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The next edition of this Standard is scheduled for publication in 2014. There will be no addenda
issued to this edition.

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

Hrrata to codes and standards may be posted on the ASME Web site under the Com#nittee Pages to
drovide 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.

he Committee Pages can be found at http://cstools.asme.org/. There isJan option available to
utomatically receive an e-mail notification when errata are posted to-a particular code or standard.
his option can be found on the appropriate Committee Page after seléeting “Errata” in the “Publication
nformation” section.
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ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for American National
Standards. The Standards Committee that approved the‘code or standard was balanced to assure that individuals from
cpmpetent and concerned interests have had an oppartunity to participate. The proposed code or standard was made
apailable for public review and comment that provides’an opportunity for additional public input from industry, academia,
régulatory agencies, and the public-at-large.

” «

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
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items mentioned in this document,_.and does not undertake to insure anyone utilizing a standard against liability for
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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 biopharmaceutical 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 standards

(a) At the 1989 WAM, an ad hoc committee was formed to assess the need to,dévelop furthg
the scope and action plan. The committee met in 1990 and there was consenstis concerninjg
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 surfacesyonce 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, an

—

S

[N

other equipment necessary for the biopharmaceutical industry without infringing on the scopgs
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 dévelopment of the Standard, close liaison was made with the European
CEN, ASTM, and the" AAA Dairy Standards. The purpose was to develop an ASME standard
that would be distinctive, germane, and not in conflict with other industry standards. Wherevg¢r

possible, the Committee strived to reference existing standards that are applicable to biopharm4
ceutical equipment design and fabrication.
This Standard represents the work of the BPE Standards Committee and this edition includgs
the following Parts:
(1) )General Requirements
(2) Systems Design
(3) Dimensions and Tolerances for Process Components
(4) Material Joining

(5) Product Contact Surface Finishes
(6) Sealing Components
(7) Polymeric and Other Nonmetallic Materials
(8) Certification
(9) Metallic Materials of Construction
(10) Process Instrumentation
The first edition of this Standard was approved as an American National Standard on
May 20, 1997. This edition was approved by ANSI on July 30, 2012.
Requests for interpretations or suggestions for revision should be sent to Secretary,
BPE Committee, The American Society of Mechanical Engineers, Three Park Avenue,
New York, NY 10016.

ix

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

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

tivities in accordance with the requirements of the ASME Codes and Standards. It is the aim
f the Society to provide recognition of organizations so authorized. An organization holding

thorization to perform various activities in accordance with the requirements of the Cedes and
Standards may state this capability in its advertising literature.
Organizations that are authorized to use the Certification Mark for marking itemis of construc-
tlons 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
f the Certification Mark who comply with all requirements.

Based on these objectives, the following policy has been established'@n the usage in advertising
f facsimiles of the symbols, Certificates of Authorization, and references to Codes or Standards
pnstruction. The American Society of Mechanical Engineers does not “approve,” “certify,” “rate,”
r “endorse” any item, construction, or activity and there shallybe no statements or implications
hat might so indicate. An organization holding a Certification Mark and/or a Certificate of
\uthorization 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
pplicable ASME Code or Standard.” An ASME corporate logo shall not be used by any organiza-
on other than ASME.

The Certification Mark shall be used only forstamping and nameplates as specifically provided
ih the Code or Standard. However, facsimiles may be used for the purpose of fostering the use
df such construction. Such usage may'be by an association or a society, or by a holder of a
(ertification Mark who may also use‘the facsimile in advertising to show that clearly specified
i
e

o

”ou

[l O Bl NI w @ N 0 N ©)

ifems will carry the Certification Mark. General usage is permitted only when all of a manufactur-
r’s items are constructed undetythe 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
ihclude requirements for materials, design, fabrication, examination, inspection, and stamping.
Itermas 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.

X
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MJ-6 Redesignated from previous MJ-9 and
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ASME BPE-2012

BIOPROCESSING EQUIPMENT

Part GR

GR-1| INTRODUCTION

Thel ASME Bioprocessing Equipment Standard was
develpped to aid in the design and construction of new
fluid processing equipment used in industries that
require a defined level of purity and bioburden control.

The| Standard typically applies to

(a) pomponents that are in contact with the product,
raw npaterials, or product intermediates during manu-
facturjng, development, or scale-up

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

The| General Requirements Part states the scope of
the APME 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 Pfessure Vessel Code (BPVC), Section(VIH, and/or
ASMHE B31.3 Process Piping Code or applicable local,
national, or international codes or-standards. The
ownef/user may stipulate additional or alternative
specifjcations and requirements.

Thi$ Standard shall govern the design and construc-
tion of piping systems for-hygienic service. For process
piping systems designediard constructed in accordance
with ASME B31.3, it/is' the owner’s responsibility to
select|a fluid sexviceé category for each fluid service.
Shoulfl any fluid service meet the definition of high
purity fluid setvice (ASME B31.3, Chapter X) it is recom-
mendjed that such fluid service be selected and the
requcilrements of this Standard and ASME B31.3,

GeneratReqtirements

GR-2 SCOPE OF THE ASME BPE'STANDARD

The ASME BPE Standard provides requirpments for
systems and componentsithat are subject tp cleaning
and sanitization and /o1 sterilization including systems
that are cleaned in place (CIP’d) and/or steamed in
place (SIP’d) and/or other suitable procgsses. This
Standard also-provides requirements for single use sys-
tems and components.

This Standard applies to

(a)“hew system (and component) dgsign and
fabfication

(b) definition of system boundaries

(c) specific metallic, polymeric, and elastoneric (e.g.,
seals and gaskets) materials of construction

(d) component dimensions and tolerances

(e) surface finishes

(f) material joining

(g) examinations, inspections, and testing

(h) certification

This Standard is intended to apply to new fabrication
and construction. It is not intended to apply fo existing,
in-service equipment. If the provisions of thif Standard
are optionally applied by an owner/user to ekisting, in-
service equipment, other considerations may be neces-
sary. For installations between new constructjon and an
existing, in-service system, the boundaries afd require-
ments must be agreed to among the owner /juser, engi-
neer, installation contractor, and inspection ¢ontractor.

For a system or component to be BPE-Jompliant,
adherence to all applicable parts of this Standard is

PEEEY

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-3 MANUFACTURER’S QUALITY ASSURANCE
PROGRAM

The manufacturer shall implement a quality assurance
program describing the systems, methods, and proce-
dures used to control materials, drawings, specifications,
fabrication, assembly techniques, and examination/
inspection used in the manufacturing of bioprocessing
equipment.
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GR-4 INSPECTION

The inspection requirements are specified in each Part
of this Standard. If an inspection or examination plan
is required, it shall be developed and agreed to by the
owner/user, contractor, inspection contractor, and/or
engineer ensuring that the systems and components
meet this Standard.

GR-4.1 Inspector/Examiner

and to interpret and evaluate results with respect to
applicable codes, standards, and specifications. The
QID-2 shall be thoroughly familiar with the scope and
limitations of the inspection they are performing and
shall exercise assigned responsibility for on-the-job
training and guidance of trainees and QID-1 personnel.
A QID-2 may perform tests and inspections according
to the capabilities’ requirements.

(d) Quality Inspector Delegate 3 (QID-3). This individ-

ual shall be r*;\rmh]p of pr;\h]iqhing fpnhnir}npe and pro-

Inspectpr and examiner in this Standard shall be
defined for the following:

(a) Presgure Vessels. Authorized Inspector, as defined
in ASME BPVC, Section VIII, Division 1, para. UG-91.

(b) Piping, Tubing, and Non-Code Vessels. Owner’s
inspector, ps defined in ASME B31.3, paras. 340.4(a) and
(b). Inspegtor’s Delegate, as defined in GR-8, meets the
additionall requirements listed in GR-4.2.

(c) Piping and Tubing. Examiner, defined as a person
who performs quality control examinations for a manu-
facturer ag an employee of the manufacturer as defined
in ASME B31.3, para. 341.1.

When l¢cal regulations require that pressure equip-
ment be designed and constructed in accordance with
standard$ other than ASME codes/standards, the
inspector|in this Standard is defined as one who is
acceptablg to the relevant regulatory authority.

GR-4.2 Inspector’s Delegate

Inspectdr’s Delegate qualifications shall be in accor
dance witl the requirements listed herein. The employer
of the Inspiector’s Delegate shall have documented train-
ing and qyalification programs to ensure the qualifica-
tions and fapabilities of personnel are mett

The cdpabilities requirements @re listed in
Table GR#.2-1. It is required that & gapability listed
for a low¢r level of qualification(is, also required for
subsequer]t higher levels of qualification.

GR-4.2f1 Levels of Qualification. There are four lev-
els of qualffication for Inspéctor’s Delegate. Examination
personnel |qualifications are not covered in this section
but shall He in accordance with ASME B31.3, para. 342.

(a) Trainee. Antindividual who is not yet certified to
any level shall-be considered a trainee. Trainees shall
work undé¢r the direction of a certified Quality Inspector

cedures; interpreting codes, standards, specifications,
and procedures; and designating the partieular inspec-
tion methods, techniques, and procedures to be| used.
The QID-3 shall have sufficient practical backgroind in
applicable materials, fabrication, and, product technol-
ogy to establish techniques andto assist in establishing
acceptance criteria when nonéaré otherwise avdilable.
The QID-3 shall be capable,of training personhel. A
QID 3 may perform tests\and inspections according to
the capabilities” requirements.

GR-4.2.2 Qualification Requirements. The quglifica-
tion requirements”listed herein shall be met ptior to
consideration\for examination/certification.

(a) Trainge

(1).'be a high school graduate or hold a state or
militacy approved high school equivalency diplgma

(2) receive a minimum of 8 hr of relevant|{docu-
mrented training (total 8 hr), including as a mirfimum
the requirements shown in Table GR-4.2-1

(b) QID-1. To be considered as a QID-1, personnel
shall meet the following:

(1) be a trainee for a minimum of 6 mo of|{docu-
mented relevant industry experience. Alternate methods
for meeting the work experience requirement are gt least
one of the following;:

(a) prior or current certification as a QID{1
(b) completion with a passing grade of aft least
2 yr of engineering or science study in a uniyersity,
college, or technical school
(c) possess an AWS CWI certificate! or [ACCP
Level II VT certificate?, or international equivalent
(d) 2 yr of documented relevant experiehce in
inspection, examination, or testing activities

(2) receive a minimum of 16 additional hgurs of

relevant documented training (minimum total = P4 hr),

Delegate and shall not independently conduct any tests
or write a report of test results.

(b) Quality Inspector Delegate 1 (QID-1). This individ-
ual shall be qualified to properly perform specific cali-
brations, specific inspections, and specific evaluations
for acceptance or rejection according to written instruc-
tions. A QID-1 may perform tests and inspections
according to the capabilities’ requirements under the
supervision of, at a minimum, a QID-2.

(c) Quality Inspector Delegate 2 (QID-2). This individ-
ual shall be qualified to set up and calibrate equipment

2

including as a minimum the requirements shown in
Table GR-4.2-1

(3) pass a written test and practical performance
examination, including as a minimum the requirements
shown in Table GR-4.2-1 for this level

! Certifications from the American Welding Society (AWS). CAWI
is a Certified Associate Welding Inspector, and CWI is a Certified
Welding Inspector.

2 Certifications from the American Society of Nondestructive
Testing (ASNT). ACCP is the ASNT Central Certification Program.
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Inspector’s Delegate Capabilities

Capability

Trainee QID-1

QID-2

QID-3

Materials

(a) Identify materials
(1) Fitting type
(2) Tube/pipe
(3) Filler materials
(4) Elastomers

(5) Process components
(b) Verifymaterial marking to standard

>

(c) Measure material dimensions
(d) Megsure material surface finish
(e) Verify material documentation
(1) Material test reports (MTR)
(2) Cprtificates of compliance
(3) Infstrument calibration records
(4) Ejastomers
(f) Evalpiate to acceptance criteria
(g) Verify material compliance to specification
(h) Verify material storage/handling compliance

Equipmeent Use
(@) Mirfors/magnifiers
(b) Medsuring devices
(1) Sgeel rule
(2) Chlipers (dial, digital)
(3) Filllet gauge
(4) Rpdius gauge
(5) Temperature sensitive crayon (tempilstick)
(6) Slope level
(7) Undercut gage
(c) Borgscope/fiberscope
(d) Profilometer
(e) Posftive material identification (PMI)
(f) Calibration records (inspection equipment)

Knowledge and Skills
Undersfand inspection fundamentals
(a) Effeftive oral and written communication
(b) Qu4lity procedures
(1) Pfepare documentation control requirements
(2) Develop inspection procedures
(c) Review of specifications
(d) Codes and Standards (training)
(1) ASME BPE
(2) ABME B31.3
(3) ABME BPVC Section)IX
(e) Intefpret welding=-symbols and drawings
(1) Dtail drawings (mechanical)

(3) S|ngle-line isometric drawings (weld maps)
(4) Idometric drawings (slope maps)

>

X X X X X X

X X X X X X -

GR/DT/SF MJ/SD 3.12

Chapter VI

X
X
X

X
X

(5) General/fabrication arrangement drawings (details)

(6) Interpret welding symbols

(f) Prepare documents/reports in accordance with GR-5.3

(1) Material examination log

(2) Nonconformance reports

(3) Visual weld inspection

(4) Slope verification (isometric)
(5) Pressure test

X X X X

3
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Table GR-4.2-1

Inspector’s Delegate Capabilities (Cont’d)

Capability

Trainee QID-1 QID-2

QiD-3

Knowledge and Skills (Cont’d)

(g) Turnover
(1) Assem

package
ble

(2) Review
(h) Basic understanding of NDT/NDE

1) PT
@ ut
(3) RT

(4) Eddy ¢
(5) Pressu

Inspection
(@) Perform
(b) Perform
(0) Evaluate
(d) Perform
(e) Witness
(f) Verify ins
(g) Review in
(h) Verify no|
(@i) Perform i
(1) Installg
(2) Check
(3) Hange
(4) Compd

Vessel Inspe
(@) Verify su
(b) Verify drg
(c) Cleanabil
(d) Verify din
(e) Complian
(f) Documen

Welding Pro
Verify weldin

Welder Perfd
Verify welde

Project Plan
(a) Review ¢
(b) Prepare
(c) Review s
(d) Prepare
(e) Develop

Training

(a) Provide g
(b) Maintain

urrent
e/leak testing

isual inspection (other than weld inspection)
eld inspection
eld inspection results
lope verification
ressure tests
bection compliance
spection reports
hconformance disposition
stallation verification
tion per P&ID
for cold spring
verification
nent installation per manufacturer's recommendations

ction (additional to above)

face finish

inability

ty (CIP/riboflavin/sprayball testing)
hensions and orientation

ce with ASME Code (U-1)

ation review

edure Qualification
g procedures (WPS/PQR) compliance

rmance Qualification
qualification compliance

ing

ntract requirements
eld inspection criteria
ecifications

urchase specifications
nspection plan

n-the-jobnraining for Quality Inspectors
records\of training

Audit

X X K X X

X X X X - X -

< X

(@) Perform vendor audits
(b) Perform fabricator audits
(c) Prepare audit and surveillance plan

>

X X X X X

>

4
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(c) QID-2. To be considered as a QID-2, personnel
shall meet the following:

(1) be a QID-1 for a minimum of 6 mo of docu-
mented relevant industry experience. Alternate methods
for meeting the work experience requirement are at least
one of the following:

(a) prior or current certification as a QID-2
(b) completion with a passing grade of at least
4 yr of engineering or science study in a university,

GR-4.2.4 Recertification. A QID-1, QID-2, or QID-3
whose employment has been terminated may be recerti-
fied to their former level of qualification by a new or
former employer based on examination, provided all of
the following requirements are met:

(a) The employee has proof of prior certification.

