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What is HTHA?

• Chemical reaction  between hydrogen and less stable 

carbides in steels which forms methane (CH4)

• Requires both high temperature and H2 partial pressure

• With time the reaction progresses and methane pressure 

builds up in the steel
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builds up in the steel

• As pressure increases, cavities and microfissures form 

which can become cracks.  Decarburization may occur

• The cracks reduce the strength of the affected area



What does HTHA Typically Look Like? 3
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Typical Late Stage HTHA Appearance 
in Carbon Steel
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Late stage manifestations may include blistering, surface cracking, and 
through-wall macro-crack alignment in the heat affected zone (HAZ) or 
base metal as shown above



API Recommended Practice 941 

• API RP 941 - Steels for Hydrogen Service at Elevated  
Temperatures and Pressures in Petroleum Refineries 
and Petrochemical Plants
– Identifies operating temperatures and H2 partial pressures for 

equipment in hydrogen service below which HTHA should not occur
– Establishes separate Nelson Curves for carbon and low alloy steels
– Curves are located on the chart based on experience gathered since 

the 1940s
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the 1940s
– Nelson Curves – graphical representation of this data originally 

published in 1949 with the latest edition published in 2008
– Nelson Curves are updated as more information becomes available
– API  has published a recent industry alert concerning reports of 

HTHA failures below the carbon steel Nelson Curve



Equipment Management in Hot Hydrogen Service 6

The API RP 941 Nelson Curves

Carbon Steel Curve



NDE Inspection for HTHA
• Techniques used to detect advanced 

surface breaking damage
– Penetrant Testing (PT)
– Magnetic Particle Testing (MT)
– Wet Fluorescent Magnetic Particle 

Testing (WFMT)
– Field Metallographic Replication 

(FMR) 

• Techniques used for detecting and 
characterizing significant HTHA 
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AUBT Datacharacterizing significant HTHA 
damage

– Advanced Ultrasonic Backscatter 
Technique (AUBT) (base metal)

– High frequency focused beam shear 
wave UT (welds/HAZ’s) 

• Technique used to detect subsurface 
macro-cracking

– Phased array UT

AUBT Data

Phased Array UT



Agency Review

• Cal/OSHA and the EPA have evaluated all refiners operating 
in California
– Cal/OSHA Process Safety Management Unit investigation

• October 2010 – “California refiners are using most advanced technology 
available for controlling corrosion that can be caused by crude oil 
refining. The report highlights the existence of best practices in 
California’s refinery industry…” - Cal/OSHA Press Release, IR #2010-31

• The full Cal/OSHA report is available online at: 
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• The full Cal/OSHA report is available online at: 
http://www.dir.ca.gov/dosh/CARefiningIndustry.pdf

– EPA Emergency Prevention Risk Management Plan (RMP) Audit
• Audit included review of HTHA inspection and mitigation practices



Typical Industry HTHA Mitigation Activities 

• Policy/standard review or development 
• Evaluate equipment design and operating conditions

– Construction materials
– Operating temperatures
– Operating pressures
– Specification changes

• Set and prioritized inspection/upgrade strategies
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• Set and prioritized inspection/upgrade strategies
• Identify areas requiring follow up

– Additional focused inspection
– Additional monitoring locations
– Operating parameter changes (e.g. – temperature, pressure)
– Equipment Replacement



Tesoro HTHA Mitigation Activities 

• Developed and Published a Refining Standard
– Standard describes Tesoro requirements to operate, monitor and 

inspect equipment and piping in hot hydrogen service (>400°F) that 
may be susceptible to High Temperature Hydrogen Attack (HTHA).

– Covers equipment constructed of carbon and low alloy steels
– Provides guidance on how to prioritize this equipment for inspection 

using Tesoro Risk-Based Inspection (RBI) strategies and to develop 
appropriate inspection strategies
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appropriate inspection strategies
– Standard adopts a 50 degree F/50 psia H2PP safety margin, 

provides guidance on operating windows, monitoring, inspection 
strategies, and fitness for service


