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Aboveground Storage Tanks (ASTSs) are critical infrastructure components in the petrochemical, chemical, and
water treatment industries. These massive structures house millions of gallons of hazardous or essential fluids,
making their structural integrity a matter of both economic vitalization and environmental safety. The primary
regulatory and technical framework governing the maintenance and inspection of these assets is APl 653: Tank
Inspection, Repair, Alteration, and Reconstruction. This standard provides the necessary engineering
guidelines to ensure that tanks originally built to standards like API 650 or APl 12C continue to operate safely
throughout their lifecycle.

The Landscape of Storage Tank Standards: API 650 vs. APl 620

Before diving into the complexities of inspection (API 653), it is essential to understand the design standards that
dictate how these tanks were originally constructed. The two most prominent standards are API1 650 and API 620.
Choosing the wrong standard during the design phase can lead to catastrophic structural failure or unnecessary
capital expenditure.

API 650: Welded Tanks for Oil Storage

API 650 is the industry standard for tanks that store oil, petroleum products, and chemicals at relatively low internal
pressures. Key characteristics include:

e Design Pressure: Typically operates at atmospheric pressure, but can handle up to 2.5 PSI.

e Temperature Limits: Generally restricted to services up to 200°F (93°C), though Annex AL and M allow for
higher temperatures.

« Configuration: Primarily vertical, cylindrical tanks with flat bottoms and various roof configurations (fixed or
floating).

API 620: Design and Construction of Large, Welded, Low-Pressure Storage Tanks

API 620 is more rigorous than APl 650 and is used for products that require higher internal pressures or cryogenic
temperatures, such as Liquefied Natural Gas (LNG). Highlights include:

¢ Design Pressure: Can handle internal pressures up to 15 PSI.
» Temperature Limits: Designed for a wider range, including cryogenic services down to -325°F.
¢ Geometry: Often involves more complex shapes than the simple cylindrical form of API 650 tanks.



Feature API1 650 API1 620

Internal Pressure Atmospheric (up to 2.5 PSI) Low Pressure (up to 15 PSI)
Service Temperature -40°F to 500°F (with Annex) -325°F to 250°F
Primary Use Oil, Chemicals, Water LNG, Cryogenics, High-Vapor

Pressure Liquids

Standard for Inspection API 653 API 620 (Maintenance Section)

Core Objectives of the API 653 Standard

API 653 was first published in 1991 to address the need for a comprehensive post-construction standard. It applies
specifically to tanks that have been placed in service. The standard is divided into several critical domains:
Inspection, Repair, Alteration, and Reconstruction. Understanding these definitions is the first step for any
Authorized API 653 Inspector.

¢ Inspection: The formal process of evaluating the physical condition of a tank to determine its fitness for
continued service.

* Repair: Work necessary to maintain or restore a tank to a condition suitable for safe operation.

 Alteration: Any physical change in the component dimensions or physical configuration of a tank (e.g., adding
a new nozzle or changing the roof type).

* Reconstruction: The process of dismantling a tank and reassembling it at a new location.

Technical Framework: The API 653 Body of Knowledge (BOK)

Becoming an API 653 Certified Inspector requires mastering a vast Body of Knowledge (BOK). This BOK is not
limited to the APl 653 document itself but integrates several other critical engineering standards. A candidate must
demonstrate proficiency in:

1. API1 571: Damage Mechanisms Affecting Fixed Equipment

Inspectors must identify various forms of degradation, such as:Atmospheric Corrosion: Common on the exterior
shell and roof.Soil-side Corrosion: Occurring at the tank bottom plates due to moisture and oxygen in the
foundation.Caustic Stress Corrosion Cracking: Found in tanks storing alkaline solutions.Brittle Fracture:A  risk
primarily for older tanks (pre-1987) operating in cold climates.

2. API 575: Inspection of Atmospheric and Low-Pressure Storage Tanks

This provides practical descriptive details on the types of storage tanks and the specific tools used for inspection,
such as Ultrasonic Thickness (UT) gauges and Magnetic Flux Leakage (MFL) scanners.

