ASME BPE-2016

(Revision of ASME BPE-2014)

Bioprocessing
Equipment

Y

%‘Q The American Society of

® Mechanical Engineers



ASME BPE-2016
(Revision of ASME BPE-2014)

Bioprocessing
Equipment

AN INTERNATIONAL STANDARD

%z@ The American Society of

® Mechanical Engineers Two Park Avenue * New York, NY * 10016 USA



Date of Issuance: October 14, 2016

The next edition of this Standard is scheduled for publication in 2018. This Standard will become
effective 6 months after the Date of Issuance.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this
Standard. Periodically, certain actions of the ASME BPE Committee may be published as Cases.
Cases and interpretations are published on the ASME Web site under the Committee Pages at
http://cstools.asme.org/ as they are issued.

Errata to codes and standards may be posted on the ASME Web site under the Committee Pages to
provide corrections to incorrectly published items, or to correct typographical or grammatical errors
in codes and standards. Such errata shall be used on the date posted.

The Committee Pages can be found at http://cstools.asme.org/. There is an option available to
automatically receive an e-mail notification when errata are posted to a particular code or standard.
This option can be found on the appropriate Committee Page after selecting “Errata” in the “Publication
Information” section.

ASME is the registered trademark of The American Society of Mechanical Engineers.

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

ASME does not “approve,” “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 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 representative(s) or person(s) 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.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

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

Copyright © 2016 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.



CONTENTS

FOreWOrd . ..o X
Statements of Policy ............ . xii
Committee ROStEr . ... e e e xiii
Summary of Changes ................ i xvii
CHAPTER 1 INTRODUCTION, SCOPE, AND DEFINITIONS .............. ... ... it 1
Part GR General Requirements . .............. ... i 1
GR-1 Introduction . ...........o oo 1
GR-2 Scope of the ASME BPE Standard ................................... 1
GR-3 Manufacturer’s Quality Assurance Program ............................. 2
GR-4 Inspection ... ... ... 2
GR-5 Documentation .. ........ooinn i e 6
GR-6 U.S. Customary and SI Units ... 8
GR-7 References . ...ttt e 8
GR-8 Terms and Definitions . ...........o.iiiiiiieii e 9
CHAPTER 2 DESIGN. ... 18
Part SD Systems DeSigN. ... ...t 18
SD-1 Purpose and Scope ........... i 18
SD-2 General Guidelines ............oiiiiiii e 18
SD-3 Process Components .......... ..ot 21
SD-4 Process Utilities . ........ooiiniii i et 59
SD-5 Process Systems ........ ... ... 65
SD-6 Design Conformance Testing ..., 100
CHAPTER 3 MATERIALS . ... 101
Part MM Metallic Materials. . .............. . 101
MM-1 Purpose and Scope ........... i 101
MM-2 Alloy Designations ...............coiiiiiiiiiiiiiiiiiiiiiii 101
MM-3 Uses of Specifications .................o i 101
MM-4 Referenced Specifications .................coiiiiiiiiiiiiiii 104
MM-5 Base Metals and Filler Materials ............c.oiiiiiiiiiiniiieeninnnanns 106
MM-6 Mechanical Properties ............ ... . i i 108
MM-7 Corrosion-Resistance Requirements ......................oiiiiia., 113
MM-8 Addition of New Alloys to Part MM ......... ... ... . ... oot 113
Part PM Polymeric and Other Nonmetallic Materials................................ 114
PM-1 Purpose and Scope ....... ... 114
PM-2 Materials .. ...t e 114
PM-3 Properties and Performance ................ ... ... i 117
PM-4 Applications ...... ... 119
CHAPTER 4 PROCESS COMPONENTS . .. ... e 128
Part DT Dimensions and Tolerances for Process Components. ....................... 128
DT-1 Purpose and Scope ... ... 128
DT-2 Pressure Rating ............ ... ... 128
DT-3 Wall ThICKNESS .. vttt ettt ettt e e e e e et et e e e eas 128
DT-4 DImMensions . ... ..ottt e e 128
DT-5 Materials .. .....oiii e 129
DT-6 TEStS oo 129

