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Special Notes 

API publications necessarily address problems of a general nature. With respect to particular 
circumstances, local, state, and federal laws and regulations should be reviewed. The use of API 
publications is voluntary. In some cases, third parties or authorities having jurisdiction may choose to 
incorporate API standards by reference and may mandate compliance. 

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees make 
any warranty or representation, either express or implied, with respect to the accuracy, completeness, or 
usefulness of the information contained herein, or assume any liability or responsibility for any use, or the 
results of such use, of any information or process disclosed in this publication. Neither API nor any of API’s 
employees, subcontractors, consultants, or other assignees represent that use of this publication would not 
infringe upon privately owned rights. 

Classified areas may vary depending on the location, conditions, equipment, and substances involved in 
any given situation. Users of this standard should consult with the appropriate authorities having jurisdiction. 

Users of this standard should not rely exclusively on the information contained in this document. Sound 
business, scientific, engineering, and safety judgment should be used in employing the information 
contained herein. 

The scenarios used are merely examples for illustration purposes only. (Each company should develop its 
own approach.) They are not to be considered exclusive or exhaustive in nature. API makes no warranties, 
express or implied, for reliance on or any omissions from the information contained in this document. 

Where applicable, authorities having jurisdiction should be consulted. 

Work sites and equipment operations may differ. Users are solely responsible for assessing their specific 
equipment and premises in determining the appropriateness of applying the standard. At all times users 
should employ sound business, scientific, engineering, and judgment safety when using this standard.  

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly 
train and equip their employees, and others exposed, concerning health and safety risks and precautions, 
nor undertaking their obligations to comply with authorities having jurisdiction. 

Information concerning safety and health risks and proper precautions with respect to particular materials 
and conditions should be obtained from the employer, the manufacturer or supplier of that material, or the 
material safety data sheet. 

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to 
ensure the accuracy and reliability of the data contained in them; however, the Institute makes no 
representation, warranty, or guarantee in connection with this publication and hereby expressly disclaims 
any liability or responsibility for loss or damage resulting from its use or for the violation of any authorities 
having jurisdiction with which this publication may conflict. 

API publications are published to facilitate the broad availability of proven, sound engineering and operating 
practices. These publications are not intended to obviate the need for applying sound engineering judgment 
regarding when and where these publications should be utilized. The formulation and publication of API 
publications is not intended in any way to inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API 
standard is solely responsible for complying with all the applicable requirements of that standard. API does 
not represent, warrant, or guarantee that such products do in fact conform to the applicable API standard. 

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. 

Contact the publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001. 

Copyright © 2022 American Petroleum Institute 
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Foreword 

Nothing contained in any API publication is to be construed as granting any right, by implication or 
otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by letters patent. 
Neither should anything contained in the publication be construed as insuring anyone against liability for 
infringement of letters patent. 

The verbal forms used to express the provisions in this document are as follows. 

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard. 

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required 
in order to conform to the standard. 

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard. 

Can: As used in a standard, “can” denotes a statement of possibility or capability. 

This document was produced under API standardization procedures that ensure appropriate notification 
and participation in the developmental process and is designated as an API standard. Questions concerning 
the interpretation of the content of this publication or comments and questions concerning the procedures 
under which this publication was developed should be directed in writing to the Director of Standards, 
American Petroleum Institute, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001. 
Requests for permission to reproduce or translate all or any part of the material published herein should 
also be addressed to the director. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A 
one-time extension of up to two years may be added to this review cycle. Status of the publication can be 
ascertained from the API Standards Department, telephone (202) 682-8000. A catalog of API publications 
and materials is published annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 
20001. 

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 
Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org. 

