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Fig.2. TDR pulse trace for variable termination resistances, TD is the time of wave travel in the cable.
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Fig. 3. TDR moisture meter of Soil moisture company, model 6050x1.
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Fig. 4. Bi-wire telecommunication cable and conversion of Bi-wire port to BNC
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Fig. 5. TDR wave for Bi-wire telecommunication cable and determining the beginning and end of the cable.

Table 1. Determining the V.O.P index for the cable under test

The time interval The speed of the electromagnetic
between the

Cable wave in the double-stranded Determining

length beginning and the cable under test in centimeters the V.O. P
end of the cable in
per nanosecond

nanoseconds
13.65 67.46 20.23421 67%
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Fig. 6. Image of the test to evaluate the effect of soil moisture around the TDR sensor on its waveform and the
position of the points where the soil moisture was increased in steps.
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Table 2. Specifications of the first and second points in each step of the experiment.

Moisture content (%)
The amount of water added to
the sample in terms of CC First point Second point
1 Base reading 5.4 7.5
2 750 6.9 7.5
3 1= 1500 13.9 7.5
g
4 @ 2250 15.6 7.5
[
5 3000 18.7 7.5
6 750 18.7 13.2
7 g 1500 187 183
o
©
8 S 2250 18.7 238
3
9 3000 18.7 29.3
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Fig. 7. TDR (time versus reflection coefficient) waveforms for different moisture content at points 1 and 2.

i \
I I
" H L\ $2uﬂm-lliru
I 1 i! 1 . .
I ! I 1 R
il s = .J\.J & I_;,;_ B & . 4 Is E = B E E/f% -
e |,- -1 - — T _ e n
LL —— A -[ — l—_— e .—\._\_,.,——IL"‘-—\_\__.I —t e —— —_— -
4 ~ I ] .
Point2 -(_]'II. ! |l lﬁ- Pointl - )
f int 1 I i _
~ S O A N A
— S S . .
P _,.—\;J- S I
Distarmee - rdber

S Casb, 51 oLyl = G s 5 Job dlold a4y Sloj alold hus ) ool (5lo  sleesls L TDR slazge JSi A S

¥ gz Gillae A=) al> o 5l (yge5] ciliie Jolhe )0 (3] Zae JSG 5 TDR g 50l
Fig. 8. TDR waveforms with processed data (transformation of time interval into longitudinal distance in
meters) - evaluation of the effect of soil moisture around the TDR sensor on its waveform in different stages
of the test from stage 1-9 according to Table 3.

alols L 3LlS a5 5,1 13 (5 %0 FI0 5 A/0-2 slaalols ;3 ulSasl cols Ol pss blis bazge JS& ol (bl 2 Caiomoss
o5 4SS oS jsblen ass oo (20l |, TDR zge cae por el L TDR (LS Lobos ool bkl iolo;T bolis a3l
e alal, 51 LS Jsbo S )0 zae <8 > Gy 09 Sull (28 L TDR ulusl y ot alais Condgn dlns (ol

gy on oolaiul

VcaBLEXt
D =—"—"—"—

: 2


http://dx.doi.org/10.22034/JEG.2022.16.3.1010691
https://jeg.khu.ac.ir/article-1-3082-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.1010691 ]

s Sl paas P Sl eslinal b s glacad pe plulil Y

b oo ot alads B ol 5l zge S g <8, sl pyY ooyt

Jsb b g abais G 5o Laid TDR jguies a5 00,5 oo it alali 380 drlos &y yoeie Gloj Lo alayl) ol 1 oolictl
P35l Glacaxdse drubre Wil (wled ;3 Cusb) b alais wiz 3 B ST ey w3l wled o Cusb, b oS
Geizs j0 dllie cpl Boacun g TDR Ol s &85 Saun sl 09 ol jors Uas b b o0 adgs a0 cois alads
Ol a1y bl lg oo aladi w0 glaid;y g0 bl awae o Sloss sl b as aisls (Las Yo VA Lo jo 6,50
I JJSSL..:L::Q—I Db ez B TDR zge IS0 50 Slol 4 )l s bgs e LulSail a5 (gldisS a 0g0i ol i )8,
Qiu*.j)é)d.laj.:)'looLé;;.ull.,aij)_a:UéG';.,i._}QLv.la_’é)'\ﬁlaf)_m)odfg)w)ojxo;wuamcﬁ@qq4;.
s o (etal., 2018 Fatemi Aghda) sges acwloe lakad plo 51 Jatus 1) ankad o] jo cots Cundge ylg5 oo dnlad
il S ygle patie Jsb o 1, SB o Cush) it (oS S50 4 Sl B TDR o S i oo &)50
U5 SiSS ol a8 ol (i (pime eizmes )15 385 (gl S g (siles bl @ L 0T 005 (oS
0pSop o 1y BS S s oS Sl Lol oylo 1) S slatel jo o] (358 0956 g ot g4, Sllasd gl auseis
205 (o0 0z 9 )lphe Comdy

