, 

processor 220 may include elements or logic adapted to execute software programs and 

manipulate data structures 245, which may reside in memory 240.  

[0029] Sensors 260, which may include sensors 190 as disclosed herein, typically operate 

in conjunction with processor 220 to perform measurements, and can include special-purpose 

processors, detectors, transmitters, receivers, and the like. In this fashion, sensors 260 may 

include hardware/software for generating, transmitting, receiving, detection, logging, and/or 

sampling magnetic fields, seismic activity, and/or acoustic waves, or other parameters.  

[0030] Memory 240 comprises a plurality of storage locations that are addressable by 

processor 220 for storing software programs and data structures 245 associated with the 

embodiments described herein. An operating system 242, portions of which may be typically 

resident in memory 240 and executed by processor 220, functionally organizes the device by, 

inter alia, invoking operations in support of software processes and/or services 244 executing on 

controller 200. These software processes and/or services 244 may perform processing of data and 

communication with controller 200, as described herein. Note that while process/service 244 is 

shown in centralized memory 240, some examples provide for these processes/services to be 

operated in a distributed computing network.  

[0031] It will be apparent to those skilled in the art that other processor and memory types, 

including various computer-readable media, may be used to store and execute program 

instructions pertaining to the fluidic channel evaluation techniques described herein. Also, while 

the description illustrates various processes, it is expressly contemplated that various processes 

may be embodied as modules having portions of the process/service 244 encoded thereon. In this 

fashion, the program modules may be encoded in one or more tangible computer readable 

storage media for execution, such as with fixed logic or programmable logic (e.g., 

software/computer instructions executed by a processor, and any processor may be a 

programmable processor, programmable digital logic such as field programmable gate arrays or 

an ASIC that comprises fixed digital logic. In general, any process logic may be embodied in 

processor 220 or computer readable medium encoded with instructions for execution by 

processor 220 that, when executed by the processor, are operable to cause the processor to 

perform the functions described herein.  
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[0032] Additionally, the controller 200 can apply machine learning, such as a neural 

network or sequential logistic regression and the like, to determine relationships between the 

signals from the pressure pulses received by the sensors 190. For example, a deep neural network 

may be trained in advance to capture the complex relationship between an acoustic wave and the 

location of the variation. In some examples, the deep neural network may be trained to capture 

the complex relationship between the acoustic wave and the type of variation. This neural 

network can then be deployed in the determination of the variation. As such, the determination of 

variations 51 within a fluidic channel 50 can be more accurate.  

[0033] To obtain the measured profile and determine the variations 51 in the fluidic 

channel 50, a dart 100 is disposed in and passed through the fluidic channel 50. FIG. 2 illustrates 

an example of a dart 100 according to the present disclosure. The dart 100 can include, for 

example a pig or a plug which is passed through the fluidic channel 50.  

[0034] The dart 100 has a main body 102 and one or more flanges 104 extending from the 

main body 102. As illustrated in FIG. 2, the main body 102 and the flanges 104 are both 

substantially cylindrical. In some examples, the main body 102 and/or the flanges 104 may be a 

rectangular prism, irregularly shaped, ovoid, and/or any other desired shape such that the dart 

100 can pass through the fluidic channel 50.  

[0035] As shown in FIGS. 1A and 1B, the dart 50 is disposed in the annulus 14, 166 of the 

fluidic channel 50 such that the flanges 104 of the dart 100 abut the walls 20, 162 of the fluidic 

channel 50. The flanges 104 have a diameter D2 greater than or equal to a diameter D1 of the 

fluidic channel 50. Accordingly, the flanges 104 maintain the abutment against the walls 20, 162 

of the fluidic channel 50 such that the flanges 104 flex when passing any variation 51 in the 

fluidic channel 50. As the flanges 104 flex, the flanges 104 create a pressure pulse. The flanges 

104 may flex and may have a desired amount of flex based on the elasticity of the material of the 

flanges 104. In some examples, the flanges 104 may flex based on the size and/or shape 

differential in relation to the walls 20, 162 of the fluidic channel 50 and/or the variations 51. The 

material selection, shape, and/or size of the flange 104 are sufficient for structural integrity while 

elastically deforming to an extent to result in an appreciable movement to generate a pressure 

pulse. As illustrated in FIG. 2, the flanges 104 have a thickness which is sloped. In other 

examples, the flanges 104 may have a uniform thickness. In some examples, the flanges 104 may 

be a thin flange 104 such as a fin. The flanges 104 can have any suitable shape so long as the 

8



WO 2021/118586 PCT/US2019/066164 

flanges 104 abut the walls 20, 162 of the fluidic channel 50 and flex when passing by a variation 

51 in the fluidic channel 50.  

