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Abstract— Many water service providers in India fail to 

accomplish the fundamental objective of supplying adequate 

and safe water effectively at affordable prices due to an 

intermittent water supply. Besides inconveniencing users, 

risk of contamination and water wastage is more in 

intermittent water supply which leads to this failure. In view 

of this the Pimpri Chinchwad Municipal Corporation 

(PCMC) proposes to provide continuous water supply to the 

consumers for the entire city in phases. Leakages in the 

distributaries must be fixed before a 24×7 water supply 

system is put in place to reduce the amount of water lost in 

distribution. This paper describes the leak detection of 

invisible leaks using Helium Mass Spectrometer 

implemented in Dalvi Nagar area of PCMC. Using this 

technique, total 18 invisible leak points are detected in three 

cycles of leak detection.The study includes flow 

measurement and its monitoring showing that water flow 

from Elevated Service Reservoir decreased after leak repair 

resulting in water conservation.  This paper reveals that 

quality of water also improved after leak detection and 

repair work meeting the standard limits. 
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I. INTRODUCTION 

In India, intermittent water supply system is generally used 

by water service providers. In this system, risk of 

contamination infiltration is high as when the pumping stops 

contaminated water from outside can enter the pipes at leak 

points. Also, large diameter pipe mains are required and at 

customer end large size of storages are required. Customers 

have to pay for pumping water to overhead tanks and this 

system also results in poor sanitation practices leading to 

increase in health risk. It also results in undue wastage of 

treated water as consumers store large quantity of water due 

to uncertainty and if it remained unused they waste it for 

collecting fresh water again. A water distribution system 

with intermittent supply system cannot be managed 

efficiently and effectively. Hence continuous supply of 

water – 24hours a day, seven days a week throughout every 

day of the year – is not an option; it is a need of the hour in 

order to meet the norms of international best practices. 

 PCMC has planned to implement 24×7 water 

supply scheme throughout the city in phases to meet the 

international standards. Before replacing intermittent supply 

with continuous supply also named as 24×7 water supply it 

is essential to go for leak detection and repair program as 

without it physical losses will increase at prevalent higher 

pressures of continuous supply. Leaks are conventionally 

detected using acoustic listening devices. Suspected leaks 

can be pinpointed using modern noise correlators which are 

more efficient and accurate than listening devices. Leak 

detection can also be done using several non-acoustic 

techniques such as tracer gas, infrared imaging, inverse 

transient method etc. The use of these non-acoustic 

techniques for this purpose, however, is still very limited 

and their effectiveness is not as well established as that of 

acoustic methods. 

II. STUDY AREA 

The area in and around Dalvi Nagar which is under PCMC 

is chosen for identifying efficiency and effectiveness of 

helium gas technique of leak detection for existing 

intermittent water supply system. This is a suburb part of 

Pune city in Maharashtra, India which is about 15 km. from 

Pune city situated along the old Mumbai-Pune Highway. 

Dalvi Nagar is towards the northern tip of Pune with present 

population of around 19,000 approximately and area of 

around 177 sq. km. 

 The Dalvi Nagar is chosen as pilot zone because it 

is already well isolated from its neighbouring areas leading 

to ease in zone isolation and thus resulting in ease in water 

leak detection and repair. Also, there is a separate Elevated 

Storage Reservoir (ESR) for supplying water to this zone 

and total volume of water supplied to the area can be easily 

measured. The present water distribution network is of 

15,347 m in length consisting of MS, GI, CI and DI pipes of 

different diameter. 

III. METHODOLOGY 

A. Public awareness program 

The objective of public awareness program conducted was 

to achieve better customer relations and make them aware 

about the forthcoming change in water supply system. With 

this objective flyers were designed in Marathi language and 

distributed among consumers. The flyer described how the 

supply would be gradually increased in the area. Customers 

were asked to contact on the numbers provided on flyers and 

inform about leaks on the street. They were also requested to 

co-operate in the transition period, repair their internal 

plumbing if leaks and overflows are observed. 

B. Leak Detection 

Leaks can be categorised into two groups: (1) visible leaks 

and (2) invisible leaks. Visible leaks are those occurring on 

the surface and can be located and repaired easily as 

compared to invisible leaks. Invisible leaks are those 

occurring in underground pipes and volume of water lost 

through them is much higher as compared to visible leaks as 

they flow undetected for long duration. Detecting both 

visible and invisible leaks and their subsequent repair is an 

important step for successful transition of intermittent 

supply to continuous supply. 
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1) Invisible leak detection using helium tracer gas 

technique 

Invisible leaks are detected in pilot zone using helium mass 

spectrometer. Helium is a noble gas so it does not react or 

combine with other elements which are under test. It is safe 

to use it as tracer gas because it is colorless, odorless, 

tasteless and nontoxic. Steps involved in leak detection 

using helium mass spectrometer are as follows: 

a) Helium gas injection and sampling 

Initially helium gas is injected at a specified pressure into 

the pipeline supplying water to the zone where leak 

detection is to be done. Then helium concentration in tap 

water samples is determined using helium mass 

spectrometer just to make sure that helium has reached at all 

points of zone. 

