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Introduction

In the high stakes world of petroleum, petrochemical, and natural gas processing, equipment that moves fluids
safely and efficiently is paramount. Among the many technical documents that govern this industry, the American
Petroleum Institute (API) standards stand out as the benchmark for quality, safety, and performance. One of the
most critical standards for pumping applications is APl 2031, which defines the design, construction, and testing
requirements for industrial pumps used in these sectors. This article explores the depth and breadth of APl 2031,
its role within the broader API standards framework, and why adherence to this standard matters for engineers,
manufacturers, and operators alike.

What Is API 20317

API 2031, titled “Pumps — Industrial,” is a comprehensive specification that addresses the design, materials,
testing, and performance of pumps used in the petroleum and petrochemical industries. First published in 1994, the
standard has undergone several revisions to incorporate evolving technology, safety requirements, and
environmental considerations. APl 2031 covers a wide range of pump types, including centrifugal, positive
displacement, and submersible pumps, but it is most commonly applied to centrifugal pumps that transport crude
oil, refined products, and associated fluids under high pressure and temperature conditions.

Key Features of APl 2031

¢ Design Flexibility: The standard allows for a variety of pump configurations, including single-stage, multi-
stage, and variable speed drives, provided they meet the specified performance criteria.

* Material Requirements: Detailed guidelines for shaft, casing, impeller, and seal materials ensure corrosion
resistance and mechanical integrity across a wide temperature and pressure range.

e Performance Criteria: Minimum efficiency, head, and flow specifications are defined for each pump class,
enabling operators to select units that match their process demands.

e Testing and Verification: Factory acceptance tests (FAT) and site acceptance tests (SAT) are mandated to
confirm that pumps meet design and safety standards before deployment.

« Documentation Standards: Comprehensive documentation, including design calculations, material
certificates, and test reports, is required to demonstrate compliance.

How API 2031 Fits Into the Broader API Standards Framework

The API organization publishes over 300 standards covering everything from well drilling to refinery safety. API
2031 is part of a family of pump-related standards that include API 6A (wellhead and tubinghead assemblies), API
610 (centrifugal pumps for petroleum, petrochemical, and natural gas industries), and API 618 (high pressure
centrifugal pumps). While API 610 focuses on general-purpose centrifugal pumps, APl 2031 delves deeper into
industrial applications requiring higher pressure, temperature, and reliability. Together, these standards provide a
coherent set of guidelines that ensure interoperability, safety, and performance across the entire pumping
ecosystem.



Design and Engineering Requirements

Materials

Choosing the right materials is critical for pump longevity. APl 2031 specifies that all components exposed to
process fluids must be made from materials that resist corrosion, erosion, and thermal degradation. Common
choices include 316 stainless steel for casings, 20MnMoV5 for shafts, and PTFE or Viton for seals. The standard
also outlines acceptable heat treating processes and surface finishes to maintain mechanical integrity under cyclic
loading.

Pressure and Temperature Ratings

Pumps operating in the petroleum industry often face pressures exceeding 10,000 psi and temperatures up to
300°F. API 2031 defines a range of pressure classes, each with corresponding temperature limits, to ensure that
pumps can handle the worst case operating conditions. Engineers must select a pump whose pressure rating
matches or exceeds the system’s maximum operating pressure to prevent failures and costly downtime.

Sealing and Gaskets

Seal integrity is essential to prevent leaks of hazardous fluids. AP 2031 prescribes specific seal types—such as lip,

packer, or double seal configurations—based on the pump’s application and operating environment. The standard
also requires seal materials to be compatible with the process fluid, temperature, and pressure, and mandates a

leak testing procedure as part of the FAT.

Flow and Efficiency

Efficiency directly impacts operating costs. APl 2031 sets minimum efficiency curves for each pump class, allowing
operators to evaluate the energy savings associated with different pump selections. The standard also includes
guidelines for variable speed drives, which can further optimize performance by matching pump output to real time
demand.