[0036] As illustrated in FIGS. 1A and 1B, one or more sensors 190 of a data acquisition 

system 195 receive the pressure pulse signals created by the dart 100. The sensors 190 can be 

disposed in front of and/or behind the dart 100 in relation to the direction of translation of the 

dart 100 in the fluidic channel 50. The sensor 190 can include a pressure transducer. In other 

examples, the sensors 190 can be any suitable sensor that measures pressure or stress of the fluid, 

for example a string gauge or an optical fiber transducer. The sensors 190 can be disposed within 

the annulus 14, 166 of the fluidic channel 50. For example, the sensors 190, as illustrated in FIG.  

1B, can be mounted to and/or inserted through a port 1061 of the fluidic channel 50. The port 

1061 may be pre-existing, so the fluidic channel 50 does not need to be modified or disrupted to 

position the sensors 190. In other examples, the sensors 190 can be disposed external to the 

fluidic channel 50.  

[0037] As illustrated in FIGS. 1A and 1B, the signals received by the sensors 190 are 

passed to a controller 200 to be interpreted to map out and quantify any variations 51 in the 

fluidic channel 50. The controller 200 can be located at the surface, within a vehicle such as a 

submarine, or any other suitable location such that the data can be interpreted by an operator.  

The controller 200 can determine the location of the variations 51 based on the measured 

pressure pulse. In some examples, the controller 200 can determine the location of the variation 

51 based on the time that the pressure pulse is sensed by the sensor. In at least one example, the 

controller 200 can determine the type of the variation 51, for example whether the variation 51 

includes a change in the diameter of the fluidic channel, a joint, a junction, a perforation, a 

nipple, a leak, an indentation, and/or deposits in the fluidic channel. In some examples, the 

controller 200 can determine the type of the variation 51 based on the shape and/or amplitude of 

the pressure pulse. In some examples, the controller 200 can determine the type of the variation 

51 as well as the location of the variation 51.  

[0038] Referring to FIG. 3, a flowchart is presented in accordance with an example 

embodiment. The method 300 is provided by way of example, as there are a variety of ways to 

carry out the method. The method 300 described below can be carried out using the 

configurations illustrated in FIG. 1A-2 and 4-6, for example, and various elements of these 

figures are referenced in explaining example method 300. Each block shown in FIG. 3 represents 
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one or more processes, methods or subroutines, carried out in the example method 300.  

Furthermore, the illustrated order of blocks is illustrative only and the order of the blocks can 

change according to the present disclosure. Additional blocks may be added or fewer blocks may 

be utilized, without departing from this disclosure. The example method 300 can begin at block 

302.  

[0039] At block 302, a dart translates within a fluidic channel. The dart includes a flange 

which extends from a main body. The flange has a diameter greater than or equal to a diameter 

of the fluidic channel such that when the dart translates within the fluidic channel and passes a 

location of a variation in the fluidic channel, the flange creates a pressure pulse. In at least one 

example, the flange creates a pressure pulse by flexing when passing by a variation.  

[0040] For example, FIGS. 4A-4E illustrate a dart 100 translating within a fluidic channel 

50. As illustrated in FIGS. 4A-4E, the fluidic channel 50 includes one or more variations 51. The 

variations 51 can include at least one of the following: a change in the diameter D1 of the fluidic 

channel 50, a joint, a junction, a perforation, a nipple, a leak, an indentation, deposits in the 

fluidic channel 50, and/or any change in the fluidic channel 50. In some examples, as illustrated 

in FIGS. 4A-4E, the fluidic channel 50 as illustrated in FIGS. 4A-4E include an initial variation 

55, a junction 52, and a joint 54.  