iii



DT-7
DT-8
DT-9
DT-10
DT-11
DT-12

Part PI
PI-1
PI-2
PI-3
PI-4
PI-5
PI-6
PI-7
PI-8
PI-9

Part SG
SG-1
SG-2
SG-3

SG-4
SG-5

CHAPTER 5

Part M)
MJ-1
MJ-2
MJ-3
MJ-4
MJ-5
MJ-6
MJ-7
MJ-8
MJ-9
MJ-10
MJ-11

Part SF
SF-1
SF-2
SE-3

CHAPTER 6

Part CR
CR-1
CR-2

Figures
SD-3.1.1-1
SD-3.1.2.2-1
SD-3.1.2.3-1
SD-3.2.1-1
SD-3.3.2.2-1
SD-3.3.2.2-2
SD-3.3.2.2-3
SD-3.3.2.2-4

TOlEranCeSs . ..ottt 129

Weld Ends ..o 129
Hygienic Clamp Unions ............. ..., 129
Minimum Examination Requirements ................................... 130
Marking . ... 130
Packaging ............ooiuiiiiii 131
Process Instrumentation............... .. ... ...l 157
Purpose and Scope ........ ... 157
Process Instrumentation General Requirements .......................... 157
Instrument Receiving, Handling, and Storage ............................ 158
FIOWIMELETS . ..\ttt 158
Level Instruments ......... ...t 163
Pressure Instruments ......... ... ... i 165
Temperature Sensors and Associated Components ....................... 165
Analytical Instruments .............. ... . 170
Optical ... 178
Sealing Components ....... ... .. 182
Purpose and Scope ....... ... 182
Sealing Component Types ... 182
Sealing Components General Design Requirements (General

Provisions) . ........c.uiuiiii i 198
Seal Performance Requirements ................... ... ...l 204
Seal Applications .......... ...t 206
FABRICATION, ASSEMBLY, AND ERECTION ............... ... ... ... ........ 209
Materials Joining. ....... ... ... 209
Purpose and SCope ........ ... 209
Materials . ...t 209
Joint Design and Preparation ................ ... i 210
Joining Processes and Procedures ................. ... .. oo 210
Procedure Qualifications ............c.oiiiiiiiiii it 211
Performance Qualifications ............ouiiiiiiiiiiii i 211
Examination, Inspection, and Testing ....................... ... ... 212
Acceptance Criteria ........... ..o 213
Joining of Polymeric Materials ....................... ... 214
Documentation Requirements ................ ...l 229
Passivation .............oiiiiiiii i 229
Process Contact Surface Finishes. .............................. ... ..., 230
Purpose and Scope ........ ... 230
Metallic Applications .................oo i 230
Polymeric Applications ................ ... i 234
CERTIFICATION . .. . e 235
Certification Requirements. ... ........ ... ... .. . .. i 235
Purpose and Scope ............o i 235
General ... 235
Flat Gasket Applications ................co i 22
Accepted Point-of-Use Designs ... 26
Double Block-and-Bleed Valve Assembly ................................ 27
Flexible Hygienic Hose Design .....................cooiiiiiiiiiin. .. 29
Pump Impeller Configurations .........................ooiii... 30
Acceptable Impeller Attachments .................. ... 31
Casing Drain Configurations .......... ... ... ... .o i, 31
Casing Drain L/D Ratios ..., 32

iv



SD-3.3.2.4-1
SD-3.4.2-1
SD-3.4.2-2
SD-3.4.2-3
SD-3.4.2-4
SD-3.4.2-5
SD-3.4.3-1
SD-3.4.3-2
SD-3.4.6-1
SD-3.5.1-1
SD-3.5.2-1
SD-3.5.2-2
SD-3.5.2-3
SD-3.5.5-1
SD-3.5.5-2
SD-3.6.1-1
SD-3.7.1-1
SD-3.7.2-1
SD-3.7.4-1
SD-3.9.1-1
SD-3.9.1-2
SD-3.9.2.1-1
SD-3.9.2.1-2
SD-3.9.2.1-3
5D-3.9.2.3-1
SD-3.12-1
SD-4.1.2.1-1
SD-4.1.2.2-1
SD-4.2.2-1
SD-4.2.2-2
SD-5.1.1.1-1
SD-5.1.1.1-2
SD-5.1.1.2.3-1
SD-5.1.1.2.3-2
SD-5.1.1.2.3-3
SD-5.1.1.2.3-4
SD-5.1.1.3.1-1
SD-5.1.1.3.1-2
SD-5.1.1.3.1-3
SD-5.2.1.1-1
SD-5.3.3.5.1-1
SD-5.3.3.5.1-2
SD-5.3.3.5.1-3
5D-5.3.4.3.1-1
SD-5.3.4.3.1-2