 
Fig. 1: Helium Injection Point 

b) Pipe and cable tracing 

Water pipeline is located using pipe locator consisting of 

transmitter and receiver units. Then the pipe location is 

marked with spayed paint. 

 
Fig. 2: Pipe Tracing Transmitter and Receiver 

c) Drilling over water pipe alignment 

Holes are drilled on the road with the drilling machine 

above the located pipeline for reaching the soil strata below 

the bitumen layer. Distance between the drilled holes is 

generally 2-3 m to avoid miss of any leak point. 

 
Fig. 3: Drilling Over Pipe Alignment 

d) Invisible leak detection and pinpointing 

Injected helium gas escapes from a leak opening on a 

pipeline and remains there for 24 to 48 hours. Hence leaks 

can be detected for 2-3 days after helium injection. For 

locating leaks, a suction pipe which is connected to the 

helium mass spectrometer is placed over the drilled holes. 

Air filter in between the suction pipe and spectrometer 

filters the soil particles coming from the drilled hole. Next to 

the filter there is a jar containing silica gel which absorbs the 

moisture if any. The spectrometer then reads the 

concentration of the Helium in the incoming gas. The 

saturated concentration of helium is approximately 5 ppm in 

the atmosphere but if the spectrometer reading exceeds 7 

ppm then there is a possibility of leakage. In such case, few 

more holes are drilled around that point for confirming and 

pinpointing leak and the point with maximum concentration 

of helium is marked with spray paint if readings at all points 

exceed 7 ppm.  

 
Fig. 4: Suction Pipe and Helium Mass Spectrometer 

C. Flow Measurement System 

The water flow from ESR was measured using 

electromagnetic flow meter installed on ESR and these 

measurements were monitored on the central computer in 

the server room established at WTP by connecting flow 

meter to the SCADA system. 

D. Water quality testing 

Water samples were taken from a consumer’s tap in 

Pandharkar Wasti area of pilot zone who had earlier 

complained of receiving contaminated water. Water quality 

parameters were tested in the PCMC laboratory before leak 

repairs and after the completion of leak repairs for 

monitoring physical, chemical and biological properties. 
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These tests were conducted according to the procedure of 

standard lab manual. 

IV. RESULTS 

A. Leak Detection 

During the study, Helium mass spectrometer indicated a 

total of 18 points as the leak points in the pilot zone in 3 

cycles of leak detection out of which 17 points were actually 

leak points and one was a dry hole. This shows that by using 

helium mass spectrometer, leaks were detected in pilot zone 

with 94% efficiency. Out of these 18 points, 10 points were 

obtained in the first cycle when no change water supply was 

made and it was 6 hours/day. In the second cycle water 

supply was increased to 10 hours/day and weak links in the 

distribution network were allowed to leak. There were 7 

leak points detected during this cycle of leak detection. The 

third cycle of leak detection was conducted after completion 

of leak repair work of leaks detected during first and second 

cycles of leak detection and water supply was further 

increased to 14 hours/day. Only one point was detected as 

leak point in this cycle indicating leak detection work is 

completed and there are no more leaks in the study area of 

Dalvi Nagar. 

 
Fig. 5: Water Distribution Network Showing Leak Points 

B. Leak Repair 

For avoiding further water loss and improving water quality 

as soon as possible, leak repair work was completed on 

urgent basis after their detection in the distribution network. 

Various types of leaks detected in the pilot zone were 

repaired mainly by either of the following ways: 

(1) Replacing ferrule connection 

(2) Replacing service connection 

(3) Lead wool caulking 

(4) Changing gasket 

(5) Using jiffy joints 

(6) Using Teflon clamps of suitable diameter 

Leak 

No. 

Helium Concentration 

(ppm) 
Location of Leak Type of Leak Method of leak repair used 

72 17 
Infront of Shubhlakshmi Jewellers, 

Bhoir nagar 
Pipe crack Teflon clamp of 350 mm diameter 

73 11 
Infront of Janata Primary School, 

Bhoir nagar 
Socket jont leak Lead wool caulking 

74 7.5 
Infront of Rajan Digital Studio, 

Bhoir nagar 

Ferrule connection 

leak 

Plugged connection (leak from closed 

old connection) 

75 8 Rickshaw stand, Bhoir nagar Socket joint leak Lead wool caulking 

76 8.8 
Adjacent to Datta temple, Udyog 

nagar 
Dry hole No leak 

77 330 
Adjacent to Datta temple, Udyog 

nagar 
T joint leak Lead wool caulking 

78 17 
Opposite Sagar Restaurant, 

Chinchwad station road 

Service connection 

leak 

Service connection plugged (new 

connection from other line) 

79 51 Near Rickshaw stand, Bhoir nagar 
Pipe bend leak 

through gasket 

Changed two rubber gaskets of 300 

mm diameter 

80 13 
Infront of Yash Bindu apartment, 

Raghumauli road 

Ferrule connection 

leak 
Replaced ferrule connection 

81 33 Sukh Nagari, Premlok park 
Ferrule connection 

leak 

Plugged connection (leak from closed 

old connection) 

Table 1: Detail of Leaks Obtained in the First Cycle of Leak Detection 

Leak 

No. 