[0041] At block 304, a pressure sensor measures a pressure pulse created by the dart when 

the dart passes by a location of a variation in the fluidic channel. For example as illustrated in 

FIGS. 4B, 4D, and 4E, as the dart 100 passes by each of the variations 51, the dart 100 creates a 

pressure pulse 120 which is sensed by one or more sensors 190.  

[0042] As illustrated in FIG. 4B, an initial variation 55 can be located at a trigger point 

such that the dart 100 creates an initial pressure pulse 122 when passing by the trigger point. As 

illustrated in FIGS. 4A-4E, a sensor 190 is located at the trigger point. In other examples, the 

sensor 190 can be located at any other location such that the sensor 190 can measure the pressure 

within the fluidic channel 50.  

[0043] As illustrated in FIG. 4D, the variation 51 includes a junction 52. As the dart 100 

passes by the opening formed by the junction 52, the flange of the dart 100 flexes which creates 

the pressure pulse 120 sensed by the sensor 190. As illustrated in FIG. 4E, the variation 51 

includes a joint 54. Similarly, as the dart 100 passes by the change in the walls of the fluidic 
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channel 50 formed by the junction 52, the flange of the dart 100 flexes which creates the pressure 

pulse 120 sensed by the sensor 190.  

[0044] At block 306, a controller determines the location of the variation based on the 

measured pressure pulse. As illustrated in FIGS. 4A-4E, the controller 200 can be 

communicatively coupled with the sensor 190. FIG. 5 illustrates a diagram 600 of a pressure 

profile recorded in the fluidic channel after induction of pressure pulses by the dart. Pressure 602 

can correspond with the initial pressure pulse created by the dart when passing by the trigger 

point. Pressures 604 and 606 can correspond with pressure pulses created by the dart when 

passing by additional variations.  

[0045] In at least one example, the controller can determine the location of the variation 

based on the time that the pressure pulse is sensed by the sensor. For example, in FIG. 5, time T2 

from the initial pressure 602 corresponding to pressure 606 is greater than time T1 from the 

initial pressure 602 corresponding to pressure 604. Accordingly, the controller can determine the 

location of the variation corresponding to pressure 606 is further than the variation 

corresponding to pressure 604. Additionally, in some examples, the length of time from the 

initial pressure 602 can be utilized to determine the distance of the variation from the trigger 

point. For example, the controller can calculate the rate that the pressure pulse would travel 

based on the properties of the fluid in the fluidic channel. In at least one example, the controller 

can determine the type of the variation based on the shape and/or amplitude of the pressure 

pulse.  

[0046] Numerous examples are provided herein to enhance understanding of the present 

disclosure. A specific set of statements are provided as follows.  

[0047] Statement 1: A system is disclosed comprising: a dart disposed in a fluidic channel, 

the dart having a main body and a flange extending from the main body, the flange having a 

diameter greater than or equal to a diameter of the fluidic channel, wherein when the dart 

translates within the fluidic channel and passes a location of a variation in the fluidic channel, the 

flange creates a pressure pulse; a pressure sensor to measure the pressure pulse within the fluidic 

channel created by the dart; and a controller communicatively coupled with the sensor, the 

controller determining the location of the variation based on the measured pressure pulse.  

[0048] Statement 2: A system is disclosed according to Statement 1, wherein the fluidic 

channel includes at least one of the following: a pipeline, a conduit, and/or a wellbore.  
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[0049] Statement 3: A system is disclosed according to Statements 1 or 2, wherein the dart 

is configured to flex in response to passing the variation in the fluidic channel, and the controller 

is configured to detect a pressure pulse generated in response to the flexing of the flange.  

[0050] Statement 4: A system is disclosed according to any of preceding Statements 1-3, 

wherein the controller determines the location of the variation based on the time that the pressure 

pulse is sensed by the sensor.  

[0051] Statement 5: A system is disclosed according to any of preceding Statements 1-4, 

wherein the controller determines a type of the variation.  

