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Abstract 

Water loss from corroded, wrecked, or leaky underground pipelines is a global crisis. Water supply channels crisscrossing 

beneath the ground are the main transporters of drinking water. The populations of developing and underdeveloped nations 

are the major sufferers of water borne diseases due to pollution creeping into dilapidated water delivery pipes. The sub 

terrain location of water conduits increases the difficulty of gauging their operating conditions and immediately 

administering repair work.  The intent of this study is to be able to map out leakage points in buried waterways without 

having to unearth the entire structure. In order to accomplish the above mentioned goal, this study relies on microwave 

sensing techniques with transceivers operating at frequencies of 1.6 GHz ad 10 GHz. The unique and differing transmittance 

profile of microwaves helped differentiate moist and dry soil. Transmittance measurements in the lab using plastic boxes 

filled with dry and wet mud provided a clear distinction between the two kinds of mud. The idea was further tested in a mock-

up pipeline system, where an arrangement of galvanized iron (G.I.) pipes with holes, to simulate water leakage, was used to 

wet a certain area of the ground. Transmittance profiles for both 1.6 GHz and 10 GHz frequencies in wet and dry ground 

areas were obtained and analyzed. Outcomes from both the laboratory setup and the pipeline network show that moist mud 

can be differentiated from dry mud using microwave transmittance methodology. These results indicate the possibility of a 

convenient and practical technique of locating pipeline leaks occurring beneath the surface. 
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Introduction 

Water belongs to one of the essential ingredients supporting life 

on Earth. Access to clean and sufficient drinking water is 

possible if the underground conduits carrying drinking water do 

not have leakages. Lack of maintenance and repair of pipes in 

developing and underdeveloped nations has resulted in many 

inhabitants being exposed to polluted drinking water. Decrepit 

water distribution infrastructures contribute to an estimated loss 

of over 6 billion gallons of water daily worldwide
1
. Studies and 

field visits indicate 1.1 leaks per mile in North America and 2.2 

leaks per mile in Europe, England, Middle East and Africa
1
. 

 

The ever-expanding civilizations and urbanization have forced 

watercourses to be kept beneath the concrete jungle to save 

space and for aesthetic purposes. However, the chief drawback 

of such a decision is the inability for speedy and uncomplicated 

repair work. Estimating the location and volume of water 

seeping out of cracks from aged pipes is a daunting task for 

maintenance personnel. To overcome this difficulty, this study 

focuses on probing the Earth’s crust using microwaves to 

determine the presence or absence of leaks. Microwaves exhibit 

differing absorption and transmittance profiles when passed 

through dry and wet environments. Taking note of this unique 

behavior of microwaves, this study explores the idea of using 

microwave sensing as a non-destructive way of pinpointing 

damaged pipelines hidden underground. 

 

Material and Methods 

Microwaves are well known for their behavior of backscattering 

from obstacles on their way of propagation. The backscattering 

efficiency depends strongly on the physical properties, mainly 

the dielectric properties, which in turn resemble the refractive 

indices of the objects. Hence, the objects that take part in the 

backscattering can be characterized. Water, for example exhibits 

strong attenuation at microwave bands, and hence can be easily 

discriminated from other objects. Also, the effect of attenuation 

appears differently at different microwave bands. To check the 

possibility of using microwave sensing to detect leaky 

environment around water supply pipelines, this study initially 

considers the theory behind the interaction of microwaves with 

water, the instruments involved in the study, the adopted 

simulation model, the laboratory setup and the artificial pipeline 

structure.  

 

Theory: The absorption spectrum of water illustrates its 

absorbing capability at wide range of wavelengths. However, 

water is transparent in the visible region of the spectrum, 

approximately from 400 nm to 700 nm, because of deficiency of 

physical mechanisms yielding electronic transitions
2
. In the 
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remainder of the electromagnetic spectrum water interacts with 

electromagnetic radiation. Molecular rotations cause water to 

absorb in the microwave region
3
. The infrared section causes 

absorption via vibrations of the water molecules
4
. The range 

from ultra-violet till X-rays describes absorption in water 

through photoelectric effect, Compton Effect and pair 

production
5
. This is illustrated in figure-1

4
. Figure-2 shows the 

electromagnetic spectrum of water, with two vertical lines 

showing the operating frequencies (1.6 GHz and 10 GHz) used 

in this study. From figure-2 it can be seen that the absorption 

coefficient of water is lower at 1.6 GHz than at 10 GHz.  