SD-5.3.4.3.6-1

SD-5.4.1.2-1
SD-5.4.1.3-1
DT-2-1
P1-2.2.1-1
PI-2.2.2-1
PI-4.1.3.2-1

P1-4.1.3.3-1

Rotary Lobe Pump Rotor Attachment ...................... ... . ... ...
Nozzle Design ...
Side and Bottom Connections .......................ciiiii
Sidewall Instrument Ports ............. ... ... ...
Vessel Design Tangential Nozzles .......................................
Typical Nozzle Detail ........... ... ... i
Accepted Nozzle Penetrations .......................oooiiii
Internal Support Members ............. ... i
Sight Glass Design (Accepted) ........... ... i
Agitator Mounting Flanges ...................... .. ...
Shaft Coupling Construction ............. ...,
Shaft Coupling Seal Arrangements ...................ccoiiiiiiiinan...
Fastener Seal Arrangements: Alternative Bolting Designs ................
Shaft-Steady Bearing ............. ..ot
Magnetically Coupled Mixer (Typical Bottom-Mount) ....................
Double Tubesheet Heat Exchanger Bonnet Design .......................
Transfer Panel Looped Headers .........................................
Transfer Panel Tolerances .................... ...
Transfer Panel Jumpers ............. ... .. i
Dynamic Spray Device: Single Axis ...,
Two Axes Dynamic Spray Device ................cooiiiiiiiiiiiiii..
Static Spray Device .......... ... ...
Flow Rate Guideline for Vertical Cylindrical Vessels .....................
Flow Rate Guideline for Horizontal Cylindrical Vessels ..................
Impact Pattern Buildup .............. ... .o o
Steam Traps for Clean Steam Systems .......................oooiiia...
Point-of-Use Piping ................ i
Physical Break in Point-of-Use Piping ................ .. .. ...
Typical Clean Steam System Isometric ...................................
Clean Steam Point-of-Use Design ...,
Fermentor Sterile Envelope ............. ... ... ...
Bioreactor Sterile Envelope ................o o
Gas Sparging Assembly — Lance ..................... ... ..l
Gas Sparging Assembly — Sintered ................. ...
Gas Sparging Assembly — Ring ............. . ... ..ol
Gas Sparging Assembly — Single Orifice ............................. ...
Exhaust Gas Condenser ...
Exhaust Gas Heater ................. o i
Electrically Heat Traced Filter Housing ....................... .. ..o
Tank/Vessel Vent Filters ..........ooiiiii i
CIP Looped Header (Supply or Return) .................................
Zero-Static Chain ........... ... ...
Swing Elbow Arrangement ................... .o,
Example HTST Process Flow Schematic Diagram ........................
Example Direct Steam Injection UHT Process Flow Schematic

Diagram ...... ...
Example of Additional Retention Tube Length Required to Account for

Axial MIXING ..o
Typical Lyophilizer Component Assembly ...............................
Lyophilizer Sterile Boundary ................ ...l
Clamp Conditions at Installation ...................................... ..
In-Line and At-Line Instrument Installation Examples ...................
Accepted Insertion Device Installation Examples ........................
Manifold or Flow Splitter for Dual-Tube Construction Flowmeters and

Potential for Product Holdup .............. ... ...
Concentrically Reducing Process Connection .............................