[0052] Statement 6: A system is disclosed according to Statement 5, wherein the type of 

the variation includes at least one of the following: a change in the diameter of the fluidic 

channel, a joint, a junction, a perforation, a nipple, a leak, an indentation, and/or deposits in the 

fluidic channel.  

[0053] Statement 7: A system is disclosed according to Statement 5, wherein the controller 

determines the type of the variation based on the shape and/or amplitude of the pressure pulse.  

[0054] Statement 8: A system is disclosed according to any of preceding Statements 1-7, 

wherein the fluidic channel has walls forming an annulus, wherein the dart is disposed in the 

annulus of the fluidic channel, and wherein the flange abuts the walls of the fluidic channel.  

[0055] Statement 9: A system is disclosed according to any of preceding Statements 1-8, 

wherein the dart includes a pig.  

[0056] Statement 10: A system is disclosed according to any of preceding Statements 1-9, 

wherein the fluidic channel includes an initial variation at a trigger point such that the dart 

creates an initial pressure pulse when passing by the trigger point, wherein the controller 

determines the location of the variation by comparing the timing of the pressure pulse for the 

variation with the timing of the initial pressure pulse for the trigger point.  

[0057] Statement 11: A data acquisition system is disclosed comprising: a pressure sensor 

to measure a pressure pulse within a fluidic channel created by a dart; and a controller 

communicatively coupled with the sensor, the controller determining a location of a variation 

based on the measured pressure pulse.  

[0058] Statement 12: A data acquisition system is disclosed according to Statement 11, 

wherein the dart includes a main body and a flange extending from the main body, the flange 

having a diameter greater than or equal to a diameter of the fluidic channel, wherein the dart is 
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configured to flex in response to passing the variation in the fluidic channel, and the controller is 

configured to detect a pressure pulse generated in response to the flexing of the flange.  

[0059] Statement 13: A data acquisition system is disclosed according to Statements 11 or 

12, wherein the controller determines the location of the variation based on the time that the 

pressure pulse is sensed by the sensor.  

[0060] Statement 14: A data acquisition system is disclosed according to any of preceding 

Statements 11-13, wherein the controller determines a type of the variation.  

[0061] Statement 15: A data acquisition system is disclosed according to Statement 14, 

wherein the type of the variation includes at least one of the following: a change in the diameter 

of the fluidic channel, a joint, a junction, a perforation, a nipple, a leak, an indentation, and/or 

deposits in the fluidic channel.  

[0062] Statement 16: A data acquisition system is disclosed according to Statement 14, 

wherein the controller determines the type of the variation based on the shape and/or amplitude 

of the pressure pulse.  

[0063] Statement 17: A data acquisition system is disclosed according to any of preceding 

Statements 11-16, wherein the fluidic channel includes an initial variation at a trigger point such 

that the dart creates an initial pressure pulse when passing by the trigger point, wherein the 

controller determines the location of the variation by comparing the timing of the pressure pulse 

for the variation with the timing of the initial pressure pulse for the trigger point.  

[0064] Statement 18: A method is disclosed comprising: translating a dart within a fluidic 

channel; measuring, by a pressure sensor, a pressure pulse created by the dart when the dart 

passes by a location of a variation in the fluidic channel; and determining, by a controller, the 

location of the variation based on the measured pressure pulse.  

[0065] Statement 19: A method is disclosed according to Statement 18, wherein the 

controller determines the location of the variation based on the time that the pressure pulse is 

sensed by the sensor.  

[0066] Statement 20: A method is disclosed according to Statements 18 or 19, further 

comprising: determining, by the controller, a type of the variation based on the shape and/or 

amplitude of the pressure pulse.  

[0067] The disclosures shown and described above are only examples. Even though 

numerous characteristics and advantages of the present technology have been set forth in the 
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foregoing description, together with details of the structure and function of the present 

disclosure, the disclosure is illustrative only, and changes may be made in the detail, especially 

in matters of shape, size and arrangement of the parts within the principles of the present 

disclosure to the full extent indicated by the broad general meaning of the terms used in the 

attached claims. It will therefore be appreciated that the examples described above may be 

modified within the scope of the appended claims.  

