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Hard Spot ILI Prioritization

• Evolution of Williams Hard Spot Program

• Using Williams hard spot ILI findings for risk evaluation

• Quantitative Hard Spot Risk Modeling (with MAT 7-2)
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Development of Williams Hard Spot Program

• As a result of the Enbridge hard spot failure in August 2019, Williams 
undertook a study in early 2020

• Williams found sporadic failure history from 1960-1980s that did not align 
well with industry data.

• Manufacturers: Consolidated Western, Bethlehem, and National Tube - Not A.O. Smith
• 2016 hard spot leak –> hard spot ILI run –> no hard spots found

• Williams begins Hard Spot ILI in 2020/2021 on targeted segments with 
failure history (7 segments)

• This effort was prior to hard spot risk model
• By end of 2022, 46 digs completed and 1 hard spot found

• Williams has 1 Station hard spot rupture in 2022 and 1 mainline hard 
spot leak in 2023

• Williams begins on a new path of understanding hard spot susceptibility and Hard Spot ILI 
capabilities and limitations

Enbridge near Danville, Kentucky on August 1, 2019 
30” x 0.375”, X52 
A.O. Smith, Flash Welded
1942 Installation
(amended CAO)
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2022 Station Rupture (piggable pipe)
Incident:

• Hard Spot - 450+ BHN - 6.5”L X 3” W
• Recent increase in CP current
• Operating stress 46% SMYS
• Crack initiated in 2mm corrosion pit
• 1957 Bethlehem, 30”, X52, from a specific PO

Response: 
• Expedited hard spot ILI (more Bethlehem pipe)
• Review/mitigate CP levels 
• Develop Station Piping Risk Model

• Assess Station Piping by Risk Prioritization

Presenter Notes
Presentation Notes
So why do we have such an urgency now?

Over time, our coatings fail.  This can be accelerated with CP overprotection, ie "burning the coating" off.  With less protective coating, there is more surface area of the pipe exposed, some of which may have a hard spots.

August of 2019, Enbridge had a pipeline rupture with a probable cause of hard spot cracking.  Although hydrogen embrittlement was a known concern, the Enbridge incident put a spotlight on hard spots for PHMSA and the industry.

April 2022, Mainline A (30”, .5 wt) ruptured in the valve yard at Station 90.  No explosion, fire, injury, or public impact resulted from the release.  Main A was operating at 779 PSI.  A pipe fragment ejected 735 feet from the rupture site.

Less than a year later in March 2023 – Transco Mainline B in Fauquier County, VA leaked due to a probable cause of hard spots.

Now that we have discussed some of the causes of hard spot failure, I will pass this on the Kelly Thompson to discuss the risks involved.
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2023 Hard Spot Leak

1957 Bethlehem 30”, 0.3125” NWT, X52 

Leak reported by Landowner in March 2023
• NDE evaluation discovered leaking hard spot with crack
• Same Bethlehem purchase order as Station hard spot 

failure

Hard Spot ILI had been Completed: October 2021
• Six (6) hard spot features reported by ILI Vendor in 

February 2022
• Highest hardness reported by ILI was 285 BHN and 0 hard 

spots found in-ditch

Hard Spot ILI re-analysis effort 
• We now understand hard spot signals can vary and 

identification can be a challenge for ILI vendors
• After hard spot leak incident, Williams worked with ILI 

vendor to re-analyze prior segments
• Hard Spot ILI re-analyses and/or reassessments may be something for 

Operators to consider
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Williams Hard Spot ILI Program

• 51 Hard Spot ILIs (~2800 miles) completed to date 
(2020 to Present)

• Risk based prioritization (MAT 7-2 and Williams hard spot findings)
• Thousands of hardness anomalies reported (not all are injurious 

hard spots)
• Operators need criteria for screening hard spots

• 228 digs (1067 hardness anomalies) (2021 to Present)
• 93 hard spots requiring repair (Hardness ≥ 280 BHN)

•  ~40% of digs, ~8% of calls dug
• 44 hard spot defects (Hardness ≥ 327 BHN) 

• ~19% of digs, ~4% of calls dug

• All hard spot digs are integrated into a HS database 
which Risk model consumes

• Allows Williams to use data from hard spot findings each year
• Spatially located with all necessary pipe attributes and details of hard spot 

finding (hard spot defect or not)
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Hard Spot ILI Risk Prioritization
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Critical Review of Prior Model
MD Module: E-M-R Approach

Exposure

• Likelihood of manufacturing 
defect

• Based on observed defects 
 and
• failure history
• HS observations and failures 

rolled into this general category

Mitigation

• Pressure testing
• Seam and crack tools

Resistance

• Based on MAOP percent of 
SMYS

• Stronger pipe, lower stress % 
 higher resistance
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Critical Model Review
Issues with the old approach

Exposure Mismatch

• Other manufacturing defects 
susceptible to stress 
induced failure without 
additional environmental 
conditions

