Property-Risk Engineering Insight

Insight: Steel Coal Silos — Inspection Practices

Coal Silo Failures Can be Catastrophic

Recognizing the Risk

A potential industry oversight may well be in the works as aging coal fired power plants designed for base loaded operations
are operating in very competitive environments resultant from alternative energy capacity and inexpensive natural gas
prices. There have been at least two of these failure events reported in the industry in the past 14 months, one in July 2016
and another in February 2017. Failures result in separation of the bottom hopper cone from coal silo shell, resulting in the
release of entire silo contents. Quantifying property damage resultant from such failures takes considerable time as buried
equipment requires excavation to proceed with definitive assessment.

These failures occurred at attachment weld between the vertical shell of the silo wall and bottom discharge cone. (See
Figure 1) As a result, entire silo contents engulfed and damaged plant equipment located below the silo. The most recent
failures did not result in human injuries, however if operating personal were in the area, they could have incurred serious
injury or death.

A typical coal fired power plant has multiple coal storage silos where one shift or one day’s worth of coal is inventoried and
fed to the combustion process. During unit operation coal within the silo travels downward as coal is consumed, exiting silo
bottom through the lower cone section where it is fed to coal scales for weighing and subsequent delivery through feeders
to coal pulverizers. Consequently, these silos are either in constant or intermittent use and are never completely emptied
except during outage periods. A coal silo can be very large and hold hundreds of tons of coal. To facilitate freedom of coal
movement through the lower cone section, it is typically lined with stainless steel material which reduces wall friction.
Vibrators are also mounted on outside of the bottom cone to assist in maintaining fluid coal movement. Some plants have
also used air cannons and sonic horns to augment vibration in an effort to further facilitate fluid movement.

A coal silo is typically supported by a metal ring or skirt that is a continuation of the vertical wall, in the area where conical
section begins. This supporting approach together with the stainless-steel internal liner makes inspection of the bottom
hopper and key attachment weld difficult. Consequently, this weld can go many years without inspection.

Challenging Service

Coal is very abrasive. The continuous movement of coal downward wears away at silo walls and conical section. Coal
contains Sulphur and carries with it contaminants such as moisture resulting in a corrosive environment that leads to
deterioration of attachment weld and silo parent metal. Additionally, the use of bottom cone vibrators and other means to
keep coal moving fluidly introduces vibratory mechanical forces to the coal silo which can reduce the fatigue life of silo and
result in cracking and failure of the bottom conical section attachment weld.
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Figure 1 Coal Silo Construction

Recommendations

Coal silos must be completely emptied and inspected for wall thinning and weld deterioration / cracking periodically. Of
particular concern is the conical attachment skirt weld that attaches the cone to the vertical wall and the bottom cone. The
weld that connects the vertical wall (cone to skirt) weld is particularly susceptible to cracking and can lead to a failure
resulting in conical section detachment. This weld must be inspected from inside the silo, via a Bosun chair or scaffolding.

Inspection Recommendations

Initial silo inspections should be conducted at the first opportunity after 10 years of service. The initial inspection should
include:

e Visual inspection of the external bottom cone for cracks and deterioration in the area of the support skirt and vibrators.

e Visual inspection of the bottom cone internals, including the stainless steel liner for thinning and wear. Visual inspection
of the bottom cone attachment weld, for wear and cracking. NDE of this weld is recommended. If this weld is covered
by a liner, the stainless steel liners should be removed to expose this weld for inspection. If stainless steel liners are
added they should not cover up this weld.

¢ Ultrasonic thickness reading should be conducted at various locations of the bottom cone.

After an initial inspection the silos should be inspected as follows:

e Annually or at boiler minor inspection interval.

o Visual inspection of exterior condition of the bottom cone including the vibrator attachments. Visual inspection of
the internals of the bottom cone liner sheets and conical section attachment weld. When installing liner sheets this
weld should be left uncovered

o Every 5 years or at boiler major maintenance interval
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e Visual inspection and NDE of the internal bottom cone attachment weld

For more information, contact your local AlG Risk Engineer.

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. (AlIG) 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 70 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. AlIG
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/AlGinsurance
| 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.

Copyright © American International Group, Inc. All rights reserved.
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