\%



P1-4.1.4.3-1
PI-4.1.4.4-1
PI-5.1.2.1-1
PI-5.1.3.3-1
PI-7.3-1
P1-7.3.4-1
P1-7.3.4-2
P1-7.3.5-1
P1-7.3.5-2
PI-8.1.2-1
P1-8.1.3-1
PI-8.1.3.6-1
P1-8.2.2-1
PI-8.2.3-1
P1-8.2.3.4-1
PI-8.2.3.5-1
P1-9.1.3.3-1
P1-9.1.3.5-1
P1-9.1.3.5-2
5G-2.2.2-1
5G-2.2.2-2
S5G-2.2.2-3
5G-2.2.2-4
5G-2.2.2-5
5G-2.3.1.2-1
5G-2.3.1.2-2
S5G-2.3.1.2-3
5G-2.3.1.2-4
5G-2.3.1.2-5
5G-2.3.1.3-1
5G-2.3.1.4-1
5G-2.3.1.5-1
5G-2.3.1.7-1
S5G-2.3.1.8-1
5G-2.3.1.9-1
5G-2.3.1.10-1
5G-2.3.2.2-1
5G-2.3.2.2-2
5G-2.3.2.3-1
5G-2.3.2.3-2
S5G-2.3.2.3-3
5G-2.3.2.4-1
5G-2.3.2.4-2
5G-2.3.2.4-3
5G-2.3.2.4-4
S5G-2.3.2.4-5
5G-2.3.2.4-6
5G-2.3.2.4-7
5G-2.3.2.4-8
5G-2.3.2.4-9
5G-2.3.2.4-10
5G-2.3.2.4-11
S5G-2.3.2.4-12
5G-2.3.2.4-13
5G-2.3.2.4-14
5G-2.3.2.4-15

Vertical Installation ........... .. .. o i 161
Minimum Angle of Inclination, @ ................. ... ..ol 162
Bulb, Horn, Isolated Horn, and Rod-Style Antenna ...................... 163
Dead Band, Measuring Range, and Mounting Location .................. 164
Typical Installation Styles ............... ... 165
Accepted Elbow Orientations and Flow Directions ....................... 167
Accepted Nonintrusive Orientations and Flow Directions ................ 167
Sensor Insertion Lengths for Tee Installations ............................ 168
Sensor Insertion Lengths for Elbow Installations ......................... 169
Conductivity-Type Examples ..................... i 171
Accepted Installations for Conductivity Sensors ......................... 172
Installation Clearance Requirements ....................... ... oot 173
PH Sensor Components ................ ... i 174
Accepted pH Sensor Installations ...............................o 175
Accepted Mounting Orientations ............... ... ..ot 176
Insertion Length or Depth ............ . ... ... 177
Vessel Light Glass Design and Mounting ................................ 179
In-Line Insertion Length .......... ... .. ... ... ... 180
Insertion Probe Length .......... ... ... ... i 180
Hygienic Union per Table DT-7-1 ........... ... ... ..ot 183
Hygienic Clamp Union per Table DT-7-1 ................................ 183
Hygienic Union per DIN 11864 ............ ... .. ... ... ... 184
Hygienic Clamp Union per DIN 11864 ..........................ooia... 184
Nonhygienic Connections ..., 185
Weir Valves . ... ... 186
Radial Valves ....... ..o 187
Weirless Diaphragm Valve .............. .. .. ..o oo 187
Linear Control Valves .......... ... ... . i 188
Regulator Valve ......... ... . 188
Ball Valves ....... ... 189
Rising Stem Single, Double-Seat Mix-Proof, and Needle Valves ........... 189
Butterfly Valve ...... ... ... 190
Back Pressure Control Valve ............. ... ...l 190
Pinch Valve ....... .. 190
Pressure Relief and Check Valves ....................................... 191
Plug Valve ... ... . 192
Single Mechanical Seal ............... ... ... . i 193
Single Seal for Top-Entry Agitator ................ ... ...l 193
Dual Pressurized Mechanical Seal for Pumps ............................ 193
Dual Pressurized Mechanical Seal for Top-Entry Agitator ................ 194
Dual Unpressurized Mechanical Seal for Pumps ......................... 194
Flush Plan 01 ... e 195
Flush Plan 02 . ... 195
Flush Plan 03 ... ... . e 195
Flush Plan 11 ... o 195
Flush Plan 32 ... i 195
Flush Plan 52 for Pump ... 196
Flush Plan 52 for Top-Entry Agitator ...................... ... ... ... ... 196
Flush Plan BPE52 for Pump ... 196
Flush Plan 53 for Pump ............oo i 196
Flush Plan 53 for Top-Entry Agitator ................. . ... . .coi... 197
Flush Plan 54 for Pump .......... ... .o i 197
Flush Plan 54 for Top-Entry Agitator ................. ... .. ..o 197
Flush Plan 55 for Pump ..............o i 197
Flush Plan 55 for Top-Entry Agitator ........................ ... ... ..., 197
Flush Plan 74 for Pump ........... .. i 198

