
DETERMINATION OF TUBERCULATION 

IN A FLUID DISTRIBUTION SYSTEM 

BACKGROUND 

[0001] 	A utility provider may install and maintain infrastructure to provide utility 
services to its customers. For example, a water utility provider may implement a fluid 

distribution system to distribute water to its customers. Over time, the interior of the 

fluid distribution system and its components (e.g., pipes, valves, couplings, etc.) may 

accumulate mineral deposits, causing the fluid distribution system to become less 
efficient at distributing the fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] 	The following detailed description references the drawings, in which: 

[0003] 	FIG. 1A illustrates a diagram of an environment to determine an amount of 
tuberculation within a fluid distribution system according to examples of the present 
disclosure; 

[0004] 	FIG. 1B illustrates a cross sectional view of a pipe of the fluid distribution 
system of FIG. 1A taken in a plane extending in the radial direction and orthogonal to 
the longitudinal direction according to examples of the present disclosure; 

[0005] 	FIG. 1C illustrates a cross sectional view of a pipe of the fluid distribution 

system of FIG. 1A taken in a plane extending in the radial and longitudinal directions 
according to examples of the present disclosure; 

[0006] 	FIG. 2 illustrates a block diagram of a computing system to determine an 

amount of tuberculation within a fluid distribution system, such as the fluid 

distribution system of FIG. 1A, according to examples of the present disclosure. 
[0007] 	FIG. 3 illustrates a computer-readable storage medium storing instructions 
to determine tuberculation in a fluid distribution system according to examples of the 
present disclosure; 

[0008] 	FIG. 4 illustrates a flow diagram of a method to determine tuberculation in 
a fluid distribution system according to examples of the present disclosure; 

[0009] 	FIG. 5 illustrates a flow diagram of a method 500 to determine 
tuberculation in a fluid distribution system according to examples of the present 

disclosure; 
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[0010] 	FIG. 6 illustrates a schematic of a flux of acoustic energy for a pipe 

segment according to examples of the present disclosure; and 

[0011] 	FIG. 7 illustrates a chart 700 of empirical attenuation model for 

tuberculation in a fluid distribution system according to examples of the present 

disclosure. 

DETAILED DESCRIPTION 

[0012] 	A utility provider may utilize a fluid distribution system to distribute fluids 

such as water or gas to its customers. To provide the fluid to its customers 

effectively, the utility provider may desire to monitor the efficiency and integrity of the 

fluid distribution system. Over time, as the fluid flows through the fluid distribution 

system, mineral deposits may accumulate within the fluid distribution system. The 

accumulation of mineral deposits, known as tuberculation, decreases the cross-

sectional area of the fluid distribution system, which is detrimental to efficient fluid 

distribution through the fluid distribution system. For example, a pipe within the fluid 

distribution system has a cross-section through which the fluid flows. As 

tuberculation increases (i.e., as minerals build up within the pipe or other component 

of the fluid distribution system), the cross-section of the pipe decreases, thereby 

decreasing the volume of fluid that can flow through the pipe. 

[0013] 	It is therefore desirable to determine the amount of tuberculation within a 

fluid distribution system to assess the efficiency and integrity of the fluid distribution 

system. Additionally, from the perspective of leak detection and condition 

assessment of the fluid distribution system, tuberculation poses certain challenges. 

For example, the mineral deposits, which are a porous material, absorb acoustic 

energy propagating along the fluid distribution system (such as when detecting leaks 

or assessing the condition of the fluid distribution system). This absorption negatively 

influences acoustic signaling used for leak detection and/or condition assessment. 

By determining the amount of tuberculation within the fluid distribution system, leaks 

can be more accurately detected and the condition of the fluid distribution system 

can be more accurately determined. 

[0014] 	Various implementations are described below by referring to several 

examples of determining tuberculation in a fluid distribution system. In one example 

implementation according to aspects of the present disclosure, an acoustical wave 

generator generates an acoustical wave within a fluid path of a fluid distribution 
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system. A first acoustical sensor and a second acoustical sensor sense the 

acoustical wave. An acoustical signal analysis module determines an amount of 

tuberculation within the fluid distribution system by analyzing the sensed acoustical 

wave. Other examples are described in the present disclosure. 

[0015] 	The present disclosure enables tuberculation to be determined within a 

fluid distribution system. For example, a fluid distribution system maintainer (e.g., a 

water utility provider) may utilize the present techniques to detect the presence and 

amount of tuberculation within the water distribution system. By detecting the 

tuberculation, the fluid distribution system maintainer may evaluate the remaining 

lifetime of the fluid distribution system and its components. The fluid distribution 

system maintainer may also be enabled to replace components of the fluid 

distribution system when tuberculation reaches a certain threshold, for example, or 

may take preventative measures to reduce the amount of tuberculation present in 

the fluid distribution system. These and other advantages will be apparent from the 

description that follows. 

[0016] 	FIGS. 1-3 include particular components, modules, instructions, engines, 

etc. according to various examples as described herein. In different implementations, 

more, fewer, and/or other components, modules, instructions, engines, 

arrangements of components/modules/instructions/engines, etc. may be used 

according to the teachings described herein. In addition, various components, 

modules, engines, etc. described herein may be implemented as instructions stored 

on a computer-readable storage medium, hardware modules, special-purpose 

hardware (e.g., application specific hardware, application specific integrated circuits 

(ASICs), embedded controllers, hardwired circuitry, etc.), or some combination or 

combinations of these. 

