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Property Risk Engineering Insight 

Insight: Steam Turbine Valve Risk Exposure  
Steam Turbine Valves must be Considered Safety Critical 
 

Recognizing the Risk 
 

Steam turbine valves are typically so reliable they are often overlooked. However, the inspection and maintenance of these 
valves is critical. Failure to perform timely inspections and maintenance can lead to the total destruction of a steam turbine 
generator as a result of a valve not functioning and closing as required. Failures due to untimely valve maintenance include: 
 

• Erosion, and in some cases, failure of the valve stems due to solid particle erosion 

• Failures of the main steam stop valve screen or strainer 

• Oxides build up on valve stems resulting in stem binding prior to full closure 
• Valve stems distorting and bending resulting in binding prior to closing 

• Operating hydraulic system debris and contamination build up 
• Operating hydraulic oil system leaks 

• Valve linkage wear and binding 

• Valve seat cracking and liberation 
 

A total destruction of the steam turbine can occur if a valve fails to close when the unit is tripped and driven equipment is 
no longer loaded. This is called an overspeed event and is the worst failure scenario for a steam turbine. Overspeed events 
not only cause very large or total destruction of the steam turbine generator, but in most cases, fire and extensive resultant 
damage likely follows. Overspeed events occur when little or no energy is being consumed by the driven equipment, whether 
a generator, pump or compressor, and even a small amount of steam is provided to the steam turbine. In these situations, 
rotation increases rapidly above design operating speed and in a matter of seconds the steam turbine generator’s internal 
rotating components yield strength is exceeded, resulting in catastrophic failure. 
 

On all steam turbines there are fast acting steam isolation valves capable of immediately terminating steam supply to the 
turbine. These main steam valves permit steam entry into the high pressure (HP) turbine and are referred to as main steam 
stop valves, throttle valves, or steam trip valves. Similarly, if the turbine also has a reheated steam supply, intermediate 
pressure (IP) turbine intercept valves are provided to isolate the steam turbine from steam stored in the reheater and 
associated piping from the boiler. Included in steam turbine key isolation valves are extraction check valves or non-return 
valves dedicated to steam turbine extraction applications which isolate the turbine from a reverse flow of steam or water 
energy sources. If any of these key isolation valves fail to close an overspeed situation is unavoidable. For this reason main 
steam stop valves, throttle valves, intercept and extraction non return valves must be considered “safety critical”. 
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Figure 1 Typical Steam Turbine Valve Layout 

 

In today’s increasingly competitive energy market, major turbine inspection intervals have been extended. In some cases, 
maintenance planners or plant operators also extend turbine valve inspection and maintenance to coincide with turbine 
major inspections. This has often resulted in valve failures and steam turbine overspeed events, some of which have been 
catastrophic. Risk exposures associated with untimely or improper steam turbine valve maintenance include: 
 

• Downstream steam path damage due to debris and solid particle erosion 
• Oil leaks resulting in fire under valve areas 

• Complete destruction of the unit from overspeed, including likely fire and hydrogen explosion resulting from over speed 
energy release 

 

In a recent study, AIG found that one of the leading causes of major steam turbine failure is overspeed events. Of these 
failures 70% resulted from valves failing to close. Failures of the main steam stop or throttle valve to close accounted for 
50% of these destructive events, while the failure of an extraction valve to close accounted for the remaining 20%. Studies 
have demonstrated that a valve open only 2% to 3% will provide enough steam to accelerate a steam turbine to destruction 
when driven equipment is not loaded . 

 

 
Figure 2 Cause of Turbine Overspeed  

 

Risk Mitigation 
 

The best way to prevent a steam turbine valve failure is for owners / operators to thoughtfully and completely evaluate the 
risk and consequences of a failure of these important valves, and develop a plan of training personnel, regular testing, 
periodic inspections and planned maintenance to prevent the failure of these safety critical valves. 
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Recommendation 
 

• Owners / operators must consider the steam turbine valves as safety critical. A single failure of a valve to fully close 
may expose Owners to a major loss including fire and the potential for loss of life. 

• Owners / operators should evaluate the risk of occurrence and consequences of a steam turbine valve failure, realizing 
that they are one of the most risk sensitive components in the plant. 

• Owners / operators should consult with the original equipment manufacturer, regulatory agencies as applicable and 
insurance carriers for guidance regarding operation testing, inspection and maintenance recommendations. 

• Operators must conduct proper staff training regarding the importance of steam turbine valves and highlight specific 
procedures to follow when a valve’s function is found to be impaired. 

• Owners / operators must never operate a steam turbine with critical valve(s) that are unreliable or operationally impaired. 

