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@ INTRODUCTION
WHAT IS PIDS?
The Pipeline Intrusion Detection System (PIDS) represents an exceptionally efficacious technology engineered to
provide real-time intelligence on unauthorized intrusions in proximity to subterranean pipeline infrastructure.
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WORKING PRINCIPLE

» The system works on the principle of Distributed Acoustic Sensing, Controller sends highly coherent laser to the optical

fiber as a way to detect disturbance .
» The coherent light pulse is sent by controller through the optical fiber which is running parallel with underground

pipeline
~ External acoustic disturbances (such as digging, walking, etc.) around the fiber cause phase changes in the coherent light
pulse as a result some of the light returns towards the source due to Rayleigh back-scattering and is directed into a photo-

detector.
» Since the speed of the light pulse is known, the time when it arrives at the photo-detector determines the location from

where it was scattered.
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* Controller is able to simultaneously detect and locate intrusions for two independent channels

2. Controller collects backscattered light
Collects laser pulse ‘Rayleigh’ backscatter (generated by
inherent imperfections in the sensor cable optical fiber)

1. Pulses laser
2000 to 5000 pulses/sec
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3. Controller senses change in backscatter
» Samples & analyses backscatter changes every 0.5m (1.6ft) along the fiber

* Disturbances cause changes in backscatter in sensor cable optical fiber

4. Controller detects and locates intrusions
* Applies artificial intelligence algorithms to discriminate between intrusions and normal
background/environmental noise

* Calculates intrusion locations from transmitted pulse & received backscatter timing differences



» Each sensor channel consists of a single optical fibre strand within a cable. The second channel may be within the same or
a different cable

* The sensor path is divided into a lead-in and sensing section within the configuration software. Sections within the sensing
section may also be ignored in software if required

* An End Element 1s fusion spliced to the end of each sensor path in order to prevent light from being sent back to the
controller
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GENERATION OF WATERFALLS AND ALARMS
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I WATERFALL DIAGRAM AND IDENTIFICATION OF INCIDENT

» External acoustic disturbances (such as digging or walking) generate vibrations that affect the optical fiber

installed alongside underground pipelines.
» Using artificial intelligence, the controller analyzes these signals, detects events, and creates alarms—either

automated or manual—displayed in the controller’s Waterfall graphical interface:
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> The fiber optic cable is highly sensitive to external activities, particularly seismic energy from digging and vehicle
movement.

> A single buried fiber cable can detect intruders, footsteps, vehicles, and excavation at notable distances from the
pipeline.

> Detection ranges depend on soil characteristics and local environmental conditions.
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PIDS SYSTEM AT JLPL-NCR REGION ()
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EFFECTIVENESS , AREA UNDER PIDS , PREVENTED CASES
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EFFECTIVENESS , AREA UNDER PIDS , PREVENTED CASES

@ Alarm: Mechanized Digging - Google Chrome = | LS |——

@ %T secure | 192.168.21.90/portal/alerts/127202951

(N ) @tech

PRHDFTES

1D: 127202951
Type: Mechanized Digging
Time: Wednesday, Jul 15 2020, 14:51:01
| Threat level: Red
| o Status: Resolved
[
| Event Type: Mechanized Digging
| Fibre Line: Loni
In Region: TLP 154 CH 1144.00 To TLP 155 CH 1145.079
| Location: 28.56841191,77.31877541
| Position On Fibre: §933.0 m
| Source: Loni
Il
. - work stoppéd. <h.. radheshyam_]rha"sinspected on the srl‘»ot is there. -

, no other abnormality found

(CTR Madanpur Khadar) As per communication received by LPM
RATNESH, at the mentioned location voda phone company was

| |Resolved 18:34:54 Portal manual digging 1mtr form the line Ipm has the work stopped, sh..
| radheshyam ji has inspected on the spot is there. no other
abnormality found

|

Mechanical Digging — 15.07.2020 AT 14:51:01 HRS CH 1144.00 | LONI | Inside Rou




EFFECTIVENESS , AREA UNDER PIDS , PREVENTED CASES

&'F SVeD-CH 1072.069,TLP 54 TO CH 1072/PD 3.5M

SVE0-CH 1072.069/TLP 54 TO CH 1072/PD

Start Time: 20-07-2020 09:57-48
Last Update: 20-07-2020 09:58:33
; Alarms #H- *] Show...
........ Chainage:: 3.363
p OFC Distance: 3637 m
Event Type: Manual Digging
Escalation Lewvel: Low
Accumulator: Short Accumulator
Coordinates:
Lat 28.216560° Long 77.039359° Alt 0.0m
Remarks

