
Bioprocessing 
Equipment

A N  I N T E R N A T I O N A L  S T A N D A R D

ASME BPE-2024
(Revision of ASME BPE-2022)



ASME BPE-2024
(Revision of ASME BPE-2022)

Bioprocessing
Equipment

AN INTERNATIONAL STANDARD

Two Park Avenue  •  New York, NY  •  10016 USA
x



Date of Issuance: April 29, 2024

The next edition of this International Standard is scheduled for publication in 2026. This International Standard will become
effective 6 months after the Date of Issuance.

This international code or standard was developed under procedures accredited as meeting the criteria for American National
Standards and it is an AmericanNational Standard. The standards committee that approved the code or standardwas balanced
to ensure that individuals from competent and concerned interests had an opportunity to participate. The proposed code or
standard was made available for public review and comment, which provided an opportunity for additional public input from
industry, academia, regulatory agencies, and the public-at-large.

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME does not
take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable
letters patent, nor does ASME assume any such liability. Users of a code or standard are expressly advised that determination of
the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representatives or persons affiliated with industry is not to be interpreted as government or
industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME
procedures and policies, which precludes the issuance of interpretations by individuals.

The endnotes and preamble in this document (if any) are part of this American National Standard.

ASME Collective Membership Mark

ASME Single Certification Mark

All rights reserved.“ASME” and the aboveASME symbols are registered trademarks of TheAmerican Society ofMechanical Engineers. No part
of this documentmaybecopied,modified, distributed, published, displayed,orotherwise reproduced inany formorbyanymeans, electronic,
digital, or mechanical, now known or hereafter invented, without the express written permission of ASME. No works derived from this
documentor any content thereinmaybe createdwithout theexpresswrittenpermissionofASME.Using this documentor any content therein
to train, create, or improve any artificial intelligence and/or machine learning platform, system, application, model, or algorithm is strictly
prohibited.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2024 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

Printed in U.S.A.



CONTENTS

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiv

Statement of Policy on the Use of the ASME Single Certification Mark and Code Authorization in Advertising xvi

Statement of Policy on the Use of ASME Marking to Identify Manufactured Items . . . . . . . . . . . . . . . . . . xvi

Committee Roster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvii

Correspondence With the BPE Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxii

Summary of Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxiv

Chapter 1 Introduction, Scope, and General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Part GR General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
GR-1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
GR-2 Scope of the ASME BPE Standard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
GR-3 Manufacturer’s Quality Assurance Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
GR-4 Examination, Inspection, and Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
GR-5 Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
GR-6 Product Identification and Packaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
GR-7 Process Compatibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
GR-8 Contamination Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
GR-9 U.S. Customary and SI Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
GR-10 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
GR-11 Terms and Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
GR-12 Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Chapter 2 Certification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Part CR Certification Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
CR-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
CR-2 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Chapter 3 Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Part MM Metallic Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
MM-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
MM-2 Alloy Designations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
MM-3 Uses of Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
MM-4 Referenced Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
MM-5 Base Metals and Filler Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
MM-6 Mechanical Properties and Leak Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
MM-7 Positive Material Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
MM-8 Corrosion-Resistance Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
MM-9 Minimum Requirements for Alloys in Part MM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Part PM Polymeric and Other Nonmetallic Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
PM-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
PM-2 Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

iii



PM-3 Properties and Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
PM-4 Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Chapter 4 Design for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Part SD Systems Design for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
SD-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
SD-2 General Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
SD-3 Process Components and Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
SD-4 Process Utility Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
SD-5 Process Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
SD-6 Process Support Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
SD-7 Design Conformance Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Chapter 5 Process Components for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Part DT Dimensions and Tolerances for Process Components . . . . . . . . . . . . . . . . . . . . . . 155
DT-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
DT-2 Pressure Rating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
DT-3 Wall Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
DT-4 Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
DT-5 Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
DT-6 Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
DT-7 Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
DT-8 Weld Ends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
DT-9 Hygienic Clamp Unions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
DT-10 Minimum Examination Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
DT-11 Marking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
DT-12 Packaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
Part PI Process Instrumentation for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
PI-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
PI-2 Process Instrumentation General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
PI-3 Instrument Receiving, Handling, and Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
PI-4 Flowmeters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
PI-5 Level Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
PI-6 Pressure Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
PI-7 Temperature Sensors and Associated Components . . . . . . . . . . . . . . . . . . . . . . . . . . 206
PI-8 Analytical Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
PI-9 Optical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
Part MC Components for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
MC-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
MC-2 Sealing Component Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
MC-3 Sealing Components General Design Requirements (General Provisions) . . . . . . . . . . . 239
MC-4 Seal Performance Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
MC-5 Hose Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Chapter 6 Fabrication, Assembly, and Erection for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . 249
Part MJ Materials Joining for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
MJ-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
MJ-2 Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

iv



MJ-3 Joint Design and Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
MJ-4 Joining Processes and Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
MJ-5 Procedure Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
MJ-6 Performance Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
MJ-7 Examination, Inspection, and Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
MJ-8 Acceptance Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
MJ-9 Joining of Polymeric Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
MJ-10 Documentation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
MJ-11 Passivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
Part SF Process Contact Surface Finishes for Multiuse . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
SF-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
SF-2 Metallic Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
SF-3 Polymeric Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Chapter 7 Design for Single-Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Part SU Systems Design for Single-Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
SU-1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
SU-2 General Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
SU-3 Integrity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
SU-4 Biocompatibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
SU-5 Extractables and Leachables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
SU-6 Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
SU-7 Certificate of Conformance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
SU-8 Inspection and Packaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
SU-9 Sterilization and Bioburden Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
SU-10 Shelf Life, Storage, and Expiration Date . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
SU-11 Particulates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282
SU-12 Design Conformance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282
Chapter 8 Process Components for Single-Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Part SC Components for Single-Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
SC-1 Steam-Through and Steam-To Connectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
SC-2 Aseptic Connectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
SC-3 Flexible Bioprocess Containers (Bags) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
SC-4 Polymeric Hygienic Unions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
SC-5 Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
Chapter 9 Fabrication, Assembly, and Erection for Single-Use . . . . . . . . . . . . . . . . . . . . . . . . 289
Part SJ Joining Methods for Single-Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
SJ-1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
SJ-2 Mechanical Hose Barb Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
SJ-3 Thermal Welding of Thermoplastic Elastomer Tubing . . . . . . . . . . . . . . . . . . . . . . . . 289
Part SI Single-Use Process Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
SI-1 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
SI-2 Single-Use Process Instrumentation General Requirements . . . . . . . . . . . . . . . . . . . . 291