[0017] 	Generally, FIGS. 1-3 relate to components and modules of a computing 

system, such as computing system 120 of FIG. 1A, computing system 220 of FIG. 2, 

and computing system 320 of FIG. 3. It should be understood that the computing 

systems 120,220, and 320 may include any appropriate type of computing system 

and/or computing device, including for example smartphones, tablets, desktops, 

laptops, workstations, servers, smart monitors, smart televisions, digital signage, 

scientific instruments, retail point of sale devices, video walls, imaging devices, 

peripherals, networking equipment, wearable computing devices, or the like. 

3 



[0018] 	FIG. 1A illustrates a diagram of an environment 100 to determine an 

amount of tuberculation within a fluid distribution system 110 according to examples 

of the present disclosure. In examples, an acoustical wave generator 130 generates 

an acoustical wave within a fluid path 112 of a fluid distribution system 110. A first 

acoustical sensor 132 and a second acoustical sensor 134 sense the acoustical 

wave. An acoustical signal analysis module 124 determines an amount of 

tuberculation within the fluid distribution system by analyzing the sensed acoustical 

wave. 

[0019] 	As illustrated, the environment 100 includes a fluid distribution system 110, 

which may further include a pipe 110A. Although illustrated as the pipe 110A, it 

should be understood that the fluid distribution system 110 may be a plurality of 

pipes and other fluid distribution system components connected together to form the 

fluid distribution system 110, of which the pipe 110A is a portion. 

[0020] 	Generally, fluid distribution system 110 may be used to distribute fluids 

such as water to customers of a utility provider, for example. The fluid distribution 

system 110 may include various and numerous components, such as pipes (e.g., 

pipe 110A), hydrants, valves, couplers, corporation stops, and the like, as well as 

suitable combinations thereof. In examples, the fluid distribution system 110 may be 

partially or wholly subterraneous, or portions of the fluid distribution system 110 may 

be subterraneous, while other portions of the fluid distribution system 110 may be 

non-subterraneous (i.e., above ground). For example, a pipe such as pipe 110A may 

be partially or wholly subterraneous while a hydrant or valve (not shown) connected 

to the pipe 110A may be partially or wholly non-subterraneous. In other examples, 

the pipe 110A may be partially subterraneous in that the pipe 110A has portions 

exposed, such as to connect testing devices (e.g., acoustical wave generator 130, 

first acoustical sensor 132, second acoustical sensor 134, etc.) to the pipe 110A. 

[0021] 	The acoustical wave generator 130 generates an acoustical wave within 

the fluid path 112 within the fluid distribution system 110. In examples, the acoustical 

wave generator 130 is in fluid communication with fluid path 112 within the fluid 

distribution system 110, and the acoustical wave generator 130 generates an 

acoustical wave. As illustrated in FIG. 1A, the acoustical wave generator 130 is 

connected to the pipe 110A of the fluid distribution system 110. In examples, the 

connection may be direct and/or indirect. More particularly, acoustical wave 

generator 130 may be connected directly to the pipe 110A, such as through a hole 
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drilled into the wall of the pipe 110A, thereby causing the acoustical wave generator 

130 to be in fluid communication with the flow path 112. In some examples, the 

acoustical wave generator 130 may extend partially or wholly into the flow path 112, 

while in other examples, the acoustical wave generator 130 may not extend into the 

flow path 112. In another example, the acoustical wave generator 130 may be 

connected indirectly to the pipe 110A, such as via another component in the fluid 

distribution system 110 (e.g., a hydrant, a valve, a coupler, a corporation stop, etc.). 

In other examples, the acoustical wave generator 130 and the first and second 

acoustical sensors 132 and 134 may be connected to the water distribution system 

110 via air relief valves or may be hydrophones placed laterally on the pipe (e.g., 

pipe 110A). In some examples, the acoustical wave generator 130 may include a 

signal generator to generate a signal, a signal amplifier to amplify the signal, and a 

sound source to emit the amplified signal. 

[0022] 	In examples, the first acoustical sensor 132 and the second acoustical 

sensor 134 are placed a distance apart to enabling the sensing of the acoustical 

wave. Such a distance may be hundreds millimeters, hundreds meters, or even 

several kilometers apart. In some cases, the first acoustical sensor and the second 

acoustical sensor may be connected to the same pipe segment, such as pipe 110A, 

but in other examples, the first acoustical sensor 132 and the second acoustical 

sensor 134 may be placed on separate portions of the fluid distribution system 110. 