3. ASME Section V: Nondestructive Examination (NDE)

An inspector must understand the methodology and limitations of various NDE techniques. This includes
Radiographic Testing (RT) for welds, Liquid Penetrant Testing (PT), and Magnetic Particle Testing (MT).

4. ASME Section IX: Welding and Brazing Qualifications

Perhaps the most technically demanding portion of the BOK, Section IX covers the qualification of Welding
Procedure Specifications (WPS) and Welder Performance Qualifications (WPQ). Any repair or alteration



performed under API 653 must use qualified welders and procedures to ensure the structural integrity of the
weldment.

The Inspection Process: In-Service vs. Out-of-Service

APl 653 categorizes inspections based on whether the tank remains operational. Each type has specific
requirements and intervals.

Routine In-Service Inspections

These are visual inspections performed by owner-user personnel who are knowledgeable about tank operations.
The interval is typically every month. The focus is on identifying leaks, shell distortions, settlement evidence, and
the condition of the foundation and paint.

External Inspections by Authorized Inspectors

Every 5 years (or sooner based on corrosion rates), an Authorized APl 653 Inspector must perform a formal
external inspection. This involves:Ultrasonic Thickness Measurements: Checking the shell for thinning while the
tank is full.Insulation Inspection: Checking for Corrosion Under Insulation (CUI).Foundation Assessment:
Evaluating concrete ring wall degradation or water pooling.

Internal Inspections (Out-of-Service)

Internal inspections are the most thorough. The tank is emptied, cleaned, and gas-freed. The primary objective is to
inspect the tank bottom, which is usually the most vulnerable part of the structure. APl 653 provides a specific
formula to determine the interval for internal inspections, based on the corrosion rate of the bottom plates.

Engineering Analysis: Corrosion Rate and Remaining Life Calculations

One of the core responsibilities of the API 653 inspector is to perform data-driven calculations to predict the
remaining life of the tank components. The most critical calculation is for the Shell Minimum Thickness
($t_{min}$).

The formula for the minimum required thickness of a shell course during its next interval is:
$$t_{min} = \frac{2.6 \times D \times (H-1) \times G}{S \times E}$$

Where:D: Nominal diameter of the tank (ft).H: Liquid level height (ft).G: Specific gravity of the liquid.S: Allowable
stress (psi).E: Joint efficiency (usually 0.70 to 1.0 depending on the weld type and NDE).

Once the $t_{min}$ is established, the Corrosion Rate (CR)is calculated: $$CR = \frac{t_{previous} - t_{actual}}
{\text{Time between inspections}}$$

The Remaining Life (RL) is then determined: $$RL = \frac{t_{actual} - t_{min}}{CR}$$

These calculations dictate whether a tank can continue in service, requires immediate repair, or needs a reduced
fill height to lower the stress on the shell.

Tank Bottom Integrity: The MFL Revolution

The bottom of an AST is subject to internal corrosion (from water bottoms or sediment) and external corrosion

(from the soil). Because the bottom cannot be seen during external inspections, Magnetic Flux Leakage (MFL)
scanning is used during internal inspections. MFL technology uses powerful magnets to saturate the steel floor;
sensors then detect "leaks" in the magnetic field caused by metal loss (pitting or thinning).



If the remaining thickness of the bottom plate ($t_{rt}$) is predicted to be less than 0.10 inches before the next
inspection, the plates must be repaired or replaced. APl 653 Section 4.4 provides the guidelines for evaluating
bottom plate thickness and the use of Release Prevention Barriers (RPBs)or liners to extend the inspection
interval.

Repair and Alteration Procedures (Section 9)

When a tank fails to meet the requirements of API 653, repairs are mandated. Common repairs include:

¢ Shell Patches: Using lap-welded or flush-welded patches. APl 653 has strict limits on the size and shape of
shell patches, especially in the "critical zone" (the area of the bottom within 3 inches of the shell).

