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Introduction

In the oil and gas, petrochemical, and power generation industries, centrifugal pumps are the workhorses that

move fluids under high pressure and high flow rates. One of the most critical components that determines the
reliability and longevity of these pumps is the shaft sealing system. When a seal fails, it can lead to costly
downtime, environmental damage, and safety hazards. To mitigate these risks, the American Petroleum Institute
(API) established API Standard 682, a comprehensive guideline that covers the design, selection, installation, and
maintenance of shaft seals for centrifugal pumps. This article delves into the intricacies of APl 682, focusing
specifically on shaft sealing systems for centrifugal applications. We'll explore the standard’s structure, key
requirements, material considerations, inspection protocols, and best practices for ensuring compliance and
optimal performance.

What is API Standard 6827

API Standard 682, titled “Sealing Systems for Centrifugal Pumps and Turbo Machinery,” was first published in the
mid 1990s and has since become the industry benchmark for pump sealing. The standard is organized into several
sections:

e Scope and Purpose — Defines the types of pumps and seals covered.

¢ Definitions and Terminology — Clarifies technical terms to avoid ambiguity.

¢ Design and Selection — Provides guidance on selecting appropriate seal types based on process conditions.
Installation and Operation — Outlines best practices for mounting, aligning, and operating seals.
 Inspection and Maintenance — Details inspection intervals, acceptance criteria, and maintenance actions.

* Documentation and Reporting — Specifies record keeping requirements.

Adhering to APl 682 not only enhances pump reliability but also satisfies regulatory compliance and insurance
requirements in many jurisdictions.

Why Shaft Sealing Matters in Centrifugal Pumps

In a centrifugal pump, the shaft connects the impeller to the motor or turbine, transmitting rotational energy. The
shaft must pass through the pump casing, creating a potential leakage path. The seal’s primary job is to:

Prevent fluid leakage — Keeping hazardous or valuable fluids from escaping.

Maintain pressure integrity — Ensuring that the pump can deliver the required head.

Protect internal components — Shielding bearings, bearings housings, and impellers from contaminants.
Extend pump life — Reducing wear and tear on mechanical parts.

PwObdPE

When a seal fails, the consequences can range from minor pressure drops to catastrophic blowouts. Therefore,
selecting the right seal and maintaining it according to API 682 is crucial.

Key Seal Types Covered by APl 682

API 682 categorizes seals into several families based on design and application. Below are the most common



types for centrifugal pumps:

e Single Sided Seals — One side of the seal faces the pump fluid while the other side is exposed to the shaft or
shaft oil.

* Double Sided Seals — Both sides of the seal are in contact with fluid, providing higher sealing performance.

¢ Oil Seals — Designed to retain lubricating oil on the shaft while preventing fluid ingress.

e Water Seal (Gasket) Systems — Use a flexible gasket material to seal the shaft against the pump casing.

* Hybrid Seals — Combine features of single sided and double sided seals for specialized applications.

Each seal type has its own set of APl 682 requirements regarding material compatibility, pressure ratings, and
temperature limits.

Design Considerations According to APl 682

Process Conditions

Before selecting a seal, engineers must evaluate:

« Fluid properties — Viscosity, corrosiveness, temperature, and pressure.
¢ Operating environment — Ambient temperature, humidity, and potential exposure to chemicals.
¢ Load and speed — Shaft torque, rotational speed, and dynamic forces.

Material Compatibility

API 682 lists acceptable materials for both the seal and the shaft. Common choices include:

e Polymeric Elastomers — Viton, EPDM, and FKM for chemical resistance.
¢ Metals — Stainless steel, carbon steel, and nickel alloys for high temperature or abrasive environments.
e Composite Materials — Carbon fiber or ceramic composites for high strength, low weight applications.

Seal Geometry

The geometry of a seal determines its ability to withstand pressure and temperature. APl 682 specifies:

e Seal face angles — Typically 30° to 45° for optimal contact.
¢ Clearance — Minimum clearance between seal and shaft to prevent binding.
* Mounting orientation — Horizontal or vertical installation depending on pump design.

Pressure and Temperature Ratings

API 682 requires that seals be rated for the maximum operating pressure and temperature of the pump system.
Engineers should consult the seal manufacturer's data sheet and cross reference it with APl 682 tables to ensure
compliance.

Installation Best Practices

Proper installation is as critical as seal selection. Follow these steps to guarantee optimal performance:

1. Clean the shaft — Remove all debris, oil, and contaminants before mounting.

Align the shaft — Use a precision alignment tool to ensure concentricity.

Apply correct torque — Follow manufacturer torque specifications and use a calibrated torque wrench.
Check for vibration — Use a vibration analyzer to detect misalignment early.