[] Reset When Acknowledged

Ihformed LPM BABLULAL at 9:59 am.at the mentioned location
Blectrical pole shifting work was going on, no other abnomality
found,OFC 3637

Acknowledge - -

A afs .
A “‘ g k' Ewvent 1/ 1

‘ Manual Digging — 20.07.2020 AT 09:57:48 HRS KM 1072.069 | SV 63 - SV 60 Inside ROU
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TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

In addition to external disturbances (such as digging and walking), internal vibrations within the pipeline
during pigging operations also generate acoustic signals detected by the adjacent fiber optic cable running
parallel to the underground pipeline.

A dedicated pigging configuration program is assigned to the controller—alongside the standard
configuration—to enable tracking during pigging exercises.

Signatures from various pigging scenarios and locations have been analyzed, and a specialized program
has been developed and assigned to the controller for effective pig tracking. The movement detected in
pigging configuration is shown below
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@ TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

> We can accurately determine the pig’s location based on the OFC distance and corresponding chainage..
> The alarm window also provides details such as OFC distance, date, chainage, time, and speed between
two consecutive pig locations.
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TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

> Pig propagation is displayed in the CAMS software, which processes data from waterfall events and
presents it through a user-friendly monitoring interface. The entire pipeline section is mapped in CAMS
with configurable icons such as road crossings, bridges, bore wells, and pig locations.

> During pigging operations, CAMS software provides real-time information on the pig’s location with
respect to the entire pipeline section, as shown below.
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TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION
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Each controller is equipped with two sensors, and each sensor can typically cover a maximum distance of 55 km..

In the pipeline section from SV-60 (Rajasthan) to RT Piyala (Faridabad, Haryana), the total length is 66.2 km —
which exceeds the 55 km coverage limit of a single sensor. Therefore, the controller has been strategically installed at
SV-63 (an intermediate location) to ensure complete coverage of the section..

At the controller’s location, the Optical Fiber Cable (OFC) distance is considered as zero (0). This means that if the
controller is installed at SV-63, the OFC length is treated as zero at that point and gradually increases in both

directions along the pipeline.
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TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

» Between SV-60 and SV-63, the actual pipeline length is 38,309 meters, whereas the OFC (Optical Fiber Cable)
distance recorded is 41,185 meters. A similar variation is also observed in the SV-63 to RT Piyala section, as
illustrated in the figure below.

The difference in length can be attributed to the following reasons:

= Mandatory looping (approximately 300 meters) of OFC at SV stations, where the cable is brought above ground
for parameter measurement and integration with the SCADA system.

= Additional looping created during restoration activities after an OFC cut or repair.

= The OFC route, although generally parallel to the buried pipeline, may at times diverge or run offset from the

underground pipeline alignment.
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@ TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

> Considering above logic , the graphical pattern of pig travel will be the mirror image of the pipeline section of both
side of controller ie from SV 60 to SV 63 ( sensor — 1 , left side of Controller) wrt SV 63 to RT Piyala ( Sensor 2 ,
Right side of controller ) as under:

; - ; Typical graph for pig travelling from SV 63 to RT Piyala
Typical graph for pig travelling from SV 60 to SV 63

> It is clearly understood that the awareness of OFC and corresponding chainage is very much essential to figure
out actual pig location from waterfall graph during pigging operation.

> Proper correlation about the exact chainage w r to section wise OFC distance the location of the pig can be
determined perfectly



TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION
ADVANTAGES
Accurate Monitoring:
Pig movement can be monitored with high accuracy through the PIDS dashboard, where the pig’s travel can be
visually tracked in real time along with parameters such as OFC distance, chainage, date, time, and speed.
Elimination of Manual Tracking:
This system eliminates the need for a dedicated pig-tracking team equipped with vehicles, geophones, and manpower
(including GAIL personnel and technicians) that would otherwise be deployed continuously during pigging operations.
Real-Time Tracking Advantage:
Traditionally, estimating the pig’s expected arrival time at any SV station requires detailed back-calculations based on
several variables such as flow rate, number of running pumps, and pipeline trajectory (straight stretches, river
crossings, hilly terrain, etc.).
Any change in these conditions alters the pig’s speed, necessitating recalculations. However, with PIDS-based pig
tracking, such calculations are no longer needed as the system provides real-time pig propagation data. The
instantaneous pig speed can also be derived directly from the OFC distance vs. time (waterfall) diagram.
Precise Stuck-Up Location Identification:
In the event of a pig stuck-up, especially between two SV stations, it is usually very challenging to determine the exact
location due to sensor range limitations and battery life issues. For foam pigs (which lack sensors), locating the stuck-
up position is nearly impossible.
With PIDS, continuous monitoring of the pig’s travel path along the OFC allows for precise identification of the last
detected point (OFC distance), which directly correlates to the actual chainage/location of the pig in case of a stuck-up
event.



TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

CHALLENGES AND MITIGATION

Mapping Chainage with Respect to OFC Distance

Need for Accurate Chainage Mapping:
It is crucial to establish the exact chainage corresponding to each OFC distance, as the Optical Fiber Cable (OFC)
running parallel to the underground pipeline typically has a slightly greater length than the actual pipeline.

Data Collection and Stamping:
To ensure precise correlation between chainage and OFC distance, extensive field data collection and stamping are
required at multiple sections along the pipeline.

Sensor Coverage and Controller Placement:
Since each sensor has a coverage limit of approximately 55 km, controllers equipped with two sensors (covering both
directions) are installed at intermediate points. At these controller locations, the OFC distance is considered zero (0)
and gradually increases along the pipeline in both directions. Therefore, during pigging operations, the chainage-to-
OFC correlation must be interpreted accordingly.

Enhanced Graphical Mapping:
The system graphics have been redesigned to enable clear monitoring of each section between consecutive SV stations.
New sections have been mapped individually for every SV station, with unique names assigned to each stretch.

Improved Identification:
Section names have been aligned with prominent landmarks such as major roads, bridges, railways, and crossings,
wherever applicable, to facilitate easier identification.

Completion and Benefits:
This exercise has been successfully completed for the entire SV-60 to RT-Loni pipeline section. The updated mapping
now enables accurate identification of any location corresponding to a given OFC distance on the waterfall diagram,
improving operational visibility and diagnostic accuracy.



TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

CHALLENGES AND MITIGATION
> At times, it has been observed that while the pig is in motion, its profile on the waterfall diagram becomes less
prominent or faint over certain stretches and then reappears clearly after some distance, as illustrated in the figure
below. :
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> This phenomenon may occur when the OFC in the concerned area has multiple. 10()_ps formed during
restoration work after an OFC cut, or when the OFC, though running parallel to the underground LPG pipeline,

is laid at some offset distance from the pipeline alignment..




TRACKING OF PIG THROUGH PIDS - JLPL LONI REGION

CHALLENGES AND MITIGATION

Calibration Requirement for Optical Fiber-Based Acoustic Sensing System

The sensing of acoustic waves by the Optical Fiber Cable (OFC) running parallel to the underground pipeline primarily
depends on vibrations generated by internal or external activities. The medium between the ground surface,
underground pipeline, and OFC cable is mainly soil, which plays a vital role in transmitting sound waves.
Hence, system sensitivity varies with changes in the medium, requiring periodic calibration to ensure optimal
detection performance.

Calibration is required in the following scenarios:

During Developmental or Construction Activities:
When road, bridge, or waterline construction is carried out in proximity to the underground pipeline, soil properties
alter significantly. This often results in multiple false or repeated alarms. Special attention is required during pig
tracking in such areas.

Adjustment of Detection Zones:
The number and span of sensing stretches may need to be increased or decreased based on immediate operational
requirements.

Post-OFC Restoration:
After any OFC cut and restoration, recalibration is necessary, as the effective fiber length changes due to looping and
joint closures placed away from the pipeline alignment.

After Seasonal Variations:
Seasonal changes affect soil compactness, altering sound propagation characteristics. Although the system includes an
inbuilt program to compensate for these variations, area-wise sampling and calibration are essential to achieve
accurate results.



WATER FALLS — MANUAL DIGGING PATTERNS
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o FFT Configurator

WATER FALLS — MECHANICAL DIGGING PATTERNS
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TYPE OF ALARMS IN SOFTWARE
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PIPE LINE ROUTE (PIYALA - SV 60 AND SV 63 — GURGAON SECTION)
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PIPE LINE ROUTE (JLPL PIYALA-LONI SECTION)




DATA CAPTURING — LEAK DETECTION

Leaks can be identified through both Waterfall events and the CAMS software. In the Waterfall data, leaks exhibit distinct
and recognizable signature patterns, while in CAMS, an alarm icon accurately pinpoints the leak location along with all
relevant details. The response time varies depending on several factors such as the leak position, distance from the optical
fiber, leak pressure, and soil cover conditions.
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