a5 ol Jlasl las (6,955 bl Sy jgiile SuST S ool Culad udblieg mSUl zlgal jo o) 035> (o SU3L
225 o oS Jl bz 900 a5 uedoliieg i3SIl z g0 S TDR olfiiws Gl Jlasl bz ool 5l Si2 sdizmiw ] o
ol ysle 18 T Blbl e o Jlasl las sla el )b ).QL o Lo ulSal ) 0 o 2l o 1) o] sla lSal 4
S e A (g SESS ) Sl et 5 S oo Sl TDR (6390955 wilgd 516 ad (o allie

g oolaiwl
Sz ge Laly; Bebo g B (59,0 4 TDR Gy Jlo)l b sty (15800 GC (S wllas 0 50 slants 90 B o 5o
degliio (gl yho 38 (lsie 4 ol g IS5 5 0b et 4l Uy e SLo VY il B ()0 Gl s S e
owlidl dl> e pais 0 S Cugb, jasice Juolsd b aladi g0 50 e il 0ols 18 L (g ol e jo Ol s
bl loy aols el b o waid 50 bl cpl o Sl coll Ol s e Cogby (iali8l L Glejen ol ools
223 oo lid gt (pl mls ol bl Giolej] blas a8ly alols b els” as 3,0 )18 6 FI0 5 /8- slaalold
Syl s S Olgie 00 1) (T (Ul 00t Cglae ugboling 2SI glsal sl o 0355 50 i B3k by, 45
Cugb y Ol canl ;o8 TDR 05 00 5 )15 4y SeiST 55 sloojlu plu o ASGIS daas jo cid Joro anseis gl p
bl ST ol a5 wols lis pfions e 050 380 auwl 1S g (g5lws laslinl 4 5L Ll was el |
0pSop oty B U8 s oS Sy Lol oylo 1) S slatel jo o] (5,08 0956 g o g4, Sllasd gl auseis


http://dx.doi.org/10.22034/JEG.2022.16.3.1010691
https://jeg.khu.ac.ir/article-1-3082-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.1010691 ]

19 \\‘-\};gvz)w‘ﬁgyu,\i?‘y.wyu;w%;

&lw

Cataldo, A., Cannazza, G., De Benedetto, E., Giaquinto, N., Savino, M., 2013. An inverse validation for
detecting pipe leaks with a TDR-based method. In 4th IMEKO TC19 Symposium on Environmental
Instrumentation and Measurements 2013: Protection Environment, Climate Changes and Pollution
Control (pp. 104-108). imeko.

Cataldo, A., Cannazza, G., De Benedetto, E. and Giaquinto, N., 2012. Experimental validation of a TDR-based
system for measuring leak distances in buried metal pipes. Progress In Electromagnetics Research, 132, 71-
90.

Cataldo, A., Piuzzi, E., Cannazza, G., De Benedetto, E., 2012. Classification and adulteration control of
vegetable oils based on microwave reflectometry analysis. Journal of food engineering, 112(4), 338-345.
Cataldo, A., Piuzzi, E., Cannazza, G. and De Benedetto, E., 2009. Dielectric spectroscopy of liquids through a
combined approach: Evaluation of the metrological performance and feasibility study on vegetable oils.

IEEE sensors journal, 9(10), 1226-1233.

Cataldo, A., Piuzzi, E., Cannazza, G., De Benedetto, E., Tarricone, L., 2010. Quality and anti-adulteration
control of vegetable oils through microwave dielectric spectroscopy. Measurement, 43(8), 1031-1039.

Cataldo, A., Monti, G., De Benedetto, E., Cannazza, G., Tarricone, L., 2009. A noninvasive resonance-based
method for moisture content evaluation through microstrip antennas. IEEE Transactions on Instrumentation
and Measurement, 58(5), 1420-1426.

Cataldo, A., Monti, G., Cannazza, G., De Benedetto, E., Tarricone, L., Cipressa, M., 2008. A non-invasive
approach for moisture measurements through patch antennas. In 2008 IEEE Instrumentation and
Measurement Technology Conference (pp. 1012-1015). IEEE.

Cataldo, A., Catarinucci, L., Tarricone, L., Attivissimo, F., Trotta, A., 2007. A frequency-domain method for
extending TDR performance in quality determination of fluids. Measurement science and technology, 18(3),
675-688.

Cataldo, A., Catarinucci, L., Tarricone, L., Attivissimo, F., Piuzzi, E., 2009. A combined TD-FD method for
enhanced reflectometry measurements in liquid quality monitoring. IEEE Transactions on instrumentation
and measurement, 58(10), 3534-3543.