 

 

 

 

 

 

 

 

 

 

 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/api-std-685-pdf/


iv 

Contents 

1 Scope............................................................................................................................................... 1 

2 Normative References ................................................................................................................... 1 

3 Terms, Definitions, Acronyms, and Abbreviations .................................................................... 4 
3.1 Terms and Definitions ................................................................................................................... 4 
3.2  Acronyms and Abbreviations ..................................................................................................... 13 

4 General .......................................................................................................................................... 14 
4.1 Unit Responsibility ....................................................................................................................... 14 
4.2 Nomenclature ............................................................................................................................... 14 

5 Requirements ............................................................................................................................... 15 
5.1 Units of Measure .......................................................................................................................... 15 
5.2 Statutory Requirements .............................................................................................................. 15 
5.3 Document Requirements............................................................................................................. 15 

6 Basic Design ................................................................................................................................. 15 
6.1 General .......................................................................................................................................... 15 
6.2  Pressure Casings ......................................................................................................................... 24 
6.3 Nozzles and Pressure Casing Connections .............................................................................. 26 
6.4 External Nozzle Forces and Moments ....................................................................................... 30 
6.5 Rotors ............................................................................................................................................ 33 
6.6 Wear Rings and Running Clearances ........................................................................................ 33 
6.7  Secondary Control/Containment ................................................................................................ 34 
6.8 Dynamics ...................................................................................................................................... 36 
6.9 Process Cooled/Lubricated Bearings and Bearing Housings................................................. 41 
6.10 Materials ........................................................................................................................................ 41 
6.11 Nameplates and Rotation Arrows .............................................................................................. 47 

7 Accessories .................................................................................................................................. 48 
7.1 Drivers ........................................................................................................................................... 48 
7.2 Couplings and Guards ................................................................................................................. 49 
7.3 Baseplates and Support Frames ................................................................................................ 49 
7.4 Controls and Instrumentation ..................................................................................................... 49 
7.5 Piping and Appurtenances ......................................................................................................... 50 
7.6 Special Tools ................................................................................................................................ 50 

8 Inspection, Testing, and Preparation for Shipment ................................................................. 50 
8.1 General .......................................................................................................................................... 50 
8.2 Inspection ..................................................................................................................................... 51 
8.3 Testing .......................................................................................................................................... 54 
8.4 Preparation for Shipment ............................................................................................................ 59 

9 Specific Pump Sections .............................................................................................................. 60 
9.1 Magnetic Drive Pumps ................................................................................................................. 60 
9.2 Canned Motor Pumps .................................................................................................................. 73 

10 Vendor’s Data ............................................................................................................................... 75 

Annex A (normative) Specific Speed and Suction-specific Speed ....................................................... 76 

Annex B (normative) Circulation and Cooling Water Piping Schematics ............................................ 77 

Annex C (informative) Sealless Centrifugal Pump Nomenclature ......................................................... 81 

Annex D (informative) Magnet Materials for Magnetic Couplings ......................................................... 86 

Annex E (informative) Inspector’s Checklist ........................................................................................... 88 

Annex F (normative) Criteria for Piping Design ...................................................................................... 90 

Annex G (informative) Materials Class Selection Guidance ................................................................ 105 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/api-std-685-pdf/


v 

Annex H (normative) Materials and Material Specifications for Pump Parts ..................................... 107 

Annex I (informative) Lateral Analysis ................................................................................................... 119 

Annex J (normative) Determination of Residual Unbalance ................................................................ 124 

Annex K (normative) Pressure/Temperature Profiles in the Recirculation Circuit ............................ 130 

Annex L (informative) Contract Documents and Engineering Design Data ....................................... 133 

Annex M (informative) Test Data Summary ........................................................................................... 147 

Annex N (informative) Pump Data Sheets and Electronic Data Exchange ......................................... 152 

Annex O (informative) Application Information ..................................................................................... 167 

Annex P (informative) Hazard-based Specification of Control/Containment Guidelines.................. 172 

Annex Q (informative) Multistage Overhung Sealless Pumps ............................................................. 176 

Annex R (informative) Instrumentation and Protective Systems ........................................................ 182 

Bibliography ............................................................................................................................................ 187 