Mandatory Appendices
II Standard Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292

v



III Single-Use Components and Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
IV Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294

Nonmandatory Appendices
A Slag and Oxide Island Formation in Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296
B Material and Weld Examination/Inspection Documentation . . . . . . . . . . . . . . . . . . . . 297
C Slope Measurement and Joint Misalignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
D Rouge and Stainless Steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
E Passivation Procedure Qualification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310
F Corrosion Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
G Ferrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
H Electropolishing Procedure Qualification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324
J Vendor Documentation Requirements for New Instruments . . . . . . . . . . . . . . . . . . . . 328
K Standard Process Test Conditions (SPTC) for Seal Performance Evaluation . . . . . . . . . 331
L Standard Test Methods for Polymers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341
M Spray Device Coverage Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344
N Explanation of Weld Bead and Heat-Affected Zone Discoloration Acceptance Criteria on

UNS S31603 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
O Guidance When Choosing Polymeric and Nonmetallic Materials . . . . . . . . . . . . . . . . . 347
P General Background/Useful Information for Extractables and Leachables . . . . . . . . . . 350
Q Temperature Sensors and Associated Components . . . . . . . . . . . . . . . . . . . . . . . . . . 353
R Instrument Receiving, Handling, and Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355
S Application Data Sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 356
T Guidance on Polymer Applications: Chromatography Columns and Filtration . . . . . . . . 358
U Guidance for the Use of U.S. Customary and SI Units . . . . . . . . . . . . . . . . . . . . . . . . . 361
W Positive Material Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363
Y Procurement Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 366
Z Quality Management System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367
AA Seal Application Material Selection Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371
BB Mechanical Seal Face Material Selection for Compendial Water Pumps . . . . . . . . . . . . 377
CC Examination, Inspection, and Testing Cross-References . . . . . . . . . . . . . . . . . . . . . . . 378
DD Conductivity Sensor Selection Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381
EE Vessel Flange, Agitator, and Mechanical Seal Design for Bottom-Mount Agitators . . . . . 383
FF Leak and Integrity Test Methods for Single-Use Systems . . . . . . . . . . . . . . . . . . . . . . 393
GG Single-Use Mechanical Hose Barb Design Recommendations . . . . . . . . . . . . . . . . . . . . 399
HH Physical and Functional Testing References Used to Characterize Single-Use Bags . . . . 401
JJ Size Comparison of Common Thermoplastic Sizing Standards . . . . . . . . . . . . . . . . . . 404

Figures
CR-1-1 The ASME Single Certification Mark With the BPE Certification Designator . . . . . . . . . 21
SD-3.1.1-1 Flat Gasket Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
SD-3.1.2.2-1 Accepted Point-of-Use Designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
SD-3.1.2.3-1 Double Block-and-Bleed Valve Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
SD-3.2.1-1 Flexible Hygienic Hose Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
SD-3.3.2.2-1 Pump Impeller Configurations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

vi



SD-3.3.2.2-2 Acceptable Impeller Attachments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
SD-3.3.2.2-3 Casing Drain Configurations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
SD-3.3.2.2-4 Casing Drain L/d Ratios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
SD-3.3.2.4-1 Rotary Lobe Pump Rotor Attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
SD-3.4.2-1 Nozzle Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
SD-3.4.2-2 Side and Bottom Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
SD-3.4.2-3 Sidewall Nozzles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
SD-3.4.2-4 Vessel Design Tangential Nozzles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
SD-3.4.2-5 Typical Nozzle Detail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
SD-3.4.3-1 Accepted Nozzle Penetrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
SD-3.4.3-2 Internal Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
SD-3.4.6-1 Sight Glass Design (Accepted) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
SD-3.5.1-1 Agitator Mounting Flanges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
SD-3.5.2-1 Shaft Coupling Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
SD-3.5.2-2 Shaft Coupling Seal Arrangements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
SD-3.5.2-3 Fastener Seal Arrangements: Alternative Bolting Designs . . . . . . . . . . . . . . . . . . . . . . 80
SD-3.5.5-1 Shaft Steady Bearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
SD-3.5.5-2 Magnetically Coupled Mixer (Typical Bottom-Mount) . . . . . . . . . . . . . . . . . . . . . . . . . 82
SD-3.6.2-1 Double Tubesheet Heat Exchanger Bonnet Design . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
SD-3.7.1-1 Transfer Panel Looped Headers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
SD-3.7.2-1 Transfer Panel Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
SD-3.7.4-1 Transfer Panel Jumpers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
SD-3.9.1-1 Dynamic Spray Device: Single Axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
SD-3.9.1-2 Two-Axis Dynamic Spray Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
SD-3.9.2.1-1 Static Spray Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
SD-3.9.2.1-2 Flow Rate Guideline for Vertical Cylindrical Vessels . . . . . . . . . . . . . . . . . . . . . . . . . . 93
SD-3.9.2.1-3 Flow Rate Guideline for Horizontal Cylindrical Vessels . . . . . . . . . . . . . . . . . . . . . . . 94
SD-3.9.2.3-1 Impact Pattern Buildup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
SD-3.12-1 Steam Traps for Clean Steam Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
SD-3.17.1-1 Example Strainer Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
SD-4.1.2.1-1 Point-of-Use Piping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
SD-4.1.2.2-1 Physical Break in Point-of-Use Piping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
SD-4.2.2-1 Typical Clean Steam System Isometric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
SD-4.2.2-2 Clean Steam Point-of-Use Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
SD-5.1.4.1.3-1 Gas Sparging Assembly — Lance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
SD-5.1.4.1.3-2 Gas Sparging Assembly — Sintered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
SD-5.1.4.1.3-3 Gas Sparging Assembly — Ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
SD-5.1.4.1.3-4 Gas Sparging Assembly — Single Orifice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
SD-5.1.4.2.1-1 Exhaust Gas Condenser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
SD-5.1.4.2.1-2 Exhaust Gas Heater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
SD-5.1.4.2.1-3 Electrically Heat Traced Filter Housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
SD-5.1.5-1 Fermentor Sterile Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
SD-5.1.5-2 Bioreactor Sterile Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
SD-5.2.1-1 Cell Disruptor Process Flow Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
SD-5.4.5.1-1 Tank/Vessel Vent Fillers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