vi



SG-2.3.2.4-16
SG-3.3.2.2-1
SG-3.3.2.3-1
SG-4.2-1
MJ-8.4-1

MJ-8.4-2
M]J-8.4-3

MJ-8.4-4

MJ-8.5-1
MJ-9.7.1-1

CR-1-1
CR-2-1

Tables
GR-4.2-1
SD-2.4.3.1-1
SD-3.1.2.2-1

SD-3.1.2.2-2

SD-3.4.3-1
SD-5.3.3.3-1
MM-2.1-1
MM-2.1-2
MM-2.1-3
MM-2.1-4

MM-5.2.1.2-1

MM-5.2.6-1
MM-5.3-1
MM-5.3-2
MM-5.3.3-1
MM-5.4-1

PM-2.1.1-1
PM-2.1.2-1
PM-2.1.3-1
PM-2.2.1-1
PM-4.2.1-1
DT-2-1

DT-3-1

DT-3-2
DT-4-1
DT-4.1-1
DT-4.1.1-1
DT-4.1.1-2
DT-4.1.1-3
DT-4.1.1-4
DT-4.1.1-5

Flush Plan 74 for Top-Entry Agitator ................. .. .. ... .oo... 198
Examples of Static O-Ring Grooves .....................oooiiiiiiiiia... 200
Seals for Rising Stem Valves ....................... ... 202
Typical Hygienic Clamp Union: Allowable Gasket Intrusion .............. 205
Acceptable and Unacceptable Weld Profiles for Groove Welds on

Metallic Tube-to-Tube Butt Joints ..., 220
Discoloration Acceptance Criteria for Welds and Heat-Affected Zones

on Electropolished UNS S31603 Tubing ....................ooiia... 221
Discoloration Acceptance Criteria for Welds and Heat-Affected Zones

on Mechanically Polished UNS 531603 Tubing ......................... 222

Acceptable and Unacceptable Metallic Weld Bend Width and Meander on
Non-Process Contact Surfaces of Groove Welds on Tube-to-Tube Butt

JOINES oo e 223
Acceptable Weld Profiles for Metallic Tube-Attachment Fillet Welds ...... 226
Acceptable and Unacceptable Weld Profiles for Polymeric Beadless

Welds ... 229
ASME Certification Mark With BPE Designator .......................... 235
Options for Certification of Organizations ............................... 236
Inspector’s Delegate Capabilities .................. ...l 3
Slope Designations for Gravity-Drained Lines ........................... 20
L/D Dimensions for Flow-Through Tee: Full-Size Standard Straight

Tee With Blind Cap ... 23
L/D Dimensions for Flow-Through Tee: Short-Outlet Reducing Tee With

Blind Cap ....oooviii 24
Annular Spacing Recommendations for Hygienic Dip Tubes ............. 37
Flow Rates to Achieve 5 ft/sec (1.52 mM/S) ...vvriiiiiii i 84
Wrought Stainless Steels: Nominal Compositions (wt. %) ................ 102
Wrought Nickel Alloys: Nominal Compositions (wt. %) .................. 103
Stainless Steel and Nickel Alloy Cast Designations ...................... 104
Wrought Copper: Nominal Compositions (wt. %) (Cleaned for Oxygen

S TVICE) .ottt e 104
Predicted Ferrite Number (FN) Ranges for Various Austenitic

Stainless Steel Product Forms and Welds .............................. 107
Materials for OEM Equipment .............. ... . ..ot 108
Filler Metals ........ ... i 109
Consumable Inserts for Superaustenitic and Duplex Stainless Steels ...... 111
Brazing Filler Metals for Copper ....................coiiiiiii.., 112
Solution Anneal Heat Treatment Requirements for Superaustenitic

and Duplex Stainless Steels ................... ... i 112
Common Thermoplastic Polymers and Applications ..................... 115
Common Thermoset Polymers and Applications ......................... 115
Examples of Nonmetallics .................oooiiiiiiiiiiiit 116
Content Required on the Certificate of Compliance ...................... 117
Size Comparison of Common Thermoplastic Sizing Standards ........... 122
Metallic Hygienic Unions: Rated Internal Working Pressure .............. 132
Final Tolerances for Mechanically Polished Fittings and Process

