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Introduction

When it comes to designing, constructing, and maintaining aboveground storage tanks, the API 650 standard is the 

go-to reference for engineers, designers, and regulatory bodies worldwide. The 7th edition of the standard, 

released by the American Petroleum Institute, incorporates the latest industry practices, safety improvements, and 

material advancements to ensure that tanks meet the highest performance and reliability benchmarks. In parallel, 

the NMSNetplatform has emerged as a powerful tool for managing the complexities of tank design, compliance,

and documentation, especially for projects governed by API 650.

This article offers a deep dive into the 7th edition of API 650, exploring its scope, design criteria, material

specifications, and testing protocols. It also examines how NMSNet supports compliance and streamlines the entire

lifecycle of storage tanks, from initial design through to ongoing inspections and maintenance.

Overview of the API 650 Standard

API 650, officially titled “Aboveground Storage Tanks – Design, Construction, and Inspection,” is a comprehensive

standard that covers the design, construction, testing, and inspection of welded, cylindrical, aboveground storage

tanks. Its primary goal is to safeguard public health, protect the environment, and ensure structural integrity under a

wide range of operating conditions.

The standard is divided into several sections, each addressing a critical aspect of tank engineering:

•  Scope and Definitions – Clarifies terminology and applicability.

•  Design Requirements – Provides detailed load calculations, material specifications, and construction methods.

•  Construction and Welding – Outlines welding procedures, qualification, and inspection.

•  Testing and Inspection – Details hydrostatic and pressure testing, non-destructive evaluation, and 

documentation.

•  Maintenance and Inspection – Offers guidance on routine checks, corrosion protection, and repair strategies.

By adhering to API 650, designers ensure that tanks can withstand environmental stresses, operational loads, and

potential accidental events while maintaining a high level of safety.

History and Evolution of API 650

API 650 was first published in 1977 as a response to the growing need for standardized tank design in the

petroleum and petrochemical industries. Over the decades, the standard has evolved through multiple editions,

each incorporating lessons learned from field experience, technological advancements, and regulatory changes.

The 7th edition, published in 2017, marked a significant shift toward greater flexibility in material selection and

construction methods. It also introduced more robust corrosion protection guidelines and expanded the scope to

cover tanks used for a wider range of hazardous and non-hazardous liquids.

Key milestones in the evolution include:

1.  1977 – First Edition: Basic design and construction guidelines.



2.  1986 – Second Edition: Introduction of corrosion control measures.

3.  1999 – Third Edition: Enhanced welding procedures.

4.  2004 – Fourth Edition: Expanded scope to include high-temperature applications.

5.  2017 – Seventh Edition: Updated material specifications, testing protocols, and integration with digital design 

tools.

Each revision reflects a commitment to safety, reliability, and adaptability to industry trends.

Key Features of the 7th Edition

The 7th edition of API 650 incorporates several notable advancements that set it apart from previous versions:

•  Expanded Material Options: The standard now allows for a broader range of steel grades, including low-alloy 

steels and stainless steels, providing designers with more flexibility.

•  Improved Corrosion Protection: Detailed guidelines on cathodic protection, coatings, and monitoring systems 

help extend tank life.

•  Digital Integration: The standard encourages the use of computer-aided design (CAD) and finite element 

analysis (FEA) tools to enhance precision.

•  Enhanced Testing Requirements: Updated hydrostatic and pressure test procedures ensure higher 

confidence in tank integrity.

•  Broader Scope: The 7th edition covers tanks used for both hazardous and non-hazardous liquids, expanding 

its applicability.

These features collectively improve safety, reduce lifecycle costs, and enable more efficient project delivery.

Scope and Applicability

API 650 applies to all cylindrical, welded, aboveground storage tanks with a maximum height of 150 meters (492

feet) and a minimum diameter of 4 meters (13 feet). It covers tanks that store liquids such as petroleum products,

chemicals, and other hazardous substances.

Key applicability points include:

•  Design of new tanks or major modifications to existing structures.

•  Construction and welding of tank shells and heads.

•  Inspection and testing during construction and post-construction phases.

•  Routine maintenance and repair activities.

While the standard focuses on cylindrical shapes, it also provides guidance for tanks with non-cylindrical

components such as domes, flat plates, and partial shells.