[0023] The acoustical wave generator 130 may be a hydrophone used in reverse 

(a reverse hydrophone) to produce an acoustical wave. In another example, the 

acoustical wave generator 130 may be a speaker or similar electronic device to 

produce an acoustical wave. Any suitable device capable of creating an acoustical 

wave, such as a pressure wave, in a fluid may be implemented as acoustical wave 

generator 130. For example, a pressure wave may be created manually (such as by 

a hammer striking the pipe) or automatically (such as by a piston striking the pipe). In 

addition to striking the pipe directly, a component attached to the pipe, such as a 

hydrant, valve, etc., may also be stricken. In another example, a valve may be 

opened and closed one or more times so as to generate an acoustical wave within 

the water flowing through the pipe. It should be understood that other techniques 

may be implemented to cause the acoustical wave. It should also be understood that 

the term "acoustic" may mean sound and/or vibration. 
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[0024] 	Once the acoustical wave generator 130 generates the acoustical wave, 

the first acoustical sensor 132 and the second acoustical sensor 134 sense the 

acoustical wave caused by a change of pressure in the flow path 112. In examples, 

the first acoustical sensor 132 is in fluid communication with the fluid path 112 within 

the fluid distribution system 110, and the first acoustical sensor 132 senses the 

acoustical wave generated by the acoustical wave generator 130. The first acoustical 

sensor 132 outputs a first acoustical signal representative of the acoustical wave, 

which may be received at the computing system 120, for example. Similarly, in 

examples, the second acoustical sensor 134 is in fluid communication with the fluid 

path 112 within the fluid distribution system 110, and the second acoustical sensor 

134 also senses the acoustical wave generated by the acoustical wave generator 

130. The second acoustical sensor 134 outputs a second acoustical signal 

representative of the acoustical wave, which may be also received at the computing 

system 120, for example. In such an implementation, the computing system 120 

receives both the first and second acoustical signals from the first and second 

acoustical sensors 132 and 134 respectively. 

[0025] 	The first and second acoustical sensors 132 and 134 may transmit the first 

and second acoustical signals respectively to the computing system 120 via a wired 

or wireless network or other communicative path illustrated in FIG. 1A as dotted 

lines. In examples, such as shown in FIG. 1A, the acoustical wave generator 130 

and the first and second acoustical sensors 132 and 134 may be communicatively 

coupleable to one another and to the computing system 120. In examples, the 

acoustical wave generator 130 and the first and second acoustical sensors 132 and 

134 may include transceivers, which may communicate data, such as the first and 

second acoustical signals, between the acoustical wave generator 130, the first and 

second acoustical sensors 132 and 134, and the computing system 120, which may 

include an interface (not shown) for transmitting and receiving the data. The 

transceivers may be any suitable device for sending, receiving, or sending and 

receiving data, such as a receiver, a transmitter, a transmitter-receiver, and/or a 

transceiver. It should be appreciated that any suitable communication technique may 

be implemented to transmit the data between the acoustical wave generator 130, 

and the first and second acoustical sensors 132 and 134, and the computing system 

120. In examples, the computing system 120 may generate a signal to cause the 

acoustical wave generator 130 to generate the acoustical wave. The computing 

6 



system 120 may then receive the first and second acoustical signals from the first 

and second acoustical sensors 132 and 134 respectively. 

[0026] 	The dotted lines of FIG. 1A illustrate communicative paths between and 

among the acoustical wave generator 130, the first and second acoustical sensors 

132 and 134, and the computing system 120. These paths generally represent a 

network that may include hardware components and computers interconnected by 

communications channels that allow sharing of resources and information. The 

network may include one or more of a cable, wireless, fiber optic, or remote 

connection via a telecommunication link, an infrared link, a radio frequency link, or 

any other connectors or systems that provide electronic communication. The network 

may include, at least in part, an intranet, the internet, or a combination of both. The 

network may also include intermediate proxies, routers, switches, load balancers, 

and the like. The paths followed by the network between the devices as depicted in 

FIG. 1A represent the logical communication paths between and among these the 

acoustical wave generator 130, the first and second acoustical sensors 132 and 134, 

and the computing system 120, not necessarily the physical paths between and 

among the devices. 

[0027] The computing system 120 may include a processing resource 122 that 

represents generally any suitable type or form of processing unit or units capable of 

processing data or interpreting and executing instructions. The processing resource 

122 may be one or more central processing units (CPUs), microprocessors, and/or 

other hardware devices suitable for retrieval and execution of instructions. The 

instructions may be stored, for example, on a memory resource (not shown), such as 

computer-readable storage medium 330 of FIG. 3, which may include any electronic, 

magnetic, optical, or other physical storage device that store executable instructions. 

Thus, the memory resource may be, for example, random access memory (RAM), 

electrically-erasable programmable read-only memory (EPPROM), a storage drive, 

an optical disk, and any other suitable type of volatile or non-volatile memory that 

stores instructions to cause a programmable processor (i.e., processing resource) to 

perform the techniques described herein. In examples, the memory resource 

includes a main memory, such as a RAM in which the instructions may be stored 

during runtime, and a secondary memory, such as a nonvolatile memory in which a 

copy of the instructions is stored. 
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[0028] 	Additionally, the computing system 120 may include the acoustical signal 

analysis engine 124, which analyzes the first acoustical signal and the second 

acoustical signal to determine an amount of tuberculation within the fluid distribution 

system 110. In examples, the engine(s) described herein may be a combination of 

hardware and programming. The programming may be processor executable 

instructions stored on a tangible memory, and the hardware may include processing 

resource 122 for executing those instructions. Thus a memory resource (not shown) 

can be said to store program instructions that when executed by the processing 

resource 122 implement the engines described herein. Other engines may also be 

utilized to include other features and functionality described in other examples 

herein. 