Components ......... ... 133
Final Tolerances for Electropolished Fittings and Process Components .... 134
Nominal O.D. Tubing Sizes ................ ... ... ... . ... 134
Tangent Lengths ........ ... .. 134
Automatic Tube Weld: 90-deg Elbow ................................ ... 135
Automatic Tube Weld: Hygienic Clamp Joint, 90-deg Elbow .............. 135
Hygienic Clamp Joint: 90-deg Elbow ................................. ... 136
Automatic Tube Weld: 45-deg Elbow ................ ... 136
Automatic Tube Weld: Hygienic Clamp Joint, 45-deg Elbow .............. 137

vii



DT-4.1.1-6
DT-4.1.1-7
DT-4.1.1-8
DT-4.1.2-1
DT-4.1.2-2
DT-4.1.2-3
DT-4.1.2-4
DT-4.1.2-5
DT-4.1.2-6
DT-4.1.2-7

DT-4.1.2-8
DT-4.1.2-9
DT-4.1.2-10
DT-4.1.2-11
DT-4.1.3-1
DT-4.1.3-2
DT-4.1.3-3
DT-4.1.4-1
DT-4.1.5-1
DT-4.1.5-2
DT-4.4.1-1
DT-4.5.1-1
DT-4.5.2-1
DT-7-1
DT-7-2
DT-9.3-1
M]J-6.3-1

MJ-6.3-2
M]J-8.2-1

MJ-8.3-1
MJ-8.4-1

MJ-8.5-1

SE-2.2-1
SF-2.2-2

SE-2.4-1
SE-2.6-1

SE-3.3-1
SE-3.4-1

Hygienic Clamp Joint: 45-deg Elbow .................. ... ... ... ... ...
Automatic Tube Weld: 180-deg Return Bend .............................
Hygienic Clamp Joint: 180-deg Return Bend .............................
Automatic Tube Weld: Straight Tee and Cross ...........................
Automatic Tube Weld: Short-Outlet Hygienic Clamp Joint Tee ............
Hygienic Mechanical Joint: Short-Outlet Run Tee ........................
Hygienic Clamp Joint: Straight Tee and Cross ............................
Hygienic Clamp Joint: Short-Outlet Tee .................... ... ... .. ...
Automatic Tube Weld: Reducing Tee ....................................
Automatic Tube Weld: Short-Outlet Hygienic Clamp, Joint
Reducing Tee ...
Hygienic Clamp Joint: Reducing Tee ........................ ...
Hygienic Clamp Joint: Short-Outlet Reducing Tee ........................
Automatic Tube Weld: Instrument Tee ...................................
Hygienic Clamp Joint: Instrument Tee ...................................
Automatic Tube Weld: Concentric and Eccentric Reducer .................
Hygienic Clamp Joint: Tube Weld Concentric and Eccentric Reducer ......
Hygienic Clamp Joint: Concentric and Eccentric Reducer .................
Automatic Tube Weld: Ferrule ..........................................
Automatic Tube Weld: Cap ...
Hygienic Clamp Joint: Solid End Cap ..................... ... . ........
Hygienic Clamp Joint: Weir-Style Diaphragm Valve ......................
Tapered Locking Tab Retainer: Recessed .................................
Tapered Locking Tab Retainer: External .................................
Hygienic Clamp Ferrule Standard Dimensions and Tolerances ...........
Transfer Panel and Jumper Tolerances ...................................
Hygienic Clamp Ferrule: Design Criteria ................................
Metallic Tube/Pipe Diameter Limits for Orbital GTAW Performance
Qualification .. .......iintt i
Metallic Weld Thickness Limits for Orbital GTAW Performance
Qualification .. ......oiinit i e
Visual Examination Acceptance Criteria for Welds on Metallic
Pressure Vessels and Tanks ...................... ... ...l
Visual Examination Acceptance Criteria for Welds on Metallic Pipe ......
Visual Examination Acceptance Criteria for Groove Welds on Metallic
Tube-to-Tube Butt Joints .............. o i
Visual Examination Acceptance Criteria for Metallic Tube-Attachment
Welds ...
Acceptance Criteria for Metallic Process Contact Surface Finishes ........
Additional Acceptance Criteria for Electropolished Metallic Process
Contact Surface Finishes ............. ... ...
R, Readings for Metallic Process Contact Surfaces .......................
Acceptance Criteria for Metallic Passivated Process Contact Surface
Finishes ....... ... .
Acceptance Criteria for Polymeric Process Contact Surface Finishes ......
R, Readings for Polymeric Process Contact Surfaces ......................