vii



SD-5.6.4-1 Typical Lyophilizer Component Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
SD-5.6.5-1 Lyophilizer Sterile Boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
SD-6.3.4.1.1-1 Conical Vessel With Reduced Bottom Outlet, or Tulip Tank . . . . . . . . . . . . . . . . . . . . 136
SD-6.3.4.2-1 CIP Looped Header (Supply or Return) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
SD-6.3.4.2-2 Zero-Static Chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
SD-6.3.4.2-3 Swing Elbow Arrangement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
SD-6.3.4.2-4 Mix-Proof Valve Array . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
SD-6.4.1.1-1 Example of HTST Process Flow Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . 142
SD-6.4.1.1-2 Example of Direct Steam Injection UHT Process Flow Schematic Diagram . . . . . . . . . . 143
SD-6.4.4.5-1 Example of Additional Retention Tube Length Required to Account for Axial Mixing . . 145
SD-6.5.4.2-1 Immersion Tank Side Nozzle Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
DT-9.4-1 Clamp Conditions at Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
PI-2.2.1-1 In-Line and At-Line Instrument Installation Examples . . . . . . . . . . . . . . . . . . . . . . . . 197
PI-2.2.2-1 Accepted Insertion Device Installation Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
PI-4.1.3.2-1 Manifold or FlowSplitter forDual-TubeConstructionFlowmeters andPotential for Product

Holdup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
PI-4.1.3.3-1 Concentrically Reducing Process Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
PI-4.1.4.3-1 Vertical Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
PI-4.1.4.4-1 Minimum Angle of Inclination, α . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
PI-4.2.2-1 Typical Turbine Flowmeters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
PI-5.1.2-1 Bulb, Horn, Isolated Horn, and Rod-Style Antenna . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
PI-5.1.3.1-1 Dead Band, Measuring Range, and Mounting Location . . . . . . . . . . . . . . . . . . . . . . . . 205
PI-6.1.2-1 Accepted Orientation and Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
PI-7.3-1 Typical Installation Styles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
PI-7.3.4-1 Accepted Elbow Orientations and Flow Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
PI-7.3.4-2 Accepted Nonintrusive Orientations and Flow Directions . . . . . . . . . . . . . . . . . . . . . . 209
PI-7.3.5-1 Sensor Insertion Lengths for Tee Installations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
PI-7.3.5-2 Sensor Insertion Lengths for Elbow Installations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
PI-8.1.2-1 Conductivity Sensor Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
PI-8.1.3.2-1 Acceptable Orientations for Conductivity Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
PI-8.1.3.4-1 Installation Clearance Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
PI-8.2.2-1 pH Sensor Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
PI-8.2.3.3-1 Accepted Mounting Orientations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
PI-8.4.3-1 Accepted Installation for a TOC Instrument . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
PI-9.1.3.2-1 Vessel Light Glass Design and Mounting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
PI-9.1.3.4-1 In-Line Insertion Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220
PI-9.1.3.4-2 Insertion Probe Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220
MC-2.2.2-1 Hygienic Union, Ferrules per Table DT-7.1-1 or Table DT-7.1-2 . . . . . . . . . . . . . . . . . 222
MC-2.2.2-2 Hygienic Clamp Union, Ferrules per Table DT-7.1-1 or Table DT-7.1-2 . . . . . . . . . . . . 222
MC-2.2.2-3 Hygienic Union per DIN 11864 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
MC-2.2.2-4 Hygienic Clamp Union per DIN 11864 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
MC-2.2.2-5 Nonhygienic Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224
MC-2.3.1.2-1 Weir Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
MC-2.3.1.2-2 Radial Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
MC-2.3.1.2-3 Weirless Diaphragm Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