[0029] 	Alternatively or additionally, the computing system 120 may include 

dedicated hardware, such as one or more integrated circuits, Application Specific 

Integrated Circuits (ASICs), Application Specific Special Processors (ASSPs), Field 

Programmable Gate Arrays (FPGAs), or any combination of the foregoing examples 

of dedicated hardware, for performing the techniques described herein. In some 

implementations, multiple processing resources (or processing resources utilizing 

multiple processing cores) may be used, as appropriate, along with multiple memory 

resources and/or types of memory resources. 

[0030] 	The acoustical signal analysis module 124 analyzes the first acoustical 

signal and the second acoustical signal to determine an amount of tuberculation 

within the fluid distribution system. The sound pressure difference measured by the 

first acoustical sensor 132 and the second acoustical sensor 134 and outputted 

respectively as the first acoustical signal and the second acoustical signal is 

proportional to the attenuation (i.e., the loss in intensity of the rate of flow of a the 

liquid per unit area or flux) in the flow path 112 including through the tuberculation 

portion 114 and the non-tuberculation portion of the fluid distribution system 110. 

[0031] 	At frequencies below 8000 Hz, internal (molecular) attenuation within the 

fluid distribution system 112 are negligible, and the primary attenuation is caused by 

sound absorption of the fluid distribution system 110 and the tuberculation portion 

114. Generally, the overall measured attenuation within the fluid distribution system 

110 is a combination of the transmission loss of the acoustical wave in the flow path 

112 and through the water distribution system 110 (such as through a wall of the 

pipe 110A) as well as the degree of tuberculation. An energy flux is illustrated in FIG. 
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6 below, which shows how energy passes through a section of the fluid distribution 

system 110. By sensing the acoustical wave and by applying standard attenuation 

rates for the non-tuberculation portion 116, the attenuation of the tuberculation 

portion 114 can be determined and thus an amount of tuberculation can also be 

determined. This is further described below regarding FIG. 6. 

[0032] 	In examples, analyzing the sensed acoustical wave comprises determining 

a pressure difference between the sensed acoustical wave at the first acoustical 

sensor and the sensed acoustical wave at the second acoustical sensor. That is, 

energy dissipation of sound from a sound source (e.g., the acoustic wave generator 

130) is determined. In additional examples, the described techniques are performed 

while the fluid distribution system is in use such that a fluid is flowing through the 

fluid distribution system 110. This may include a normal state of operation, such as 

when the fluid (e.g., water) is being delivered to users of the fluid distribution system 

110, or during a test condition, such as leak detection. 

[0033] 	Although not shown in FIG. 1A, it should be appreciated that the 

computing system 120 may include additional components. For example, the 

computing system 120 may include a display. The display may be or include a 

monitor, a touchscreen, a projection device, and/or a touch/sensory display device. 

The display may display text, images, and other appropriate graphical content. The 

computing system 120 may also include a network interface to communicatively 

couple the computing system 120 to the transceivers 111 and 113 via the network 

and to other computing systems and/or computing devices. The computing system 

120 may also include any suitable input and/or output device, such as a mouse, 

keyboard, printer, external disk drive, or the like. 

[0034] 	FIGs. 1B and 1C illustrate cross sectional views 100B and 100C of pipe 

110A of fluid distribution system 110 of FIG. 1A. In particular, FIG. 1B illustrates a 

cross sectional view 100B of a pipe 110A of the fluid distribution system 110 of FIG. 

1A taken in a plane extending in the radial direction and orthogonal to the 

longitudinal direction according to examples of the present disclosure. The pipe 

110A has a tuberculation portion 114 along the inside portion of the pipe 110A 

between the pipe 110a and a non-tuberculation portion 116. It should be understood 

that, in examples, the fluid path 112 flows through the non-tuberculation portion 116 

of the pipe 110A and also at least partially through the tuberculation portion 114 of 

the pipe 110A. 
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[0035] 	The first acoustical sensor 132 is in fluid communication with the fluid path 

112 within the pipe 110A of the fluid distribution system 110. In examples, and as 

described herein, the first acoustical sensor 132 may be connected, directly or 

indirectly, to the pipe 110A or to another component or portion of the fluid distribution 

system 110 (e.g., hydrants, valves, couplers, corporation stops, etc.). In an example, 

a hole may be drilled into the pipe 110A to enable the first acoustical sensor 132 to 

be in fluid communication with the fluid path 112. In other examples, the first 

acoustical sensor 132 may be partially or wholly contained within the pipe 110A. 

[0036] 	Although the tuberculation portion 114 is shown as being uniform in FIG. 

1C, it should be appreciated that the tuberculation portion 114 may be irregular or 

otherwise non-uniform in examples, such as illustrated in FIG. 1C. In particular, FIG. 