¢ Bottom Replacement: Often involving the installation of a new false bottom over the old one, with an
intermediate layer of sand or concrete and a leak detection system.

» Fixed Roof to Floating Roof Conversions: An alteration often performed to reduce Volatile Organic Compound
(VOC) emissions.



Repair Type Methodology Key Requirement

Shell Patch Flush-welded or Lap-welded Must have rounded corners (min 2"
radius)

Bottom Repair Liner or Plate Replacement Critical zone welds must be carefully
inspected

Nozzle Addition Hot Tapping or Shutdown Install Must meet reinforcement

requirements of API 650

Brittle Fracture Considerations

A significant portion of API 653 is dedicated to assessing the risk of Brittle Fracture.  This is a  sudden,
catastrophic failure that occurs without prior plastic deformation. It is most common in older tanks built with steels
that have low toughness at low temperatures. API 653 provides a decision tree (Figure 5-1) to determine if a tank is
at risk. Factors include:Thickness of the plates (thicker plates are more susceptible).Lowest 1-day mean
temperature at the site.Stress levels in the shell.History of the tank (if it has been successfully hydro-tested at the
current conditions).

The Role of the API 653 Authorized Inspector

The Authorized Inspector is the lynchpin of the APl 653 program. Their responsibilities include:Reviewing and
approving all inspection results.Approving repair procedures and welding specifications.Conducting visual
inspections.Verifying that NDE technicians are qualified.Certifying the final report and the "fithess for service" of the
tank.

The certification process involves a rigorous exam covering the aforementioned BOK. Inspectors must recertify
every three years, ensuring they stay current with the latest technical updates to the standard.

Operational Challenges and Troubleshooting

In the field, inspectors often encounter complex scenarios that require engineering judgment. Below are common
challenges and their standard solutions:

1. Tank Settlement

Tanks are heavy, and the ground beneath them can shift. Edge settlement, bottom settlement, and planar tilt
are common issues. APl 653 Annex B provides methods for measuring settlement and formulas to determine if the
settlement exceeds safe limits. If a tank tilts too far, it can cause the floating roof to bind or lead to shell buckling.

2. Shell Out-of-Roundness

Often occurring during reconstruction or after a major repair, a shell that is not perfectly circular can cause
mechanical issues with seals. The solution involves using spiders (internal bracing) and carefully sequenced
welding to pull the shell back into tolerance.

3. Corrosion Under Insulation (CUI)

For heated tanks, insulation can trap moisture against the shell. This is a hidden killer of ASTs. Inspectors use
Pulsed Eddy Current (PEC)or long-range UT to screen for CUI without removing all the insulation, which is a



significant cost saver.

Modernizing Tank Management: Industry 4.0

The future of APl 653 inspections is becoming increasingly digital. Digital Twin technology allows operators to
create a 3D model of the tank, mapping every UT reading and MFL scan result onto a visual interface. This enables
Risk-Based Inspection (RBI), as outlined in API 580 and 581. Instead of arbitrary time-based intervals (e.g., every
10 years), RBI allows for optimized intervals based on the calculated risk of failure, potentially saving millions in
maintenance costs while improving safety.

Furthermore, Robotic In-Service Inspectionsare becoming more common. These robots can swim through the
product to perform UT scans of the floor and shell, eliminating the need to take the tank out of service and the
associated risks of confined space entry for personnel.

Ensuring Long-Term Asset Integrity

Adherence to the API 653 standard is not just a regulatory requirement; it is a fundamental pillar of responsible
asset management. By combining rigorous physical inspections, sophisticated nondestructive testing, and precise
engineering calculations, owners can maximize the lifespan of their storage tanks while minimizing the risk of
environmental disasters. As technology evolves, the integration of data analytics and robotics will further refine the
precision of the APl 653 inspector, ensuring that these massive structures continue to serve the global industry
safely for decades to come.
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