Helium Concentration 

(ppm) 
Location of Leak Type of Leak Method of leak repair used 

97 52 
Raghu mauli garden corner, 

Raghu mauli road 
Socket joint leak Lead wool caulking 

98 31 
Infront of plot no-33, Indira 

nagar 
T joint leak Lead wool caulking 
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99 17 
Infront of Gajanan Nivas, plot 

no-12, Indira nagar 
Jiffy joint leak 

Changed jiffy collar coupling, rubber 

gaskets and pipe piece 

100 13 
Infront of Trimurti Nivas, Indira 

nagar 
Jiffy joint leak 

Changed jiffy collar coupling, rubber 

gaskets and pipe piece 

101 11 
Infront of plot no-29, Shivshakti 

Nivas Indira nagar 

Service connection 

leak 
Replaced service connection 

102 67 
Infront of Mandar collection, 

Bhoir nagar 
Socket joint leak Lead wool caulking 

103 9.1 Infront of Bhoir nagar bus stand 
Hole of 50 mm 

diameter on pipe 

Teflon clamp of 300 mm diameter is 

used 

Table 2: Detail of Leaks Obtained in the Second Cycle of Leak Detection 

Leak 

No. 

Helium 

Concentration 

(ppm) 

Location 

of Leak 

Type of 

Leak 

Method of 

leak 

repair 

used 

125 140 

Near 

Bhushan 

general 

store, 

Indira 

nagar 

Ferrule 

connection 

leak 

Replaced 

ferrule 

connection 

Table 3: Detail of Leak Obtained in the Third Cycle of Leak 

Detection 

C. Flow Measurement 

Water supply of study area was gradually increased from 6 

hours/day to 14 hours/day simultaneously with leak 

detection and subsequent repair work. During this entire 

period flow of water from ESR was continuously monitored 

using electromagnetic flow meter and SCADA system 

indicating a decrease in this total flow and subsequent 

saving in water used. The total flow reduced from 6.89 

MLD to 5.92 MLD when water supply was increased from 6 

hours/day to 14 hours/day. 

D. Water Quality testing 

Intermittent water supply system possesses risk to public 

health as contaminants can infiltrate into pipeline through 

leak openings due to loss of pressure in distribution system 

during non-supply hours. Various water quality parameters 

of tap samples taken from Pandharkar Wasti area were 

tested in the PCMC laboratory before leak and after leak 

repairs. The results of testing showed that quality of water 

improved after leak detection and subsequent repair works 

as shown in Table 4. 

Sr.No. Parameter tested Standards (Acceptable limits) 
Results of water quality analysis 

Before leak repair After leak repair 

Physical parameters 

1 Color 15 True Color Unit 29 13 

2 Turbidity 
5 Nephelometric Turbidity Unit 

(max) 
18.4 2.1 

Chemical parameters 

3 
Total hardness as 

CaCO3 
300 mg/lit (max) 92 62 

4 pH 6.5-8.5 7.1 7.76 

5 
Total Alkalinity as 

CaCO3 
200 mg/lit (max) 182 74.56 

6 Chloride 250 mg/lit (max) 46 20 

7 Calcium 75 mg/lit (max) 34 14.42 

8 Chlorine 0.2 ppm (min) Nil 0.6 

9 Total Dissolved Solids 500 mg/lit (max) 210 55.7 

Biological parameters 

10 
Readycult Coliforms 

100 
Negative (No color change) 

Positive (Bluish Green color 

change) 

Negative (No color 

change) 

Table 4: Results of Water Quality Analysis Before and After 

Leak Repair 

V. CONCLUSION 

(1) In the study area, a total of 18 invisible leak points 

are detected using helium mass spectrometer with 

94% efficiency. Thus it is an efficient and accurate 

method of leak detection in water distribution 

network.  

(2) Unlike the conventional acoustic method of leak 

detection its effectiveness does not depend upon 

the pipe size, pipe material, leak size etc. and it 

does not require working at night. 

(3) Flow monitoring indicated that flow of water from 

ESR reduced from 6.89 MLD to 5.92 MLD after 

completion of leak detection and repair works. 

(4) Water saved can be used as an additional source of 

supply to other areas and reduces water system 

operational cost. Also decrease in flow means 

increase in pressure and thus decrease in energy 

consumption which is an added advantage. 
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(5) Sample tap water analysis showed that water 

quality is improved after leak repair work 

indicating that drinking water quality can be 

maintained throughout the distribution network by 

helium gas leak detection and subsequent repairs. 
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