(b) The employee was working in the capacity to
which certified within 6 mo of termination.

(c) The employee is being recertified within 6 mo of

termination

COlleg O~ tectmicat schoot
(c) possess an AWS CWI certificate’ or ACCP
[1 VT certificate?, or international equivalent
(d) 2 yr of documented relevant experience in
inspe¢tion, examination, or testing activities of high
purity/hygienic systems
(4) receive a minimum of 16 additional hours of
relevant documented training (minimum total = 40 hr),
including as a minimum the requirements shown in
Table [GR-4.2-1
(3) pass a written test and practical performance
examipation, including as a minimum the requirements
showI‘in Table GR-4.2-1 for this level

(d) RQID-3. To be considered as a QID-3, personnel
shall fneet the following;:
(1) be a QID-2 for a minimum of 24 mo of docu-
mentdd relevant industry experience. Alternate methods
for mgeting the work experience requirement are at least
one of the following;:
(a) prior or current certification as a QID-3
(b) 3 yr of documented relevant experience in
inspe¢tion, examination, or testing activities of high
purityl/hygienic systems
(3) receive a minimum of 40 additional hours of
relevant documented training, incliding as a minimum
the requirements shown in Table GR-4.2-1 (minimum
total # 80 hr)
(3) pass a written test\and practical performance
examipation, including as'e’minimum the requirements
showIlin Table GR-4:2-1"for this level

Level

4.2.3 Certification. The employer is responsible
dining, testing, and certification of employees. The

(b) training programs

(c) certification testing requirements

(d) eye examinations that include both visual acuity
and color acuity are required annually by an ophthal-
mologist, optometrist, medical doctor, registered nurse,
certified physician assistant, or other ophthalmic medi-
cal personnel

(e) certification documentation

The owner/user is responsible for verifying the
requirements of this section are met.

5

If the employee does not meet the listed féquirements,
additional training as deemed appropriate by the own-
er’s Inspector shall be required.

GR-4.3 Responsibilities

The responsibilities of/inspection perqonnel are
defined in GR-4.3.1 and.GR4.3.2.

GR-4.3.1 Pressure;Vessels. The respongibilities of

the owner’s Inspector ‘shall be the same as th¢ inspector
in ASME BPVE, Section VIII, Division 1, UG-91.

GR-4.3,2,"Piping, Tubing, and Non-Code [Vessels.
The responsibilities of the owner/user’s insglector shall
be in<acgordance with ASME B31.3, para. 340.2.

GR-4.4 Access for Inspectors

Manufacturers of bioprocessing equipment and com-
ponents shall allow free access of ownerfuser and
authorized inspection personnel at all times yhile work
on the equipment or components is being performed.
The notification of an impending inspection{should be
mutually agreed to by the manufacturer and fhe inspec-
tor. Access may be limited to the area of the mjanufactur-
er’s facility where assembly, fabrication, wellding, and
testing of the specific equipment or components is being
performed. Inspectors shall have the right td audit any
examination, to inspect components using any examina-
tion method specified in the Design Spdcification
(including Purchase Order), and review all ceftifications
and records necessary to satisfy the requifements of
GR-5. The manufacturer shall provide the inspector with
work progress updates.

GR-5 DOCUMENTATION REQUIREMENTS

The following 15 a mentation

requirements of the

O dt OI U
Standard listed by Part.

GR-5.1 Part SD

GR-5.1.1 Documentation. Documentation require-
ments shall be agreed to at the outset of a design project
and shall be available upon request or submitted at the
agreed-upon time to support the requirements of this
Standard, as agreed to by the owner/user and manufac-
turer. For all Bioprocessing ASME Code stamped ves-
sels, National Board registration is recommended to
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maintain vessel data on file. Technical documentation
to support the design of equipment and verify confor-
mance with cleaning and SIP criteria may include, but
not be limited to, the following:

(a) material handling procedures

(b) welding procedures

(c) mechanical and electrochemical polishing
procedures

(d) standard operating and maintenance procedures

(c) Tubing. Records and retention of records associ-
ated with hygienic tubing shall be in accordance with
ASME B31.3, Chapter VI, Section 346.

GR-5.3.2 Turn Over Package Documentation
Required. For cGMP-validated distribution systems
(including the tubing systems on modules, super skids,
and skids, and the shop or field fabrication of tubing,
etc.) the following documentation shall be provided to
the owner/user or their designee, as a minimum:

and manugds

(e) ins’%:llation procedures

(f) pipimg and instrumentation diagrams and techni-
cal refererjces

(g) origlnal equipment manufacturer’s data

(h) surfaice finish certifications

(i) detafl mechanical drawings and layouts

(j) Certfficates of Compliance

(k) techhical specification sheets of components

(I) manpfacturer’s data and test reports

(m) NDE (nondestructive examination) reports

(n) shop passivation procedure

(o) maferial approvals and certifications from
suppliers

(p) any
user

Manufacturing documentation shall be maintained
throughoyt the design and manufacture for each compo-
nent, assembly, part, or unit. All documentation shall
be retained by the owner/user. As agreed to by the
owner/uspr and manufacturer, documentation from. the
manufactyrer will be retained for the agreed-upon dura-
tion of tine, but not less than 3 yr after manufacture.

additional documentation required by the

GR-5.2 P3rt DT

GR-5.2.1 Metallic Materials. Verification of Material
Test Reponts (MTR) for all process components that come
in contact| with the product ard)ancillary equipment
shall be examined.

The following documentation shall be presented to
the owner)/user or thejr-designee, as a minimum:

(a) Material Test.Report verified to the applicable
specificatipn(s)

(b) heat numiber/code traceable to a Material Test
Report

(a) Materials Documentation
(1) Material Test Reports (MTRs)
(2) Certified Material Test Reports (GMTRs
(3) Certificates of Compliance (C/of Cs)
(4) Material Examination Logs
(b) Welding, Inspection, and Exaifmation Qualification
Documentation (not required for standard fiftings,
valves, and components unless' specifically requifed by
the owner/user)
(1) Welding Procedure Specifications (WPSs
(2) ProcedureQualification Records (PQRs)
(3) Welder Rerformance Qualifications (WPQs)
(4) Welding Operator Performance Qualifidations
(WOPQs)
(5) Examiner Qualifications
(6)“documentation of approval of the above
owner’s representative prior to welding
(7) Inspector Qualifications
(8) documentation of the approval of (b)(7)
by the Owner prior to welding
(c) Weld Documentation (not required for standard fit-
tings, valves, and components unless specifically
required by the owner/user)
(1) Weld Maps
(2) Weld Logs
(3) Weld Examination and Inspection Logs
(4) Coupon Logs
(d) Testing and Examination Documentati
applicable)
(1) passivation reports
(2) sprayball testing
(3) pressure testing
(4) final slope check documentation
(5) calibration verification documentation
(6) purge gas certifications

by the

above

n (as

GR-5.3 Part M)

GR-5.3.1 Welding Documentation

(a) Pressure Vessels and Tanks. Records and retention
of records for code vessels shall be in accordance with
ASME BPVC, Section VIII, UW-51 for radiographs,
UG-120 for manufacturer’s data reports, and UW-52 for
spot examination of welds.

(b) Piping. Records and retention of records associ-
ated with piping shall be in accordance with ASME
B31.3, Chapter VI, Section 346.

6

(7) signature logs

(8) number of welds — both manual and automatic

(9) number of welds inspected expressed as a
percentage (%)

(10) heat numbers of components must be identi-
fied, documented, and fully traceable to the installed
system

GR-5.3.3 Material Test Reports. The combination of
documents, including Certificates of Compliance
(C of Cs), Material Test Reports (MTRs), and/or
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Certified Material Test Reports (CMTRs) for all metallic
equipment and component product contact surfaces
defined in the scope of this Standard shall include the
following information, as a minimum:

(a) ASME BPE Standard, including year date

(b) material type

(c) heat number

(d) chemical composition

(e) AWS Classification of filler metal, if used

provide a Certificate of Compliance with each type of
component(s) that shall include but is not limited to
(a) vendor’s company
(b) customer’s name
(c) description of component(s)
(d) identification of the electropolish procedure used
(e) final surface finish report (R, if required by the
customer)

GR-5.4.2 Passivation Documentation. The passiv-
_ (f) plloy designation and material Specification of  ation provider shall supply a Certificate of,(ompliance
insert) if used for each system or set (type) of componént(s) that shall
(g) [post weld heat treatment documentation, if include, but not be limited to
applidable (a) customer’s name.
(h) jmechanical properties are not required, but if (b) description of system or.¢emponent(s).
inclufled, must be accurate to the raw material (c) vendor company name.
specifjcation (d) qualified passivatiof.jwethod used.
(e) documentation of passivation process, ps follows:

GR{5.3.4 Weld Log. The results of the welding,
examination, and inspection shall be recorded on a Weld
Log. The information required to be on the Weld Log
may be in any format, written or tabular, to fit the needs
of theg manufacturer, installing contractor, inspection
contrdctor, and owner/user as long as all required infor-
matidn is included or referenced. Form WL-1 (see
Nonnfandatory Appendix B) has been provided as a
guidelfor the Weld Log. This form includes the required
data plus some other information that is not required.
The njinimum requirements are as follows:

(a) fisometric drawing number (including revision
numbkr)

(b) weld number

(c) Hate welded

(d) welder/welding operator identification

(e) bize

(f) ¢xamination
(1) date
(3) type of examination
(3) acceptance/rejection
(4) initials
inspection
(1) date
(4) type‘eféxamination
(3) acceptance/rejection
(4) initials

(1) written qualiffed procedure

(2) documentation of process control df essential
variables

(3) instrument calibration records

(4) certificates of analysis for all chemidals used

(5).'process testing and verification

(f)>,post-passivation verification method(s) used.

(g) for material manufacturers or supplierqof compo-
nents whose surfaces have been electropolishfed and/or
passivated, a “Certificate of Compliance for Pgssivation”
and/or “Electropolishing” stating that standard indus-
try practices, such as ASTM A967 or ASTM B912, as
applicable, have been used. If required by the owner/
user, the manufacturer or supplier may be fequired to
demonstrate the effectiveness of their procgdure by a
method mutually agreed upon.

GR-5.5 Part PM

GR-5.5.1 Polymers. For polymers the|following
documentation shall be presented to the owrfer/user or
his/her designee, as a minimum:

(a) Welding Documentation. Welding Procedure
Specifications/Parameters (WPS/P) uded, their
Procedure Qualification Records (PQR), ahd Welder
Performance Qualifications/Certification (WPQ/C) or
Welding Operator Performance Qualifications/
Certifications (WOPQ/C).

(h) identification of blind welds

(1) identification of manual welds

(j) basis of rejection

In addition, heat numbers and slope shall be recorded
on the Weld Log, an isometric drawing, or other owner/
user approved documentation.

GR-5.4 Part SF

GR-5.4.1 Electropolishing Documentation. The elec-
tropolish vendor, if requested by the customer, shall

7

(b) Weld Maps. When required by the owner/user,
weld maps of bioprocessing components, weld inspec-
tion logs of bioprocessing components (including type
and date of inspection), and welder identification of
each weld shall be provided either on the weld map or
on the inspection log. Welding history shall be turned
over, in printed or electronic format, to owner/user upon
completion of work and as part of the Installation
Qualification (IQ) process.

(c) Materials. All molded fittings, molded valves, and
extruded pipe shall be intrinsically identified to provide,
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as a minimum, material of construction, lot number, and
date of production to ensure traceability. Certificate of
Compliance shall be provided for molded/extruded
components not properly labeled.

(d) Testing Records. Other records (e.g., pressure test,
surface finish) shall be provided as required by
owner/user.

GR-5.5.2 Certificate of Compliance. The single-use
component or assembly manufacturer shall issue a

the end-user. Additional agreements may be required;
refer to SD-2.4.1.2(b). At a minimum, seals exposed to
process contact fluids and/or that have a high probabil-
ity of exposure will comply to the United States
Pharmacopeia (USP) directive with regard to USP <87>
(or ISO 10993-5) and USP <88> Class VI (or ISO 10993-6,
ISO 10993-10, and ISO 10993-11) on biological reactivity
[see SG-3.3.1(a)]. Examples of seals coming in direct con-
tact with a process stream include gaskets, O-rings, dia-
phragms, pinch tubes, and valve stem seals

The

Certificatd of Compliance that contains the following
informatign: GR-5.6.2.2 Certificate of Compliance.
(a) manufacturer’s name and contact information Certificate of Compliance shall contain ithe) following
(b) part|identifier information:
(c) lot idlentifier (a) manufacturer’s name
(d) datg of manufacturing and/or expiration date (b) part number

(e) compliance information

(f) addifional information, which can be included in
the Certifirate of Compliance upon agreement between
manufactyrer and end-user

GR-5.5

GR-5.5.3.1 General Requirements. A Certificate of
Compliange shall be issued by the hose assembly sup-
plier to certify compliance to this Standard when
required Ry the end-user.

GR-5{5.3.2 Certificate of Compliance. The
Certificatg of Compliance shall contain the following
informatiqn:

(a) manjufacturer’s name.

(b) partlnumber.

(c) unique identifier of the hose assembly.

(d) material of construction of process contact items.

(e) comfpliance to USP <87> (or ISO €.0993-5) and
USP Clasg VI <88> (or ISO 10993-6, ISQ_10993-10, and
1SO 10993}11).

