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(57) ABSTRACT 
A method for monitoring and measuring the buildup of 
deposits on the inner surface of a pipeline containing ?oW 
ing ?uid comprises (a) transmitting a ?rst acoustic signal 
into the pipeline through the pipeline Wall, (b) receiving 
echoes of the transmitted signal, and (c) determining from 
the received echoes hoW far from the pipeline inner surface 
the interface betWeen the deposits and the ?oWing ?uid lies. 
An alternative method for monitoring and measuring the 
buildup of deposits on the inner surface of a pipeline 
containing ?oWing ?uid comprises (a) transmitting a ?rst 
acoustic signal into the pipeline through the pipeline Wall, 
(b) receiving echoes of the signal, and (c) using the Doppler 
frequency shift of the received echoes to determine hoW far 
from the pipeline inner surface the interface betWeen the 
deposits and the ?oWing ?uid lies. An apparatus for moni 
toring and measuring the buildup of deposits on the inner 
surface of a pipeline containing ?oWing ?uid, comprises a 
?rst transmitter in acoustic communication With the pipeline 
Wall and generating a transmitted signal, a ?rst receiver in 
acoustic communication With the pipeline Wall and gener 
ating received echo signal from a received signal comprising 
the re?ection of the transmitted signal off the ?oWing ?uid, 
and a microprocessor for determining from the received 
echo signal hoW far from the pipeline inner surface the 
interface betWeen the deposits and the ?oWing ?uid lies. 
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METHOD AND APPARATUS FOR PULSED 
ULTRASONIC DOPPLER MEASUREMENT OF 

WALL DEPOSITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable. 

TECHNIAL FIELD OF THE INVENTION 

[0003] The present invention relates generally to a method 
and apparatus for measuring the thickness of a layer of solids 
deposited on an inner pipeline surface. The thickness is 
determined from the Doppler frequency shift resulting from 
the local ?oW velocity at predetermined distances aWay from 
the inner pipe Wall. The present method and apparatus 
provide non-invasive, qualitative detection of solids buildup 
and quantitative measurement of thickness of solids on an 
inner pipe Wall. 

BACKGROUND OF THE INVENTION 

[0004] As the current trend in offshore oil and gas pro 
duction advances into deeper Waters, it is becoming increas 
ingly necessary for the industry to develop cost-effective 
solutions for developing ?elds in deep and/or remote Waters. 

[0005] A typical solution for such cases is to keep the 
production facilities on a “host platform” and connect the 
deep-Water Well(s) to the platform With pipelines and risers. 
The supporting equipment for the subsea tree control, such 
as hydraulic and electric poWer units, chemical injection 
pumps and tanks, and a control console, are also housed on 
the host platform. The subsea tree control is accomplished 
via long umbilical(s) consisting of electric conductors, 
hydraulic lines and chemical injection lines laid alongside 
the pipeline. In addition, tWo parallel pipelines are necessary 
to accomplish the roundtrip pigging operations. The distance 
betWeen the Well and the host platform is knoWn as the 
tieback distance. The cost and technical challenges of this 
type of conventional tieback system increase as the tieback 
distance increases, and to a lesser eXtent as the Water depth 
increases. In most cases, 20 miles represents the practical 
limit for the maXimum tieback distance With the conven 
tional tieback system. 

[0006] One limit on the length of subsea tiebacks convey 
ing crude petroleum arises from ?oW assurance problems. 
Solids such as asphaltene and paraffin deposit on the inner 
Walls of the tiebacks and partially, and in some cases 
completely, block the ?oW. The longer the tieback is, the 
greater the length of pipe that must be inspected and kept 
free of deposits. 

[0007] At present, non-intrusive sensors that can 
adequately detect and characteriZe such deposits are not 
available. The present solutions require use of very eXpen 
sive alternative methods for ?oW assurance, including tWin 
?oWlines (for round-trip pigging), heat traced or insulated 
tiebacks and pipelines. These alternative methods operate by 
attempting to prevent the deposition of solids on the ?oWline 
Wall, and do not provide means for detecting the presence of 
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solids in the event that deposits occur. The lack of continu 
ous monitoring can result in undesirable shutdoWns. For 
eXample, if a ?oWline has been kept clear by pigging at a 
certain frequency, e.g. once per month, and the composition 
of the ?uid in the ?oWline changes so that deposits begin to 
form at a greater rate, the line Will become clogged and 
possibly shut doWn because the previously established pig 
ging frequency is noW insuf?cient. 

[0008] Some attempts have been made to provide systems 
for monitoring solids buildup. For eXample, monitoring 
devices such as that described in US. Pat. No. 4,490,679 
identify para?in by monitoring change in the resistance of an 
electromagnetic coil. The monitoring device requires access 
to the ?uid and is housed in a recess in the pipe. It is desired 
to provide monitoring Without disrupting the ?oW of ?uid 
through the line and Without requiring direct contact With the 
?uid. 