• Owners / operators must immediately investigate steam turbine critical valve(s) operational discrepancies to determine 
root cause and remedy prior to continued steam turbine operation. 

• Owners / operators must stock adequate critical valves and related components required to maintain critical valves 
functionally viable. Several failures have occurred while operators were waiting for valve parts to be delivered. 

• Owners / operators must properly and timely test the valves to ensure they are capable of functioning properly at all 
times. All critical isolation valves, including main steam stop valves, throttle valves, intercept valves, extraction isolation 
valves and non-return valves must be tested regularly for freedom of movement and tightness. The valves should be 
stroked to demonstrate they can move freely and close completely. If your unit(s) operates continually, this can typically 
be done on line. Most steam turbines have the means to test critical valves for freedom, while operating. If the unit is 
taken out of service or operation for any reason, economic or maintenance, the valves must be checked to verify closure 
and tightness upon unit start up. This testing can be performed by supplying steam to increase unit speed and then 
locally tripping the isolation valves to verify speed decreases. Once the speed decrease is noted the steam turbine can 
be reset and increase in speed resumed. 

• Owners / operators must inspect all steam isolation valves at intervals that reflect the safety critical nature of these 
valves. The only means to ensure correct operation of steam turbine valves are periodic disassembly, inspection and 
maintenance. The frequency of disassembly, inspection and maintenance must be determined on a unit by unit basis, 
and must reflect the safety critical nature of these valves. The interval period between periodic disassembly, inspection 
and maintenance should also factor any history of valve part erosion or binding, or other operational issues. 

• Owners/ operators should take caution and avoid inspecting critical valves on the same interval period as the major unit 
inspection. Failure data has demonstrated that addressing critical valves in conjunction with the typical steam turbine 
major unit inspection interval period exposes steam turbine critical valves to a greater failure potential and presents an 
unacceptable level of risk  for catastrophic failure. It is also important to note that plant personnel may focus on the main 
steam stop valves and overlook other critical valves including non-return valves, intercept valves and control valves. 
Major losses have occurred from the failure of these other critical valves to properly function as well. 

 

It is clear that inspection and maintenance of all steam turbine critical valves protecting steam turbine generator sets from 
sudden massive destruction must be well reasoned and timely. 
 

Resources / Standards 
 

The references are: 

ASME 54887 Steam Turbine Overspeed Protection Failures, Causes, and Strategies to Avoid Them 
 

EPRI 1013461 Turbine Overspeed Trip Modernization: Requirements and Implementation Guidance 
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For more information, contact your local AIG Property Risk Control Representative. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The information, suggestions and recommendations contained herein are for general informational purposes only. This information has been compiled 
from sources believed to be reliable.  Risk Consulting Services do not address every possible loss potential, law, rule, regulation, practice or procedure.  No 
warranty, guarantee, or representation, either expressed or implied, is made as to the correctness or sufficiency of any such service.  Reliance upon, or 
compliance with, any recommendation in no way guarantees any result, including without limitation the fulfillment of your obligations under your insurance 
policy or as may otherwise be required by any laws, rules or regulations.  No responsibility is assumed for the discovery and/or elimination of any hazards 
that could cause accidents, injury or damage.   The information contained herein should not be construed as financial, accounting, tax or legal advice and 
does not create an attorney-client relationship.   

This document is not intended to replace any recommendations from your equipment manufacturers. If you are unsure about any particular testing or 
maintenance procedure, please contact the manufacturer or your equipment service representative.  

American International Group, Inc. (AIG) is a leading global insurance organization. AIG member companies provide a wide range of property casualty 
insurance, life insurance, retirement solutions, and other financial services to customers in approximately 80 countries and jurisdictions. These diverse 
offerings include products and services that help businesses and individuals protect their assets, manage risks and provide for retirement security. AIG 
common stock is listed on the New York Stock Exchange. 

 

Additional information about AIG can be found at www.aig.com | YouTube: www.youtube.com/aig | Twitter: @AIGinsurance www.twitter.com/AIGinsurance 
| LinkedIn: www.linkedin.com/company/aig. These references with additional information about AIG have been provided as a convenience, and the 
information contained on such websites is not incorporated by reference herein. 

 

AIG is the marketing name for the worldwide property-casualty, life and retirement, and general insurance operations of American International Group, 
Inc. For additional information, please visit our website at www.aig.com. All products and services are written or provided by subsidiaries or affiliates of 
American International Group, Inc. Products or services may not be available in all countries and jurisdictions, and coverage is subject to underwriting 
requirements and actual policy language. Non-insurance products and services may be provided by independent third parties. Certain property-casualty 
coverages may be provided by a surplus lines insurer. Surplus lines insurers do not generally participate in state guaranty funds, and insureds are therefore 
not protected by such funds. 
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