(f) packaging and storage reconmimendations (this
may be in| another document).\Supplier’s name and
unique idpntifier shall be marked on either the hose
assembly|itself or the gackage containing the hose
assembly. [The unique idehtifier shall enable the supplier
to identify| the raw, Material and processing conditions
used to fgbricatetthe article. Suppliers shall mark the
hose assemblyitself to avoid potential loss of traceability
and to ai;]‘ ifppositive identification of hose assemblies.

3 Compliance Requirements

(c) lot number

(d) material of construction

(e) compound numberter-inique identifier

(f) cure date or date’of'manufacture

(g) intrusion category (hygienic seals only; see §G-4.2)

(h) compliancé to'USP <87> (or ISO 10993-5) and USP
<88> Class VI{(or ISO 10993-6, ISO 10993-1(, and
ISO 10993-11)

(i) packaging and storage recommendation (thjs may
be of@another document and not a Certifichte of
Compliance)

Marking on the seal package should include itgms (a)
through (i) above.

GR-5.6.3 Certificate of Design for a Sealed Union.
The seal manufacturer shall provide, upon reqyest of
the end-user, a certificate of design conformande that
the sealed union meets the intrusion requiremgnts of
SG-4.2.

GR-6 METRIC

Metric units in this Standard are conversiong from
U.S. Customary units, and are for reference pufposes
only unless specified otherwise.

GR-7 REFERENCES

For this Standard, the most recent approved version
of the following referenced standards shall apply:

GR-5.6 Part SG

GR-5.6.1 Seal Documentation. Seal manufacturers
must provide, upon customer request, documentation
(test report) of the in vivo USP Class VI <88> and the
in vitro USP <87> testing on final manufactured seals.

GR-5.6.2 Compliance Requirements

GR-5.6.2.1 General Requirements. A Certificate of
Compliance shall be issued by the seal manufacturer to
certify compliance to this Standard when required by
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ANSI/AWS A3.0, Standard Welding Terms and
Definitions

ANSI/AWS QC-1, Standard for AWS Certification of
Welding Inspectors

AWS D18.2, Guide to Weld Discoloration Levels on the
Inside of Austenitic Stainless Steel Tube

Publisher: American Welding Society (AWS), 550 NW
Le Jeune Road, Miami, FL 33126 (www.aws.org)

ASME B31.1, Power Piping
ASME B31.3, Process Piping

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

ASME B46.1, Surface Texture (Surface Roughness,
Waviness, and Lay)

ASME Boiler and Pressure Vessel Code, Section V,
Nondestructive Examination

ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1, Pressure Vessels

ASME Boiler and Pressure Vessel Code, Section IX,
Welding and Brazing Qualifications

Publighe Frerean—Socielyr—o EPE
Three Park Avenue, New York,

NMeaeckh

ASTM D471, Standard Test Method for Rubber

perty — Effect of Liquids

ASTM D624, Standard Test Method for Tear Strength of
Corfventional Vulcanized,Rtibber and Thermoplastic
Elagtomers

ASTM D2240, Standard Test Method for Rubber
Property — Durometer Hardness

ASTM E112, Test Methods for Determining Average
Grajin Size

ASTM E220,»Standard Test Method for Calibration of
Thefrmocouples By Comparison Techniques

European Hygienic Engineering & Design Group
(EHEDG), Document No. 18 — Passivation of
Stainless Steel

Publisher: European Committee for Standardization
(CEN), Avenue Marnix 17, B-1000, Brussels, Belgium
(www.cen.eu)

FDA, 21 CFR, Parts 210 and 211, Current Good
Manufacturing Practices

GMP: current Good Manufacturing Practices, Title 21 of

e Food and Drug Administration

Publisher: U.S. Food and Drug Administrgtion (U.S.
FDA), 5600 Fishers Lane, Rockville, MD 20857
(www.fda.gov)

IEC 60751, Industrial RBlatinum HResistance
Thermometers and Platinum-Temperature] Sensors

Publisher: International.Ele¢trotechnical C¢mmission
(IEC), 3, rue de Varémbe, Case postale 131, CH-1211
Geneve 20, Switzerland /Suisse (www.iec.¢h)

ISO 34-1, Rubbey, vulcanized or thermoplastic —
Determination of tear strength — Part 1: Trouser, angle
and crescent test pieces

ISO 3432y Rubber, vulcanized or thermoplastic —
Determination of tear strength — Part 2: Sthall (Delft)
tést pieces

ISO 37, Rubber, vulcanized or thermoplastic —
Determination of tensile stress—strain properties

ISO 48, Rubber, vulcanized or thermoplastic —
Determination of hardness (hardness bptween 10
IRHD and 100 IRHD)

ISO 815-1, Rubber, vulcanized or thermdplastic —
Determination of compression set — Part ]: At ambi-
ent or elevated temperatures

ISO 815-2, Rubber, vulcanized or thermdplastic —
Determination of compression set — Parj 2: At low
temperatures

ISO 816, Superseded by ISO 34-2

ISO 1817, Rubber, vulcanized — Determination of the
effect of liquids

ISO 11137, Sterilization of health care pjoducts —
Radiation — Part 1: Requirements for deyelopment,
validation, and routine control of a sterilization pro-
cess for medical devices

Publisher: International Organizatfion for
Standardization (ISO) Central Secretariat, 1, ch. de la

ASTM EZ30/7EZ30M, Standard Specification and
Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples

ASTM E644, Standard Test Methods for Testing
Industrial Resistance Thermometers

ASTM E1137/E1137M, Standard Specification for
Industrial Platinum Resistance Thermometers

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive,
P.O. Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

Voie-Creuse, Case postale 56, CH-1211, Geneve 20,
Switzerland /Suisse (www.iso.org)

ISPE Baseline® Pharmaceutical Engineering Guide for
Water and Steam Systems — Volume 4

Publisher: International Society for Pharmaceutical
Engineering (ISPE), 3109 W. Dr. Martin Luther King,
Jr. Blvd., Tampa, FL 33607 (www.ispe.org)

NIH (BL-1/BL-4), Biohazard Containment Guidelines

Publisher: National Institutes of Health (NIH), 9000
Rockville Pike, Bethesda, MD 20892 (nih.gov)
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SNT-TC-1A, Recommended Practice for Nondestructive
Testing Personnel Qualification and Certification

Publisher: American Society for Nondestructive Testing
(ASNT), 1711 Arlingate Lane, P.O. Box 28518,
Columbus, OH 43228-0518 (www.asnt.org)

3-A, Sanitary Standards

Publisher: 3-A Sanitary Standards, Inc., 6888 Elm Street,
Suite 2D, McLean, VA 22101 (www.3-a.org)

biologics: therapeutic or diagnostic products generated
and purified from natural sources.

biopharmaceuticals: ethical pharmaceutical drugs derived
through bioprocessing.

bioprocessing: the creation of a product utilizing a living
organism.

bioprocessing equipment: equipment, systems, or facilities
used in the creation of products utilizing living

Qrganismes
e}

GR-8 TERMS AND DEFINITIONS

annealing: f treatment process for steel for reducing hard-
ness, imprpving machinability, facilitating cold working,
or producing a desired mechanical, physical, or other
property.
anomaly: a[localized surface area that is out of specifica-
tions to the surrounding area, and is classified as
abnormal.

arc gap: for orbital GTAW, the nominal distance, mea-
sured priqgr to welding, from the tip of the electrode to
the surface of the weld joint or insert.

arc strike: [a discontinuity consisting of any localized
remelted netal, heat-affected metal, or change in the
surface pyofile of any part of a weld or base metal
resulting from an arc, generated by the passage of electri-
cal currenf between the surface of the weld or base mate-
rial and a|current source, such as a welding electrode,
magnetic particle prod, or electropolishing electrode.

aseptic: freg of pathogenic (causing or capable of causing
disease) njicroorganisms.

aseptic professing: operating in a manner that prevents
contamingtion of the process.

audit: an ofr-site evaluation by an ASME-appointed team
to review gnd report evidence of compliance of the appli-
cant with pegard to the requirements of the ASME BPE
Standard, [“after” issuance of¢a certificate.

autogenoudweld: a weld made by fusion of the base mate-
rial withofit the addition'\of filler. (See also gas tungsten-
arc welding.)

automatic peldingswelding with equipment that per-
forms the welding operation without adjustment of the
controls by a‘welding operator. The equipment may or

blind weld (or closure weld): a weld joint by desigln that
cannot feasibly be visually inspected interhally.

blister (polymeric): a localized imperfection on a pqlymer
surface, containing a pocket of fluid.

blistering (metallic): a localized delamination witlin the
metal that has an appearance‘ef/chipped or flaed-off
areas. Per SEMI F019-0304Lsection 4.2.1.

borescope: a device for indirect visual inspection off diffi-
cult access locations such as equipment and pip¢s.

break: a discontinuity in the face of a fitting.

buffing: a process in which an abrasive compounfl on a
flexible bagking is applied to metal to produce a highly
reflective stirface.

burn*through: excessive melt-through or a hole through
thelroot bead of a weld.

burr: excess material protruding from the edge typically
resulting from operations such as cutting or faciphg.

butt joint: a joint between two members lying agproxi-
mately in the same plane.

cartridge seal: a self-contained seal assembly.
cavitation: a condition of liquid flow where, after yapor-

ization of the liquid, the subsequent collapse of|vapor
bubbles can produce surface damage.

certificate: a Certificate of Authorization issued by
ASME.

Certificate of Authorization: a document issued by ASME
that authorizes the use of an ASME BPE Symbol ptamp
for a specified time and for a specified scope of agtivity.

certificate holder: an organization holding a Certifitate of
Authorization issued by the Society upon satisflactory

may not perform the loading and unloading of the work.
(See also machine welding.)

barrier fluid: a fluid used to separate environment from
product such as water or condensate in a double
mechanical seal.

bioburden: the number of viable contaminating orga-
nisms per product unit.

biofilm: a film of microorganisms or cell components
adhering to surfaces submerged in or subjected to fluid
environments.

rnmp]pfinn of evaluiation of abilitv to rnmp]v with the
requirements of this Standard.

certification: documented testimony by qualified authori-
ties that a system qualification, calibration, validation,
or revalidation has been performed appropriately and
that the results are acceptable.

cGMPs: current Good Manufacturing Practices. Current
design and operating practices developed by the phar-
maceutical industry to meet FDA requirements as pub-
lished in the Code of Federal Regulations, Chapter 1,
Title 21, Parts 210 and 211.
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chromatography: the purification of substances based on
the chemical, physical, and biological properties of the
molecules involved.

clean: a condition achieved by removal of dirt, residues,
detergents, or other surface contaminants.

cleaning: operations by which dirt, residues, detergents,
or other surface contaminants are removed to achieve
predetermined surface attributes.

clean-i -‘nIﬂrp (CIP)- internally n]p;\ning a Piprp of pqnip-

changes in the property of the metal. This may lead to
impairment of the function of the metal, the environ-
ment, and/or the technical system involved.

cracks: fracture-type discontinuities characterized by a
sharp tip and high ratio of length and width to opening
displacement. A crack may not be detected with a stylus.
A linear crack will produce a liquid penetrant indication
during liquid penetration inspection, X-ray, or
ultrasound.

ment Without relocation or disassembly. The equipment
is cleaned but not necessarily sterilized. The cleaning is
normglly done by acid, caustic, or a combination of both,
with yvater-for-injection (WFI) rinse.

clean
be pu
denta

team: steam free from boiler additives that may
ified, filtered, or separated. Usually used for inci-
heating in pharmaceutical applications.

closed fread: for orbital GTAW, a welding head that encap-
sulatep the entire circumference of the tube/pipe during
weldifg and that contains the shielding gas.

cloudipess: the appearance of a milky white hue across
some portion of a surface resulting from the electropol-
ish prpcess.

clustef of pits: two or more pits, the closest distance
between each being less than the diameter of any one pit.

cluster porosity: porosity that occurs in clumps or clusters.

compepdial water: purported to comply with USP and+
or any other acknowledged body of work related’to
the quality, manufacture, or distribution of highlpurity
water.

comprgssion set: permanent deformation of rubber after
subscfiption in compression for a petiod of time, as
typicallly determined by ASTM D395,

concadfity: a condition in which-the’surface of a welded
joint ip depressed relative to-the surface of the tube or
pipe. [Concavity is measufed as a maximum distance
from the outside or insidé.diameter surface of a welded

joint along a line perpendicular to a line joining the
weld foes.
consutpable insert; a ring of metal placed between the

crater: a depression at the termination of ayweld bead.

crater cracks: cracks that form in the crater, [or end, of

the weld bead.

creep: a time-dependent permafient deformfation that
occurs under stress levels below the yield stess.

dead leg: an area of entrapmeént in a vessel or piping run
that could lead to contamination of the product.

defects: discontinuities that by nature or acfumulated
effect (for example) total crack length) renddr a part or
product unabled¢o meet minimum applicable facceptable
standards or'specifications. This term designhtes reject-
ability. (See‘also discontinuity.)

deionized water: a grade of purified water prpduced by
the'éxchange of cations for hydrogen ions gnd anions
for hydroxyl ions.

delamination: separation into constituent layers.

demarcation: a localized area that is dissimjlar to the

surrounding areas with a defined boundary,

dent: a large, smooth-bottomed depression whose diam-
eter or width is greater than its depth and tHat will not
produce an indication.

descaling: the removal of heavy, tightly adhdrent oxide
films resulting from hot-forming, heat-treatnjent, weld-
ing, and other high-temperature operations [such as in
steam systems.

dirty: a relative term indicating the conditiopn of being
contaminated.

m that of
bxidation

discoloration: any change in surface color fr
the base metal. Usually associated with

two e|ements\to be welded that provides filler for the =~ occurring on the weld and heat-affected zgne on the
weld, whet/performed with fusion welding equipment. ~ outside diameter and inside diameter of the[weld joint
A conkumable insert can also be used for the root pass as a result of heating the metal during weld ng. Colors

in a multiple pass weld with the addition of filler wire
(also called insert ring).

convexity: a condition in which the surface of a welded
joint is extended relative to the surface of the tube or
pipe. Convexity is measured as a maximum distance
from the outside or inside diameter surface of a welded
joint along a line perpendicular to a line joining the
weld toes.

corrosion: a chemical or electrochemical interaction
between a metal and its environment, which results in

11

may range from pale bluish-gray to deep blue, and from
pale straw color to a black crusty coating.

discontinuity: interruption of the typical structure of a
weldment, such as a lack of homogeneity in the mechani-
cal, metallurgical, or physical characteristics of the mate-
rial or weldment. A discontinuity is not necessarily a
defect.

distribution system: centralized system for the delivery
of fluids from point of generation or supply to point
of use.