[0009] Similarly, the optical asphaltene sensor described 
in US. Pat. No. 4,843,247 determines the content of asphalt 
ene in heavy oils based on the absorption spectra of asphalt 
ene. The invention uses visible light having Wavelengths in 
the range of 500 nm to 1000 nm and thus requires at least 
optical transmission through the ?uid, Which is di?icult to 
operate in a pipeline and prone to the coating of hydrocar 
bons on the optical WindoWs that may distort the results. 

[0010] There are other industrial applications in Which it is 
desirable to measure thickness of a particular layer or object. 
For example, US. Pat. No. 5,929,349 discloses an ultrasonic 
inspecting tool that can be used to measure the thickness of 
a tank Wall. US. Pat. No. 5,092,176 provides a method for 
determining deposit buildup on the inner surface of a boiler 
tube by measuring sound attenuation in multiple echoes 
from the Wall-deposit interface. To give an accurate mea 
surement, the boiler tube must be empty of Water so as to 
enhance the acoustic re?ection by increasing the acoustic 
impedance mismatch betWeen the deposit-air interface. If 
the tube is not emptied of ?uid, the acoustic signals Will be 
largely transmitted into the ?uid in the tube and prevent 
accurate measurements. US. Pat. No. 5,734,098 provides a 
method for measuring mass deposition on the surface of a 
thickness-shear mode quartZ resonator based on the reso 
nance response of the pieZoelectric crystal that is immersed 
in a ?uid. 

[0011] Conventional ultrasonic devices for measuring 
thickness are not alWays reliable for determining the thick 
ness of a layer of deposited solids, hoWever, because the 
acoustic impedance of the deposited material may be close 
to or even match the impedance of the adjacent liquid, With 
the result that little or no re?ection is obtained from the 
surface of the deposited layer. 

[0012] Hence, it is desired to provide a system that can 
operate over greater tieback distances Without the cost and 
technical disadvantages that heretofore have prevented 
increasing the tieback distance. It is speci?cally desired to 
provide a method and apparatus for detecting deposits of 
asphaltene and para?in on the inside Wall of a pipeline 
Without interrupting the ?oW of ?uid through the pipeline. It 
is further desired to provide a robust system can measure the 
thickness of the deposited layer even if the acoustic imped 
ance of the deposited layer and the ?oWing liquid match. 

[0013] Another technique for measuring solids in a ?uid 
passageWay involves the use of Doppler backscattering. For 
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example, Doppler backscattering techniques are used to 
monitoring tissue damage and to detect deposits in arteries. 
US. Pat. No. 5,657,760 to Ying et al. discloses a method of 
monitoring the extent and geometry of tissue that has 
undergone thermal treatment. The apparatus measures the 
phase change and amplitude of received echoes at multiple 
range depths to monitor the tissue thermal pro?le and 
geometry of tissue thermal damage. US. Pat. No. 5,327,893 
to Savic discloses a method for detection of cholesterol 
deposits in arteries based on received acoustic signals With 
Doppler frequency shifts as result of artery heartbeat move 
ment. The signals are analyZed by a pattern recognition 
technique that alloWs recognition of the artery With stenosis. 
US. Pat. No. 4,770,184 to Greene et al. provides a diag 
nostic system for monitoring human arteries based on com 
parison of the time- and frequency-domain Doppler signals 
of patients to those of normal people. These in vivo appli 
cations are different from the subsea invention in Which it is 
currently desired to provide quantitative deposition mea 
surement, based on measuring the Doppler frequency shifts 
resulting from the movement of the particulate in a ?uid 
stream, and based on the knoWn pipe Wall thickness. 

[0014] Hence, there is still a need for a reliable acoustic 
means for detecting and measuring Wall deposition in subsea 
pipelines. In particular, the desired system should be robust 
enough to function in a subsea environment. The desired 
system should also be able to provide the desired measure 
ments even When the acoustic impedance of the deposition 
layer and the ?oWing liquid match are the same or similar. 

SUMMARY OF THE INVENTION 

[0015] The present invention comprises a system includ 
ing a method and apparatus for measuring the thickness of 
a layer of solids deposited on an inner pipeline surface. More 
speci?cally, the present system provides a method and 
apparatus for detecting deposits of asphaltene and paraf?n 
on the inside Wall of a pipeline. The present system can 
operate over extended tieback distances Without incurring 
prohibitive costs and technical disadvantages. The present 
system is robust and can measure the thickness of the 
deposited layer even if the acoustic impedance of the 
deposited layer and the ?oWing liquid match. 