Figures 
1 Machined Face Suitable for Gasket Containment if Using Cylindrical Threads ................... 28 
2 Typical Gusset Design................................................................................................................. 29 
3 Coordinate System for the Forces and Moments in Table 4A and Table 4B: Vertical Inline 

Pumps ........................................................................................................................................... 32 
4 Coordinate System for the Forces and Moments in Table 4A and Table 4B: Horizontal Pumps .. 32 
5 Relationship between Flow and Vibration ................................................................................. 37 
6 Locations for Taking Vibration Readings on Horizontal and Vertical Inline Pumps ............ 38 
7 Vibration Limits for Pumps Running Above 3600 r/min or Absorbing More Than 300 kW (400 

hp) .................................................................................................................................................. 39 
8 Rotating Component Dimensions to Determine if Single-plane Balancing Is Allowed ........ 40 
B.1 Circulation and Cooling Water Piping Schematics .................................................................. 77 
B.2 Clean Circulating Fluid Arrangements ...................................................................................... 78 
B.3 Dirty or Special Circulating Fluid Arrangements ...................................................................... 79 
B.4 Cooling Water Piping Arrangements ......................................................................................... 80 
C.1 Typical Nomenclature for Magnetic Drive Pump ...................................................................... 82 
C.2 Typical Nomenclature for Canned Motor Pump ....................................................................... 83 
C.3 Magnetic Drive Pump Terms Defined in 3.1 .............................................................................. 84 
C.4 Canned Motor Pump Terms Defined in Section 3 .................................................................... 85 
I.1 Damping Factor vs. Frequency Ratio ...................................................................................... 121 
I.2 Typical Campbell Diagram ........................................................................................................ 121 
J.1 Residual Unbalance Worksheet ............................................................................................... 126 
J.2 Residual Unbalance Worksheet—Polar Chart ........................................................................ 127 
J.3 Example of Completed Residual Unbalance Worksheet ....................................................... 128 
J.4 Example of Completed Residual Unbalance Worksheet—Best-fit Circle for Residual 

Unbalance ................................................................................................................................... 129 
K.1 Typical Pressure/Temperature Calculation Points in Magnetic Drive Pump ....................... 131 
K.2 Typical Pressure/Temperature Calculation Points in Canned Motor Pump ........................ 131 
K.3 Pressure/Temperature Profile Diagram ................................................................................... 132 
M.1 Test Data Summary Form ......................................................................................................... 147 
M.2 Example of Test Curve Format (SI Units) ................................................................................ 149 
M.3 Test Curve Format (USC Units) ................................................................................................ 150 
M.4 Test Points Shown on Typical Performance Curve ................................................................ 151 
P.1 Secondary Control/Containment Logic Diagram .................................................................... 174 
Q.1 M4OH-MAG—Multistage Segmented-ring Magnetic Drive .................................................... 176 
Q.2 M5OH-MAG—Multistage Barrel Magnetic Drive ..................................................................... 177 
Q.3 M4OH-CAN—Multistage Segmented-ring Canned Motor ...................................................... 177 
Q.4 M5OH-CAN—Multistage Barrel Canned Motor ....................................................................... 177 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/api-std-685-pdf/


vi 

Q.5 M4OH-DE-CAN—Multistage Double-extended Canned Motor Spec ..................................... 178 
Q.6 M5VS-CAN—Multistage Hybrid-barrel Vertical Canned Motor .............................................. 178 
R.1 Magnetic Drive Pump ................................................................................................................. 184 
R.2 Canned Motor Pump (Horizontal) ............................................................................................. 185 
R.3 Canned Motor Pump (Vertical) ................................................................................................. 186 