14



15 

CLAIMS 

What is claimed is: 

1. A system comprising: 

a dart disposed in a fluidic channel, the dart having a main body and a flange extending 

from the main body, the flange having a diameter greater than or equal to a diameter of the 

fluidic channel, wherein when the dart translates within the fluidic channel and passes a 

location of a variation in the fluidic channel, the flange creates a pressure pulse; 

a pressure sensor to measure the pressure pulse within the fluidic channel created by 

the dart; and 

a controller communicatively coupled with the sensor, the controller determining the 

location of the variation based on the measured pressure pulse, wherein the controller 

determines a type of the variation.  

2. The system of claim 1, wherein the fluidic channel includes at least one of the 

following: a pipeline, a conduit, and/or a wellbore.  

3. The system of claim 1, wherein the dart is configured to flex in response to passing the 

variation in the fluidic channel, and the controller is configured to detect a pressure pulse 

generated in response to the flexing of the flange.  

4. The system of claim 1, wherein the controller determines the location of the variation 

based on the time that the pressure pulse is sensed by the sensor.  

5. The system of claim 1, wherein the type of the variation includes at least one of the 

following: a change in the diameter of the fluidic channel, a joint, a junction, a perforation, a 

nipple, a leak, an indentation, and/or deposits in the fluidic channel.  

6. The system of claim 1, wherein the controller determines the type of the variation based 

on the shape and/or amplitude of the pressure pulse.  

7. The system of claim 1, wherein the fluidic channel has walls forming an annulus, 

wherein the dart is disposed in the annulus of the fluidic channel, and wherein the flange abuts 

the walls of the fluidic channel.  
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8. The system of claim 1, wherein the dart includes a pig.  

9. The system of claim 1, wherein the fluidic channel includes an initial variation at a 

trigger point such that the dart creates an initial pressure pulse when passing by the trigger 

point, wherein the controller determines the location of the variation by comparing the timing 

of the pressure pulse for the variation with the timing of the initial pressure pulse for the trigger 

point.  

10. A data acquisition system comprising: 

a pressure sensor to measure a pressure pulse within a fluidic channel created by a dart; 

and 

a controller communicatively coupled with the sensor, the controller determining a 

location of a variation based on the measured pressure pulse, wherein the controller determines 

a type of the variation.  

11. The data acquisition system of claim 10, wherein the dart includes a main body and a 

flange extending from the main body, the flange having a diameter greater than or equal to a 

diameter of the fluidic channel, wherein the dart is configured to flex in response to passing 

the variation in the fluidic channel, and the controller is configured to detect a pressure pulse 

generated in response to the flexing of the flange.  

12. The data acquisition system of claim 10, wherein the controller determines the location 

of the variation based on the time that the pressure pulse is sensed by the sensor.  

13. The data acquisition system of claim 10, wherein the type of the variation includes at 

least one of the following: a change in the diameter of the fluidic channel, ajoint, ajunction, a 

perforation, a nipple, a leak, an indentation, and/or deposits in the fluidic channel.  

14. The data acquisition system of claim 10, wherein the controller determines the type of 

the variation based on the shape and/or amplitude of the pressure pulse.  

15. The data acquisition system of claim 10, wherein the fluidic channel includes an initial 

variation at a trigger point such that the dart creates an initial pressure pulse when passing by 
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the trigger point, wherein the controller determines the location of the variation by comparing 

the timing of the pressure pulse for the variation with the timing of the initial pressure pulse 

for the trigger point.  

16. A method comprising: 

translating a dart within a fluidic channel; 

measuring, by a pressure sensor, a pressure pulse created by the dart when the dart 

passes by a location of a variation in the fluidic channel; and 

determining, by a controller, the location of the variation based on the measured 

pressure pulse, wherein the controller determines a type of the variation.  

17. The method of claim 16, wherein the controller determines the location of the variation 

based on the time that the pressure pulse is sensed by the sensor.  

18. The method of claim 16, 

wherein the controller determines the type of the variation based on the shape and/or 

amplitude of the pressure pulse.  
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