[0016] According to a preferred embodiment, the thick 
ness of a deposited solid or semi-solid layer is determined 
from the Doppler frequency shift that results from the local 
?oW velocity at a plurality of pre-determined distances from 
the inner pipe Wall. The presence of deposited solids is 
detected by comparing the timing of the re?ection of the 
inner surface of the pipe Wall With the extra propagation time 
for the signal to reach ?oWing ?uid. The thickness of the 
deposited layer is determined from the position of the 
innermost Zero Doppler frequency shift, Which may be 
extrapolated from the close-Wall Doppler frequency shifts, 
and from the position of the inner pipe Wall surface. The 
disclosed method and apparatus provide non-invasive, quali 
tative detection of deposition buildup and quantitative mea 
surement of deposited solids on an inner pipe Wall. 

[0017] Another embodiment of the invention comprises a 
method for monitoring and measuring the buildup of depos 
its on the inner surface of a pipeline containing ?oWing ?uid, 
comprising: (a) transmitting a ?rst acoustic signal into the 
pipeline through the pipeline Wall, (b) receiving echoes of 
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the transmitted signal, and (c) determining from the received 
echoes hoW far from the pipeline inner surface the interface 
betWeen the deposits and the ?oWing ?uid lies. Step (c) can 
include using the Doppler frequency shift of echoes from the 
?oWing ?uid to locate the deposit-?uid interface, and/or 
measuring the Doppler frequency shift of the echoes from at 
least tWo points in the ?oWing ?uid and extrapolating the 
location of the Zero velocity. The echo analysis can include 
time-gating the echoes. The transmitted signal need not be 
normal to the pipeline axis. In addition, more than one 
transmitter and/or more than one receiver can be used in the 
present method. 

[0018] In still another embodiment, the present apparatus 
for monitoring and measuring the buildup of deposits on the 
inner surface of a pipeline containing ?oWing ?uid, com 
prises: a ?rst transmitter in acoustic communication With the 
pipeline Wall and generating a transmitted signal, a ?rst 
receiver in acoustic communication With the pipeline Wall 
and generating received echo signal from a received signal 
comprising the re?ection of the transmitted signal off the 
?oWing ?uid, and a microprocessor for determining from the 
received echo signal hoW far from the pipeline inner surface 
the interface betWeen the deposits and the ?oWing ?uid lies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] For a more detailed understanding of the present 
invention, reference Will be made to the accompanying 
Figures, Wherein: 

[0020] FIGS. 1(A)-1(C) are schematic illustrations of, 
respectively: a pipe including a sensor according to the 
present invention, a plot of the ?uid ?oW velocity in the pipe 
of FIG. 1(A), and a plot of the Doppler backscattering of 
resulting from the velocity pattern shoWn in FIG. 1(B), 
respectively, Wherein the inside of the pipe Wall is free of 
deposited material; 

[0021] FIGS. 2(A)-2(C) are schematic illustrations of, 
respectively: a pipe including a sensor according to the 
present invention, a plot of the ?uid ?oW velocity in the pipe 
of FIG. 2(A), and a plot of the Doppler backscattering of 
resulting from the velocity pattern shoWn in FIG. 2(B), 
Wherein a layer of deposited material is present on the inside 
of the pipe Wall; 

[0022] FIGS. 3(A-E) are schematic illustrations of, 
respectively: transducers and material media (A), transmis 
sion signal (B), received echoes (C), signal range gating (D), 
and Doppler frequencies for the gated echoes 

[0023] FIG. 4 is a schematic illustration of the pulsed 
Doppler measurement principles of the present invention; 

[0024] FIG. 5 is an exemplary plot shoWing the various 
Doppler frequency spectra obtained from gated echoes from 
varying radiuses Within a pipe; 

[0025] FIGS. 6(A)-6(C) are schematic illustrations of the 
signal of FIG. 5 shoWing, respectively, the received echo 
train (A), a range of time gates (B), and the mean Doppler 
frequencies from those gated echoes (C); 

[0026] FIG. 7 is a schematic illustration of an alternative 
embodiment in Which a plurality of relatively angled trans 
ducers are used to detect the direction of ?oW of re?ectors 
in ?uid; and 
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[0027] FIG. 8 is a schematic illustration showing hoW the 
apparatus of FIG. 7 can be used. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The present method for measuring the thickness of 
deposited layers is based on detection of a Doppler signal 
(Doppler frequency shift) caused by ?uid ?oWing in the 
pipeline. FIGS. 1 and 2 are schematic cross-sectional 
illustrations of a Doppler sensor 10 mounted on a pipe Wall 
12. A ?uid 16 ?oWs through the pipe. In FIG. 1, the pipe 
Wall 12 is free of deposits and in FIG. 2 a layer 14 of 
deposited solids or semi-solids is present on pipe Wall 12. 