viii



MC-2.3.1.2-4 Linear Control Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
MC-2.3.1.2-5 Regulator Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
MC-2.3.1.3-1 Ball Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
MC-2.3.1.4-1 Rising Stem Single, Double-Seat Mix-Proof, and Needle Valves . . . . . . . . . . . . . . . . . . 229
MC-2.3.1.5-1 Butterfly Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
MC-2.3.1.7-1 Back Pressure Control Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
MC-2.3.1.8-1 Pinch Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
MC-2.3.1.9-1 Check Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
MC-2.3.1.10-1 Plug Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232
MC-2.3.2.2-1 Single Mechanical Seal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
MC-2.3.2.2-2 Single Seal for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
MC-2.3.2.3-1 Dual Mechanical Seal–Pressurized for Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
MC-2.3.2.3-2 Dual Mechanical Seal–Pressurized for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . 233
MC-2.3.2.3-3 Dual Mechanical Seal–Unpressurized for Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234
MC-2.3.2.4-1 Plan 01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
MC-2.3.2.4-2 Plan 02 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
MC-2.3.2.4-3 Plan 03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
MC-2.3.2.4-4 Plan 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
MC-2.3.2.4-5 Plan 32 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
MC-2.3.2.4-6 Plan 52 for Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
MC-2.3.2.4-7 Plan 52 for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
MC-2.3.2.4-8 Plan 53 for Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
MC-2.3.2.4-9 Plan 53 for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
MC-2.3.2.4-10 Plan 54 for Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
MC-2.3.2.4-11 Plan 54 for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
MC-2.3.2.4-12 Plan 55 for Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
MC-2.3.2.4-13 Plan 55 With Buffer Fluid From Pump Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
MC-2.3.2.4-14 Plan 55 for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
MC-2.3.2.4-15 Plan 74 for Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
MC-2.3.2.4-16 Plan 74 for Top-Entry Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
MC-3.3.2.2-1 Examples of Static O-Ring Grooves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
MC-3.3.2.3-1 Seals for Rising Stem Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
MC-4.2-1 Typical Hygienic Clamp Union: Allowable Gasket Intrusion . . . . . . . . . . . . . . . . . . . . 246
MJ-3.1-1 Vent Hole Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
MJ-3.2-1 Unacceptable Pressure Vessel and Tank Head-to-Shell Joint Configurations . . . . . . . . . 252
MJ-3.2-2 Acceptable Pressure Vessel and Tank Head-to-Shell Joint Configurations . . . . . . . . . . . 253
MJ-8.4-1 Acceptable and Unacceptable Weld Profiles for Groove Welds on Metallic Tube-to-Tube

Butt Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
MJ-8.4-2 Discoloration Acceptance Criteria for Welds and Heat-Affected Zones on Electropolished

UNS S31603 Tubing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
MJ-8.4-3 Discoloration Acceptance Criteria for Welds and Heat-Affected Zones on Mechanically

Polished UNS S31603 Tubing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
MJ-8.4-4 Acceptable and Unacceptable Metallic Weld Bead Width and Meander on Non–Process

Contact Surfaces of Groove Welds on Tube-to-Tube Butt Joints . . . . . . . . . . . . . . . 267
MJ-8.5-1 Acceptable Weld Profiles for Metallic Tube-Attachment Fillet Welds . . . . . . . . . . . . . . 270
MJ-9.7.1-1 Acceptable and Unacceptable Weld Profiles for Polymeric Beadless Welds . . . . . . . . . 273

ix



SC-5.2-1 Typical Pinch Clamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
SC-5.3-1 Typical Pinch Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286
SC-5.4-1 Typical Diaphragm Valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
K-1.3.2.1-1 Weir-Style Diaphragm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
K-1.3.2.1-2 Weir-Style Body . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336
K-1.3.2.1-3 Radial-Style Body . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336
K-1.3.2.1-4 Manual Bonnet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
K-1.3.2.1-5 Pneumatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
P-4-1 Flowchart ofBioprocessingEquipment/ComponentEvaluationRelated toExtractables and

Leachables Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352
AA-3.2.1-1 Polymeric Static and Dynamic Seal Selection for Use in Compendial Water Systems . . 374
AA-3.2.3-1 Mechanical Seal Face Material Selection for Compendial Water Pumps . . . . . . . . . . . . 376
DD-2.1.1-1 Conductivity Scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382
EE-3-1 Direct-Mount Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384
EE-3-2 Pedestal-Mount Agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
EE-3.1-1 Registered Fit to Ensure Concentricity: Seal Housing-to-Drive Pilot . . . . . . . . . . . . . . 386
EE-3.2-1 Dual Mechanical Seal Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
EE-3.2-2 Seal Assembly to Flange O-Ring Detail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388
EE-3.3-1 Vessel Flange With Piloted Bore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
EE-3.3-2 Vessel Flange Tolerance Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391
GG-1.2-1 Typical Polymeric Single-Use Hose Barb Featuring Mono-Barb Design . . . . . . . . . . . . 399

Tables
GR-4.2-1 Quality Inspector’s Delegate Capabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
CR-1-1 Types of ASME BPE Certificates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
MM-2.1-1 Wrought Stainless Steels: Nominal Compositions (wt. %) . . . . . . . . . . . . . . . . . . . . . . 25
MM-2.1-2 Wrought Nickel Alloys: Nominal Compositions (wt. %) . . . . . . . . . . . . . . . . . . . . . . . 26
MM-2.1-3 Stainless Steel and Nickel Alloy Cast Designations . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
MM-2.1-4 Wrought Copper: Nominal Compositions (wt. %) (Cleaned for Oxygen Service) . . . . . . 28
MM-5.2.1.1-1 PredictedFerriteNumber (FN)Ranges forVariousAustenitic Stainless Steel Product Forms

and Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
MM-5.2.5-1 Materials for OEM Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
MM-5.3-1 Filler Metals for Austenitic Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
MM-5.3-2 Filler Metals for Superaustenitic Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
MM-5.3-3 Filler Metals for Duplex Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
MM-5.3-4 Filler Metals for Nickel Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
MM-5.3-5 Consumable Inserts for Superaustenitic and Duplex Stainless Steels . . . . . . . . . . . . . . 38
MM-5.3.4-1 Brazing Filler Metals for Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
MM-5.4-1 Solution Anneal Heat Treatment Requirements for Superaustenitic and Duplex Stainless

Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
PM-2.2.1-1 Content Required on the Certificate of Conformance . . . . . . . . . . . . . . . . . . . . . . . . . 44
PM-2.2.3.2-1 Change Levels and Minimum Change Notification Requirements . . . . . . . . . . . . . . . . . 45
SD-2.4.3.1-1 Slope Designations for Drainable Lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
SD-3.1.2.2-1 L/d Dimensions for Flow-Through Tee: Full-Size Standard Straight Tee With Blind Cap 56
SD-3.1.2.2-2 L/d Dimensions for Flow-Through Tee: Short-Outlet Reducing Tee With Blind Cap . . . 57
SD-3.4.3-1 Annular Spacing Recommendations for Hygienic Dip Tubes . . . . . . . . . . . . . . . . . . . . 71

x



SD-6.3.5.2.1-1 Flow Rates to Achieve 5 ft/sec (1.5 m/s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
DT-2-1 Metallic Fittings: Rated Internal Working Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . 158
DT-3-1 Final Tolerances for Mechanically Polished Fittings and Process Components, Excluding

Tube . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
DT-3-2 Final Tolerances for Electropolished Fittings and Process Components, Excluding Tube 161
DT-4-1 Nominal O.D. Tubing Sizes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
DT-4.1-1 Tangent Lengths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
DT-4.1.1-1 Automatic Tube Weld: 90-deg Elbow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
DT-4.1.1-2 Automatic Tube Weld: Hygienic Clamp Joint, 90-deg Elbow . . . . . . . . . . . . . . . . . . . . 163
DT-4.1.1-3 Hygienic Clamp Joint: 90-deg Elbow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
DT-4.1.1-4 Automatic Tube Weld: 45-deg Elbow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
DT-4.1.1-5 Automatic Tube Weld: Hygienic Clamp Joint, 45-deg Elbow . . . . . . . . . . . . . . . . . . . . 164
DT-4.1.1-6 Hygienic Clamp Joint: 45-deg Elbow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
DT-4.1.1-7 Automatic Tube Weld: 180-deg Return Bend . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
DT-4.1.1-8 Hygienic Clamp Joint: 180-deg Return Bend . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
DT-4.1.1-9 Automatic Tube Weld: 88-deg Elbow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
DT-4.1.1-10 Automatic Tube Weld: 92-deg Elbow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
DT-4.1.2-1 Automatic Tube Weld: Straight Tee and Cross . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
DT-4.1.2-2 Automatic Tube Weld: Short-Outlet Hygienic Clamp Joint Tee . . . . . . . . . . . . . . . . . . 168
DT-4.1.2-3 Hygienic Mechanical Joint: Short-Outlet Run Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
DT-4.1.2-4 Hygienic Clamp Joint: Straight Tee and Cross . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
DT-4.1.2-5 Hygienic Clamp Joint: Short-Outlet Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
DT-4.1.2-6 Automatic Tube Weld: Reducing Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
DT-4.1.2-7 Automatic Tube Weld: Short-Outlet Hygienic Clamp, Joint Reducing Tee . . . . . . . . . . . 171
DT-4.1.2-8 Hygienic Clamp Joint: Reducing Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
DT-4.1.2-9 Hygienic Clamp Joint: Short-Outlet Reducing Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
DT-4.1.2-10 Automatic Tube Weld: Instrument Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
DT-4.1.2-11 Hygienic Clamp Joint: Instrument Tee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
DT-4.1.2-12 Automatic Tube Weld: Standard Outlet Hygienic Clamp Joint Tee . . . . . . . . . . . . . . . . 174
DT-4.1.2-13 Automatic Tube Weld: Standard Outlet Hygienic Clamp Joint Reducing Tee . . . . . . . . . 175
DT-4.1.3-1 Automatic Tube Weld: Concentric and Eccentric Reducer . . . . . . . . . . . . . . . . . . . . . . 176
DT-4.1.3-2 Hygienic Clamp Joint: Tube Weld Concentric and Eccentric Reducer . . . . . . . . . . . . . . 177
DT-4.1.3-3 Hygienic Clamp Joint: Concentric and Eccentric Reducer . . . . . . . . . . . . . . . . . . . . . . 178
DT-4.1.4-1 Automatic Tube Weld: Ferrule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
DT-4.1.5-1 Automatic Tube Weld: Cap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
DT-4.1.5-2 Hygienic Clamp Joint: Solid End Cap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
DT-4.4.1-1 Hygienic Clamp Joint: Two-Way, Weir-Style Diaphragm Valve . . . . . . . . . . . . . . . . . . 182
DT-4.5.1-1 Tapered Locking Tab Retainer: Recessed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
DT-4.5.2-1 Tapered Locking Tab Retainer: External . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
DT-7.1-1 Metallic Hygienic Clamp Ferrule Standard Dimensions and Tolerances . . . . . . . . . . . . 185
DT-7.1-2 Polymeric Hygienic Clamp Ferrule Standard Dimensions and Tolerances . . . . . . . . . . 188
DT-7.2-1 Tubing End Square Cut Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
DT-7.3-1 Transfer Panel and Jumper Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
DT-9.3-1 Hygienic Clamp Ferrule: Design Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
DT-11.1.1-1 Minimum Required Marking Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195

xi



MJ-6.3-1 Metallic Tube/Pipe Diameter Limits for Orbital GTAW Performance Qualification . . . . 255
MJ-6.3-2 Metallic Weld Thickness Limits for Orbital GTAW Performance Qualification . . . . . . . . 255
MJ-8.2-1 Visual Examination Acceptance Criteria for Welds on Metallic Pressure Vessels and Tanks 258
MJ-8.3-1 Visual Examination Acceptance Criteria for Welds on Metallic Pipe . . . . . . . . . . . . . . 260
MJ-8.4-1 Visual Examination Acceptance Criteria for Groove Welds on Metallic Tube-to-Tube Butt

Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
MJ-8.5-1 Visual Examination Acceptance Criteria for Metallic Tube-Attachment Welds . . . . . . . 268
MJ-9.7.1-1 Visual Examination Acceptance Criteria for Polymeric Pipe Beadless Welds . . . . . . . . 272
SF-2.2-1 Acceptance Criteria for Metallic Process Contact Surface Finishes . . . . . . . . . . . . . . . . 275
SF-2.2-2 Additional Acceptance Criteria for Electropolished Metallic Process Contact Surface

Finishes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
SF-2.4.1-1 Ra Readings for Metallic Process Contact Surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
SF-2.6-1 Acceptance Criteria for Metallic Passivated Process Contact Surface Finishes . . . . . . . 277
SF-3.3-1 Acceptance Criteria for Polymeric Process Contact Surface Finishes . . . . . . . . . . . . . . 278
SF-3.4-1 Ra Readings for Polymeric Process Contact Surfaces . . . . . . . . . . . . . . . . . . . . . . . . . 278
SU-12-1 Single-Use Design Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282
II-1 Standard Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292
D-2-1 Considerations That Affect the Amount of Rouge Formation During the Fabrication of a

System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304
D-2-2 Considerations That Affect the Amount of Rouge Formation During the Operation of a

System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
D-3.1-1 Process Fluid Analyses for the Identification of Mobile Constituents of Rouge . . . . . . . 306
D-3.2-1 Solid Surface Analyses for the Identification of Surface Layers Composition . . . . . . . . 307
D-4.1-1 Rouge Remediation Processes Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308
E-3.2-1 Minimum Surface Requirements for Process Qualification Samples . . . . . . . . . . . . . . . 311
E-3.2-2 Passivation Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313
E-5-1 Test Matrix for Evaluation of Cleaned and Passivated Surfaces . . . . . . . . . . . . . . . . . . 315
F-1-1 Corrosion Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320
F-3-1 PRE Numbers for Stainless Steels per Table MM-2.1-1 and for Nickel Alloys per

Table MM-2.1-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322
H-4.3-1 Procedure Qualification Acceptance Criteria for Test Coupons . . . . . . . . . . . . . . . . . . 327
J-1.1-1 Vendor Documentation Requirements for New Instruments: Section 1, VDR Definitions 329
J-1.2-1 Vendor Documentation Requirements for New Instruments: Section 2, Instrument Types

and Required Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330
L-3-1 Thermoset Polymer Test Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 342
L-4-1 Interpretation of Thermoset Material Property Changes . . . . . . . . . . . . . . . . . . . . . . . 343
O-1.1-1 Common Thermoplastic Polymers and Applications . . . . . . . . . . . . . . . . . . . . . . . . . . 348
O-1.2-1 Common Thermoset Polymers and Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 348
O-1.3-1 Examples of Nonmetallics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
DD-2.6-1 Technological Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382
EE-3.3-1 Vessel Flange Bore per Shaft Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
EE-3.3-2 Vessel Flange Fabrication Tolerance Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 392
FF-1-1 Leak and Integrity Test, Nondestructive Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 394
FF-1-2 Leak and Integrity Test, Destructive Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 396
GG-2-1 Typical Retention Devices by Tubing Type and Operating Pressure . . . . . . . . . . . . . . 400
HH-1 Physical Testing References Used to Characterize Single-Use Bags . . . . . . . . . . . . . . . 402

xii



HH-2 Functional Testing References Used to Characterize Single-Use Bags . . . . . . . . . . . . . 403
JJ-1 Size Comparison of Common Thermoplastic Sizing Standards . . . . . . . . . . . . . . . . . . 405

Forms
MEL-1 Material Examination Log . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298
MER-1 Material Examination Record . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
WEL-1 Weld and Examination/Inspection Log . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
EPPS-1 Suggested Format for Electropolishing Procedure Specification (EPPS) . . . . . . . . . . . . 325
EPQR-1 Suggested Format for Electropolishing Procedure Qualification Record (EPQR) . . . . . . 326
S-1 Application Data Sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406

xiii



FOREWORD

At the 1988 American Society of Mechanical Engineers (ASME) Winter Annual Meeting (WAM), many individuals
expressed interest in developing standards for the designof equipment and components for use in thebiopharmaceutical
industry. As a result of this interest, the ASME Council on Codes and Standards (CCS) was petitioned to approve this as a
project. The initial scopewas approvedby the CCS on June 20, 1989,with a directive to theBoard onPressure Technology
to initiate this project with the following initial scope:

This standard is intended for design, materials, construction, inspection, and testing of vessels, piping, and
related accessories such as pumps, valves, and fittings for use in the biopharmaceutical industry. The rules
provide for the adoption of other ASME and related national standards, and when so referenced become part
of the standard.