Tables 
1 Water Cooling Systems–Conditions on the Water Side .......................................................... 21 
2 Common Hazardous Area Electrical Codes .............................................................................. 23 
3 Casting Factors ............................................................................................................................ 25 
4A Nozzle Loading (SI Units) ............................................................................................................ 30 
4B Nozzle Loading (USC Units) ........................................................................................................ 31 
5 Minimum Internal Running Clearances ..................................................................................... 35 
6 Vibration Limits for Overhung Pumps ....................................................................................... 39 
7 Welding Requirements ................................................................................................................ 45 
8 Power Ratings for Motor Drivers ................................................................................................ 48 
9 Pressure Casing Material Inspection Requirements ................................................................ 52 
10 Material Inspection Standards .................................................................................................... 53 
11 Performance Acceptance Criteria .............................................................................................. 54 
12 Magnetic Coupling Torque Service Factors .............................................................................. 63 
13 Stiffness Criteria .......................................................................................................................... 72 
D.1 Properties for Several Commercially Available Grades of Alnico Magnet Material .............. 87 
E.1 Inspector’s Checklist ................................................................................................................... 88 
F.1 Nozzle Sizes and Location Coordinates for Example 1A ......................................................... 94 
F.2 Applied Nozzle Loadings for Example 1A ................................................................................. 94 
F.3 Proposed Applied Nozzle Loadings for Example 2A ............................................................... 97 
F.4 Nozzle Sizes and Location Coordinates for Example 1B ......................................................... 99 
F.5 Applied Nozzle Loadings for Example 1B ................................................................................. 99 
F.6 Proposed Applied Nozzle Loadings for Example 2B ............................................................. 102 
G.1 Material Classes for Sealless Centrifugal Pump Services..................................................... 105 
H.1 Material Classes for Pump Parts .............................................................................................. 108 
H.2 Material Specifications for Pump Parts ................................................................................... 111 
H.3 Nonmetallic Wear Part Materials .............................................................................................. 118 
I.1 Rotor Lateral Analysis Logic Diagram ..................................................................................... 119 
L.1 Recommended Spare Parts ...................................................................................................... 135 
L.2 VDDR for Sealless Centrifugal Pump Applications (See Tables L.3 and L.4 for Details of the 

Description) ................................................................................................................................ 140 
L.3 Details of Table L.2 for Compressor Package ........................................................................ 141 
L.4 Details of Table L.2 for Motor (MDP Only) ............................................................................... 145 
P.1 H Statement Classification Table ............................................................................................. 173 
R.1 Instrumentation and Protective Systems ................................................................................ 183 
 
 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/api-std-685-pdf/


vii 

Introduction 

Users of this standard should be aware that further or differing requirements may be needed for individual 
applications. This standard is not intended to inhibit a vendor from offering, or the purchaser from accepting, 
alternative equipment or engineering solutions for the individual application. This may be particularly 
appropriate where there is innovative or developing technology. Where an alternative is offered, the vendor 
should identify any variations from this standard and provide details. 

Annex A discusses calculations for specific speed and suction-specific speed. 

Annex B contains schematic drawings of cooling water and circulation systems.  

Annex C illustrates typical nomenclature for sealless pumps. 

Annex D provides information on magnetic materials for magnetic couplings. 

Annex E provides an inspector’s checklist that may be used. 

Annex F provides informative criteria for piping design. 

Annex G gives guidance on material class selection. 

Annex H specifies requirements and gives guidance on materials selection.  

Annex I specifies requirements for lateral analysis. 

Annex J specifies requirements for determining residual unbalance. 

Annex K provides information and examples for pressure temperature profiles in the recirculation circuit. 

Annex L contains information and forms that may be used to indicate vendor drawing and data. 

Annex M contains forms that may be used to record test data. 

Annex N contains a data sheet format that is available for purchasers to use. 

Annex O contains application-specific information and cautions. 

Annex P contains hazard-based criteria for secondary containment/control specification. 

Annex Q provides considerations for application for multistage sealless pumps. 

Annex R defines options for instrumentation and protective systems.  

This standard requires the purchaser to specify certain details and features. 