[0029] According to a preferred embodiment, the thick 
ness of deposited layer 14 is measured by detecting a 
Doppler frequency shift due to the change in ?uid ?oW 
velocity as a function of distance from pipe Wall 12. Fluid 
16 inside the pipeline normally contains acoustic scatterers 
18, such as solid particles, droplets of immiscible ?uid, gas 
bubbles, or vortex turbulence. Because the scatterers are 
moving With respect to the pipe Wall, an ultrasonic tone 
burst pulse Wave 20 transmitted into ?oWing ?uid 16 
through pipe Wall 12 Wave Will be re?ected by those 
scatterers With a frequency shift. The shift in frequency that 
results When a Wave is re?ected by an object moving With a 
velocity component in the direction of the Wave is called the 
Doppler frequency shift. The Doppler frequency shift is 
linearly proportional to the ?oW velocity of the scatterers. 

[0030] While a Wave re?ected by an object moving With a 
velocity component in the direction of the Wave Will undergo 
a frequency shift, a Wave re?ected by an object that is not 
moving Will not. Hence, a Wave transmitted into the pipe and 
re?ected by either the pipe Wall-deposit interface or the 
deposit-?uid interface Will not be frequency shifted, as 
neither interface is moving. 

[0031] By Way of illustration, FIGS. 1(B) and 2(B) shoW 
the radial velocity pro?les for ?uid 16 ?oWing through pipes 
of FIGS. 1(A) and 2(A), respectively, and FIGS. 1(C) and 
2(C) shoW the Doppler signals corresponding to the velocity 
pro?les of FIGS. 1(B) and 2(B). For the clean pipe shoWn in 
FIG. 1, the Doppler signal starts at the inner surface of the 
pipe Wall (the pipe Wall-deposit interface), While in a pipe 
containing deposits as shoWn in FIG. 2, the Doppler signal 
starts at the deposit-?uid interface. 

[0032] Referring noW to FIG. 3(A), in one preferred 
embodiment, the present acoustic transducers include a 
pieZoelectric transmitter 13 and a receiver 15, mounted 
outside of the pipe Wall 12. Adjacent to pipe Wall 12 is 
deposit layer 14, and adjacent to deposit layer 14 is ?oWing 
?uid 16. A coupling medium acoustically couples the trans 
ducers to the pipe Wall 12. The coupling medium is prefer 
ably effective for transmitting the signal betWeen the trans 
ducers and the pipe Wall With a minimal amount of loss. To 
ensure the detection of re?ected echoes from various inter 
faces and scattering particles, the transmitter and receiver 
each preferably comprise a focused transducer. 

[0033] Since it is preferred to use focused transducers, the 
“beams” or active regions 13a, 15a for transducers 13 and 
15 respectively are shoWn. It is preferred that the region 
Where beams 13a and 15a intersect, hereinafter referred to 
as the “insoni?caton volume”17, include the Water-pipe Wall 
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interface, the pipe Wall-deposit interface, and the deposit 
?uid interface. It is particularly preferred that insoni?caton 
volume 17 include a portion of ?oWing ?uid 16 and par 
ticulates 18. It is further preferred, but not necessary, that the 
insoni?caton volume include the pipe aXis. The eXtent of the 
insoni?caton volume can be adjusted by adjusting distance 
and angle at Which the transmitter and receiver are mounted. 
In an alternative embodiment, one or both of the transducers 
can be also mounted inside the pipe Wall to further enhance 
the transmission of sound energy into the ?uid ?oW. 

[0034] In one embodiment, the angle of the transmitting 
transducer 13 is preferably normal to the ?oW direction 
(0T=90°) to maXimiZe signal transmission, While receiving 
transducer 15 is positioned at an oblique angle 0R to the ?oW 
direction to detect echoes from various interfaces. Alterna 
tively, depending in part on the nature of the ?uid in the pipe 
and the degree of solids buildup, angling one or both 
transducers 13, 15 With respect to the ?oW direction may 
alloW better detection of ?oW velocity, since ?oW that is 
precisely normal to the signal direction Will appear to have 
a velocity of Zero When measured using Doppler frequency 
shifting. Hence, in another embodiment, transducers 13, 15 
are positioned diametrically across from each other on pipe 
Wall 12 and are both angled With respect to ?oW such that 
signals from transmitter 13 are re?ected and received from 
a particle that is some aXial distance upstream or doWn 
stream in the pipe. If the insoni?cation volume 17 is 
upstream of the transducers, the frequency of the signal Will 
be shifted in one direction (increased), Whereas if the 
insoni?cation volume 17 is doWnstream of the transducers, 
the frequency of the signal Will be shifted in the opposite 
direction (decreased. 