(a) At the 1989WAM, an adhoc committeewas formed to assess the need todevelop further the scope and actionplan.
The committee met in 1990 and there was consensus concerning the need to develop standards that would meet the
requirements of operational bioprocessing, including

(1) the need for equipment designs that are both cleanable and sterilizable
(2) the need for special emphasis on the quality of weld surfaces once the required strength is present
(3) the need for standardized definitions that can be used by material suppliers, designers/fabricators, and users
(4) theneed to integrateexisting standards coveringvessels, piping, appurtenances, andotherequipmentnecessary

for the biopharmaceutical industry without infringing on the scopes of those standards
(b) The BPE Main Committee was structured with six functioning subcommittees and an executive committee

comprising the main committee chair and the subcommittee chairs. The initial subcommittees were
(1) General Requirements
(2) Design Relating to Sterility and Cleanability of Equipment
(3) Dimensions and Tolerances
(4) Material Joining
(5) Surface Finishes
(6) Seals

(c) Throughout the development of the Standard, close liaison was made with the European Committee for Stan-
dardization (CEN), theAmerican Society forTesting andMaterials (ASTM), and the3-ADairy Standards. Thepurposewas
to develop an ASME standard that would be distinctive, germane, and not in conflict with other industry standards.
Wherever possible, the Committee strove to reference existing standards that are applicable to biopharmaceutical equip-
ment design and fabrication.
(d) This Standard represents the work of the BPE Standards Committee, and this edition includes the following:

Chapter 1, Introduction, Scope, and General Requirements
Part GR, General Requirements

Chapter 2, Certification
Part CR, Certification Requirements

Chapter 3, Materials
Part MM, Metallic Materials
Part PM, Polymeric and Other Nonmetallic Materials

Chapter 4, Design for Multiuse
Part SD, Systems Design for Multiuse

Chapter 5, Process Components for Multiuse
Part DT, Dimensions and Tolerances for Process Components
Part PI, Process Instrumentation for Multiuse
Part MC, Components for Multiuse
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Chapter 6, Fabrication, Assembly, and Erection for Multiuse
Part MJ, Materials Joining for Multiuse
Part SF, Process Contact Surface Finishes for Multiuse

Chapter 7, Design for Single-Use
Part SU, Systems Design for Single-Use

Chapter 8, Process Components for Single-Use
Part SC, Components for Single-Use

Chapter 9, Fabrication, Assembly, and Erection for Single-Use
Part SJ, Joining Methods for Single-Use
Part SI, Single-Use Process Instrumentation

The first edition of this Standard was approved as an American National Standard on May 20, 1997. This edition was
approved by the American National Standards Institute (ANSI) on April 5, 2024.
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STATEMENT OF POLICY ON THE USE
OF THE ASME SINGLE CERTIFICATION MARK
AND CODE AUTHORIZATION IN ADVERTISING

ASMEhas established procedures to authorize qualified organizations to performvarious activities in accordancewith
the requirements of the ASME Codes and Standards. It is the aim of the Society to provide recognition of organizations so
authorized. An organization holding authorization to perform various activities in accordance with the requirements of
the Codes and Standards may state this capability in its advertising literature.
Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that

have been constructed and inspected in compliance with ASME Codes and Standards are issued Certificates of Author-
ization. It is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the benefit of the
users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all re-
quirements.
Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the

Certificates of Authorization and references to Codes or Standards construction. The American Society of Mechanical
Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall be no
statements or implications that might so indicate. An organization holding the ASME Single Certification Mark and/or a
Certificate of Authorizationmay state in advertising literature that items, constructions, or activities “are built (produced
or performed) or activities conducted in accordancewith the requirements of the applicable ASMECode or Standard.”An
ASME corporate logo shall not be used by any organization other than ASME.
TheASMESingle CertificationMark shall be usedonly for stamping andnameplates as specifically provided in theCode

orStandard.However, facsimilesmaybeused for thepurposeof fostering theuseof such construction. Suchusagemaybe
by an association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile in
advertising to show that clearly specified itemswill carry the ASME Single CertificationMark. General usage is permitted
only when all of a manufacturer’s items are constructed under the rules of the applicable Code or Standard.

STATEMENT OF POLICY ON THE USE
OF ASME MARKING TO IDENTIFY MANUFACTURED ITEMS

The ASME Codes and Standards provide rules for the construction of various items. These include requirements for
materials, design, fabrication, examination, inspection, and stamping. Items constructed in accordance with all of the
applicable rules of ASME are identified with the ASME Single Certification Mark described in the governing Code or
Standard.
Markings such as “ASME” and “ASMEStandard” or any othermarking including “ASME” or theASMESingle Certification

Markshallnotbeusedonany itemthat isnot constructed inaccordancewithall of theapplicable requirementsof theCode
or Standard.
Items shall not be described on ASME Data Report Forms nor on similar forms referring to ASMEwhich tend to imply

that all requirements have been met when in fact they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the
ASME requirements.
ASME’s certification related to products means that the capability by the supplier to fulfill requirements in the ap-

plicable standard has been reviewed and accepted by ASME. The supplier is responsible for ensuring that productsmeet,
and if applicable continue to meet, the requirements.
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CORRESPONDENCE WITH THE BPE COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revisions or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/BPEcommittee.

Revisions and Errata. The committee processes revisions to this Standard on a continuous basis to incorporate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the Stan-
dard. Approved revisions will be published in the next edition of the Standard.
In addition, the committee may post errata on the committee web page. Errata become effective on the date posted.

Users can register on the committee web page to receive e-mail notifications of posted errata.
This Standard is always open for comment, and the committee welcomes proposals for revisions. Such proposals

should be as specific as possible, citing the paragraph number, the proposed wording, and a detailed description of the
reasons for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation

directly into the Standard
(4) to permit the use of a new material or process

(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Standard.
(c) Aproposedcase shall bewrittenas aquestionandreply in the same format asexisting cases. Theproposal shall also

include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Standard and the paragraph, figure, or table number
(4) the editions of the Standard to which the proposed case applies

(d) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Approved cases are posted on the committee web page.