A bullet () at the beginning of a section or paragraph indicates that either a decision by, or further 
information from, the purchaser is required. Further information should be shown on the data sheets or 
stated in the quotation request and purchase order. 

In this standard, US customary units are included in parentheses for information. 

API does not give guidelines on when a sealless pump should be considered. Sealless technology is well 
suited for the following applications: 

— lethal; 

— toxic; 

— flammable fluids; 

— expensive fluids; 
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— fluids with dissolved solids (i.e. caustic); 

— carcinogenic; 

— heat transfer fluids (hot and cold); 

— emissions are regulated; 

— clean fluids (typically); 

— low specific gravity; 

— fluids that are difficult to seal. 

Increasingly stringent environmental requirements surrounding volatile organic compounds have led to the 
increased use of sealless technology. A thorough, unbiased evaluation and application of the appropriate 
sealless technology results from carefully evaluating both technologies (canned motor pump and magnetic 
drive pump). There are many refinery applications ideally suited to sealless technology. The following are 
a few examples of where sealless technology is being applied in refineries currently: 

— hydrofluoric acid (HF acid); 

— anhydrous hydrofluoric acid; 

— naphtha; 

— sulfuric acid; 

— butane; 

— isobutane; 

— methanol; 

— caustic; 

— propylene; 

— alkylate; 

— methyl mercaptan; 

— aromatics (benzene, xylene, toluene); 

— sour water (water containing H2S); 

— olefins. 

Process units that would pump the above fluids (pure or as a mixture) are varied and could include: 

— alkylation (HF acid or sulfuric acid); 

— sulfur plant; 

— aromatics recovery unit; 

— hydrotreaters; 

— boiler house; 

— hydrocracker; 

— fluidized catalytic cracker; 

— reformer; 

— crude. 
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1 

Sealless Centrifugal Pumps for Petroleum, Petrochemical, and Gas 
Industry Process Service 

1 Scope 

1.1 This standard covers the minimum requirements for sealless centrifugal pumps for use in petroleum, 
heavy-duty petrochemical, and gas industry services. Refer to Annex O for application information. Notes 
following a clause are informative. 

1.2 This standard is applicable to single-stage overhung pumps of two classifications, magnetic drive 
pumps (MDPs) and canned motor pumps (CMPs). Sections 2 through 8 and Section 10 cover requirements 
applicable to both classifications. Section 9 is divided into two subsections and covers requirements unique 
to each classification. 

NOTE Extension of applicability to other designs such as multistage will need additional input and agreement 
between the purchaser and the supplier. Considerations for multistage sealless pumps are given in Annex Q. 

1.3 If application of sealless pumps is indicated, relevant industry operating experience suggests that 
sealless pumps produced to this standard should be considered for pumping liquids at conditions exceeding 
any of the following: 

— discharge pressure 1900 kPa (275 psig); 

— suction pressure 500 kPa (75 psig); 

— pumping temperature 150 °C (300 °F); 

— rated total head 120 m (400 ft). 

NOTE For sealed pumps, refer to API 610. 

2 Normative References 

2.1 The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

API Standard 547, General-purpose Form-wound Squirrel Cage Induction Motors—185 kW (250 hp) 
through 2240 kW (3000 hp)  

API Standard 610, Centrifugal Pumps for Petroleum, Petrochemical, and Natural Gas Industries 

API Standard 611, General-purpose Steam Turbines for Petroleum, Petrochemical, and Gas Industry Services  

API Standard 614, Lubrication, Shaft-sealing, and Oil-control Systems and Auxiliaries 

API Standard 670, Machinery Protection Systems 

API Standard 677, General-purpose, Extruder, and Epicyclic Gear Units for Petroleum, Chemical, and Gas 
Industry Services 

API Standard 682, Pumps—Shaft Sealing Systems for Centrifugal and Rotary Pumps, Fourth Edition 

API Recommended Practice 686, Recommended Practice for Machinery Installation and Installation Design 
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