[0035] Referring brie?y to FIGS. 3(B)-(E), the various 
signals are shoWn according to their time and range rela 
tionships. FIG. 3(B) shoWs a burst of sine Waves 20, Which 
eXcites the transmitter 13 at time T0 With a repetitive time 
interval Tprt=l/fprf. FIG. 3(C) shoWs a train of echo signal 
23 received at receiver 15. Echo signal 23 indicates the 
coupling medium-pipe Wall interface 22 at time TCW, the 
pipe Wall-deposit interface 24 at time T , and backscattered 
signals 28 from the ?uid, yet does not reveal any Doppler 
shift. While the Wall-deposit interface echo 24 may some 
time be too Weak to be noted, nevertheless its arrival timing 
TWp can be estimated based on the knoWn Wall thickness and 
speed of sound of the pipe FIG. 3(D) illustrates the sampling 
gates that de?ne ?nite portions of the received echo 23 to be 
sampled for separate processing. 

[0036] Because the velocities of the acoustic signal in the 
coupling medium and the pipe Wall material are knoWn, the 
distance that the signal travels in each medium corresponds 
to a particular time delay. With the knoWn distance betWeen 
the transducer and the pipe Wall, the time for the re?ected 
echo 24 from the Water-pipe Wall interface TCW can be 
calculated. Because thickness of the pipe Wall is knoWn, the 
time interval for the pulse re?ection signal inside the pipe 
Wall is given by ATW=2 W*(1/sin0R)/cW, Where, W is the 
pipe Wall thickness and cW is the longitudinal speed of sound 
in the pipe Wall material. ATW determines the delay time of 
the pulse having one round-trip Within the pipe Wall. There 
fore, the delay time for the received echo 26 from the pipe 
Wall-deposit interface is determined by TWP=ATW+TCW, 
Where TCW and ATW have been determined as above. As the 
acoustic signal propagates further into the deposition layer 
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and into the ?owing ?uid stream, echoes consisting of 
re?ected signals 26 from the deposit-?uid interface and 
backscattered signals 28 from the particulate in the ?uid are 
received. Very often, like the Wall-deposit interface echo 24 
, the received echo 26 from deposit-?uid interface may be 
very Weak. 

[0037] According to one preferred embodiment as shoWn 
in FIG. 4, acoustic signal 20 is generated in the folloWing 
manner. A sinusoid Wave function generator emits a refer 
ence frequency of a feW megahertZ. The reference sine Wave 
is fed into a gating module that alloWs transmission of just 
a feW cycles of the reference signal at a predetermined time 
interval. The gating module is controlled by a pulse repeti 
tive frequency (PRF) generator. This system produces a train 
of ultrasonic bursts of the reference frequency. The bursts 
may typically have a repetition frequency fprf of about 
fprf=10 kHZ. The pulse train is the input to a poWer ampli?er 
and then fed into the transmitting transducer. As the acoustic 
bust propagates through the pipe Wall and ?uid and then 
bounces back, a continuous train of echoes is ampli?ed by 
a preampli?er and detected by the receiving transducer. The 
received signals are then fed into a time range gate, Which 
opens at the PRF rate and collects signals of a pre-deter 
mined length at a predetermined time delay. 

[0038] By altering the delay time of the time gate, Doppler 
frequency shift (velocity) and range information about the 
deposited layer can be obtained. After a given time delay 
from the beginning of pulse transmission and re?ection in 
the pipe Wall, TO+AtW, the gate opens and samples the 
received echoes, as shoWn in FIG. 3(D). The gated echoes 
are then miXed With the reference frequency Wave of the 
transmission bursts, to detect the change in phase. The phase 
variations over many pulse repetition cycles for this gated 
signal reveal a modulated Waveform that contains high 
frequency components as result of the carrier frequency (in 
megahertZ range), the pulse repetitive frequency (e.g., about 
10 kHZ), and loWer frequency components of Doppler 
frequency shift (up to a feW kHZ). The output signals are fed 
into a band-pass ?lter. Frequency components above one 
half of the pulse repetitive frequency are removed. Similarly, 
frequency components beloW 50-100 HZ are associated 
primarily With sloW movement of the deposit-?uid interface, 
and are thus also ?ltered out. The resulting demodulated 
signal produces a Doppler frequency spectrum With mean 
frequency fD corresponding to the averaged ?oW velocity of 
the particulate from Within the gated sample cell. (By 
varying the delay time of the gate and processing the 
Doppler spectrum for each of the sampling cell, a pro?le of 
mean Doppler frequency over the delay time can be 
obtained, as shoWn in FIG. 