Interpretations. Upon request, the committee will issue an interpretation of any requirement of this Standard. An
interpretation can be issued only in response to a request submitted through the online Interpretation Submittal Format
https://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail
confirming receipt.
ASME does not act as a consultant for specific engineering problems or for the general application or understanding of

the Standard requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistancebeobtained. Inquirers
can track the status of their requests at https://go.asme.org/Interpretations.
ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight affect

an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.
Interpretationsarepublished in theASME InterpretationsDatabaseathttps://go.asme.org/Interpretationsas theyare

issued.
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Committee Meetings. The BPE Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend anymeeting should contact the secretary of the committee. Information on future committeemeetings
can be found on the committee web page at https://go.asme.org/BPEcommittee.
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ASME BPE-2024
SUMMARY OF CHANGES

Followingapprovalby theASMEBPECommitteeandASME,andafterpublic review,ASMEBPE-2024wasapprovedby the
American National Standards Institute on April 5, 2024.

ASME BPE-2024 includes the following changes identified by a margin note, (24).

Page Location Change
1 GR-1 Revised
1 GR-2 Revised
2 GR-4 Cross-references to GR-8 updated to GR-11
2 GR-4.2.1 Subparagraph (c) revised
6 GR-4.3.2 Title revised
6 GR-5.2 Revised in its entirety
7 GR-5.3 Revised in its entirety
8 GR-5.4 Former GR-5.5 redesignated
8 GR-5.5 Added
8 GR-6 Added
9 GR-7 Added
9 GR-8 Added
9 GR-9 Former GR-6 redesignated
9 GR-10 Former GR-7 redesignated and updated
11 GR-11 Former GR-8 redesignated and revised
20 GR-12 Former GR-9 redesignated
21 Table CR-1-1 Revised
22 CR-2.1 (1) Subparagraphs (b) and (d) revised

(2) Subparagraph (e) added
22 CR-2.2.3 Revised
23 CR-2.3.2 Subparagraph (b) revised
25 Table MM-2.1-1 S32750 added
27 Table MM-2.1-3 J93404 added
28 MM-4.2 Updated
29 MM-4.3 Updated
29 MM-4.4 Updated
29 MM-4.5 Updated
30 MM-4.6 Updated
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CHAPTER 1
INTRODUCTION, SCOPE,

AND GENERAL REQUIREMENTS

PART GR
GENERAL REQUIREMENTS

GR-1ð24Þ INTRODUCTION

The ASME Bioprocessing Equipment (BPE) Standard
was developed to aid in the design and construction of
new fluid processing equipment used in the manufacture
of pharmaceuticals and biopharmaceuticals, where a
defined level of purity and bioburden control is required.
The General Requirements Part states the scope of the

ASME BPE Standard and provides requirements, refer-
ences, and definitions that apply throughout the Standard.
When operating under pressure conditions, systems

shall be constructed in accordance with the ASME
Boiler and Pressure Vessel Code (BPVC), Section VIII,
and/or ASME B31.3 Process Piping Code or applicable
local, national, or international codes or standards. The
owner/user may stipulate additional or alternative speci-
fications and requirements.
This Standard shall govern the design and construction

of piping systems for hygienic service. For process piping
systems designed and constructed in accordance with
ASME B31.3, it is the owner’s responsibility to select a
fluid service category for each fluid service. Should any
fluid service meet the definition of high-purity fluid
service (ASME B31.3, Chapter X) it is recommended
that such fluid service be selected and the requirements
of this Standard and ASME B31.3, Chapter X be met.
When an application is covered by laws or regulations

issued by an enforcement authority (e.g., municipal,
provincial, state, or federal), the final construction re-
quirements shall conform to those laws.
Items or requirements that are not specifically

addressed in this Standard are not prohibited. Engi-
neering judgments must be consistent with the funda-
mental principles of this Standard. Such judgments
shall not be used to override mandatory regulations or
specific prohibitions of this Standard.
New editions of the ASME BPE Standard may be used

beginning with the date of issuance and become effective
6 months after the date of issuance.

GR-2 ð24ÞSCOPE OF THE ASME BPE STANDARD

The ASME BPE Standard provides requirements for
components, equipment, and systems when there is
contact with the product, rawmaterials, or product inter-
mediates during clinical or commercial manufacturing of
molecules intended for human or animal medicinal appli-
cations. It also applies to supporting systems that could
directly or indirectly affect the clinical or commercial
process [e.g., water-for-injection (WFI), clean steam,
filtration, and intermediate product storage].
The Standard is intended for clinical and commercial

manufacturing of pharmaceutical and biopharmaceutical
products used for human and animal medicinal applica-
tions. However, some of the principles, practices, and
guidance may be used for research and development,
scale-up operations, or other products where the
control and reduction of microbial, particulate, and endo-
toxin or pyrogen contamination is considered important.
This Standard provides requirements for components,

equipment, and systems designed for multiuse processes
that are subject to cleaning [e.g., clean-in-place (CIP),
clean-out-of-place (COP)], sanitization and/or steriliza-
tion [e.g., steam-in-place (SIP)], and other operations
used in the manufacturing of pharmaceuticals and
biopharmaceuticals. This Standard also provides require-
ments for single-use systems and components that are
discarded after use in one manufacturing campaign.
This Standardmaybeused, inwhole or in part, for other

applications in which bioburden risk is a concern.
This Standard applies to
(a) new system (and component) design and fabrica-

tion
(b) definition of system boundaries
(c) specific metallic, polymeric, and elastomeric (e.g.,

seals and gaskets) materials of construction
(d) component dimensions and tolerances
(e) surface finishes
(f) materials joining
(g) examinations, inspections, and testing
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