(

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

downslope: that part of an automatic orbital weld
sequence during which the welding current is gradually
reduced prior to extinguishing of the welding arc. The
downslope portion of a welded joint is seen as a tapering
of the end of the weld bead with a reduction of penetra-
tion from the beginning to the end of the downslope so
that the final weld bead is small with minimal
penetration.

dross: a concentration of impurity formed in the weld

flash electropolish: an electrochemical process done for a
very short duration of time with a low current density,
which neither significantly alters the surface of the mate-
rial nor meets the acceptance criteria as set forth in
Table H-3.3-1 in Nonmandatory Appendix H of this
Standard.

fluoropolymer: polymer material having a carbon chain
either partially or completely bonded to fluorine atoms.

flushing (rinsing): the flowing of water over the product

puddle. It ffoatsto the surface when the metal soidifies:

(See also glag.)

duplex staipless steel: a group of stainless steels whose
chemical ¢omposition is designed to produce a room-
temperatyre microstructure that is a mixture of austenite
and ferritg.

durometer:measurement of hardness related to the resist-
ance to pepetration of an indenter point in to a material
as typically determined by ASTM D2240.

dynamic sqal: seal with a component that is in motion
relative to]a second surface.

dynamic syray device: a moving device, designed to pro-
duce a nofstationary spray pattern.

elastomer: 1
ticity. (See

ubber or rubberlike material possessing elas-
also elastomeric material.)

elastomeric| material: a material that can be stretched or
compressgd repeatedly and, upon immediate release of
stress, will return to its approximate original size.

electropolisfing: a controlled electrochemical process-uti-
lizing acid electrolyte, DC current, anode, and/cathode
to smooth| the surface by removal of metal.

end grain effect: a surface discontinuity of small diameter

(or linear)| cavities located perpendicularto the rolling
direction| of the material and appearing after
electropolfshing.

etching: thp process of removing a layer of metal from
its surface|using a chemicalfand/or electrolytic process.

ethical phamaceutical: a'controlled substance for the diag-
nosis or treatment of disease.

excessive ppnetration: weld penetration that exceeds the
acceptance limibfor inside diameter convexity. (See also
convexity.)

and/or solution contact surfaces of system comppnents
for the removal of particulates or watex_sgluble
contaminants.

full penetration: a weld joint is said to b€ fully pengtrated
when the depth of the weld extends{from its fage into
the weld joint so that the joint is fully fused. For g tube-
to-tube weld, no unfused portionsof the weld joir|t shall
be visible on the inside diameter of a fully pengtrated
weld.

fusion: the melting together of filler metal and base
or of base metal ofily, that results in coalescence

metal,

fusion welding:(welding in which the base matdrial is
fused together, without the addition of filler matdrial to
the weld.{See also gas tungsten-arc welding.)

gas tupgsten-arc welding (GTAW): an arc welding process
that produces coalescence of metals by heating them
with an arc between a tungsten (nonconsumabld) elec-
trode and the work. Shielding is obtained from| a gas
or gas mixture. (This process is sometimes calldd TIG
welding, a nonpreferred term.) GTAW may b per-
formed by adding filler material to the weld, of by a
fusion process in which no filler is added.

guasket: static seal made from deformable material com-
pressed between two mating surfaces.

GMP facility: a facility designed, constructed, and oper-
ated in accordance with ¢cGMP guidelines established
by the FDA.

grain boundary: an interface separating two grains,[where
the orientation of the lattice structure changes from that
of one grain to that of the other. Per SEMI F019-0304,
section 4.8.2

harvesting: the separation of cells from growth media.
This can be accomplished by filtration, precipitatjon, or
centrifugation.

extractables (polymeric): chemicals that can be removed
from polymeric articles using appropriate solvents.

fermentation: the biochemical synthesis of organic com-
pounds by microorganisms or cultivated cells.

fermentor (fermenter): a vessel for carrying out
fermentation.

fixture marks: an area on an electropolished component
where the electrical connection was made for the pro-
cessing of the component.

12

haze: a localized diminished surface brightness, com-
monly produced by gassing or air pockets, during
electropolishing.

heat number: an alphanumeric identification of a stated
tonnage of metal obtained from a continuous melting
in a furnace.

heat-affected zone: that portion of the base metal that has
not been melted, but whose microstructure or mechani-
cal properties have been altered by the heat of welding
or cutting.

(

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

heat tint: coloration of a metal surface through oxidation
by heating. (See also discoloration.)

higher alloy: a metal containing various alloying constit-
uents formulated to provide enhanced corrosion resist-
ance and possibly improved mechanical properties
beyond those that are typically observed in UNS 531603
stainless steel.

hold-up volume: the volume of liquid remaining in a ves-
sel or piping system after it has been allowed to drain.

lamellar tears: terrace-like fractures in the base metal with
a basic orientation parallel to the wrought surface;
caused by the high stress in the thickness direction that
results from welding.

laminations: elongated defects in a finished metal prod-
uct, resulting from the rolling of a welded or other part
containing a blowhole. Actually, the blowhole is
stretched out in the direction of rolling.

leachables (polymeric): typically a subset of extractables,

hydrotpst: a pressure test of piping, pressure vessels, or
pressyre-containing parts, usually performed by pres-
surizing the internal volume with water at a pressure
deterthined by the applicable code.

hygiengic: of or pertaining to equipment and piping sys-
tems that by design, materials of construction, and oper-
ation provide for the maintenance of cleanliness so that
produlcts produced by these systems will not adversely
affect |human or animal health.

hygieric clamp joint: a tube outside diameter union con-
sisting of two neutered ferrules having flat faces with
a congentric groove and mating gasket that is secured
with a clamp, providing a nonprotruding, recessless
produlct contact surface.

hygiertic joint: a tube outside diameter union providing
a nonprotruding, recessless product contact surface.

icicles]localized regions of excessive penetration, which
usually appear as long, narrow portions of weld metal
on thqg weld underbead. (See also convexity and excessive
penetriition.)

inclus
polyny
incom
in whi

ons: particles of foreign material in @ mietallic or
er matrix.

blete fusion (or lack of fusion): a'weld discontinuity
ch fusion did not occur befween weld metal and
faces ¢r between adjoining weld beads. Also, in welding
of tubjng, when the weld fully)penetrates the wall thick-
ness But misses the joint} leaving some portion of the
inner |(inside diameter)tweld joint with unfused edges.

incom
weld
pletel

blete penetration (or lack of penetration): a groove
in which the weld metal does not extend com-
7 through the joint thickness.

indica
thath

ion{acondition or an anomaly of a localized area
hs 1ot been classified as being accepted or rejected.

these chemicals migrate from polymeric articles into the
product or process fluid.

linear porosity: porosity that occurs in|a"linepr pattern.
Linear porosity generally occurs.in’ the root|pass from
inadequate joint penetration.

liquid penetrant indicatiow:,refer to ASMIE BPVC,
Section V, Article 6, para:-12600, for testing ah anomaly
or an indication.

machine welding: welding with equipment thajt performs
the welding operation under the constant opservation
and control 6f\a* welding operator. The equigment may
or may not/perform the loading and unloading of the
works. (See also automatic welding.)

manyal® welding: welding in which the entife welding
gperation is performed and controlled by hgnd.

material type: a commercial designation for a gfven chem-

istry range.
maximum working pressure: the pressure at which the

system is capable of operating for a sustaiped period
of time.

maximum working temperature: the temperatuge at which
the system must operate for a sustained peripd of time.
The maximum working temperature should relate to
the maximum working pressure and the fluidp involved.

meandering: of or pertaining to a weld bead thpt deviates
from side to side across the weld joint rqther than
tracking the joint precisely.
mechanical seal: a device used for sealing fluids with
rotating shafts. A mechanical seal is a prefabricated or
packaged assembly that forms a running segl between
flat surfaces.

micron or micrometer (1 w): one-millionth of 4 meter.

Inspector’s Delegate: a person who is delegated by an
owner’s inspector to perform inspection functions as
referenced in ASME B31.3, para. 340.4(c).

joint penetration: the depth that a weld extends from its
face into a joint, exclusive of reinforcement.

lack of fusion after reflow: a discontinuity in welding of
tubing where, after a reflow or second weld pass has
been made, the original joint has still not been con-
sumed, leaving the weld joint with unfused edges on
the inner surface.
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misalignment (mismatch): axial offset of the joint
members.

miter: two or more straight sections of tube matched and
joined in a plane bisecting the angle of junction so as
to produce a change of direction.

mold flash: excess material that is greater than the
designed geometry of a part that is formed in the mold-
ing process.

molded seal: a seal that is manufactured by forming in a
mating cavity.

(
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nick: a surface void anomaly caused by material removal
or compression from the surface, whose bottom surface
is usually irregular.

nominal outside diameter: a numerical identification of
outside diameter to which tolerances apply.

nominal wall thickness: a numerical identification of wall
thickness to which tolerances apply.

nonuniform mechanical polishing marks: a localized surface
polishing patternthat-is-dissimilarto—thesurrounding
area.

off angle: al measurement of face-to-face squareness.

off plane: almeasurement of the offset between part cen-
terlines or] two planes.

open head: for orbital GTAW, a welding head that is open
to the atrosphere external to the tube/pipe being
welded and that does not enclose the shielding gas,
which is still provided through the torch.

orange peel an appearance of a pebbly surface.

orbital welding: automatic or machine welding of tubes
or pipe injplace with the electrode rotating (or orbiting)
around th¢ work. Orbital welding can be done with the
addition of filler material or as a fusion process without
the additipn of filler.

O-ring: rirjg seal of circular cross section.

outboard sgal: a seal that is outside the product area in
the outermost part of a mechanical seal assembly.

overlap: the protrusion of weld metal beyond the weld
toes or welld root. Also, in an orbital weld, that-amount
by which the end of the weld bead overlaps the“begin-
ning of the weld bead (not including the ‘downslope)
on a single-pass weld.

owner/use
use rests.

the body upon which-final possession or

oxidation: p common form of\electrochemical reaction
that is the|combining of oxygen with various elements
and comppunds.

oxide layer| an area, fistally located in the heat-affected
zone of the weldmerit where an oxidation reaction has
taken plade.

packing: a type of shaft seal formed into coils, spirals, or

passivity: the state in which a stainless steel exhibits a
very low corrosion rate. The loss (or minimizing) of
chemical reactivity exhibited by certain metals and
alloys under special environmental conditions.

PE: polyethylene, polymer material composed of carbon
and hydrogen.

penetration: see full penetration, incomplete penetration, and
joint penetration.

persondl ca

dareproau
or cosmetic care.

hygiene

PFA: perfluoroalkoxy, copolymer of perfluofoalkoky and
tetrafluoroethylene.

pharmaceutical: relating to the use ardd /6r manufacture
of medical drugs or compounds used to diagnose treat,
or prevent a medical conditiont

pickling: a chemical process-for cleaning and degcaling
stainless steel and otheralloy parts, equipment, and
systems.

pipe: pipe size is @etermined by diameter and |either
schedule, series; o1’ SDR. For bioprocessing equipment,
pipe does not include tube.

pit: a small\surface void resulting from a localiz¢d loss
of base material.

pitch:to cause to be set at a particular angle or|slope.
Degree of slope or elevation.

polymer: a molecule consisting of many smaller groups.
They can be synthesized either through chain regctions
or by templating. Some examples of polymers arg plas-
tics, proteins, DNA, and dendrimers.

polymeric materials: a natural or synthetic material whose
molecules are linked in a chain.

polypropylene (PP): polymer material composed pf car-

bon and hydrogen.

porosity: cavity-type discontinuities formed by gas
entrapment during solidification.

pressure rating: pressure at which a system is degigned
to operate, allowing for applicable safety factors|

process component: a component that contacts the pfoduct
or process fluid. Process components include, Hut are
not limited to piping, fittings, gaskets, vessels, yalves,
pumps, filter housings, and instruments.

rings that is compressed into the seal cavity.

passivation: removal of exogenous iron or iron from the
surface of stainless steels and higher alloys by means
of a chemical dissolution, most typically by a treatment
with an acid solution that will remove the surface con-
tamination and enhance the formation of the passive
layer.

passive layer: a chromium-enriched oxide layer on a stain-
less steel surface, that improves the corrosion resistance
of the base metal.

product contact surface: a surface that contacts raw materi-
als, process materials, and/or product.

profilometer: an instrument for the measurement of the
degree of surface roughness.

progressive polishing: a mechanical grinding procedure
where a coarse grit material is used first and the succes-
sive operations use a finer and finer grit until the desired
surface roughness is achieved.

PTFE: polytetrafluoroethylene, homopolymer material
of tetrafluoroethylene.
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pure steam: steam that is produced by a steam generator
that, when condensed, meets requirements for water-
for-injection (WEFI).

purified water (PW): a classification of water according
to compendial standards.

PVDEF: polyvinylidene fluoride, homopolymer, and/or
copolymer material composed of carbon, hydrogen, and
fluorine.

pyroge

) fpvpr-prndn(*ing substance

seal point: location of process boundary created by com-
ponents in contact (seal), having sufficient contact
stress/load to create media or environmental isolation.

seal weld: a weld used to obtain fluid tightness as
opposed to mechanical strength.

self-draining: the elimination of all fluid from the system
due to the force of gravity alone.

SEM: scanning electron microscope.

R, log of the arithmetic mean of the surface profile.
R, mak.: the highest value of a series of R, readings.

reflow
fusion

a second weld pass made to correct a lack of
or missed joint.

reinforcement: see convexity.

rouge:Ja general term used to describe a variety of discol-
oratiops in high purity stainless steel biopharmaceutical
systemns. It is composed of metallic (primarily iron)
oxide$ and/or hydroxides. Three types of rouge have
been ¢ategorized.

Clags I rouge: a rouge that is predominantly particulate
in natfire. It tends to migrate downstream from its origi-
natior} point. It is generally orange to red-orange in color.
Theselparticles can be wiped off a surface and are evident
on a pipe. Surface composition of the stainless steel
undei] the rouge remains unchanged.

Clads II rouge: a localized form of active corrosion. It
occurg in a spectrum of colors (orange, red, blue, purple,
gray, plack). It can be the result of chloride or_ other
halidq attack on the surface of the stainless steel.