[0039] The net output signal thus contains only the Dop 
pler shift frequency associated With the ?oW velocity. This 
is fed into a Fast Fourier Transform analyZer to reveal its 
frequency shift spectrum. Therefore, the ?oW of the ?uid in 
the sampled volume that can be detected and the mean ?oW 
velocity V can be determined from the frequency spectrum 
according to Equation 

V=fD*c/[f0*(Cos 6T+Cos 6R)] (1) 
[0040] Where fD is the mean Doppler frequency shift of the 
spectrum, fO is the transmitting frequency, c is the speed of 
sound in the ?uid, and GT and GR are the angles of the 
transmitter and receiver With respect to the direction of the 
?oW, respectively. 
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[0041] By scanning a range of time gates across the pipe 
cross section and measuring the Doppler frequency in each 
gated sample, qualitative indication of the ?uid ?oW pro?le 
can be obtained. If the time gate is set Within the deposited 
material, the amplitude of Doppler spectrum Will be close to 
Zero, since there is no ?uid ?oW in this sampled volume. If 
the time gate is set on a volume in the moving ?uid stream, 
a Doppler frequency shift Will occur. 

[0042] The mean frequencies fD for the time gates in FIG. 
3(D) are plotted in FIG. Plotting the mean Doppler 
frequency for each gated echo as function of time reveals the 
edge 34 of the ?uid ?oW, Which occurs at time Tp, Where the 
Doppler spectrum amplitudes begin to eXceed a pre-deter 
mined threshold amplitude. The time-of-?ight in the deposit 
At? is determined according to Equation 

[0043] To determine the thickness of deposition layer, the 
time to the start of ?oW in the train of received echoes (or 
range position), Tp, has to be measured accurately. The start 
time is determined by moving the sampling gate and com 
paring the resulting Doppler frequency shift spectra to a 
reference threshold frequency shift spectrum. A spectrum 
obtained from the signal gate that is inside the pipe Wall may 
be used as the reference spectrum. As the gate is shifted 
radially inWard through pipe Wall 12 and deposit layer 14, 
the Doppler spectrum amplitude is close to the reference 
spectrum in the region Where no ?oW occurs. The reference 
spectrum is normally caused by instrumental background 
electronic noise and/or vibrational noise of the pipe Wall. 
Observation of a Doppler spectrum having an amplitude 
greater than that of the reference indicates ?uid ?oW. Hence, 
Tp is determined from that particular time range, as shoWn 
in FIG. 3(D). In an alternative embodiment, the starting 
range (or time) for echoes received from the ?uid, is 
extrapolated using the measured mean frequencies from the 
Doppler frequency spectra for a range of time gates, as 
shoWn in FIGS. 5 and 6 and discussed in detail beloW. 

[0044] Using Tp, the thickness of the deposited layer can 
be calculated as Dp=(Tp—TWp)*cp/2=Atp*cp/2, Where TWp is 
the time of re?ected echo from the pipe Wall/deposit inter 
face and cp is the speed of sound in the deposition material. 

[0045] Measurement of Tp can be used to detect and 
monitor the deposition buildup on the pipe Wall. Normally, 
the pipe Wall thickness is knoWn, so TWp is constant. For 
clean pipe Wall With no deposit buildup, the Doppler fre 
quency shift Will indicate that ?oW begins at the inner 
surface of the pipe Wall, i.e., Tp=TWp. OtherWise, deposit on 
the Wall is detected if Tp>TWp, since the ?oW begins at a 
point radially inWard from the inner Wall. 

[0046] The resolution and accuracy of the thickness of 
deposited layers measurement using the above Doppler 
frequency shift approach depends on several important 
factors, including time gate Width, gate incremental interval, 
minimum detectable Doppler frequency shift, Doppler fre 
quency shift resolution, and Wavelength of the ultrasound 
pulse. Use of shorter time gate Widths increases the depo 
sition thickness resolution. The minimum detectable Dop 
pler frequency is the loWer frequency limit set by the 
band-pass ?lter, Which is normally about 50-100 HZ. For 
fD=100 HZ, the minimum velocity in the ?uid is about 
V=0.062 m/s according to Eq. (1), if c=1300 m/s, 0T=90°, 
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0R=20°, and fO=7.0 MHZ. The EFT analyzer for Doppler 
frequency shift measurement typically has a resolution of 10 
HZ, corresponding to about 0.0062 m/s velocity resolution 
according to the above parameters used. The resolution of 
the present method can be increased by shortening time gate 
Widths and shortening incremental interval, but longer time 
for the signal sampling and processing Will be required, due 
to the increased data collection rate. Likewise, increasing 
transmitting frequency may result in higher range resolution, 
but at the eXpense of higher attenuation of sound Waves in 
various material media. 

[0047] FIG. 4 gives a schematic illustration of one pre 
ferred system and a preferred series of steps that can be 
performed to achieve measurements in accordance With the 
present invention. It Will be understood that different appa 
ratus can be used. Similarly that the steps ean be performed 
in a different order, and/or additional steps, such as signal 
averaging, noise ?ltering and the like can be added Without 
departing from the scope of the present invention. 