Dowding, C. H., O'Connor K. M., 2000. Comparison of TDR and Inclinometer for Slope Monitoring in
Geotechnical Measurement Proceedings. Denver, CO 2000, vol 80-81, (2000a).

Dowding, C. H., O'Connor K. M., 2000. Real Time Monitoring of Infrastructure using TDR Technology.
Structural Material Technology NDT Confference 2000, (2000b).

Dyer, S. A., 2001. Survey of Instrumentation and Measurement. John Wiley & Sons Inc., USA.

Grifiths, L. A., Parakh, R., Furse, C., Baker, B., 2006. The invisible fray: A critical analysis of the use of
reflectometry for fray location. IEEE Sensors Journal, 6(3), 697-706.

Hager, N.E., 1994. Broadband time-domain-reflectometry dielectric spectroscopy using variable-time-scale
sampling. Review of Scientific Instruments, 65(4), 887-891.

Kane, W.F., Beck, T.J., 1996. An alternative monitoring system for unstable slopes. Geotechnical news. 143,
24-26.

Mikkelsen, P.E., 1996. Landslides: Investigation and mitigation. Chapter 11-Field instrumentation.
Transportation Research Board Special Report, 247 p.

Mohamed, A.M.O., 2006. Principles and applications of time domain electrometry in geoenvironmental
engineering, CRC Press. VOL 5.

Moradi, G., Abdipour, A., 2007. Measuring the permittivity of dielectric materials using STDR approach.
Progress In Electromagnetics Research, 77, 357-365.


http://dx.doi.org/10.22034/JEG.2022.16.3.1010691
https://jeg.khu.ac.ir/article-1-3082-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.1010691 ]

s Sl paas P Sl eslinal b s glacad pe plulil VY

Nozaki, R., Bose, T.K., 1990. Broadband complex permittivity measurements by time-domain spectroscopy.
IEEE transactions on instrumentation and measurement, 39(6), 945-951.

Dowding, C. H., O'Connor K. M., 2000. GeoMeasurements by Pulsing TDR Cables and Probes. CRC Press,
UK.

Okhovvat, M., Fallahi, R., 2006. Measurement of antenna reflection coefficient in time domain, Proc. 11th
International Conference on Mathematical Methods in Electromagnetic Theory, 328-330, Kharkiv, Ukraine.

Piuzzi, E., Cataldo, A., Catarinucci, L., 2009. Enhanced reflectometry measurements of permittivities and
levels in layered petrochemical liquids using an “in-situ” coaxial probe. Measurement, 42(5), 685-696.

Schuet, S., Timucin, D., Wheeler, K., 2011. A model-based probabilistic inversion framework for
characterizing wire fault detection using TDR. IEEE Transactions on Instrumentation and Measurement,
60(5), 1654-1663.

Aghda, S.F., Ganjalipour, K., Nabiollahi, K., 2018. Comparison of performance of inclinometer casing and
TDR technique. Journal of Applied Geophysics, 150, 182-194.

Aghda, S.F., GanjaliPour, K., Nabiollahi, K., 2018. Assessing the accuracy of TDR-based water leak detection
system. Results in physics, 8, 939-948.


http://dx.doi.org/10.22034/JEG.2022.16.3.1010691
https://jeg.khu.ac.ir/article-1-3082-en.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-13 ]

[ DOI: 10.22034/JEG.2022.16.3.1010691 ]

Journal of Engineering Geology, Vol. 16, No. 3, Autumn 2022 13

Identifying leakage situations using the effect of soil moisture changes on TDR
waveforms

Kamal ganjalipour®*, Seyyed Mahmoud Fatemi aghda?, Kamal nabiollhi®

1. Head of Groundwater Studies Department, Markazi province regional Water Company, Arak, Iran
2. Full Professor, Faculty of Earth Sciences, Kharazmi University, Tehran, Iran
3 .Associate Professor, Faculty of Agriculture, University of Kurdistan, Sanandaj, Iran

Received: 10 Oct 2022 Accepted: 12 Dec 2022

Abstract

Electromagnetic methods in applied geophysics are advancing rapidly. Since the TDR system has
grown, its use has led to innovative applications and comparisons with other previous
measurement methods. A TDR system consists of a radar (electromagnetic) receiver and
generator, a transmission line, and a waveguide. The electromagnetic pulse generated from inside
the conductor cable moves towards the waveguide and is tested through the waveguide into the
environment under test. In the last few years, the use of the TDR system to identify water leakage
situations has been expanding. In this article, by performing tests on two-strand
telecommunication cables as TDR sensors, the ability and accuracy of the time domain
reflectometry method in detecting leakage situations has been evaluated. In this research, the two-
stranded cable was buried under GC gravel clay material, and by increasing the percentage of soil
moisture stepwise at two points, the sensitivity of the TDR method to the changes in moisture
around the cable was investigated. Based on the TDR waveforms, the points of reflection
coefficient changes are located at the distances of 9.5-9 and 4.5 meters, which is completely
consistent with the actual distance of the test points. In this research, TDR moisture meter made
by soil moisture company model 6050x1 was used. The results of this research show that the
TDR method has the ability to be used as a monitoring system to detect leakage in dams, dikes
and other geotechnical structures.