Seal the seal — Ensure that the seal is seated evenly and free of gaps.
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Inspection and Maintenance Under API 682



Regular inspection is the cornerstone of a reliable shaft sealing system. API 682 recommends the following
inspection schedule:

« Initial Inspection — Upon installation, verify torque, alignment, and seal integrity.
¢ Routine Inspection — Conduct at least twice a year or after every 500 operating hours.
» After Major Events — Inspect after any pump shutdown, maintenance, or vibration spike.

Inspection Criteria

During inspection, evaluate:

¢ Seal condition — Look for cracks, tears, or deformation.

¢ Lubrication — Verify that the shaft oil is within the correct viscosity range.

¢ Leakage — Check for fluid seepage around the seal.

¢ Alignment — Re measure shaft alignment to ensure it remains within tolerance.

Maintenance Actions

When defects are found, take the following actions:

1. Seal Replacement — Replace the entire seal if any damage is detected.

2. Seal Re Installation — If the seal is intact but misaligned, re install it with proper torque.

3. Lubrication Adjustment — Replace shaft oil with the recommended grade.

4. Documentation — Log all inspection findings and maintenance actions in a maintenance management
system.

Common Failure Modes and Their Prevention

¢ Seal Wear — Caused by high-speed operation or abrasive fluids. Prevent by selecting a seal with higher wear
resistance.

¢ Thermal Expansion — Differential expansion between shaft and seal can lead to gaps. Mitigate by using
materials with matched coefficients of thermal expansion.

¢ Chemical Degradation — Exposure to corrosive chemicals can degrade elastomers. Choose chemically
resistant materials like Viton or FKM.

¢ Misalignment — Causes uneven load distribution. Use precision alignment tools and periodic checks.

¢ Inadequate Lubrication — Leads to increased friction and heat. Ensure proper shaft oil viscosity and
cleanliness.

Case Study: Implementing API 682 in a Petrochemical Plant

A mid size petrochemical facility was experiencing frequent pump failures due to seal leakage. After a
comprehensive audit, the plant’'s engineering team decided to overhaul its sealing strategy based on API 682. They
performed the following steps:

Process Analysis — Assessed fluid composition, temperature, and pressure.

Seal Selection — Chose a double sided seal with a Viton FEP elastomer core for chemical resistance.
Installation Protocol — Implemented a new torque sequence and alignment verification using laser tools.
Inspection Schedule — Established a quarterly inspection routine with a dedicated seal technician.

. Documentation — Integrated inspection data into the plant’s computerized maintenance management system
(CMMS).
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Result: The plant reduced pump downtime by 35% and extended seal life from 12 months to 24 months, achieving
significant cost savings and improved safety.



Integrating APl 682 with Other Standards

While API 682 focuses on shaft sealing systems, many facilities also need to comply with other standards such as:

e API 610 — Centrifugal Pumps for Petroleum, Petrochemical, and Natural Gas Industries.
¢ ANSI/ISA 1 — Industrial Seal Design.
¢ 1SO 9001 — Quality Management Systems.

Cross referencing these standards ensures comprehensive coverage of pump design, operation, and quality control.

Documentation and Reporting

API 682 mandates detailed record keeping to demonstrate compliance. Essential documents include:

» Seal Selection Justification — Documentation of material, pressure, and temperature ratings.
« Installation Records — Torque values, alignment measurements, and seal orientation.

¢ Inspection Logs — Dates, findings, and corrective actions.

¢ Maintenance Reports — Seal replacement dates, lubrication changes, and any incidents.

These records not only satisfy regulatory bodies but also provide valuable data for continuous improvement.

Future Trends in Shaft Sealing Technology

As the industry evolves, new technologies are emerging that align with API 682 principles:

* Smart Seals — Embedded sensors that monitor pressure, temperature, and vibration in real time.

« Composite Seal Materials — Advanced composites that offer superior wear resistance and chemical
compatibility.

e 3D Printed Seal Components — Custom geometries tailored to specific pump designs.

« Al Driven Predictive Maintenance — Algorithms that forecast seal failure before it occurs.

While these innovations promise enhanced performance, they must still meet the rigorous criteria set by API 682.

Conclusion

API Standard 682 remains the gold standard for designing, selecting, installing, and maintaining shaft sealing
systems in centrifugal pumps. By following its comprehensive guidelines, engineers can ensure that seals perform
reliably under demanding operating conditions, thereby reducing downtime, preventing environmental hazards, and
extending equipment life. Whether you're a seasoned pump designer, a maintenance technician, or a plant
manager, understanding and applying the principles of APl 682 will help you safeguard your operations and
achieve operational excellence.
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