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• Predict IC locations

• Predict corrosion severity

• Predict cleaning pig frequency

• Predict ILI frequency

• Establish mitigation strategies

• Selection of flow and corrosion models to control IC

• Demonstration Using Multi Phase Flow Modeling

Flow Modeling Decisions



Aqueous Corrosive Phase

• Flow rates

• Acid gas content
– CO2

– H2S

– O2

• Type of products such as crude oil

• Sand, solids, bacteria

• Temperature/Pressure



• IC a threat?

• Where is IC likely to occur?

• When will IC occur?

• What is the corrosion mechanism?

• Which operating parameters need to be monitored?

• How are predictions validated?

Predictive Model Questions



• Is there water and how high or low is the content?

– Oil transmission lines with 0.5% volume and basic sediment and 
water (BS&W)

– Production lines 10% volume

• Where will corrosion occur?

– Water & BS&W in low lying regions where solids accumulate

– Impingement

• Bottom of Line (BOL)

• Top of Line (TOL)

• Over bends

IC a Threat?



• Models are developed based on the following:

– Lab Tests (Short duration tests)

– Analysis of Field Experience

• Mitigation, monitoring, maintenance & other integrity activities 

– Computer Simulation (Assumptions formulated)

– Scientific principles

– Physical and chemical boundary conditions are within the capabilities 
of the model

– All of the above

Model Validation



IC Model Threats 



Corrosion Types (Flow Rate & Sand Level)



• Determine or estimate amount of pressure required to transport 
product(s).

• Pressure drops with distance downstream of pumps (liquid) or 
compressors (gas).

– Static pressure is difference in elevation between upstream and 
downstream locations

– Dynamic pressure is the energy loss due to flow of liquid(s)

• Based on type of phases (oil, gas and water)

• Prediction of water accumulation, liquid holdup and flow regimes

Flow Model Selection



Validation Flow Model



Validation Flow Model 





• Historical locations of corrosion due to water

• ILI and other field monitoring data

• Tolerances and limits between model and field data

• Pressure profile to predicted model

– Momentum

– Mass transfer

– Corrosion

• Compare, document and adjust model to tolerances established to a 
specific operating range

Validation of IC Model



• Different models vary based on the method for factors 
affecting corrosion rates.

• Corrosion models estimate the corrosiveness of an 
environment.

• Corrosion rates vary with time:

– Corrosion rates change even if operating conditions stay the same

– Corrosion rates change as feature depth changes

– Corrosion parameters do not all outside the limits of the model

Corrosion Rate Model







Corrosion Models

• Most corrosion models are point models whereas they predict 
over a pipeline sub-region.

• To predict of the entire length, the sum of sub-regions are 
added together.

• Models predict both water wetting and accumulation

• Assumptions must be recorded and errors must be evaluated.

• Due to variations in production rates and operating conditions, 
modeling is done over discrete time intervals or layers.





• IC modeling provides the corrosion rate and uncertainty of the 
rate.

• Model output and field corrosion rates must be within the 
tolerance limits established.

• Modifications to model must be made until field data 
agreements is reached.

• Must be run within the applicable range.

• Conditions of the model must be validated and documented.

Summary



Summary

• Validated model is then used to predict susceptible to water  in 
contact with steel surface boundaries.

– Does not need to be run where water does not contact steel surfaces

• Models can be integrated so all calculations are carried out 
simultaneously.

• Models can be used to establishing ILI if applicable and other 
integrity, mitigation and risk management programs



• ICDA Network Power Tool

– Performs Integrated Analysis of Multiphase Flow Network Pipelines

– Rigorous Hydraulics

– Heat Transfer

– PVT Analysis

– Identification of Corrosive Gas, Liquids and other products i.e. solids

• ICD Toolbox

– Secure Cloud Based System

– Sharing

Demonstration of ICDA TT’s Model













• Presentation based from NACE “Selection of Pipeline Flow and 
Internal Corrosion Models”.

• ICDA Multi-Phase Flow Modeling Graphs and Calculations –
Technical Toolboxes (www.technicaltoolboxes.com)

– Joe Pikas (VP PL Integrity)

– jpikas@ttoolboxes.com

– Office 713 630-0505 X 216

– Cell 832 758-0009 
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