Vibration and Noise

Excessive vibration can lead to premature wear, seal failure, and even catastrophic failure. APl 2031 provides

vibration limits expressed in terms of RMS acceleration and frequency ranges. Noise levels are also addressed,

with recommendations for enclosure design and sound attenuating materials to comply with occupational health
and safety regulations.

Environmental Considerations

Modern pumping installations must meet stringent environmental standards. APl 2031 incorporates guidelines for
minimizing emissions, preventing spillage, and ensuring that pumps can be operated in offshore and remote
locations with limited maintenance access. The standard also encourages the use of materials and designs that
reduce the overall carbon footprint of pumping operations.

Testing and Certification Process

Factory Acceptance Tests (FAT)

Before shipping, each pump undergoes a series of tests at the manufacturer’s facility. FAT verifies that the pump
meets design specifications, including pressure, temperature, flow, and vibration limits. The process typically
involves:

1. Visual inspection of all components.



Leak testing of seals and connections.
Pressure testing of the casing and impeller.
Performance testing at various flow rates.
Documentation of all results in a FAT report.
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Site Acceptance Tests (SAT)

Once installed, the pump must be re tested to confirm that it performs correctly in the field. SAT includes:

* Verification of proper alignment and mounting.

¢ Operational testing under actual process conditions.
e Measurement of vibration and noise levels.

» Final acceptance sign off by the operator.

Documentation and Quality Control

API 2031 places a strong emphasis on documentation. Every pump must be accompanied by a comprehensive
data package that includes:

¢ Design calculations and drawings.

< Material certificates and traceability records.
e Test reports from FAT and SAT.

e Operating and maintenance manuals.

These documents serve as evidence of compliance and are essential for warranty claims, regulatory inspections,
and future upgrades.

Common Applications of API 2031 Pumps

¢ Petroleum Refining: Transporting crude oil, gasoline, and other refined products across refinery units.

¢ Petrochemical Production: Moving feedstocks and intermediates in large scale reactors and distillation
columns.

« Natural Gas Processing: Pumping gas liquids, condensates, and associated fluids.

« Offshore Platforms: Submersible and surface pumps used in offshore drilling and production.

* LNG Facilities: Handling cryogenic liquids at high pressure and low temperature.

Benefits of Adhering to APl 2031

o Safety Assurance: Compliance reduces the risk of leaks, explosions, and environmental spills.

¢ Operational Reliability: Pumps that meet APl 2031 standards are less prone to downtime, leading to higher
throughput.

* Regulatory Compliance: Many jurisdictions require API certification for equipment used in hazardous
industries.

» Cost Savings: Higher efficiency and lower maintenance requirements translate into long term savings.

» Market Credibility: API certification is a recognized mark of quality, enhancing brand reputation.

Challenges and Mitigation Strategies

¢ Cost of Certification: The testing and documentation process can be expensive. Mitigation: Early integration of
API 2031 requirements into the design phase to avoid costly redesigns.

¢ Supply Chain Constraints: Sourcing APl approved materials may be difficult in some regions. Mitigation:
Develop relationships with multiple suppliers and maintain an inventory of critical components.

e Training Requirements: Operators and maintenance staff must understand API 2031 specifications. Mitigation:



Provide targeted training and reference manuals.
* Technology Integration: Incorporating new digital monitoring tools can conflict with legacy equipment.
Mitigation: Use modular upgrade paths that preserve APl compliance.

Future Trends in API Standards and Pump Technology

Digitalization, 10T, and Predictive Maintenance

As Industry 4.0 gains traction, pumps are increasingly equipped with sensors that monitor vibration, temperature,
and flow in real time. These data streams enable predictive maintenance, reducing unplanned downtime and
extending equipment life. API 2031 is evolving to accommodate these technologies, with new guidelines on data
logging and cybersecurity.

Materials Innovation

Advances in high strength alloys, composite materials, and additive manufacturing promise lighter, more durable
pumps. API 2031 will continue to update its material specifications to reflect these innovations, ensuring that new
technologies meet rigorous safety and performance criteria.

Regulatory Changes
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