Clags 111 rouge: a surface oxidation condition occurring
in high temperature environments such as pure steam
systeths. The system’s color transitions-to gold, to blue,
to vatfious shades of black, as the layer thickens. This
surfade oxidation initiates as astable layer and is rarely
particplate in nature. It is an\extremely stable form of
magnetite (iron sesquioxide, Fe;Oy).
sanitafy: see hygienic,
sanitapy (hygienic) weld: generally considered to be a
groove weld inasquare butt joint made by the GTAW (or
plasmia) process-as a fusion weld without the addition

SeTTI=IITtOTITtic A7 WeliingT arc wetding with
that controls only the filler metal feed. The
the welding is manually controlled.

pquipment
hdvance of

service life: the life expectancy or fiumber off cycles for
which the unit will maintain itspefformance.

size classification: the size of/surface deficits i classified
in two groups: macro, referring to indicatioms that can
be seen in adequate lighting without magnifi¢ation, and
micro, referring to indications that can be seenj only with
the aid of magnification.

slag: a concentfation of nonmetallic impurities (often
oxides or nitrides) that forms in the weld pooljand solidi-
fies on the underbead or weld top surface. pometimes
referredto as “dross.”

slope’an incline or deviation from the horizorjtal. A tube
or-pipe installed in the horizontal plane is sajid to slope
if one end is positioned higher than the other.

sparger: a device used to agitate, oxygenate, pr aerate a

liquid by means of compressed air or gas.

spatter: the metal particles expelled during welding that
do not form part of a weld.

spot electropolishing: a localized electrochemi¢al process
that is capable of producing the correct Cr to He ratios on
the surface of a material and meeting the requjrements of
Table H-3.3-1.

spray device: device for the directed distribution (deliv-
ery) of liquids to defined process contact gurfaces of
equipment. (See also static spray device and dyfamic spray
device.)

square cut: a tube end cut perpendicular to the tangent
plane.

of filler material. A sanitary W.eld must be com_pletely squareness: face-to-face perpendicularity.
penetfated-on the weld 1.D., with little or no discolor- o . .

. . . e N . . . star hurst-a tvne of indication created durino the reaction
atlon uc 1O OX1ddtiOIn, ditd DE ONErwise wWIthout derects 1 S

that would interfere with maintenance in a clean and
sterile condition.

schedule: dimensional standard for pipe as defined by
ASTM.

SDR: standard dimension ratio, a sizing system for poly-
mer piping systems that relates wall thickness to pres-
sure rating as defined by ISO.

seal chamber: see stuffing box.

seal face: surface point on which a seal is achieved.

15

of electrochemical etching process on the foreign or
refractory material (dross) on the welds or base metal.

static seal: a stationary sealing device.

static spray device: a stationary device, designed to pro-
duce a fixed directional spray pattern.

steam-in-place (SIP): the use of steam to sanitize or steril-
ize a piece of equipment without the use of an autoclave.

stem seal: a seal element that is used on a shaft.

sterile: free from living organisms.

(
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sterility: the absence of all life forms.

stringer indication: a linear void resulting from the
removal of an elongated nonmetallic inclusion or sec-
ondary phase.

stuffing box: in shaft seals, the casing containing the seal-
ing material. Seal chamber for shaft seals. (See also
packing.)

super-austenitic stainless steel: a subgroup of austenitic

thermoset: long-chain polymers that are usually con-
nected by crosslinks. Once formed, these materials can-
not be reshaped.

transfer panel: a panel to which process and/or utilities
are piped that mechanically precludes erroneous cross-
connections.

tube: tube is sized by its nominal outside diameter. For
bioprocessing equipment, tube does not include pipe.

tungsten inclusions: tungsten particles transferred into

stainless gteetstraving etevatedtevets—of micket, <hro=
mium, anjl[ molybdenum compared with standard aus-
tenitic stajnless steels (e.g., UNS S31603) and that may
have othet additions (e.g., nitrogen and/or copper) to
increase strength and resistance to pitting corrosion and
stress corrpsion cracking in the presence of chlorides.

super duplex stainless steel: those duplex stainless steels
whose chdmical composition is designed to result in a
pitting rgsistance equivalent number (PREN) of at
least 40.

surface fintsh: all surfaces as defined by Part SF of the
current AYME BPE Standard and/or the owner/user or
manufactdrer and referred in R, inches or meters.

surface inclysion: particles of foreign material in a metallic
matrix. The particles are usually compounds such as
oxides, sulfides, or silicates, but may be a substance
foreign toland essentially insoluble in the matrix.

surface res
surface by
ionic bond

dual: a foreign substance that adheres to a
chemical reaction, adhesion, adsorption, or
ing (e.g., corrosion, rouging, and staining)-

survey: an|announced on-site evaluation by an ASME
appointed|team to review and report evidenge of compli-
ance of the applicant with regard to the tequirements
of the ASME BPE Standard “before” issuarce or renewal
of a certificate.

system volume: total volume of liquid in the system,

including equipment, piping, valving, and
instrumentation.
thermoplastic: long-chain_polymers that are usually not

connected| by crosslinks. Once formed, these materials
can be reshaped.

the weld deposit by occasional touching of the/tuhgsten
electrode used in the gas tungsten-arc process [to the
work or to the molten weld metal. Theserinelusigns are
often considered defects that must be femoved ahd the
weld repaired prior to final acceptarice. Tungsten|inclu-
sions may be invisible to the unaided eye, but are geadily
identified in a radiograph.

unacceptable leakage: leakagélevel above which the sys-
tem performance is considéred unacceptable by the sys-
tem user and applicable-regulating body.

undercut: a groove thelted into the base metal ad
to the weld toeor/weld root and left unfilled by
metal.

jacent
weld

underfill: a.depression on the weld face or root qurface
extendifig below the adjacent surface of the base jmetal.
(See also concavity.)

unjformly scattered porosity: porosity that is distrjbuted

in a weldment in a uniform pattern.
user: see owner/user.

validation: establishing documented evidence tHat the
system does what it purports to do.

waviness: undulations or rippling of the surfaces

weld joint design: the shape, dimensions, and configura-
tion of the weld joint.

struc-
after

weld whitening: a difference in appearance of grain
ture between weld metal and base metal
electropolishing.

welding operator: one who operates machine or autpmatic
welding equipment.

WFI: water-for-injection, a classification of water

according to compendial standards.
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Part SD
Systems Design

SD-1 PURPOSE AND SCOPE

It will be the responsibility of the owner/user to deter-

The| purpose of Part SD is to establish design guide-
lines gpplicable to bioprocessing equipment. Wherever
“equipment” is stated in this Part, it shall mean all bio-
procepsing equipment, components, assemblies, and
systers.

The| purpose of this Part is to create a design frame-
work,| using proven practices, for supporting efficient
cleangbility and bioburden control in bioprocessing sys-
tems. [Methods presented in this Part represent indus-
try’s pccepted design practices. These should be
regarded only as a guideline. They are not intended
to linjit the choice of alternative designs. The parties
(owngr/user, designer, and manufacturer) are free to
impoge their own design criteria for achieving the neces-
sary r¢quirements. Figures in this Part show several lev-
els of design and fabrication. The “Accepted”
desighation represents an industry accepted design.
They fire not intended to limit new and possibly better
desigis.

The BPE Standard is not intended to foresee all poten-
tial cpmbinations of owner/user requirements and
equipment designs. Equipment may be successfully
installed and qualified that does not conform to the
requitements identified in the Standard. ‘The owner/
user shall be responsible for justifying\the acceptability
of eqyipment. The scope of this Partcovers bioprocess-
ing syptems and ancillary equipment designs. This Part
also applies to design considerations required for effec-
tive dlean-in-place (CIR) Jand steam-in-place (SIP)
procegses.

Thi$ Part does not<address software/hardware as it
relateg to the autemation of the cleaning or steaming
procegses.

SD-2 | GENERAL GUIDELINES

TMine the contaimment tevel for the partictjar type of
equipment or system, in accordance with National
Institutes of Health (NIH) guideline$ and ppplicable
local codes or environmental regulations.

SD-2.2 Bioburden Control

[Reserved for future confent]

SD-2.3 Bioburden Reduction

[Reserved for future content]

SD-2.3.1 Thermal Sanitization. [Reserved for future
content]

SD-2:3.1.1 Steam in Place. Equipmenf| parts and
components subjected to SIP should withstar|d continu-
ous'tlow of saturated steam at a minimum tgmperature
0f-266°F (130°C) for duration of 100 hr minimpum under
continuous steady-state conditions. However} at the dis-
cretion of the owner/user, conditions that are more strin-
gent may be imposed. The use of elgstomers/
fluoroelastomers (within a piece of equipment or certain
process instrumentation) that may thermally degrade
during SIP will need to be thoroughly ev3luated by
the owner/user or manufacturer. The overall life of the
equipment may be shortened significantly if fthe correct
elastomer or process instrument is not selecfed.

All product contact surfaces shall reach the required
temperatures during the SIP cycle.

SD-2.3.1.2 Depyrogenation.
content]

SD-2.3.2 Chemical Sanitization.
future content]

[Reserved|for future

[Regerved for

SD-2.4 Fabrication

Fabrication shall be performed in facilities| where the

All equipment shall be designed for the bioprocessing
application, requirements, and specifications of the
owner/user. It shall be the responsibility of the owner/
user to specify the cleaning and/or sanitization require-
ments of the equipment.

SD-2.1 Containment

The containment level of the system or individual
pieces of equipment should be specified by the
owner/user.

product contact surfaces are protected from contamina-
tion. During field welding and assembly, surface con-
tamination shall be prevented.

Systems, equipment, and components shall be cleaned
with a suitable cleaning agent and covered for protection
before shipment. The use of preservative fluids is not
recommended.

Any product contact surfaces that require shipment
with preservatives or coatings shall be

(1) mutually agreed to, in advance, by the owner/
user and manufacturer
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(b) clearly identified to all parties
(c) in compliance with FDA or other applicable regu-
lations, as appropriate for the process

SD-2.4.1 Materials of Construction

SD-2.4.1.1 General. Generally, materials such as
316, 316L, stainless steels, duplex stainless steels, and
higher alloys have proven to be acceptable. The owner/
user shall be responsible for the selection of the appro-
priate matert f iff ;
Metallic naterials of construction are listed in Part MM.

When npnmetallic materials are used (e.g., polymeric
materials jor adhesives), the owner/user shall specify
which ong of these materials shall carry a Certificate
of Complfance. The conformance of material shall be
explicitly ptated (e.g., conforming to FDA 21CFR 177
and USP Sgction <88> Class VI). Polymeric materials and
other noninetallic materials of construction are listed in
Part PM.

SD-2.41.1.2 Process Compatibility
(a) Materials of construction shall be capable of with-
standing the temperature, pressure, and chemical corro-
siveness efisuring the purity and integrity of the product.
(b) Materials shall be compatible with the stated bio-
processing conditions, cleaning solutions, and SIP condi-
tions, etc.)as specified by the owner/user.
(c) Surfaces exposed to bioprocessing fluids, cleaning,
and SIP c¢nditions must be
(1) hgmogeneous in nature
(2) imppervious
(3) inrt
(4) ngnabsorbent
(5) ngntoxic
(6) inoluble by process or cleaningfluids
(7) repistant to corrosion, scratching, scoring, and
distortion
(d) Matgrials that are in ¢onfact with bioprocessing
fluids shqll be identified,by an industry recognized
standard (see para. MIVi=4).

SD-2.4+.1.3 Surface Coatings. Clad or electroplated
surface coatings, plating, and surface preparatory chem-
icals may pe tised provided approval from the owner/

user has b¢ertobtained. All surface coatings shall remain

SD-2.4.2 Cleanability

(a) All surfaces shall be cleanable. Surface imperfec-
tions (e.g., crevices, gouges, obvious pits) shall be elimi-
nated whenever feasible.

(b) Internal horizontal product contact surfaces shall
be minimized.

(c) The equipment shall be drainable and free of areas
where liquids may be retained and where soil or contam-
inants could collect. The equipment shall be free of areas
i i soil or
contaminants could collect.

(d) All product contact surfaces shall be accessjble to
the cleaning solutions and shall be accessibleto esfablish
and determine efficacy of the cleaningprotocol.

(e) Fasteners or threads shall net'‘be exposed |to the
process, steam, or cleaning fluids.“The use of threads
within the process requires dwner/user agregment.
Bolted attachments should-be eliminated whenever
possible.

(f) No engraving or,embossing of materials (fof iden-
tification or tracealility reasons) should be made jon the
process contact §ide. When markings are requifed on
process contactéurfaces, other methods of identiffcation
shall be used:

(¢) Design of corners and radii should meet the fol-
lowing requirements: All internal angles of 135 fleg or
less\orr product contact surfaces shall have the mayimum
radius possible for ease of cleanability. Where pdssible,
these surfaces shall have radii of not less than| % in.
(3.2 mm) except where required for functional rdasons,
such as the bonnet/body connection. For special| cases,
the radii may be reduced to Y in. (1.6 mm) when nereed
to by the owner/user. When the Y6 in. (1.6 mm) radii
cannot be achieved for essential functional reasonfs such
as flat sealing surfaces and flow control aperturgs, the
product contact surfaces of these internal angle$ shall
be readily accessible for cleaning and examinati¢n.

SD-2.4.3 Drainability

S$D-2.4.3.1 General. For sterility and clepning,
gravity is an effective way to facilitate drainage. To
achieve gravity drainage, lines should be pitched fo des-
ignated points at a specific slope. Refer to
Nonmandatory Appendix C for suggested method of
slope measurement. For gravity-drained piping/fubing
systems, the owner/user may define the system slope

intact and be tolerant to the process, SIP and CIP fluids,
and temperatures, without peeling or cracking.

SD-2.4.1.4 Transparent Materials
(a) Transparent materials (e.g., glass, polymer) that
are used in viewing ports shall be rated for the applicable
pressure, temperature range, and thermal shock.
(b) Internally coated glass shall only be used if the
coating complies with FDA regulations or another regu-
latory authority’s regulations and approved by the

18

ifT accordance with one of the designations isted in
Table SD-2.4.3.1-1. Gravity-drained piping/tubing sys-
tems shall have a continuous pitch that is equal to or
greater than the slope designation. Line sections up to
10 in. (25 cm) in length (or longer with advance approval
of owner/user) that are level or have a positive slope less
than the slope designation are acceptable if the section is
fitting-bound.