Keywords: Double Strand Cable, leakage, TDR Pulse, Time Domain Reflectometry, TDR.

Introduction

In recent decades, many techniques have been used to evaluate and identify the location of leakage
in dams. In this research, the authors are trying to evaluate the ability of the time domain reflectometry
method in identifying leakage situations. A TDR system consists of a pulse transmitter and receiver,
a transmission line and a waveguide. The pulse generator sends an electromagnetic wave into the
conductor cable and directs the wave into the material and the environment to be tested. In this
research, an attempt has been made to evaluate the effect of humidity changes around two-stranded
cables as a TDR sensor on TDR waveforms by designing and conducting several series of laboratory
tests, and also to show whether this method is effective in identifying leakage situations in soil
materials. Does it work or not?
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Materials and Methods
Subtitle
In TDR measurements, the TDR device sends out a step voltage of amplitude Vi. For some reason,
part of the voltage may be reflected (\Vr). The reflected voltage is represented in the TDR as the
reflection constant p . The reflection constant is defined as the ratio of the reflected voltage to the
voltage transmitted by the TDR (Dyer, 2001).

=Vr
pP=7 1)

The test equipment used in this research includes a Soil Moisture Company model 6050x1 TDR meter
and a two-wire telecommunication cable as the TDR sensor. The wave travel time from the beginning
to the end of the cable is about 67.46 nanoseconds. Considering the cable length of 13.65 meters, the
speed of the electromagnetic wave in the cable used in this research is about 20.234 cm/ns. And the
VOP index of this cable is 0.67, which means that the electromagnetic wave in this cable travels at
67% of the speed of light (c = 3 * 108 ms-1).
In this test, the aforementioned cable was covered with gravel clay (GC) and, at two points 4.5 and
9.4 meters apart, the leakage conditions within the GC material were modelled by gradually
increasing the percentage of moisture.

Results and Discussion
The TDR waveforms show that as the moisture content of the soil materials increases, the constant
changes in reflection increase at the 9.5-9 and 4.5 meter distances of the cable, which is entirely
consistent with the actual distance of the test points. Contact of the TDR cable with water slows down
the TDR wave velocity. As mentioned above, the following relationship is used to calculate the
location of the leak based on TDR, assuming that the speed of the wave motion is constant along the
length of the cable.

D= VCABZLEXf (2)

Using this relationship will only give an accurate calculation of the leakage point if the TDR sensor
is only in contact with moisture at one point and for a short length, so if the cable is in contact with
moisture at several points, calculate the positions after the closest leakage point to the manufacturer.
The pulse was accompanied by an error. To improve the accuracy of the TDR leak detection system,
the authors of this article showed in another research in (2018) that by changing the geometry of the
double-stranded cable at several points, it is possible to create reference points in such a way that the
corresponding reflection is easily reflected in the TDR waveform. In effect, they have divided the
cable into several distinct parts for detection. If a leak appears in one of the parts, the reference point
of that part can be used to calculate the location of the leak in that part independently of the other
parts (Fatemi Aqgda et al., 2018). In any case, it can be said that TDR is capable of qualitatively
monitoring soil moisture changes over a period of time, although its quantification requires accurate
standardization and calibration. The researchers also showed that this technique has the ability to
detect the first moments of leakage and how it spreads along the cable, but when the leakage covers
the entire cable, the situation becomes difficult and complicated.
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Conclusions

In this paper an attempt has been made to use the advantages of TDR technology to investigate one
of the most important geotechnical problems, the location of leaks. In this investigation, two aphid
cables were buried under GC soil material. By sending the TDR pulse into the cable and according
to the existing relations, the speed of the pulse inside the cable was determined to be 19.3 cm/ns and
its waveform was used as a zero value to compare the changes in the next steps. The soil moisture
was then increased in several steps at two points at set intervals. At the same time as the moisture
increased, the amount of constant reflection changes at these points also increased. By recording the
time interval of the constant change points of reflection compared to the zero reading and using the
calculated pulse velocity, the longitudinal distance of these points was calculated, which is exactly
the same as the measured distance. The results of this research show that the TDR method can be
used as a monitoring system to detect leakage in dams, embankments and other geotechnical
structures.
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