1C illustrates a cross sectional view 100C of a pipe 110A of the fluid distribution 

system 110 of FIG. 1A taken in a plane extending in the radial and longitudinal 

directions according to examples of the present disclosure. As in FIG. 1B, the pipe 

110A has a tuberculation portion 114 along the inside portion of the pipe 110A 

between the pipe 110a and a non-tuberculation portion 116. In examples, the fluid 

path 112 flows through the non-tuberculation portion 116 of the pipe 110A and also 

at least partially through the tuberculation portion 114 of the pipe 110A. 

[0037] 	The acoustical wave generator 130, the first acoustical sensor 132, and 

the second acoustical sensor 134 are in fluid communication with the fluid path 112 

within the pipe 110A of the fluid distribution system 110. In examples, and as 

described herein, the acoustical wave generator 130, the first acoustical sensor 132, 

and the second acoustical sensor 134 may be connected, directly or indirectly, to the 

pipe 110A or to another component and/or components or portion of the fluid 

distribution system 110 (e.g., hydrants, valves, couplers, corporation stops, etc.). In 

an example, a hole may be drilled into the pipe 110A to enable the acoustical wave 

generator 130, the first acoustical sensor 132, and the second acoustical sensor 134 

to be in fluid communication with the fluid path 112. In other examples, the acoustical 

wave generator 130, the first acoustical sensor 132, and the second acoustical 

sensor 134 may be partially or wholly contained within the pipe 110A. 

[0038] 	As illustrated in FIG. 1C, the tuberculation portion 116 is non-uniform 

along the length of the pipe 110A. The non-uniformity may be due to corrosion by-

products forming over pits in the wall of the pipe 110A, for example, or due to 

microbiological growth. Differences in corrosion of the wall of the pipe 110A, flow 

10 



rates of the flow path 112, temperature, and other factors may all contribute to non-

uniformity of the tuberculation portion 114. In other examples, as the amount of 

tuberculation increases in an area, some of the tuberculation may break off or 

otherwise separate, causing additional non-uniformity of the tuberculation portion 

114. 

[0039] 	FIG. 2 illustrates a block diagram of a computing system 220 to determine 

an amount of tuberculation within a fluid distribution system, such as fluid distribution 

system 110 of FIG. 1A, according to examples of the present disclosure. The 

computing system 220 may include an acoustical wave generator 230, a first 

acoustical sensor 232, a second acoustical sensor 234, and an acoustical signal 

analysis module 224. In examples, the modules described herein may be a 

combination of hardware and programming instructions. The programming 

instructions may be processor executable instructions stored on a tangible memory 

resource such as a computer-readable storage medium or other memory resource, 

and the hardware may include a processing resource for executing those 

instructions. Thus the memory resource can be said to store program instructions 

that when executed by the processing resource implement the modules described 

herein. 

[0040] 	Other modules may also be utilized as will be discussed further below in 

other examples. In different implementations, more, fewer, and/or other components, 

modules, instructions, and arrangements thereof may be used according to the 

teachings described herein. In addition, various components, modules, etc. 

described herein may be implemented as computer-executable instructions, 

hardware modules, special-purpose hardware (e.g., application specific hardware, 

application specific integrated circuits (ASICs), and the like), or some combination or 

combinations of these. 

[0041] As described above regarding acoustical wave generator 130 of FIG. 1A, 

acoustical wave generator 230 generates an acoustical wave within the fluid path 

112 within the fluid distribution system such as fluid distribution system 110 of FIG. 

1A. The first acoustical sensor 232 and the second acoustical sensor 234 then sense 

the acoustical wave at their respective locations and output respective first and 

second acoustical signals representative of the acoustical wave detected at the first 

and second acoustical sensors 232 and 234. In examples, the acoustical sensors 

may be hydrophones or other suitable devices, such as devices with piezoelectric 
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transducers or accelerometers and the like. For example, an accelerometer may be 

implement to detect vibrations in the fluid distribution system. In such an example, 

the first acoustical sensor 232 and the second acoustical sensor 234 sensors may 

be on a component of the fluid distribution system, such as a hydrant, valve, etc., 

[0042] 	The acoustical signal analysis module 224 then analyzes the first 

acoustical signal and the second acoustical signal to determine an amount of 

tuberculation within the fluid distribution system. For example, the acoustical signal 

analysis module 224 determines a pressure difference between the sensed 

acoustical wave at the first acoustical sensor 232 and the sensed acoustical wave at 

the second acoustical sensor 234. The pressure difference can be used to calculate 

a tuberculation portion within the fluid distribution system (e.g., tuberculation portion 

114 within fluid distribution system 110 of FIG. 1A) using the techniques and 

principles described regarding FIG. 6. 

[0043] 	FIG. 3 illustrates a computer-readable storage medium 330 storing 

instructions 332-336 to determine tuberculation in a fluid distribution system 

according to examples of the present disclosure. The computer-readable storage 

medium 330 is non-transitory in the sense that it does not encompass a transitory 

signal but instead is made up of one or more memory components configured to 

store the instructions 332-336. The computer-readable storage medium 330 may be 

representative of a memory resource and may store machine executable instructions 

332-336, which are executable on a computing system such as computing system 

120 of FIG. 1A and/or computing system 220 of FIG. 2 as well as the computing 

system 320 of FIG. 3 in conjunction with processing resource 322. 