Mandatory Appendices

I

I

Submittal of Technical Inquiries to the Bioprocessing Equipment
(BPE) COommMIttee . .....coutttti et e
Standard Units .............. i

Nonmandatory Appendices

mgnNnx®

Commentary: Slag and Oxide Islands ................................ ...
Material and Weld Examination/Inspection Documentation ..............
Slope Measurement and Joint Misalignment .............................
Rouge and Stainless Steel ............. ... ... ... ...
Passivation Procedure Qualification ................ccoiiiiiiiiiiiiannn.

viii



Cz grR —=—maom™

w RO

Corrosion Testing ....... ...
Ferrite ...
Electropolishing Procedure Qualification ................................
Vendor Documentation Requirements for New Instruments ..............
Standard Process Test Conditions (SPTC) for Seal Performance

Evaluation ........... .. .
Standard Test Methods for Polymers ....................................
Spray Device Coverage Testing ...,
Commentary: UNS S31603 Weld Heat-Affected Zone Discoloration

Acceptance Criteria ............... ... ..
Guidance When Choosing Polymeric and Nonmetallic Materials .........
General Background/Useful Information for Extractables and

Leachables ....... ...
Temperature Sensors and Associated Components .......................
Instrument Receiving, Handling, and Storage ............................
Application Data Sheet .............. ... .. ...
Guidance on Polymer Applications: Chromatography Columns and

Filtration ....... ...
Guidance for the Use of U.S. Customary and SI Units ...................
Positive Material Identification ...................... ... .. ...
Procurement SOUICES . ..........oiuiiiiiiiii i

ix



FOREWORD

At the 1988 ASME Winter Annual Meeting (WAM), many individuals expressed interest in
developing standards for the design of equipment and components for use in the biopharmaceuti-
cal 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 scope was approved by the CCS on June 20,
1989, with a directive to the Board on Pressure 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 1989 WAM, an ad hoc committee was formed to assess the need to develop further
the scope and action plan. 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) the need to integrate existing standards covering vessels, piping, appurtenances, and
other equipment necessary 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
CEN, ASTM, and the 3-A Dairy Standards. The purpose was to develop an ASME standard that
would be distinctive, germane, and not in conflict with other industry standards. Wherever
possible, the Committee strived to reference existing standards that are applicable to biopharma-
ceutical equipment design and fabrication.

This Standard represents the work of the BPE Standards Committee, and this edition includes
the following Parts:

(1) General Requirements

(2) Systems Design

(3) Metallic Materials

(4) Polymeric and Other Nonmetallic Materials

(5) Dimensions and Tolerances for Process Components
(6) Process Instrumentation

(7) Sealing Components

(8) Materials Joining

(9) Process Contact Surface Finishes

(10) Certification Requirements



The first edition of this Standard was approved as an American National Standard on
May 20, 1997. This edition was approved by ANSI on June 27, 2016.

Requests for interpretations or suggestions for revision should be sent to Secretary,
BPE Committee, The American Society of Mechanical Engineers, Two Park Avenue,
New York, NY 10016.
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STATEMENT OF POLICY ON THE USE OF
CERTIFICATION MARKS AND CODE AUTHORIZATION
IN ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various
activities in accordance with 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 Certification Mark for marking items or construc-
tions that have been constructed and inspected in compliance with ASME Codes and Standards
are issued Certificates of Authorization. It is the aim of the Society to maintain the standing of
the Certification Mark for the benefit of the users, the enforcement jurisdictions, and the holders
of the Certification Mark who comply with all requirements.