[0048] Referring brie?y to FIG. 5, an exemplary plot 
shoWs the various Doppler frequency spectra obtained from 
gated echoes from varying positions Within the pipe. In FIG. 
5, frnin is the minimum frequency, for eXample, of 100 HZ set 
by the loWer limit of band-pass ?lter. GR is the threshold 
amplitude level of a reference Doppler spectrum. Gpl, Gpz, 
and Gp3, With amplitudes loWer than the threshold amplitude 
GR, are the frequency spectra obtained for samples posi 
tioned inside the deposition layer. G0, G1, G2, and G3 are 
Doppler spectra obtained for gates positioned inside the ?oW 
stream, Where G0 is the beginning of the gate inside the 
deposited layer. fGO, fGl, fG2, fG3 are the corresponding mean 
frequencies for these gated echoes. FIG. 5 illustrates hoW 
the start time of the ?oW in the echo train, Tp, can be 
accurately determined by extrapolating the measured mean 
Doppler frequencies from the various gated samples inside 
the ?oW stream as indicated by reference numeral 50 to Zero 
frequency as indicated by reference numeral 36. Using this 
technique, the thickness of the deposited layer can be 
calculated according to Dp=(Tp—TWp)*cp/2, Where TWp is the 
time of re?ected echo from the pipe Wall/deposit interface 
and cp is the longitudinal speed of sound in the deposition 
material. FIG. 6 shoWs a schematic illustration of the 
received echo train (A), a range of time gates (B), and the 
mean Doppler frequencies from those gated echoes. The 
start position of the ?oW, Tp in time (34), can be determined 
by extrapolating from the mean frequencies (50). 

[0049] Very often, the eXtent of deposit buildup is not 
uniform and varies in thickness along the length of the 
pipeline. This variation in thickness of the deposits Will tend 
to cause localiZed variation in the direction of the ?uid ?oW 
stream close to the Wall. By measuring and monitoring the 
direction of the velocity, qualitative assessment of deposits 
upstream and doWnstream of the sensor can be made. As 
shoWn in FIGS. 7 and 8, With the use of at least tWo 
receivers in conjunction With a transmitter, the direction of 
the ?uid ?oW can be determined from the Doppler frequen 
cies obtained from each receiver. 

[0050] Referring particularly to FIG. 7, a preferred 
embodiment for sensing direction uses tWo receivers 110, 
120 in conjunction With a transmitter 115. Transmitter 115 
insoni?es the ?uid in a direction that is nearly perpendicular 
to the direction of the average ?oW velocity. Receivers 110 
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and 120 are placed at inclinations GRXl and GRXZ, respec 
tively, With respect to the aXis of transmitter 115. The 
inclinations are preferably set so as to develop an overlap 
ping insoni?cation region 300 near the boundary of the ?uid 
and the pipe Wall or deposit layer. It is not necessary that the 
inclinations GRXl and GRXZ be equal. It should be noted that 
the ?oW velocity near the Wall Will not remain perpendicular 
to the transmitter under certain conditions such as turbulence 
or constrictions in the upstream or doWnstream side of the 
pipe. Under such conditions, the direction of ?oW may be at 
angle 0T With respect to transmitter 115. 

[0051] The scattered ultrasonic signals that re?ect from 
scatterers 118 near the Wall are picked up by receiver 110 as 
RX1 and by receiver 120 as RX2. These signals contain a sum 
of the Doppler frequency shifts associated With projections 
of the velocity components along the transmitter and along 
the receivers. Thus, RX1 measures velocity in the direction of 
the center line of receiver RX1 as given by Equation 

[0052] Similarly, RX2 measures velocity VX1 in the direc 
tion of the center line of receiver RX2 as given by Equation 

[0053] The values of GRXl and GRXZ are knoWn. VX1 and 
Vx2 are calculated based on the Doppler frequency shifts in 
receivers RX1 and RX2. Equations (4) and (5) can be simul 
taneously solved to calculate values of ST and V. 0T varies 
from —90° to +90°. 

[0054] Referring noW to FIG. 8, a transmitter/receiver 
group 110, 115, 120 such as that described above can be used 
to detect constrictions upstream and doWnstream of itself. 
FloWlines 400 represent the travel path of the ?uid. For the 
unconstricted ?oW shoWn in FIG. 8(A), the ?oWlines are 
uniformly spaced. When deposits constrict the ?oW path, as 
shoWn in FIG. 8(B), the ?oWlines tend converge as the ?oW 
moves toWard a constriction or diverge as the ?oW moves 

aWay from a constriction. Thus, knoWing the direction of the 
velocity vector at a given point along the length of the pipe 
alloWs the system to detect deposit buildup upstream and 
doWnstream of the senor location. 

[0055] Applications include detection of and quanti?ca 
tion of deposition on a ?oWline, measurement of ?oW 
velocity, determination of ?oW blockage ahead or behind the 
sensor group, measurement of individual phase velocities 
and slip velocities, and monitoring ?oW direction of indi 
vidual phases. 