[0044] 	In the example shown in FIG. 3, the instructions 332-336 may include first 

acoustical signal receiving instructions 332, second acoustical signal receiving 

instructions 334, and tuberculation analysis and determination instructions 336. The 

instructions 332-336 of the computer-readable storage medium 330 may be 

executable so as to perform the techniques described herein, including the 

functionality described regarding the method 400 of FIG. 4. 

[0045] 	For example, the first acoustical signal receiving instructions 332 may 

correspond to block 404 of FIG. 4. The second acoustical signal receiving 

instructions 334 may correspond to block 406 of FIG. 4. The tuberculation analysis 

and determination instructions 336 may correspond to block 408 of FIG. 4. The 
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functionality of these instructions is described below with reference to the functional 

blocks of FIG. 4 but should not be construed as so limiting. 

[0046] 	In particular, FIG. 4 illustrates a flow diagram of a method 400 to 

determine tuberculation in a fluid distribution system according to examples of the 

present disclosure. The method 400 may be executed by a computing system or a 

computing device such as computing system 120 of FIG. 1A, computing system 220 

of FIG. 2, and/or computing system 320 of FIG. 3. The method 400 may also be 

stored as instructions on a non-transitory computer-readable storage medium such 

as computer-readable storage medium 330 of FIG. 3 that, when executed by a 

processing resource (e.g., processing resource 122 of FIG. 1A and/or processing 

resource 322 of FIG. 3), cause the processing resource to perform the method 400. 

[0047] At block 402, the method 400 begins and continues to block 404. At block 

404, the method 400 includes receiving a first acoustical signal. For example, a 

computing system (e.g., computing system 120 of FIG. 1A, computing system 220 of 

FIG. 2, and/or computing system 320 of FIG. 3) receives a first acoustical signal 

output by a first acoustical sensor (e.g., first acoustical sensor 132) based on 

sensing an acoustical wave generated by an acoustical wave generator (e.g., 

acoustical wave generator 130). The method 400 continues to block 406. 

[0048] 	At block 406, the method 400 includes receiving a second acoustical 

signal. For example, the computing system receives a second acoustical signal 

output by a second acoustical sensor (e.g., second acoustical sensor 134) based on 

sensing the acoustical wave generated by the acoustical wave generator (e.g., 

acoustical wave generator 130). The method 400 continues to block 408. 

[0049] At block 408, the method 400 includes determining an amount of 

tuberculation. For example, the computing system determines an amount of 

tuberculation within a fluid distribution system by analyzing first acoustical signal and 

the second acoustical signal. The method 400 continues to block 410 and 

terminates. 

[0050] 	Additional processes also may be included, and it should be understood 

that the processes depicted in FIG. 4 represent illustrations, and that other 

processes may be added or existing processes may be removed, modified, or 

rearranged without departing from the scope and spirit of the present disclosure. 

[0051] 	FIG. 5 illustrates a flow diagram of a method 500 to determine 

tuberculation in a fluid distribution system according to examples of the present 
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disclosure. The method 500 may be executed by a computing system or a 

computing device such as computing system 120 of FIG. 1A, computing system 220 

of FIG. 2, and/or computing system 320 of FIG. 3. The method 500 may also be 

stored as instructions on a non-transitory computer-readable storage medium such 

as computer-readable storage medium 330 of FIG. 3 that, when executed by a 

processing resource (e.g., processing resource 122 of FIG. 1A and/or processing 

resource 322 of FIG. 3), cause the processing resource to perform the method 500. 

[0052] At block 502, the method 500 begins and continues to block 504. At block 

504, the method 500 includes generating an acoustical wave within a fluid path of a 

fluid distribution system. For example, an acoustical wave generator (e.g., acoustical 

wave generator 130 of FIG. 1A) generates an acoustical wave within a fluid path 

(e.g., flow path 112 of FIG. 1A) of a fluid distribution system (e.g., fluid distribution 

system 110 of FIG. 1A). The method 500 continues to block 506. 

[0053] At block 506, the method 500 includes sensing the acoustical wave. For 

example, a first acoustical sensor (e.g., first acoustical sensor 132 of FIG. 1A) and a 

second acoustical sensor (e.g., second acoustical sensor 134 of FIG. 1A) sense the 

acoustical wave. In examples, the first acoustical sensor and the second acoustical 

sensor are placed a distance apart to enabling the sensing of the acoustical wave. In 

examples, at least one of the first acoustical sensor and the second acoustical 

sensor comprises a hydrophone, although other suitable sensors may be utilized. 

The method 500 continues to block 508. 

[0054] At block 508, the method 500 includes determining an amount of 

tuberculation by analyzing the sensed acoustical wave. For example, an acoustical 

signal analysis module (e.g., acoustical signal analysis engine 124 of FIG. 1A, 

acoustical signal analysis module 224 of FIG. 2) determines an amount of 

tuberculation within the fluid distribution system (e.g., fluid distribution system 110 of 

FIG. 1A) by analyzing the sensed acoustical wave. In examples, analyzing the 

sensed acoustical wave may include determining a pressure difference between the 

sensed acoustical wave at the first acoustical sensor and the sensed acoustical 

wave at the second acoustical sensor. The method 500 continues to block 512 and 

terminates. 