Based on these objectives, the following policy has been established on the usage in advertising
of facsimiles of the symbols, 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 a Certification Mark and/or a Certificate of
Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the requirements of the
applicable ASME Code or Standard.” An ASME corporate logo shall not be used by any organiza-
tion other than ASME.

The Certification Mark shall be used only for stamping and nameplates as specifically provided
in the Code or Standard. However, facsimiles may be used for the purpose of fostering the use
of such construction. Such usage may be by an association or a society, or by a holder of a
Certification Mark who may also use the facsimile in advertising to show that clearly specified
items will carry the Certification Mark. General usage is permitted only when all of a manufactur-
er’s items are constructed under the rules of the applicable Code or Standard.

i

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
official Certification Mark described in the governing Code or Standard.

Markings such as “ASME” and “ASME Standard” or any other marking including “ASME”
or the Certification Mark shall not be used on any item that is not constructed in accordance
with all of the applicable requirements of the Code or Standard.

Items shall not be described on ASME Data Report Forms nor on similar forms referring to
ASME which 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 applicable standard has been reviewed and accepted by ASME. The supplier
is responsible for ensuring that products meet, and if applicable continue to meet, the requirements.
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ASME BPE-2016
SUMMARY OF CHANGES

Following approval by the ASME BPE Committee and ASME, and after public review,
ASME BPE-2016 was approved by the American National Standards Institute on June 27, 2016.

ASME BPE-2016 has been reorganized and includes editorial changes, revisions, and corrections
introduced in ASME BPE-2014, as well as the following changes identified by a margin note, (16).
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XViii
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Redesignated
Redesignated
Redesignated

(1) Redesignated
(2) Cross reference to table in Note (1)
updated

(1) Redesignated
(2) Parts (a) and (b) revised

(1) Figure numbers updated in subparas.
(d) and (f)(1)
(2) Subparagraph (g) revised

Redesignated

Subparagraphs (d) and (g) revised
Subparagraphs (g), (h), and (j) revised
Subparagraph (b) revised

References to figures in subparas. (b)(1)
and (b)(2) updated to tables

References to figures updated to tables

Deleted (incorporated into
Table DT-4.5.1-1)

Deleted (incorporated into
Table DT-4.5.2-1)

Subparagraph (k) revised

Revised

Subparagraph (b) revised

Revised
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Chapter 3
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MM-4.1
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XixX

Change

Revised in its entirety
Added
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ASME BPE-2016

BIOPROCESSING EQUIPMENT

CHAPTER 1
INTRODUCTION, SCOPE, AND DEFINITIONS

Part GR
General Requirements

GR-1 INTRODUCTION

The ASME Bioprocessing Equipment Standard was
developed to aid in the design and construction of new
fluid processing equipment used in the manufacture of
biopharmaceuticals, where a defined level of purity and
bioburden control is required.

The Standard typically applies to

(a) components that are in contact with the product,
raw materials, or product intermediates during manu-
facturing, development, or scale-up

(b) systems that are a critical part of product manufac-
ture [e.g., water-for-injection (WFI), clean steam, filtra-
tion, and intermediate product storage]

The General Requirements Part states the scope of
the ASME BPE Standard and provides references and
definitions that apply throughout the document.

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
specifications and requirements.

This Standard shall govern the design and construc-
tion 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 recom-
mended 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, pro-
vincial, state, or federal), the final construction require-
ments shall comply with these 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 spe-
cific prohibitions of this Standard.

GR-2 SCOPE OF THE ASME BPE STANDARD

The ASME BPE Standard provides requirements for
systems and components that are subject to cleaning
and sanitization and/or sterilization including systems
that are cleaned in place (CIP’d) and/or steamed in
place (SIP’d) and/or other suitable processes used in
the manufacturing of biopharmaceuticals. This Standard
also provides requirements for single-use systems and
components used in the above listed systems and com-
ponents. This Standard may be used, in whole or in part,
for other systems and components where bioburden risk
is a concern.

This Standard applies to

(a) new system (and component) design and
fabrication

(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

(¢) examinations, inspections, and testing

(h) certification

This Standard is intended to apply to new fabrication
and construction. If the provisions of this Standard are
optionally applied by an owner/user to existing, in-
service equipment, other considerations may be neces-
sary. For installations between new construction and an
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