[0056] The disclosed Doppler method, When used With 
one sensor set, provides localiZed, point deposit measure 
ment. LikeWise, the present system, When mounted at mul 
tiple positions along the pipeline, may provide distributed 
deposition pro?le measurement over the ?oWline of long 
distance. Both the localiZed and distributed deposit mea 
surements, along With temperature and pressure measure 
ments, can provide information about ?uid ?oW, and provide 
data that assist in evaluating deposit behavior. In turn, this 
information can be used to help operators deploy appropriate 
means for deposit removal and prevention. 

[0057] While a preferred embodiment of the invention has 
been described, it Will be understood that variations can be 
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made to the apparatus described herein Without departing 
from the scope of the claimed invention. 

What is claimed is: 
1. A method for monitoring and measuring the buildup of 

deposits on the inner surface of a pipeline containing ?oW 
ing ?uid, comprising: 

(a) transmitting a ?rst acoustic signal into the pipeline 
through the pipeline Wall; 

(b) receiving echoes of the transmitted signal; and 

(c) determining from the received echoes hoW far from 
the pipeline inner surface the interface betWeen the 
deposits and the ?oWing ?uid lies. 

2. The method according to claim 1 Wherein step (c) 
includes using the Doppler frequency shift of echoes from 
the ?oWing ?uid to locate the deposit-?uid interface. 

3. The method according to claim 1, further including the 
step of gating the echoes. 

4. The method according to claim 1 Wherein step (c) 
includes measuring the Doppler frequency shift of the 
echoes from at least tWo points in the ?oWing ?uid and 
extrapolating the location of the Zero velocity. 

5. The method according to claim 1 Wherein the ?rst 
transmitted signal is not normal to the pipeline aXis. 

6. The method according to claim 1, further including the 
step of using the re?ected echo from the pipe inner surface 
to determine the thickness of the deposits. 

7. The method according to claim 1, further including the 
steps of transmitting a second signal into the pipeline and 
determining the direction of ?uid ?oW inside the pipe using 
received echoes of the ?rst and second signals. 

8. An apparatus for monitoring and measuring the buildup 
of deposits on the inner surface of a pipeline containing 
?oWing ?uid, comprising: 

a ?rst transmitter in acoustic communication With the 
pipeline Wall and generating a transmitted signal; 

a ?rst receiver in acoustic communication With the pipe 
line Wall and generating received echo signal from a 
received signal comprising the re?ection of the trans 
mitted signal off the ?oWing ?uid; and 

a microprocessor for determining from the received echo 
signal hoW far from the pipeline inner surface the 
interface betWeen the deposits and the ?oWing ?uid 
lies. 

9. The apparatus according to claim 8 Wherein the micro 
processor uses the Doppler frequency shift of echoes from 
the ?oWing ?uid to locate the deposit-?uid interface. 
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10. The apparatus according to claim 9 Wherein the 
microprocessor time-gates the echoes. 

11. The apparatus according to claim 8 Wherein the 
microprocessor measures the Doppler frequency shift of the 
echoes from at least tWo points in the ?oWing ?uid and 
eXtrapolates the location of the Zero velocity. 

12. The apparatus according to claim 8 Wherein the 
transmitted signal is not normal to the pipeline aXis. 

13. The apparatus according to claim 12 Wherein the 
received signal is not normal to the pipeline aXis. 

14. The apparatus according to claim 8 Wherein the 
microprocessor uses the re?ected echo from the pipe inner 
surface to determine the thickness of the deposits. 

15. The apparatus according to claim 8, further including 
a second transmitter for transmitting a signal into the pipe 
line, Wherein the microprocessor determines the direction of 
?uid ?oW inside the pipe using received echoes of the ?rst 
and second signals. 

16. A method for monitoring and measuring the buildup 
of deposits on the inner surface of a pipeline containing 
?oWing ?uid, comprising: 

(a) transmitting a ?rst acoustic signal into the pipeline 
through the pipeline Wall; 

(b) receiving echoes of the signal; and 

(c) using the Doppler frequency shift of the received 
echoes to determine hoW far from the pipeline inner 
surface the interface betWeen the deposits and the 
?oWing ?uid lies. 

17. The method according to claim 16, further including 
the step of time-gating the echoes. 

18. The method according to claim 17 Wherein step (c) 
includes measuring the Doppler frequency shift of the 
echoes from at least tWo points in the ?oWing ?uid and 
extrapolating the location of the Zero velocity. 

19. The method according to claim 16 Wherein the ?rst 
transmitted signal is not normal to the pipeline aXis. 

20. The method according to claim 16, further including 
the step of using the re?ected echo from the pipe inner 
surface to determine the thickness of the deposits. 

21. The method according to claim 16, further including 
the steps of transmitting a second signal into the pipeline and 
determining the direction of ?uid ?oW inside the pipe using 
received echoes of the ?rst and second signals. 