[0055] 	Additional processes also may be included, and it should be understood 

that the processes depicted in FIG. 5 represent illustrations, and that other 
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processes may be added or existing processes may be removed, modified, or 

rearranged without departing from the scope and spirit of the present disclosure. 

[0056] 	FIG. 6 illustrates a schematic 600 of a flux of acoustic energy for a pipe 

segment 110B according to examples of the present disclosure. The techniques 

described regarding FIG. 6 may be partially and/or wholly applied by the acoustical 

signal analysis engine 124 of FIG. 1A, by the acoustical signal analysis module 224 

of FIG. 2, and/or by the tuberculation analysis and determination instructions 336 of 

FIG. 3. At sufficiently low frequencies, the acoustic intensity, whose dimensions are 

watts/m2, has a stream-wise direction "II (x)" (illustrated as arrow 602) and a radial 

component "/w(x)" (illustrated as arrow 604) as follows: 

Equation [1]: a2  li (x) = r c a2  11(x + dx) + ct2  dx1,(x) 

[0057] 	Equation [1] represents a statement of conversation of energy in the fluid 

distribution system 110 for the acoustical wave, where "a" represents the radius of 

the pipe. For a small "dx", 11(x + dx) 11(x) + dx 
dli( 

dx

x)
,  so equation [1] reduces to: 

d/i  (x) 	2 Equation [21: dx -F —
a
lw(X) 

[0058] 	The loss term "lw  (x)" is proportional to "Ii (x)" as it diminishes the incident 

energy. In general, the proportionality factor "H (f)" is frequency dependent. 

Substitution into equation [2] results in the first order linear differential equation: 

Equation [3]: 
dx 

—
d/i(x) 211(f) 1-•

-L 
 ( x) 

a 

[0059] 	Then, equation [3] is solvable as follows: 
2H(f)x 

Equation [4]: 11(x) = 11(0)e 	a 

[0060] 	As a result, it is shown that energy decays exponentially over distance. In 

the present example, "Ii (0)" is the initial energy at a reference (or starting) point "x = 

0" (such as at the acoustical wave generator 130 of FIG. 1A) The variable "x" 

increases in the direction of the energy propagation of the acoustical wave 

generated by the acoustical wave generator 130 that is away from the source (e.g., 

the acoustical wave generator 130). The acoustical wave diminishes over distance, 

as some energy is transmitted through the components of the fluid distribution 

system 110 (such as through a wall of pipe 110A) and radiated into the surfounding 

medium even without tuberculation. This contribution is "2HR (f) / a." However, the 

presence of tuberculation (i.e., tuberculation portion 114) in the fluid distribution 
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system 110 increases the overall attenuation of the acoustic wave generated by the 

acoustic wave generator 130 as follows: 

Equation [5]: 2 HR(f)+HT(r) 
 x a-t 

[0061] 	The reduction in the internal pipe radius "a" by the average thickness of 

the tuberculation region 114, denoted by the variable "t," accounts for the reduced 

"free area" or non-tuberculation portion 116 of the pipe 110A available for the energy 

flux in the "x" direction. As illustrated in FIG. 7, attenuation in may be expressed in 

terms of 

x)) 

	

Equation [6]: 10 log „ 	Lx 

	

(
1( 

i(o) 	a-t 

[0062] 	In equation [6], "L" represents the attenuation (in dB) over a length of "a" 

minus "t" (radius of the pipe minus the tuberculation portion 114). As illustrated in the 

chart 700 of FIG. 7, the following expression is an accurate representation of the 

design curve if the parameters "A" and "B" are functions of "t" and "a." 

Equation [7]: L = 	An  
(11-0/B)2 )2 

where "ri = f / fo" and "f0 = 0.5c / (a-t)", c being the speed of sound in water. Also, 

A = 22(1—  
e-13tia_t) 

and B = 1.25(at--L)-° .34 	In particular, FIG. 7 illustrates a 

chart 700 of empirical attenuation model for tuberculation in a fluid distribution 

system according to examples of the present disclosure. 

[0063] 	It should be emphasized that the above-described examples are merely 

possible examples of implementations and set forth for a clear understanding of the 

present disclosure. Many variations and modifications may be made to the above-

described examples without departing substantially from the spirit and principles of 

the present disclosure. Further, the scope of the present disclosure is intended to 

cover any and all appropriate combinations and sub-combinations of all elements, 

features, and aspects discussed above. All such appropriate modifications and 

variations are intended to be included within the scope of the present disclosure, and 

all possible claims to individual aspects or combinations of elements or steps are 

intended to be supported by the present disclosure. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A method, comprising: 

generating, by an acoustical wave generator, an acoustical wave within a fluid 

path of a fluid distribution system; 

sensing, at a first acoustical sensor and at a second acoustical sensor, the 

acoustical wave; 

determining, by an acoustical signal analysis module, a sound pressure 

difference between the acoustical wave sensed at the first acoustical 

sensor and the acoustical wave sensed at the second acoustical 

sensor, the sound pressure difference representing an attenuation of 

the acoustical wave within a section of the fluid distribution system 

between the first acoustical sensor and the second acoustical sensor; 

and 

determining, by the acoustical signal analysis module, an amount of 

tuberculation within the section of the fluid distribution system based on 

the attenuation of the acoustical wave. 