Design Criteria for API 650 Tanks

Designing an API 650 tank involves a systematic approach that considers various load cases, material properties,

and environmental factors. The primary design criteria are:

Load Calculations

Engineers must account for:

•  Hydrostatic Pressure: The pressure exerted by the stored liquid.

•  Wind Loads: Pressure due to wind velocity, which varies by location.

•  Seismic Loads: Ground motion forces in seismic zones.



•  Temperature Effects: Expansion or contraction due to temperature changes.

•  Operational Loads: Includes filling, emptying, and vibration.

These loads are combined using appropriate safety factors to determine the required thickness of the tank shell

and heads.

Material Selection

Material selection must satisfy the following:

•  Adherence to the specified steel grade and thickness.

•  Compatibility with the stored liquid (chemical resistance).

•  Availability of welding procedures and qualification data.

•  Compliance with corrosion protection requirements.

Geometric Design

Key geometric parameters include:

•  Shell thickness and curvature.

•  Head type (circular, elliptical, or flat) and dimensions.

•  Flange and bolt spacing.

•  Drainage and venting provisions.

Designers use the standard’s equations and tables to ensure that all dimensions meet safety and performance

criteria.

Material Selection and Specifications

Material specification is a cornerstone of API 650 compliance. The standard outlines detailed requirements for steel

grades, including:

•  Yield strength and ultimate tensile strength.

•  Carbon content and alloying elements.

•  Heat treatment and tempering processes.

•  Surface finish and coating options.

Commonly used materials in the 7th edition include:

1.  ASTM A53 Grade B: Widely used for its balance of strength and weldability.

2.  ASTM A516 Grade 70: Offers higher yield strength for thicker shells.

3.  ASTM A572 Grade 50: Suitable for high-pressure applications.

4.  Stainless Steel Grades (e.g., 304, 316): Ideal for corrosive environments.

Material selection must also consider the tank’s location, environmental conditions, and regulatory requirements.

Construction Practices and Quality Assurance

Construction quality directly impacts tank performance and lifespan. API 650 provides a robust framework for

ensuring quality through:

Welding Procedures

Key elements include:

•  Welding procedure specifications (WPS) that detail electrode type, current, and welding technique.



•  Welding procedure qualification records (WPQR) to validate the procedure.

•  Pre- and post-weld inspections using visual and non-destructive testing methods.

Inspection Protocols

Inspection activities during construction encompass:

•  Visual inspection of welds for defects such as cracks, porosity, and incomplete fusion.

•  Radiographic and ultrasonic testing for internal flaws.

•  Dimensional checks to ensure conformity with design specifications.

Quality Management Systems

Implementing a quality management system (QMS) such as ISO 9001 helps maintain consistent construction

standards, documentation, and traceability throughout the project.

Testing and Inspection Requirements

API 650 mandates rigorous testing and inspection to verify tank integrity before commissioning. The primary testing

methods include:

Hydrostatic Pressure Test

Conducted to confirm the tank’s ability to withstand internal pressure. The test involves filling the tank with water

and applying a pressure equal to the design pressure, typically 1.5 times the maximum operating pressure.

Pressure Test

Used for tanks that cannot be filled with water, this test applies a controlled pressure to the tank’s shell and heads

using a calibrated test rig.

Non-Destructive Evaluation (NDE)

Techniques such as ultrasonic testing (UT), magnetic particle inspection (MPI), and dye penetrant inspection (DPI)

detect surface and subsurface defects.

Documentation

All test results must be documented, reviewed, and approved by a qualified engineer. The documentation includes:

•  Test plans and procedures.

•  Test results with detailed measurements.

•  Photographic evidence of welds and inspected areas.

•  Signatures of responsible personnel.

Maintenance and Inspection Protocols

Once operational, tanks require regular maintenance to preserve structural integrity and prevent leaks. Key

maintenance activities include:

Routine Inspections

Periodic visual inspections for corrosion, cracks, and coating degradation. Inspections should be scheduled based

on the tank’s operating environment and regulatory requirements.

Corrosion Monitoring

Techniques such as ultrasonic thickness measurements, electrical resistance probes, and corrosion coupons help



track material loss over time.

Repair and Refurbishment

When defects are detected, repair strategies may involve patch welding, replacement of damaged sections, or

application of new protective coatings.

Documentation and Records
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