Mitigation Mismatch

• Pressure testing
• Hard Spot defect absent 

further embrittlement or 
stress concentrators may 
survive qualifying test

• Seam and crack tools
• Unlikely to detect hard 

spot with cracks
• Crack failure occurs 

abruptly in embrittled hard 
spot with small stress 
concentrator (2mm 
corrosion pit)

Resistance mismatch

• No embrittlement 
component interaction

• Vintage higher strength 
steel manufacturing 
processes contribute to 
exposure
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• Hard Spot conditions not well captured in the Interacting Threat Matrix.
• Three legs of the stool:  hard spot, atomic hydrogen, stress

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline-Risk-Modeling-Technical-Information-Document-02-01-2020-Final.pdf

Most Effective Fix – New Hard Spot Module

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline-Risk-Modeling-Technical-Information-Document-02-01-2020-Final.pdf
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•Consequence
• Safety receptors (occupancy)
• Property estimates
• Pipe Repair
• Enforcement

Modeled Consequence
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Our Starting Point - Williams and Industry History

First Pass Injurious HS Rate Estimation 

Pipe Populations
 Certain Manufacturers
 Particular batches of pipe / Purchase Orders
 Particular Vintages, OD/WT Combinations
Rates developed from failures and amount of pipe in inventory

Weighted toward Williams’ history since 
understanding of the inventory not 
available for industry failures – limited 
accurate rate setting to those 
manufacturers we had experience with
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2024 Injurious HS Rate Estimation

• Better Rate Setting
• MAT 7-2A provided: 

• More comprehensive failure data
• Large dataset of pipe populations

• ILI Finding incorporation
• Evolving insights: 1,383 miles  3,780 miles (2 years)
• ***Beware “the law of small numbers”
• Using our in-house ILI figures tied to specific populations
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Embrittlement Likelihood

• Two Embrittlement Components
• Latest CP levels

• On protected steel, 100 mV of additional polarization requires 10x 
current (second activation control region)

• Logarithmic multiplier for additional mV beyond -950mV CSE
• Maxes out at -1350mV CSE with 10000x multiplier

• Keying on CP Potentials
• Atomic Hydrogen needed for embrittlement

• No great discriminator found for soil poisons
• Coating quality -- future improvement to model
• CP -- largest source of potential hydrogen 

generation

• Recent CP level changes
• Polarization increase between last read and 3 years previous 

• Maxes out at 200mV --- 100x multiplier
• 100mV, 10x multiplier

Presenter Notes
Presentation Notes
Hydrogen Embrittlement needs 3 things.  Material susceptibility, Mechanical Stress, and a Hydrogen Source

Material susceptibility are items that we just discussed.  Mechanical Stress is the applied stress from pipeline pressures. Both of these are harder to control if we want to maintain gas flow.  Now to the hydrogen source.

At this time, the industry believes the main contributing factor of hydrogen is from overprotection of cathodic protection.  This overprotection will vary based on the environment and pipe to soil interface conditions.  The main way we measure cathodic protection levels is through CP potential measurements, which will be discussed in the next slide.

It also appears that so called “cathodic poisons” in soils near the pipe to soil interface can contribute to hydrogen embrittlement. These cathodic poisons at certain levels may exacerbate the hydrogen embrittlement process.  It can be difficult to determine where cathodic poisons in soils exits, nor can we do anything to remove them.


SMYS limit 35%
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Mitigation driven by Risk Results

• HS ILI Assessments
• 51 Segments Assessed

• Additional Station CP Survey

• At least 93 hard spots (Hardness ≥ 280 
BHN)

• 23 Stations Surveyed (test points, CIS)
•  CP reductions, CP coupon installation

• Station Piping Assessments
• High risk pipe being excavated, 

assessed, recoated

• Additional ROW CP Survey
• 104 segments
• 258 miles total
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Hard Spot ILI Risk Prioritization - Results

• 2023 Hard Spot Risk Model = 24 Risk 1-3 piggable segments identified 
(Williams risk exceedance)

• Resulted in 114 digs issued and 24 digs completed to date (more to come in 2025)
• 14 hard spot defects repaired

Failure
Probability

Consequence

Adjacent 
Occupancy

24 risk 1-3 segments assessed

Adjacent 
Structure Cost Repair Cost

Enforcement
($100MM)
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Realized Risk Reduction from ILI Assessment

• HS ILI Assessments drove 90% probability reduction



18

www.prci.org

© 2024, Pipeline Research Council International

Hard Spot ILI 2025 +

• Using most recent Hard Spot Susceptibility knowledge + Williams hard 
spot findings to update Risk Model (annually)

• Susceptibility is not binary so the challenge is drawing a line in the sand

• Consideration based on MAT 7-2A outcomes
• What gaps are identified and how will that change our program

• Consideration for re-analysis if technology hasn’t changed

• Consideration for re-assessments to improve POD/POI or technology 
changes

• This could simply be trying out different vendors since not every ILI technology is the same
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Questions
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