SD-2.4.3.2 Drainability Design Considerations.
The system’s process requirements should be considered
in the selection of slope designation.

owner/user.
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Table SD-2.4.3.1-1 Slope Designations for
Gravity-Drained Lines

Minimum Minimum Minimum
Slope Slope, Slope, Minimum Slope,
Designation in/ft mm/m Slope, % deg
GSD1 Y16 5 0.5 0.29
GSD2 s 10 1.0 0.57
GSD3 A 20 2.0 1.15
GSDO Line slope not required

(c) The owner/user shall give his approval for the
lubricants that could come in contact with the product.
These lubricants shall be identified by name, manufac-
turer, and grade and shall conform to FDA or other
applicable regulatory codes.

SD-2.4.4.2 Exterior Design. Equipment located in
clean areas is periodically cleaned by wash-down or
manually cleaned by wipe-down with harsh cleaning
solutions. Such equipment shall conform to the

(a) Product-contact lines should be sloped to mini-
mize pooling of product in the system.

(b) [Lines that are steam sterilized in-place should be
sloped to facilitate gravity drainage of condensate.

(c) Lines that are cleaned in-place should be sloped
to facflitate gravity drainage of cleaning fluids.

The| physical characteristics of the system (e.g., line
size, materials, fluid viscosity, fluid surface tension) will
influehce drainability at a given slope and should also
be copsidered. The owner/user may apply additional
criterip in the selection of slope designation to address
issues| such as product recovery or maintenance. Fluid
retentjon due to capillary action should be considered
when|using tubing less than % in. (20 mm). System
leveling should be considered for mobile equipment that
is grayity drained.

SD-2.4.3.3 Slope Considerations. The recOm-
mended minimum slope designation for ghavity-
draingd product-contact process lines is GSP2:

SP-2.4.3.4 Drain Points

(a) Piping and equipment should<be"installed with
desigmated drain points to maximize self-draining prop-
erties| The number of drain pointsshould be minimized.
The equipment manufacturer'shall indicate the proper
orientption to optimize drainability. The installer and
ownef/user shall ensure/that proper orientation is
achieyed.

(b) |Systems or equipment that cannot be gravity-
draingd shall ufilize forced expulsion with pressurized
gas where ling‘drainability is required.

SD}2.4.4) Miscellaneous Design Details

following;:

(a) Materials of construction should\bé|corrosion
resistant, easily maintained, cleaned, ahd-sanifized with-
out flaking or shedding.

(b) Finishes shall be compatible with the airea/room
classification as agreed to by’'the ownerfuser and
manufacturer.

(c) Components shall-be capable of being fhemically
cleaned, steam cleaned; or pressure washed.

(d) All burrs or-weld marks shall be remgved.

(e) HingesSshould be easily removable and/or
cleanable.

(f) Equipment mounted on cabinets that afe exposed
to the.environment should be mounted flusl.

(g7, Skids should have no openings in the frame
allowing water retention. Supporting skid frame struc-
tures and modules should be constructed from fully
sealed tubes or pipes, which are easily clean¢d. Frames
should have rounded rather than sharp edggs.

(h) Motors, gearboxes, and similar equipmgent should
not retain fluids or cleaning solutions on thgir external
surfaces.

(i) Nameplates for tagging equipment shotild be con-
structed from corrosion-resistant material sugh as stain-
less steel or polymeric material, and have|minimum
crevices. The nameplates should be attached pnd sealed
or attached with a corrosion-resistant wire 1pop.

(j) There should be adequate clearance below or
under the equipment for cleaning, and a cldarance for
discharge should be provided. Elevated dquipment
under open frames should have a minimunj clearance
of 6 in. (150 mm) for wash-down and cleaninjg. In other
cases a minimum of 4 in. (100 mm) would bq adequate.

(k) Joints and insulation materials shall be pealed and
impervious to moisture and cleaning agents

SD-2.4.4.1 Lubricants

(a) Grease and other lubricating fluids that are used
in gear boxes, drive assemblies, etc., shall be contained
to prevent leakage of the lubricants or process, either
directly or indirectly (e.g., through seepage, seal leaks,
etc.).

(b) The equipment manufacturer shall specify the
type of lubricants that are to be used for maintenance.
If the specified lubricant is not accepted by the owner/
user, the choice of an alternative shall be agreed to by
the owner/user and the equipment manufacturer.

() Electrical enclosures and conduit should be cleana-
ble and utilize materials of construction that are compat-
ible with cleaning agents.

(m) Painted surfaces shall be identified by the fabrica-
tor and have the advance approval of the owner/user.
All paint systems shall be FDA compliant.

SD-2.4.4.3 Surface Finishes. The finishes of prod-
uct contact surfaces shall be specified by the owner/
user in accordance with the definitions of Part SF in this
Standard.
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SD-3 PROCESS COMPONENTS
SD-3.1 Connections, Fittings, and Piping

SD-3.1.1 General

(a) Design of equipment should minimize the number
of connections. Butt welded connections should be used
wherever practical.

(b) Connections to equipment shall use acceptable
hygienic design connections, mutually agreeable to the

flow through a primary pipeline, a branch may not con-
stitute a dead leg.

The orientation of a branch is critical to the cleanability
of the system. The branch shall be oriented to avoid a
dead leg (e.g., a vertical branch with an L/D of 2 or less
may still result in a dead leg with trapped gas or residual
materials).

For high-purity water systems, an L/D of 2 or less is
attainable with today’s manufacturing and design tech-
nology. For other hioprocessing systems, such as purifi-

owner/us PT aud TITAT ludeLLuCL

(c) All gonnections shall be capable of CIP and SIP.
Fittings sHall be so designed that there will not be any
crevices onlhard-to-clean areas around the gasketed joint.
ANSI raispd face or flat face flanged joints should be
avoided where possible (see Fig. SD-3.1.1-1).

(d) Fergules and ferrule connections should be as
short as pgssible to minimize dead legs. The use of short
welding ferrules should be incorporated into the design.

(e) All groduct contact fittings should be self-draining
when properly installed.

(f) Threpded fittings, exposed to process fluid, are not
recommer|ded (see Fig. SG-2.2.2-5).

(g) Theluse of flat gaskets may be acceptable, when
agreed to|by the owner/user and manufacturer, for
applications where it is considered self-sanitizing (i.e.,
in pure steam distribution systems).

(h) The|centerline radius of factory bent tubes shall
be in accopdance with Table DT-3-1, CLR(r).

SD-3.1)2 System Design

SD-3.1.2.1 General

(a) Product hold-up volume in the system shouild be
minimized.

(b) Biopgrocessing piping and tubingrdesign should
have routjing and location priority ©vet process and
mechanicql support systems.

(c) Piping and connections t6 in-line valves should
be of all-welded constructionwhere feasible, practical,
and agreeql to by the ownef/user and manufacturer. To
ensure the highest degreeof hygienic design, the piping
systems should utilizewelded connections except where
make-bregk connections are necessary.

SD-3.1.2.2-Dead Legs. Dead legs will be measured
by the term'\I/D, where L is the leg extension from the

cation, filtration, and fermentation having cluster,block,
and multiport valves, an L/D of 2 or less is-achigvable.
However, it may not be achievable with (certain pquip-
ment and process configurations as they are cufrently
manufactured. An L/D of 2 or less,is\tecommendpd but
shall not be construed to be an absolute requir¢ment.
The system designer and manufdeturer shall makdq every
attempt to eliminate system branches with gn L/D
greater than 2. It will be the-responsibility of the dystem
manufacturer or designer to identify where exceptions
exist or where thed/D of 2 or less cannot be me}.

An L/D of 2 or_less may not be achievable foy weir-
type valves clamped to tees and certain sizes of close
welded , point-of-use valves, as showp in
Fig. SD-3.182.2-1, illustrations (a), (d), (e), (f), and (g).
For the-header and valve size combinations whgre the
L/D\of 2 cannot be met using these configurations, a
specific isolation valve design, as showWn in
Fig. SD-3.1.2.2-1, illustrations (b) and (c), mpay be
required to achieve the desired ratio.

SD-3.1.2.3 System Piping
(a) Routing of piping should be as direct and short
as possible to ensure a minimal quantity of CIP sqlution
to fill a circuit, and eliminate excessive piping and
fittings.
(b) Cross contamination of product streams shall be
physically prevented. Methods of separation uped in
industry are
(1) removable spool piece
(2) U-bend transfer panel
(3) double block-and-bleed valve systerh (see
Fig. SD-3.1.2.3-1)
(4) mix-proof valving
(c) The use of fluid bypass piping (around trapp, con-
trol valves, etc.) is not recommended.

LD. wall normal to the flow pattern or direction, and D
is the LD. of the extension or leg of a tubing fitting or
the nominal dimension of a valve or instrument. For
valves, L shall be measured to the seal point of the valve.
Tables SD-3.1.2.2-1 and SD-3.1.2.2-2 indicate L/D values
based on the BPE definition for various tubing geome-
tries and configurations.

There is evidence that an L/D of 2 or less may prevent
the branch from being a dead leg; however, the size and
shape of the branch are also important in determining
if the branch could lead to contamination. With sufficient

20

(d) The use of redundant in-line equipment is not
recommended due to the potential creation of dead legs.

(e) Eccentric reducers shall be used in horizontal pip-
ing to eliminate pockets in the system.

(f) The system shall be designed to eliminate air pock-
ets, and prevent or minimize air entrainment.

(¢) The centerline radius of field bent tubes should
be not less than 2.5 times the nominal tube diameter to
prevent the deterioration of interior surfaces (wrinkling,
striations, and potential cracking). Tighter bends may
be used with the approval of the owner/user when
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Fig. SD-3.1.1-1 Flat Gasket Applications
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Table SD-3.1.2.2-1 L/D Dimensions for Flow-
Through Tee: Full-Size Standard Straight Tee With

Blind Cap
Z,
N
L ~—|.|’3.—>
Y | e N
R N
Nominal Wall 1.D. L/D
Size, in. Thickness (D) Branch, L (Branch)
Y 0.035 0.180 2.16 12.00
A 0.035 0.305 2.10 6.88
A 0.065 0.370 2.07 5.58
A 0.065 0.620 2.07 3.33
1 02065 0.870 2.19 2.52
1%, 0.065 1.370 2.14 1.56
2 0.065 1.870 2.44 1.30
2% 0.065 2.370 2.44 1.03
3 0.065 2.870 2.44 0.85
4 0.083 3.834 2.83 0.74
6 0.109 5.782 4.24 0.73
22
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Table SD-3.1.2.2-2 L/D Dimensions for Flow-Through Tee:
Short Outlet Reducing Tee With Blind Cap

~—1.D. —

b N
Nominal Nominal Tee Wall Branch Wall Branch 1.D., L/D
Size Tge, in. Branch Size, in. Thickness Thickness D Bfanch, L (Branch)

bA Y 0.035 0.035 0.180 0.85 4.71
b A Y 0.065 0.035 0.180 0.82 4.53
* A 0.065 0.035 0.305 0.82 2.67
b A 0.065 0.035 0.180 0.69 3.83
5 A 0.065 0.035 0.305 0.69 2.26
b A 0.065 0.065 0.370 0.69 1.86
A 0.065 0.035 0.180 0.69 3.83

A 0.065 0.035 0.305 0.69 2.26

A 0.065 0.065 0.370 0.69 1.86

A 0.065 0.065 0.620 0.69 1.11

114 Y, 0.065 0.035 0.180 0.69 3.83
15 A 0.065 0,035 0.305 0.69 2.26
A Y 0.065 0.065 0.370 0.69 1.88
114 %, 0.065 0.065 0.620 0.69 1.11
114 1 0.065 0.065 0.870 0.69 0.79
A 0.065 0.035 0.180 0.69 3.83

A 0.065 0.035 0.305 0.69 2.26

A 0.065 0.065 0.370 0.69 1.86

A 0.065 0.065 0.620 0.69 1.11

1 0.065 0.065 0.870 0.69 0.79

1Y, 0.065 0.065 1.370 0.69 0.50

2V, Y 0.065 0.035 0.180 0.69 3.83
2l A 0.065 0.035 0.305 0.69 2.26
2l4 A 0.065 0.065 0.370 0.69 1.86
2l A 0.065 0.065 0.620 0.69 1.11
2V, 1 0.065 0.065 0.870 0.69 0.79
p]7A 1Y%, 0.065 0.065 1.370 0.69 0.50
2V, 2 0.065 0.065 1.870 0.69 0.37
A 0.065 0.035 0.180 0.69 3.83

A 0.065 0.035 0.305 0.69 2.26

3 A 0.065 0.065 0.370 0.69 1.86
3 VA 0.065 0.065 0.620 0.69 1.11
3 1 0.065 0.065 0.870 0.69 0.79
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Table SD-3.1.2.2-2 L/D Dimensions for Flow-Through Tee:
Short Outlet Reducing Tee With Blind Cap (Cont’d)

ASME BPE-2012

Nominal Nominal Tee Wall Branch Wall Branch 1.D., L/D
Size Tee, in. Branch Size, in. Thickness Thickness D Branch, L (Branch)
3 1Y, 0.065 0.065 1.370 0.69 0.50
3 2 0.065 0.065 1.870 0.69 0.37
3 2Y, 0.065 0.065 2.370 0.69 0.29
4 Y 0.083 0.035 0.180 0.71 3.93
4 35 f\'I\O’.) f\.f\’_‘\[ f\.’_!I\E r\” 1 2.32
4 Y 0.083 0.065 0.370 0.71 1.91
4 A 0.083 0.065 0.620 0.71 1.14
4 1 0.083 0.065 0.870 0.71 0.81
4 1Y, 0.083 0.065 1.370 0.71 0.52
4 2 0.083 0.065 1.870 07 0.38
4 21/2 0.083 0.065 2.370 0.71 0.30
4 3 0.083 0.065 2.870 0.71 0.25
6 1/4 0.109 0.035 0.180 0.86 4.77
6 3/8 0.109 0.035 0.305 0.86 2.82
6 Y 0.109 0.065 0.370 0.86 2.32
6 %, 0.109 0.065 0.620 0.86 1.39
6 1 0.109 0.065 0870 0.86 0.99
6 11/2 0.109 0.065 1.370 0.86 0.63
6 2 0.109 0.065 1.870 0.86 0.46
6 21/2 0.109 0.065 2.370 0.86 0.36
6 3 0.109 0.065 2.870 0.86 0.30
6 4 0.109 0.083 3.834 0.86 0.22
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Fig. SD-3.1.2.2-1 Accepted Point-of-Use Designs

/Typical short-outlet tee

_%l____

e _L Minimpl span

! { (room for

clanp only)

T
[Note (1)]

—- [Note (1)]

Brangh
(ful] or
redpced size)

(el)

Branch may

Short outlet
to minimize
[Notg (1)] branch length

be full or
reduced size

Tangential side outlet
(to provide full drainade)

(g)

(f)
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Fig. SD-3.1.2.3-1 Double Block-and-Bleed Valve Assembly

7N\ 7\
~ R o R
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-

Procesq

Procegs 2

appropriate inspection techniques and procedures
(visual, bgrescope, sectioning, etc.) are used.
(h) Balljvalves are nat tecommended in fluid hygienic
piping sydtems. See*SP-4.2.3(b) for further comments.
(i) Product confact surfaces of austenitic stainless
steel, except those covered by section SD-4.3.1, should

[ l

O

3 J/

\ Bleed valve

SD-3.1.2.4 Hygienic Support Systems

(a) Hygienic supports should be used within [classi-
fied spaces. Hygienic support design should incorporate
drainable geometry to facilitate cleanability, hgve no
exposed threads, and have minimal potential for dollect-
ing and trapping debris or liquids on the hanger. Nlateri-

be passivdtéd~before being placed in service. Specific als of construction shall be corrosion resistamt and
passivation requirements shall be delined m the engi- compatible with the chemical, thermal, and p!ysical

neering design documents, and/or specifications and
shall be in accordance with SF-2.6. Passivation of electro-
polished surfaces is not required unless the surface has
been altered (e.g., welded or mechanically polished)
or exposed to external contamination after
electropolishing.