2. The method of claim 1, wherein the first acoustical sensor and the second 

acoustical sensor are placed a distance apart to enabling the sensing of the 

acoustical wave. 

3. The method of claim 1, wherein at least one of the first acoustical sensor and 

the second acoustical sensor comprises a hydrophone. 

4. The method of claim 1, wherein determining the amount of tuberculation 

within the section comprises relating the attenuation of the acoustical wave to 

the formula 

2 
HR (f) + HT (f) 

 x 
a — t 

wherein HR(f) represents a normal amount of attenuation at frequency f within the 

section without tuberculation, HT(f) represents an amount of attenuation at 
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frequency f within the section contributed by tuberculation, x represents a distance 

along the fluid path between the first acoustical sensor and the second acoustical 

sensor, a represents a radius of the fluid path, and t represents an average 

thickness of tuberculation within the section. 

5. The method of claim 1, wherein the acoustical wave generator comprises a 

reverse hydrophone. 

6. The method of claim 1, wherein the acoustical wave generator further 

comprises: 

a signal generator to generate a signal; 

a signal amplifier to amplify the signal; and 

a sound source to emit the amplified signal. 

7. The method of claim 1, wherein the determining is performed while the fluid 

distribution system is in use such that a fluid is flowing through the fluid 

distribution system. 

8. The method of claim 1, wherein the fluid distribution system comprises a pipe, 

and wherein the acoustical wave generator, the first acoustical sensor, and 

the second acoustical sensor are connected to the pipe. 

9. A fluid distribution system, comprising: 

an acoustical wave generator in fluid communication with a fluid path within 

the fluid distribution system, the acoustical wave generator to generate 

an acoustical wave; 

a first acoustical sensor in fluid communication with the fluid path within the 

fluid distribution system, the first acoustical sensor sensing the 

acoustical wave generated by the acoustical wave generator and 

outputting a first acoustical signal representative of the acoustical 

wave; 

a second acoustical sensor in fluid communication with the fluid path within 

the fluid distribution system, the second acoustical sensor sensing the 
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acoustical wave generated by the acoustical wave generator and 

outputting a second acoustical signal representative of the acoustical 

wave; and 

an acoustical signal analysis module to analyze the first acoustical signal and 

the second acoustical signal to determine a sound pressure difference 

between the acoustical wave sensed at the first acoustical sensor and 

the acoustical wave sensed at the second acoustical sensor, the sound 

pressure difference representing an attenuation of the acoustical wave 

within a section of the fluid distribution system between the first 

acoustical sensor and the second acoustical sensor, and to determine 

an amount of tuberculation within the section of the fluid distribution 

system based on the attenuation of the acoustical wave. 

10. The system of claim 9, wherein the first acoustical sensor and the second 

acoustical sensor are placed a distance apart to enabling the sensing of the 

acoustical wave. 

11. The system of claim 9, wherein at least one of the first acoustical sensor and 

the second acoustical sensor comprises a hydrophone. 

12. The system of claim 9, wherein the fluid distribution system comprises a pipe. 

13. The system of claim 9, wherein the acoustical wave generator comprises a 

reverse hydrophone. 

14. The system of claim 9, wherein the acoustical wave generator further 

comprises: 

a signal generator to generate a signal; 

a signal amplifier to amplify the signal; and 

a sound source to emit the amplified signal. 
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15. The system of claim 9, wherein the fluid distribution system comprises a pipe, 

and wherein the acoustical wave generator, the first acoustical sensor, and 

the second acoustical sensor are connected to the pipe. 

16. A non-transitory computer-readable medium storing instructions that, when 

executed by a processing resource, cause the processing resource to: 

receive a first acoustical signal output by a first acoustical sensor in a fluid 

distribution system based on sensing an acoustical wave generated by 

an acoustical wave generator; 

receive a second acoustical signal output by a second acoustical sensor in 

the fluid distribution system based on sensing the acoustical wave 

generated by the acoustical wave generator; 

analyze the first acoustical signal and the second acoustical signal to 

determine a sound pressure difference between the acoustical wave 

sensed at the first acoustical sensor and the acoustical wave sensed at 

the second acoustical sensor, the sound pressure difference 

representing an attenuation of the acoustical wave within a section of 

the fluid distribution system between the first acoustical sensor and the 

second acoustical sensor; and 

determine an amount of tuberculation within the section of the fluid distribution 

system based on the attenuation of the acoustical wave. 

17. The non-transitory computer-readable medium of claim 16, wherein 

determining the amount of tuberculation within the section comprises relating 

the attenuation of the acoustical wave to the formula 

2 
HR(f) HT(f) 

 x a — t 
wherein HR(f) represents a normal amount of attenuation at frequency f within the 

section without tuberculation, HT (f) represents an amount of attenuation at 

frequency f within the section contributed by tuberculation, x represents a distance 

along the fluid path between the first acoustical sensor and the second acoustical 

sensor, a represents a radius of the fluid path, and t represents an average 

thickness of tuberculation within the section. 
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