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• Dry Natural Gas (RLNG) Pipeline commissioned in 2010

• Pipeline caters to various customers in its route 

• Pipeline is bare internally 

• Pigging Journey begins in Year 2014.

• Large amount of black dust observed during pigging 
operation

• Black dust posed huge challenge in performing ILI survey

• Various types of pigs deployed to clean the pipeline-

• Foam Pig

• Bi-Di Pig

• Cup Pig

• Brush Pig

• With rigorous 73 Nos of cleaning runs, ILI could be done

Introduction



Pipeline Cleaning

• Advance cleaning tool with differential pressure 
switch deployed

• Quantity of received black dust increased with 
the use of advance cleaning tool

• 4500Kg black dust received in 1st cleaning with 
advance tool

• Installation of filters to Knock out drums
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Advance cleaning  

Pig with 4500 Kg 

dust

Advance cleaning 

Pig with 2900 Kg 

dust

Advance cleaning 

Pig with 3000 Kg 

dust

2014-2018 2022-2024



Challenges

Filter Damage Barrel Choking

ILI Data quality loss Pipeline erosion Efficiency Loss



Challenges- Loss of pigging efficiency

• Pigging with Pipeline Data Logger (PDL) reveals the gradual loss of differential pressure along the pig 
passage 

• This is due to loss of pig discs sealing, which eventually reduces the cleaning efficiency 

• It can be seen in the efficiency of Bi-Di cleaning pig and Advance cleaning pig



Root Cause Analysis(RCA)- Feed Analysis

Components
Pipeline PNGRB

Avg Mol % Range Mol % Mol %

Methane 94.1 88.8 – 96.5 

Ethane 4.35 2.5 – 6.9

Propane 0.73 0.34 – 1.55

i-Butane 0.096 0.02 – 0.31

n-Butane 0.133 0.03 – 0.40

i-Pentane 0.014 0.001 – 0.054

n-Pentane 0.008 0.0003 – 0.463

Hexanes+ 0.0074 0.0004 – 0.039

Nitrogen -- --

CO2 0.36 0.001 – 1.429 6 (Max)

O2 0.11 0.003 – 0.319 0.2 (max) 

H2S (ppmw) -- -- 5 (max) 

H2O (ppm) 1 0 – 1.8 -- 

Feed analysis: 

• CO2, O2 , H2S and H2O causes corrosion

• H2O(Moisture)-

➢ Catalyst for Corrosion: acts as the electrolyte 

required for corrosion reactions.

➢ Source: High water dew points relative to pipeline 

temperature, or liquid carryover from upstream 

processes.

• H2S Reacts with Fe to form Iron Sulfides (FeS)

• CO2 Dissolves in H2O to form carbonic acid, reacting 
with Fe to produce Iron Carbonate

• O2 Directly oxidizes Fe to form Iron Oxides (Fe2O3, 
Fe3O4) and accelerates the breakdown of Iron Sulfides.



RCA- Dew Point

• Below dew point, moisture present in the gas 
starts condensing  

• Dew point increase with moisture content

• Pipeline measured very low moisture content

• Therefore, Dew point is also very low

Pipeline operating under dry conditions
Unlikely to have moisture to cause internal corrosion

Pipeline operating temp > dew point temp

Dew point ≈ -40°C
For moisture 1-2ppm

Operating Wet 

Operating Dry 



• Pipeline operating pressure affects the dew 
point

• Peng-Robinson equation  provides effect of 
pressure on dew point

• At higher pressure, dew point doesn’t 
change much

• In current operating regime the moisture 
drop out possibility is less

Peng Robinson equation 

Current 
Operating

Regime 

Regime

RCA- Dew Point



RCA- Black Dust Analysis 

Black powder formation occurs in pipeline

Moisture to sustain corrosion reactions is 
unlikely from the feed, but could be from 
some of pipeline replacement activities

Year X-ray Fluorescence (XRF) X-ray Diffraction (XRD)

2015 ▪ Fe and Si as major elements

▪ Al, Mn and Ca minor content.

▪ K, P, S, Ti, Cr, Ni, Zn, Mg etc in trace quantity

Silica (~35%), Fe (~35%)

2018 ▪ Fe as major content; 

▪ Si & S as minor content. 

▪ Mg, Al, Cl, K, Ca, Ti, V, Cr, Mn, Ni, Cu, Sr as 

trace elements

Silica (~15%), Fe(~45%)

2024 ▪ Fe as major content; 

▪ Si & S as minor content. 

▪ Mg, Al, P, K, Mn as trace elements

Silica (~<1%), Fe (~65%)

2Fe + H2O + 3/2O2 →2FeOOH …....(1)
8FeOOH + Fe → 3Fe3O4 + H2O .…,..(2)
H2O + CO2 → H2CO3 ……...(3)
H2CO3 + Fe → FeCO3 + H2 …………...(4)

3FeCO3​+0.5O2​→Fe3​O4​+3CO2…..(5)



RCA- Gas flow rate Analysis 

Pressure (kg/cm2) at receiving end. (Starting Point Pressure 55Kg/Cm2)  

▪ Simulation of gas flow without any restriction

▪ Different empirical methods are available for 
flow rate simulation

▪ The simulation results are matching with the 
actual measured flow rate at receiving end

▪ No significant pressure drop due to presence 
of black dust

Gas velocity-
❑ Required gas velocity to move 1μm particle; 24”→ 3.96 m/s    &    48” → 4.27 m/s 

❑ flow velocity in pipeline is approximately 2.58 m/s

❑ Dust particles do not carry away with gas. It is evident with no dust collected during normal operations 



ILI Results

➢ Low level of internal corrosion reported in inline inspection results
➢ No of corrosion defects and defects depth is low to support the internal corrosion expected based on 

black dust
➢ Defects are not concentrated at the bottom of the line; low chances of moisture drop outs 



Remedial Measures

Black Dust 
Remedies

Moisture 
control in 
feed gas

Adding 
corrosion 
inhibitors

Pigging 
with 

solvents

Pigging

Installation 
of filters 

Internal 
coated 
pipeline 



Summary

• The Challenge: A critical gas pipeline faced a decade-long operational challenge 
from severe black dust contamination, with over 26 tonnes removed across 75 
pigging runs, hindering essential Inline Inspection (ILI) for integrity assessment.

• Investigation: Analysis confirmed the pipeline operates under "dry" conditions with 
dust accumulating due to low gas velocity. 

• Outcome & Conclusion: The successful ILI revealed only minor internal corrosion.

• Possible reason of dust: Combination of dust from the source and due to minor 
corrosion. Dust accumulates over time and  due to low velocity dust doesn’t carry 
with gas.  



Thank You
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