
Introduction
Changing the service or operating conditions of an existing 
aboveground storage tank (AST) is very common. The 
American Petroleum Institute (API) and other worldwide 
industry standards recognise the need to change the service of 
an AST and provide guidelines for evaluating the fitness-for-
service of the tank. When industry standards are not observed, 
changing the service or operating conditions of an AST can 
sometimes lead to adverse or even disastrous results.    

ASTs are re-rated for a variety of reasons, the three most 
common ones are: a change in the liquid to be stored; a change 
in the operating conditions; or a significant change in the 
physical condition of the tank. The magnitude and extent of 
changes to the AST may range from simple to complex and 
any combination of the above three reasons may be cause for 
re-rating the AST.

Industry standards
The API has developed industry standards for performing 
fitness-for-service evaluations that are used throughout the 
world. The most widely recognised industry standard for the 
evaluation of field-erected ASTs is API Standard 653, ‘Tank 
Inspection, Repair, Alteration and Reconstruction’. This 
also references API Standard 579, ‘Fitness-for-Service’ for 
performing more detailed fitness-for-service evaluations when 
circumstances warrant a more comprehensive assessment. Other 
standards exist and are widely used, such as those of the Steel 
Tank Institute (STI) for shop-fabricated tanks and other non-
API type tanks. API 653 explicitly employs the principles of 
API Standard 650, ‘Welded Tanks for Oil Storage’. However, 
API 653 states that storage tank owners/operators may apply 
API 653 to any steel tank constructed in accordance with a 
tank specification. Although the API standards are designed to 
be prescriptive and comprehensive, engineering knowledge 
and expertise are required to use these standards properly and 
cost-effectively. API 653 explicitly states: “This standard is 
intended for use by organisations that maintain or have access 
to engineering and inspection personnel technically trained 
and experienced in tank design, fabrication, repair, construction 
and inspection.”

API 653 prescribes the following minimum considerations 
when evaluating the suitability of an existing AST for a change 
in service conditions. These are: internal corrosion due to 
the stored liquid; external corrosion due to environmental 
exposure; calculated and allowable stress levels; physical 
and chemical properties of the stored liquid; design metal 
temperature; external live, wind and seismic loading; tank 
foundation, soil and settlement; physical and chemical 
properties of the materials of construction; distortions of the 
existing tank; and operating conditions. Careful engineering 
evaluation of each of these factors is critical to ensure that 
an AST can safely be changed from one set of operating 
conditions to another.  

Considerations

Corrosion
Internal corrosion of the tank degrades the structural integrity 
of the tank. The structural significance of such degradation can 
range from minimal to very significant, depending on the amount 
and type of metal loss. The effects of internal corrosion on an 
AST that is being re-rated or changed to a different service must 
first be defined. This is typically done by obtaining physical 
measurement data for the structural components of the AST. 
Often this data is available in the most recent internal inspection 
reports. Physically inspecting the AST may be necessary if 
previous reports do not exist, are too old, or are inadequate for 
this purpose.

As with internal corrosion, external corrosion degrades the 
structural integrity of the AST and any such corrosion must be 
defined before evaluating the structural effects. External inspection 
of the AST should always be performed prior to re-rating or 
changing the service of it. As with internal inspection, measurement 
data for the structural components should always be obtained.  

Calculated and allowable stress levels
Evaluation of the stress levels is a critical step in the process of 
re-rating or changing the service of an AST. Underestimating the 
actual stress and/or overestimating the allowable stress can lead to 
distress or even failure of the AST. Evaluation of stress should only 
be performed by an engineer experienced with AST design and 
construction.  

Establishing the allowable stress criteria for the structural 
components of the AST is not always as straightforward as the 
calculation of the theoretical actual stress. This is because it is 
often difficult to establish the original standard of construction 
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for the AST and because allowable stresses vary from standard to 
standard. In general, the allowable stresses should be based on the 
original standard of construction, unless the current applicable 
standard has more stringent requirements in this regard.  

Properties of the stored liquid
The physical and chemical properties of the stored liquid, with 
the exception of the density, temperature and vapour pressure, do 
not directly affect the structural integrity evaluation of the AST.    

Design metal temperature
The design metal temperature is an important consideration 
in evaluating the suitability of the materials of construction of 
the AST for the stresses imposed on it. The ductility and notch-
toughness of common AST materials declines as the metal 
temperature declines. As the ductility and notch-toughness 
decline, the risk of brittle fracture increases.    

External loading
The effects of external loading such as wind, snow and seismic 
activity should be evaluated when re-rating or changing the 
service of an AST.  

Tank foundation, soil and settlement
Since an AST is only as strong as the foundation upon which 
it rests, it is important to evaluate the condition and strength 
of the foundation when considering re-rating an AST. This is 
particularly important when changing the service to a heavier or 
higher pressure liquid. Heavier liquids increase the bearing load 
on the foundation and higher pressure may affect the design of 
the anchorage, if applicable. Any settlement should be evaluated in 
accordance with the provisions of API 653, Annex B.    

Properties of construction materials
The physical and chemical properties of the materials of the 
AST must be compatible with the service conditions of the 
AST. When a change of service or a re-rate is considered, the 
strength and toughness of the existing material should be 
evaluated to ensure that it is compatible with the new service 
and new operating conditions.  

Distortions of existing tank
Distortions in the shell of the existing AST should be evaluated 
because they tend to concentrate stresses in the shell and can 
also adversely affect proper operation of the AST when it has a 
floating roof.  

Operating conditions
Sometimes it is necessary or desirable to change the way the AST 
is operated rather than change its service. For example, operating 
pressure and vacuum may increase or decrease, or the AST may 
need to be heated or cooled to a different temperature than it was 
initially designed for.  

Other considerations
Often the most difficult obstacle in evaluating changing the 
service of or re-rating an AST is establishing the original design 
criteria to which the AST was constructed. In many cases 
records have been lost or provide only minimal information and 
it can be a daunting task to use the industry standards without 
the necessary information. In these cases, an experienced 
and knowledgeable tank engineer can be of great value in 
establishing the technical criteria and performing the evaluation. 
Employing an engineer on the front end has proven to be the 
most cost-effective approach to re-rating ASTs and changing the 
service or operating conditions.  

In conclusion
AST owners and operators should consult with a technically 
trained and experienced tank engineer when planning a re-rate 
or change in service of an AST. There are many technical factors 
to evaluate to ensure that the re-rate or change in service 
is performed safely and in accordance with industry standards. 
Errors in evaluating the fitness-for-service of an AST can lead to 
costly or even disastrous results. 
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