(j) The use of blind welds in piping systems should
be avoided. Proper installation sequencing of the piping
system can reduce the number of blind welds. See
MJ-7.3.3(b) and GR-5.3.4 for further details.

performance requirements of the installed location. The
materials shall have adequate strength and durability
to withstand the application of continuous and/or cyclic
thermal exposure that may be encountered in the
designed service.

(b) The piping should maintain proper continuous
slope for drainability. Hygienic support systems shall
assist in maintaining the required slope and alignment
under all operating conditions taking into account ther-
mal cycling, distortion, settling, moment loads, fluid
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specific gravity, etc. The support system should be
designed to distribute loads and stresses from any
potential movement. The supports shall be installed
without adding stress to the tube or pipe in an attempt
to achieve a desired slope.

(c) The support systems shall provide for, and control,
the intended movement of the system. The designer
should take into account system and equipment move-
ment when planmng the des1gn Anchormg systems

the three Carte51an axes. Guldmg systems should be
desigmed to allow piping axial motion due to thermal
or mgchanical loads. An anchor serves to secure the
piping in place, and a guide will allow axial motion of
the piping and is used to allow for thermal expansion.

(d) |Supports/hangers should be installed close to
each dhange in the direction of piping. The only excep-
tion igon short subassemblies using small diameter tube
(<1.00p in. O.D.) that is installed in a drainable position
and dpes not bear any additional weights or loads from
other process equipment. Hangers shall be of adequate
strength and durability to withstand the imposed loads
per MSS-SP-58, Table 1. Per manufacturer’s recommen-
datior}s, supports/hangers should be installed as close
to (and on both sides, if possible) concentrated loads
including valves, instrumentation, and filter housings.

SD-3.1.2.4.1 Pipe Hangers and Supports for
Metallic Piping. Metallic piping system hangers and
supp¢rts shall be installed in compliance With
MSS-$P-58, MSS-SP-69, MSS-SP-89, and ASME._B31.3
Standprds. The metallic pipe or tube to be installéd shall
meet the straightness criteria of ASTM A1016 to opti-
mize dlrainability. The support spacingsshall not exceed
a distpnce that will permit the piping.to deflect under
operating conditions.

SD-3.1.2.4.2 Pipe Hangers and Supports for
btallic Piping

[Nonmetallic piping system hangers and supports
be engineered dbased upon the specific materials
bd. When properly installed, stress concentration
pointg will be mixiimized. Considerations shall be made
to ensfire drainability and overcome any deflection, such
that ppolifig'is minimized. Refer to manufacturer’s rec-
ommgndations for spacing, which are based upon calcu-

Nonm
(a)

shall

select

exterior. These are commonly available in stainless steel
or FRP (fiberglass reinforced plastic) materials. These
supports cannot restrict axial movement of the piping
and shall be approved by owner/user.

SD-3.2 Hose Assemblies

SD-3.2.1 General

(a) Permanently installed hose assemblies shall be
installed and supported so that the entire hose is self-
dramning [see ) and (b)].
In temporary runs, hose assembhes may,bdq manually
drained after disconnecting.

(b) Hose assemblies shall be installéd so [that strain
on the end connections is minimized. Hose pssemblies
shall not be used as a substitute for rigid tybe fittings
or as tension or compressior elements.

(c) Hose assembly lerigth should be mini
fitted for purpose.

(d) Hose assemblies shall be easy to remove
nation and/or,cleaning.

(e) Hose assembly shall be clearly marked or tagged
with the design allowable working pressute/vacuum
and design temperature range.

(f) Hose assemblies shall be inspected
tainéd on a scheduled basis.

SD-3.2.2 Flexible Element
(a) The flexible element of the hose assembly shall be
constructed of materials that will permit the appropriate
degree of movement or drainable offset at ijstallation.
(b) The interior surface of the flexible element shall
be smooth and nonconvoluted.
(c) The materials used shall comply with the applica-
ble requirements in Part PM and/or Part SG with regard
to biocompatibility. The materials used muyst also be
compatible with cleaning and/or SIP conditjons.

mized and

for exami-

ind main-

SD-3.2.3 End Connections

(a) End connections shall be of a material gnd design
sufficiently rigid to withstand the combinedl forces of
the burst pressure rating of the flexible elément, the
compression forces required to affect the secfire assem-
bly with the flexible element. [Refer to Fig. fD-3.2.1-1,
illustrations (c) and (d).]

(b) End connections shall be of a material gompatible

lations that take Into consideration the piping material, i 7 2 r—and steam

density, modulus of elasticity, diameter and wall thick-
ness of the pipe, specific gravity of the fluids being
transported, operating temperature, and thermal expan-
sion properties.

(b) The requirement of a continuous support shall be
determined based upon the operating temperatures and
the specific gravity of the process fluid being trans-
ported. Support channels may be available in a “V” or
“U” section and shall be manufactured with no sharp
edges that may embed or cause damage to the pipe

27

where applicable. Materials shall meet the requirements
of SD-2.4.1 or Part PM.

(c) End connections shall meet all surface finish
requirements of Part SF or Part PM.

(d) End connections shall be a hygienic connection
design per SG-3.3.2.

SD-3.3 Pumps

SD-3.3.1 Diaphragm Pumps.
content]

[Reserved for future

(
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Fig. SD-3.2.1-1 Flexible Hygienic Hose Design

\ Low point

Equipment

Drainable

(a) Accepted

Securing collar or ring

Flexible dlement —\ ¢ ¢ Flexible element—\ 1 Gap

Substantiglly A
flush Process

region [WYYYYYY |
T4 \_ ygionto fting

Uniform sealing force with hose barbs

(c) Accepted

SD-3.3{2 Hygienic Pumps

SD-3.3.2.1 General
(a) Punjps shall be cleanable. Pumps shall be'selected
according|to the operating conditions determined by
the end-oWner /user (e.g., process, CIP, SIP, passivation).
(b) All product contact connections(to,the pump shall
be of a hygienic design (see Figs. $G;2.2.2-1, 5G-2.2.2-2,
5G-2.2.2-3|and SG-2.2.2-4).

SD-3.B.2.2 Centrifugal Pumps
(1) Hygfenic centrifugal-pumps shall be capable of
CIP.
(b) All process coitact surfaces shall be drainable
without ppmp disassembly or removal.
(c) Shraquded/elosed impellers should not be used.
Fig. SD-3.3.2.2=1 illustrates open, semi-open, and closed

Equipment

Flex hose in horizontal

(b) Not Accepted

Band type clamp

Gap

Process

region \
T Hygienic fitting

Non-uniform sealing force with hose[barbs

(d) Not Accepted

(g) The use of an elbow type casing drain is not fecom-
mended without the use of an automatically conrolled
drain. The casing drain connection shall be desighed to
minimize the L/D as shown in Fig. SD-3.3.2.2-4.

(h) Pump discharge connection should be tilted to
allow for full venting of the casing (see Fig. SD-3.3|2.2-3).

(i) All pump seals should be designed to minimize
seal material degradation.

(j) Shaft seals shall conform to Part SG.

SD-3.3.2.3 Positive Displacement Pumps

(a) When possible, positive displacement qumps
should be configured with vertically mounted inldts and
outlets to promote drainability and venting.
(b) When using internal bypass pressure|relief
devices, they shall be of a hygienic design. It is prgferred

impeller configurations.

(d) Impeller shall be attached to shaft in a way that
all crevices and threads are not exposed to product.
Threads, such as in an impeller nut/bolt, shall be sealed
by an O-ring or hygienic gasket. Refer to
Fig. SD-3.3.2.2-2. The use of O-rings or hygienic gaskets
shall be consistent with Part SG.

(e) Suction, discharge, and casing drain connections
shall be an integral part of the pump casing.

(f) Casing drains shall be at the lowest point of the
casing, to ensure drainage (see Fig. SD-3.3.2.2-3).
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that an external, piping mounted relief device (hygienic
rupture disc) rather than a pump mounted bypass be
used.

SD-3.3.2.4 Rotary Lobe Pumps
(a) The owner/user shall specify the chemical, ther-
mal, and hydraulic operating conditions of the pump
(e.g,. process, CIP, SIP) to ensure proper component
selection. Hygienic rotary lobe pumps are temperature
sensitive (e.g., rotor to casing contact due to thermal
expansion).
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Fig. SD-3.3.2.2-1 Pump Impeller Configurations

(a) Open (b) Semi-open (c) Shrouded/Closed

Fig. SD-3.3.2.2-2 Acceptable Impeller Attachments

Sealing region
L Sealjng region
\/\

(a) Impeller Nut With O-Ring (b) Impeller Nut With Hygienic Gasket (c) No Impeller Nut

Sealing region
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Fig. SD-3.3.2.2-3 Casing Drain Configurations

(a) Horizontal (b) Vertical

Fig. SD-3.3.2.2-4 Casing Drain L/D Ratios

(a) Weir-Style (b) Radial-Style (c) Capped
Diaphragm Valve Diaphragm Valve
30
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Fig. SD-3.3.2.4-1 Rotary Lobe Pump Rotor
Attachment

/Pumpcover
ég/ Rotor fastener

Shaft \ )¢

Rotor

(f) Top and bottom heads on vessels that are cleaned
in place shall be self-draining. Dished heads such as
ASME flanged and dished (F&D), elliptical, and hemi-
spherical are the usual choice; however, flat and conical
heads should slope at not less than % in./ft (10 mm/m)
to a common drain.

(g) All internal surfaces should be sloped or pitched
for drainability.

(h) Test protocols for drainability shall be agreed upon
in_advance hy all the Parh'pc (see SD-6.4)_All vessels

O-ring

(b) The pump should be designed and installed to
mininjize hold-up volume.

(c) Rotor fasteners shall be attached to the shaft in a
way that crevices and threads are not exposed to prod-
uct. Threads and crevices shall be isolated from the prod-
uct by an appropriate hygienic seal, such as an O-ring
or hygienic gasket (see Fig. SD-3.3.2.4-1).

(d) [Pump cover shall seal against the pump body by
meang of an O-ring or hygienic gasket.

(e) ALl product contact O-rings, gaskets, and shaft
seals ghall comply with Part SG.

(f) If a pressure relief device is used, it shall be”of
hygiehic design in conformance with SD-3.15.

SD-3.
SD

i Vessels

3.4.1 General

(a) pD-3.4.1 defines the requirements that are to be
met ir| the design, fabrication, and'stupply of biopharma-
ceutichpl vessels, tanks, bioreactors, fermentors, and col-
umns] This section will refex te’all of the above as vessels
whether they are pressutized or not.

(b) |Design and fdbrication of vessels and internal
parts ghall ensure that surfaces are free of ledges, crev-
ices, pockets, and other surface irregularities. If more
restridtive tolerances are required, they shall be included
as pailt ofCthe fabrication specifications for the project.

(c) Allheat transfer surfaces should be drainable and

should be checked for drainability during fgbrication.

SD-3.4.2 Vessel Openings

(a) Nozzles that are designed tobe cléaned|by a spray
device should have the smallestD/P ratio pgssible. For
non-flow through nozzles, the\L/D of 2 or lesp is recom-
mended (see Fig. SD-3.4.24.

(b) Bottom-mounted.‘agitators, pads, etc
interfere with the drainability of the vessel.

(c) All instrumefit probes and any sidewalll penetra-
tions (see Fig. SD-3.4.2-2) shall be sloped fof drainage,
unless the instfuments used require horizonfal mount-
ing (see Fig! SD-3.4.2-3).

(d) Blank covers shall have the same finjish as the
vesseliinternals.

(é0Drain valves should optimize draingbility and
minimize branch L/D.

(f) The location and number of spray devikes should
be chosen to eliminate shadowing at internal|parts such
as mixer shafts, dip tubes, and baffles.

(g) Sparger and dip tubes shall be designefd in accor-
dance with SD-3.4.1(a), (b), (e), (g), and (}}). Sparger
and dip tubes shall incorporate low point drafins (where
applicable, i.e., horizontal lines) and be supported to
ensure drainability.

(h) The number of shell side nozzles and c
should be minimized.

(i) Manways on the side shell of a vess
installed only by agreement of the owner/us
shell manways are required, they shall be
drainage.

(j) Sample valves should be designed for (IP and SIP
where applicable. Sample valves located on vgssels shall
be of a hygienic design.

(k) Sample valves should not be located
heads.

, shall not

bnnections
bl shall be

er. If side-
sloped for

bn bottom

ventable.

(d) Breastplates, reinforcing pads, doubler plates, poi-
son pads, etc., which are required for welding dissimilar
material to the vessel, should be of the same material
as the vessel. No telltale holes are allowed on product
contact surfaces and those, which are outside, should
be cleanable.

(e) Vessels that are to handle above 176°F (80°C) [e.g.,
SIP, hot water-for-injection (WFI), hot U.S. Pharmaco-
peia (USP) waters, and hot CIP solutions] should be
designed for full vacuum service.

31

(I) Dip tubes and spargers mounted in the nozzle neck
should have an annular space between the O.D. of the
dip tube or sparger and the I.D. of the nozzle neck in
accordance with Table SD-3.4.2-1. An L/A of 2 or less is
recommended (see Fig. SD-3.4.2-4). If a larger L/A exists,
a method for cleaning this space shall be specified. In
all cases sufficient annular space to allow access for CIP
coverage shall be provided.