 

 
Figure-1 

Absorption Spectrum of Water
4
 

 

 
Figure-2 

Electromagnetic Absorption Spectrum of Water
2
 

 

Instrumentation: The following instruments were used to 

complete this study. For the antennae, the study utilized a Yagi 

and a Horn antenna tuned for operation at 1.6 GHz and 10 GHz 

respectively. The apparatus used to generate microwaves was 

the E15d Aerials manufactured by TecQuipment, which 

provided a maximum output power of 200 µW. Frequency 

spectrum was analyzed using the HP 8593E spectrum analyzer, 

which has a capability of measuring power levels of signals in 

the range from 9 MHz till 26.5 MHz, and amplitude levels from 

–127 dBm to 30 dBm. To distinguish normal drinking water 

from other sources of contamination, a pH meter was employed 

to test the salinity of water. 

 

Simulation Model: Simulated values used in the study were 

obtained using Beer-Lambert law. This law mentions that the 

transmittance of an electromagnetic wave through a material 

depends logarithmically on the product of the absorption 

coefficient of the matter and the distance covered by the wave 

as it passes through the material. Mathematically the 

transmittance can be expressed as
2
: 

T =
��

��

= e
�β�              (1) 

 

Where, (Pr) is the power at the receiver, (Pt) is the power at the 

transmitter, (β) is the absorption coefficient of the material and 

(d) is the thickness of the material. 

 

Laboratory Setup: The laboratory setup consisted of plastic 

boxes filled with mud, whose transmittance is to be measured, 

sandwiched between transmitter and receiver. The thickness of 

the plastic boxes was increased and decreased by adding or 

removing plastic boxes filled with mud. The plastic boxes were 

placed so as to block the line of sight between the transmitter 

and receiver. Transmittance was calculated for both dry and wed 

mud using the transmitted and received power values. The setup 

is shown in figure-3. 

 

  
Figure-3 

Transmittance Measurement Setup in Lab 

 

Artificial Pipeline Structure Setup: The pipeline network was 

setup in the grounds of IOE, Pulchowk Campus. This was done 

using a network of Galvanized Iron (G.I.) pipes connected to a 

water tank. The flow of water in the pipes was controlled using 

manual valves, and holes were drilled in the pipes to simulate 

water leakage. The G.I. pipe used for testing was 80 cm in 

length, of which 40 cm was covered with dry mud and the 

remaining 40 cm with wet mud. Trenches were dug on both 

sides of the pipe to facilitate the placement of antennae as 

shown in figures 4 through 7. 
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Figure-4 

Horn Antennae positioned between Wet Mud 

 

 
Figure-5 

Horn Antennae positioned between Dry Mud 

 

 
Figure-6 

Yagi Antennae positioned between Dry Mud 

 
Figure-7 

Yagi Antennae positioned between Wet Mud 

 
Microwave Reflectance Profile Test with pH Variation: To 

separate out drinking water from contaminated water this study 

also tested the reflectance profiles of acidic, normal and basic 

water solutions using microwaves. First, the reflectance profile of 

normal drinking water having a pH value of 7 was recorded using 

both 1.6 GHz and 10 GHz microwave rays. Then Alum was 

added to the water to change its pH to 3 and to make it more 

acidic. However, the reflection profile at both 1.6 GHz and 10 

GHz were insensitive to detect the pH change. Furthermore, by 

adding Caustic Soda to water, the pH was changed to 12.8 and 

solution made basic. In this case also the reflectance profile at 

both 1.6 GHz and 10 GHz was unable to detect the pH change. 

Overall, the use of microwaves to distinguish salinity change in 

water was found to be inconclusive.  

 

Results and Discussion 

The results obtained from laboratory setup are shown in figures 8 

to 13. Figure-8 shows the observed and simulated transmittance 

values for dry and wet mud at 10 GHz. For the observed values, 

the mean differential attenuation between dry and wet mud is 

0.287, and for the simulated values, the mean differential 

attenuation between dry and wet mud is 0.289. Figure-9 shows a 

comparison between observed and simulated transmittance values 

of dry mud at 10 GHz, and observed and simulated transmittance 

values for wet mud at 10 GHz. 

 

Figure-10 shows the observed and simulated transmittance values 

for dry and wet mud at 1.6 GHz. For the observed transmittance 

values, the mean differential attenuation between dry and wet 

mud is 0.0084 and for the simulated transmittance values, the 

mean differential attenuation between dry and wet mud is 0.0117. 

Figure-11 shows a comparison between observed and simulated 

transmittance values of dry mud at 1.6 GHz, and observed and 

simulated transmittance values for wet mud at 1.6 GHz.  

 

Figure-12 shows a comparison between observed and simulated 

transmittance values for dry mud at 10 GHz and 1.6 GHz. The 
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mean differential attenuation for the observed 

values for dry mud at 10 GHz and 1.6 GHz is 0.153, and the 

mean differential attenuation for the simulated transmittance 

values for dry mud at 10 GHz and 1.6 GHz is 0.152

 

Figure-8 

Observed and Simulated Values at 10 GHz

 

Figure-9 

Comparison between Observed and Simulated Values at 10 

GHz 
 

Figure-10 

Observed and Simulated Values at 1.6 GHz

_________________________________________________

Association       

mean differential attenuation for the observed transmittance 

values for dry mud at 10 GHz and 1.6 GHz is 0.153, and the 

mean differential attenuation for the simulated transmittance 

values for dry mud at 10 GHz and 1.6 GHz is 0.152 

 

Observed and Simulated Values at 10 GHz 

 

son between Observed and Simulated Values at 10 

 

Observed and Simulated Values at 1.6 GHz 

Figure-11

Comparison between Observed and Simulated Values at 1.6 

GHz 
 

Figure-12

Observed and Simulated Values of Dry Mud at 10 GHz and 

1.6 GHz

 

Figure-13

Observed and Simulated Values of Wet Mud at 10 GHz and 

1.6 GHz
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11 

Comparison between Observed and Simulated Values at 1.6 

 

 
12 

Observed and Simulated Values of Dry Mud at 10 GHz and 

1.6 GHz 

 
13 

Observed and Simulated Values of Wet Mud at 10 GHz and 

1.6 GHz 
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Figure-13 shows a comparison between observed and simulated 

transmittance values for wet mud at 10 GHz and 1.6 GHz. The 

mean differential attenuation for the observed transmittance 

values for wet mud at 10 GHz and 1.6 GHz is 0.429, and the 

mean differential attenuation for the simulated transmittance 

values for wet mud at 10 GZ and 1.6 GHz is 0.427. 

 

Results obtained from the pipeline network are shown in figures 

14 to 17. Figure-14 shows a comparison between observed 

transmission values at 1.6 GHz and 10 GHz that were taken along 

the length of the G.I. pipe. The obtained profile shows both dry 

mud values and wet mud values, since 40 cm of the pipe was 

covered with dry mud and the remaining 40 cm with wet mud. 

The mean differential attenuation between 1.6 GHz and 10 GHz 

at the wet section of the pipe is 0.085, and the mean differential 

attenuation between 1.6 GHz and 10 GHz at the dry section of the 

pipe is 0.045. 

 

Figure-15 shows a comparison between simulated transmission 

values at 1.6 GHz and 10 GHz that were taken along the length of 

the G.I. pipe. The obtained profile shows both dry mud values and 

wet mud values, since 40 cm of the pipe was covered with dry mud 

and the remaining 40 cm with wet mud. The mean differential 

attenuation between 1.6 GHz and 10 GHz at the wet section of the 

pipe is 0.09, and the mean differential attenuation between 1.6 GHz 

and 10 GHz at the dry section of the pipe is 0.045. 

 

Figures 16 and 17 show the comparison between observed and 

simulated transmittance values along the pipeline at 10 GHz and 

1.6 GHz respectively. 

 

The above results indicate that the transmittance of dry mud is 

better than that of wet mud. This implies that wet mud is capable 

of absorbing more microwaves compared to dry mud. Similarly, 

transmittance at 1.6 GHz is greater than that of 10 GHz under 

similar mud conditions. This behavior can be explained using the 

fact that absorption coefficient of water is greater at 10 GHz than 

at 1.6 GHz.  

 

 
Figure-14 

Observed Values at 10 GHz and 1.6 GHz in Pipeline 

 
Figure-15 

Simulated Values at 10 GHz and 1.6 GHz in Pipeline 
 

 
Figure-16 

Simulated vs. Observed Values at 10 GHz in Pipeline 
 

 
Figure-17 

Simulated vs. Observed Values at 1.6 GHz in Pipeline 
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Conclusion 

This study explored the idea of using microwave sensing to 

probe water pipeline networks in order to estimate the location 

of a leak. The transmission model implemented in this project 

relied on the fact that the transmittance of wet mud is higher 

than that of dry mud. This is because water absorption spectrum 

shows less absorption at 1.6 GHz due to less rotation of 

molecules. The experiment was carried out using both 1.6 GHz 

and 10 GHz frequencies. The results obtained in the lab as well 

as those obtained in the pipeline network provided a clear 

distinction in the transmittance profile of wet and dry mud. This 

study establishes the fact that the transmission model can be 

used to locate leakage in water pipelines. 

 

If this project is to be implemented at a larger scale, the 

transmission model predicted in this study is not feasible. This 

is because the transmission model requires trenches to be dug on 

both sides of the pipeline. Thus, for practical purposes, a 

reflection model is needed. However, for the reflection model to 

work, a microwave transceiver system with the capability of 

transmitting and receiving waves with average power of a few 

Watts is required. This is because water pipelines are embedded 

deep within the ground, and the microwave signals fade quickly. 
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