(m) As required by the process, inlet nozzles tangen-
tial to the vessel surface may be used (see Fig. SD-3.4.2-5
and Fig. P1-9.1.3-1).

(
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Fig. SD-3.4.2-1 Nozzle Design

Minimum 1 in. between fittings —- |<— FMinimize
I Minimize
! y
: ! JI’—/772 mm\ -
| > - f /
Vertical nozzles Radial nozzles

(a)
Allow for Clamp Access
[Notes (1) and (2)]

Same distance

(b)
[Notes (3) and (4)

<—— ™~ —>

=¥

(c)
[Note (5)]

NOTES:

(1) Less dead space.

(2) Better CIP/SIP capabilities.

(3) Potential problems with CIP and SIP with capped connections.

(4) Dead space: stagnant areas.

(5) All L/D ratios to be calculated on long-side dimensions for vessel heads.
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Fig. SD-3.4.2-2 Side and Bottom Connections
Dished head or shell

Radius

R 7 /;

/_E% /////I:

[Note (1)]

[

[

i
AN

(a) Accepted

Nondraining edge

/

UUUULUL

ote (2)] /

(b) Accepted (c) Not Accepted

—HihHl

=

NOTES:
(1) If g flat gasket is used, mismatch of diameters can result in crevices.
(2) Telltale hole required.

Fig. SD-3:4.2-3 Sidewall Instrument Ports

<k
— .1
0 deg or 15 deg o
'—* L5deg — - =
Minimize ——>| | 7
landing
D
e ———+ Minimize =
N\
(a) Accepted (b) Accepted (c) Accepted

[May also be pitched
similar to (b)]
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Table SD-3.4.2-1 Annular Spacing
Recommendations for Hygienic Dip Tubes

Dip Tube Size Mount Nominal
Tube 0.D. Size
in. mm in. mm
Y 12.7 2 50
A 19.1 2 50
1 25.4 3 75
1Y%, 38.1 3 75
o] Er\'\OJ _/r 1!\1‘\
2Y, 63.5 4 100
3 76.2 6 150
4 101.6 6 150

Fig. SD-3.4.2-4 Accepted Nozzle Penetrations

Mechanical seal area
R’E}l/w
1

& =

I
X
yi N7
<~>-A L

—
—

(a) Dip Tube or Sparge
[Notes (1), (2), and (3)]

NOTES:
(1) Nozzle and dip tube size per Table/SB*4:

(2) L/A less|than 2:1.

(3) Requirements also apply to nozzles with instrument penetrations.
4) “A” = 1in. (25 mm) minifoum.

(n) Nozzle connmections less than 1 in. (25 mm) in
diameter gre not recommended unless agreed to by the
owner/uspr\and manufacturer.

K

(b) Agitators
[Notes (2) and (4)]

(r) All side-shell and vessel head nozzles shopld be
flush with the interior of the vessel (see Fig. SD-3|4.2-7).
Additional ports may require a minimum projection to

(o) Sight glasses on the vessels should be designed
with reference to SD-3.4.2(a). Sight glasses on vessels
should be designed with the smallest L/D possible, and
incorporate cleanable O-ring designs when applicable
(see Fig. SD-3.4.2-6).

(p) Manway covers should be dished rather than a
flat design.

(9) Flanges that have metal-to-metal contact on the
product side shall not be used. See Fig. SD-3.4.2-3 for
possible designs that minimize the crevice on the inter-
nal sidewall of the vessel.

34

ensure additives are directed into the vessel fluid.

SD-3.4.3 Internal Components

(a) When expansion joints are used internally, the sur-
face in contact with the process fluids shall have open
convolutes without guides as the preferred design.

(b) Internal support members shall be solid, rather
than hollow, which have a higher risk of fatigue and
contamination problems (see Fig. SD-3.4.3-1).

(c) Mitered fittings for internal pipe work shall only
be fitted with the prior agreement between the owner/

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Fig. SD-3.4.2-5 Vessel Design Tangential Nozzles

o
=
D B §§

f

Definition of L/D for Tangential Inlet:
Top Section View

GENERAL NOTE: CIP through nozzle is recommended.
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Fig. SD-3.4.2-6 Sight Glass Design
(Accepted)

S S S

(a) Full Flange Sight Glass
on Hygienic Pad Connection

S S S

(c) Hygienic Clamp Sight Glass (d) Hygienic Cross Sight Flow Indicator

(e) Typical Vessel Sight Glass Mounting Tangent to Tank Head

36
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Fig. SD-3.4.2-7 Typical Nozzle Detail

Inside groove design \

/ Outside groove design

(a) Swage/Butt Weld Design
(Accepted: If Vessel Wall is
Thin Enough to Flare)

user gnd manufacturer. When mitered joints are used,
they shall be designed and fabricated in accordance with
the agpropriate codes.

(d) Vessels shall drain to a common point and shall
not have multiple draining points, unless agreed to
between the owner/user and manufacturer.

(e) [The number of components inside the vessel
should be minimized to ensure the proper drainability
and clpanability of the vessel, and when used, if possible,
shouldl be supported by a solid support structure.

SD{3.4.4 Fabrication

(a) Butt welds should be used, if possible, minimizing
lap joint welds and eliminating stitch welding.

(b) Flanges are not recommended, and theirtise shall
be mihimized. The bore of weld neck flanges shall be
the same as the L.D. of the connected, pipe or tubing to
preveft ledges and nondrainable afeas.
here it is inevitable and Class 150 slip-on flanges
d, the bore side bevel weld shall be designed in
to eliminate potential CIP difficulties.
uring handling and/transportation, vessels and
arts and piping)assemblies shall be suitably pro-
to prevent damage to polished surfaces.

submijittéd when agreed to by the owner/user and

= Radius

(b) Full Penetration Groove Weld
With Fillet Design
(Accepted)

compression seal. Thefused glass shall be [ircular in
shape within the metal frame.
(b) Bubbles in ‘the fused sight glass are gcceptable,
but the size and.quantity should be kept to a minimum.
Any bubbles dt the glass surface are not accpptable.
(c) The\seal point of the glass fused-to-thetal sight
glass “isvat the surface. The surface of the sight glass
shall’be integral, continuous, and free of cracks, crevices,
dnd pits.
(d) Cracked glass shall not be used and i$ cause for
rejection and removal.
(e) Surface finish for the metal frame shall meet the
requirements of Part SF in this Standard.
(f) Sight glasses shall be marked with the fglass type,
maximum pressure, and temperature rating ger DT-11.1
and DT-11.1.1.
(¢) PartSG requirements shall be met wherj mounting
a sight glass.
(h) Preferred sight glass mountings are[shown in
Fig. SD-3.4.2-6.

SD-3.4.7 Portable Tanks.
content]

[Reserved for future

SD-3.4.8 Media Bulk Containers. [Regerved for
future content]

SD-3.4.9 Cryogenic Containers. [ReserveT for future
content]

manufacturer.

(b) Product contact surface finish specifications shall
pertain to all the wetted or potentially wetted surfaces
(e.g., vapor space, nozzle necks, agitators, thermowells,
dip tubes, baffles, etc.).

(c) The polishing of a connection face, body flange,
etc., shall extend up to the first seal point.

SD-3.4.6 Sight Glasses
(1) When glass is used as the sight glass material,
the preferred method is glass fused-to-metal hermetic

SD-3.5 Agitators and Mixers

SD-3.5.1 General

(a) All product contact surfaces of agitators and mix-
ers with their associated components shall be accessible
to the cleaning fluids as specified by the end-user for
clean in-place service (CIP; e.g., via spray, directed flow,
immersion, etc.).

(b) Product contact surfaces should be self-draining
and shall not inhibit drainage of the vessel.
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Fig. SD-3.4.3-1

5 deg ]

t [
(.

Internal Support Members

35

Round /

bar stock

(a) Hygienic Design
(Accepted: Sloped, Minimum Shadow,
and Curved Surface)

/— Continuous weld

Drainable

Welded pad or
doubler plate

Capable of CIP
(no shadows)

(c) Good Design
(Accepted)

N Thermowell
! /
A =

Cascading
5 deg action

~ |

(b) Nonhygienic Design
(Not Accepted: Flat Surfaces,
Ledges, and CIP Shadows)

Stitch weld:
/— not drainable
crevice

Doubler plate

\\Iot capable of

CIP (shadows)

(d) Poor Design
(Not Accepted)

Pooling
potential

/Thermowell

o
=
o
=2
(o]
e
=
o
=
3
Q
=
9]
3\

(e) Positive Slope in All Directions
(Accepted)

(f) Positive Slope in Only One Direction
(Accepted)
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(c) Machined transitions (shaft steps, coupling sur-
faces, wrench flats, etc.) should be smooth, with 15 deg
to 45 deg sloped surfaces.

(d) The annular space between the agitator shaft and
the agitator nozzle shall, for cleaning purposes, have an
L/A of 2 or less, or a minimum of 1 in. (25 mm) gap,
whichever is larger, to facilitate CIP spray coverage [see
Fig. SD-3.4.2-4, illustration (b)].

(e) Cleaning and sterilization parameters shall be pro-
videdby OTE ser-prior-to-destgrrof-the-agitator-
The manufacturers of agitators and mixers shall verify
the clpanability of their equipment as specified and
to with the end-user.

(f) Top-entering mixers with shaft seals are typically
mounted to a vessel using a flanged or hygienic clamp
connegtion [see Fig. SD-3.5.1-1, illustrations (a), (b), and
(c)]. The designer shall ensure that

(1) the use of O-rings or hygienic gaskets to seal
between mating surfaces shall be consistent with the
curreht guidance provided in Part SG (see
Fig. 5(5-3.3.2-1).

(3) the selected mounting arrangement will sup-

port the agitator mounting design loads while achieving
an appropriate seal.
(3) the flange and nozzle construction is consistent
with fequirements of other applicable codes and stan-
dardq [e.g., ASME BPVC, Section VIII, Division 1;
ASMH B31.3, etc.]

(g) Pocket head cap screws shall not be used in cortact
with the product.

(h) |The design of agitator product contaet parts
minimize the occurrence of void spaces. All voids

elded in-tank shaft connections are preferred.
he use®f in-tank shaft couplings shall be agreed

Saa-—axarnla w-FHia S 2359 1
=TT

(3) Hygienic bolted coupling construction may be
used where appropriate for the particular application
[see Fig. SD-3.5.2-1, illustration (b)].

(f) Threads shall not be exposed in any type of shaft
or coupling hardware connection.

(g) The preferred location for fastener hardware is
on the underside of couplings. Accepted fastener types
include
(1) hex-head cap screws

feW

ACOIn-nead cap

(3) threaded studs with acorn nuts

(h) Fastener heads shall be free of raised of engraved
markings that might inhibit cleanability.

(i) O-rings rather than flat gaskéts are pteferred to
seal coupling mating surfaces. Figure SD-3.5.2-2 presents
the following acceptabler approaches| for seal
applications:

(1) O-ring locatédin a single groove inb
coupling outside dfameter [see Fig. SD-3.5.212, illustra-
tion (a)]; O-ring, compression, internal space| to accom-
modate compigession, and outboard clearande space all
designed %0 minimize the intrusion of prdcess fluid
betweemnnthe coupling faces and to facilitafte flow of
CIP fluid.

(2) Alternate construction for O-ring Idcated in a
groove just inboard of the coupling outsid¢ diameter
[see Fig. SD-3.5.2-2, illustration (b)]; O-ring|restrained
by lip at coupling circumference with cleargance space
provided as above to insure cleanability df the cou-
pling area.

(3) Alternate construction for O-ring [located in
grooves in both coupling halves inboard of the coupling
outside diameter [see Fig. SD-3.5.2-2, illustfation (c)];
outboard clearance space provided as abovq to ensure
cleanability of the coupling area.

(4) O-ring with attached inboard flaf segment
located between coupling faces [see Fig. SD-3.p.2-2, illus-
tration (d)]; outboard clearance space providgd as above
to ensure cleanability of the coupling area.

(j) Bolted flanges shall be sealed. Ex
accepted fastener seals are shown in Fig. SII
follows:

(1) O-ring seal [illustration (a)]
(2) O-ring seal alternate [illustration (b)]

bard of the

nmples of
-3.5.2-3 as

—See-examples—inFig—S
(d) In-tank coupling location should be driven by pro-
cess and mechanical considerations.
(e) Threaded shaft connections are accepted for in-
tank couplings [see Fig. SD-3.5.2-1, illustration (a)].

(1) Shaft rotation is limited to a single direction for
threaded shaft connections to ensure that shaft sections
do not separate.

(2) The designer will ensure that the use of a
threaded shaft connection is appropriate for the selected
shaft diameter and design loads.

39

(3) seal washer with metal core [illustration (c)]

SD-3.5.3 Shafts and Keyways

(a) One-piece shaft construction, without mechanical
couplings, is preferred.

(b) Solid shafts are preferred over hollow shafts.

(c) Hollow shafts, if used, shall be of sealed (welded)
construction, inspected for integrity, and accepted per
criteria given in Part MJ prior to installation.

(d) Keyways exposed to product
recommended.

are not

(
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Fig. SD-3.5.1-1 Agitator Mounting Flanges

i ‘
W
- L

(a) Bolted Flange With O-Ring (b) Hygienic Union with Gasket

>

(c) Pad Flange
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Fig. SD-3.5.2-1 Shaft Coupling Construction

7

15 deg to 15 deg to

45 deg 45 de

Y 9
Wi h
| L Wieno

/ 11

e 2
See Fig. SD-3.5.2-3
for alternative bolt seals \
(Accepted) &§

(a) Threaded Coupling OQ (Accepted)

0\\Q (b) Bolted Coupling

‘\
Q

\@‘0
¥
xO
Fig. SD-3.5.2§\C\)§haft Coupling Seal Arrangements

Threaded Coupling Example
Detail, Accepted Alternatives
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Fig. SD-3.5.2-3 Fastener Seal Arrangements

(a) Accepted

(e) Keyways, where employed due to mechanical
design corjsiderations, shall have edge radii as specified
by SD-2.4P(g).

(f) Keyways may require additional design and/or
cleaning practice to ensure drainage and cleanability
[e.g., spray ball and/or wand additions, increased CIP
flow, and pdjusted spray coverage].

(g¢) Permhanent shaft hardware that may be required
for routime maintenance (e.g., support collars-for
mechanicql seal installation and removal, lifting eyes
for shaft and/or impeller installation and removal, etc.)
ly drainable and cleanable as noted for other
contact with the product.

Hubs and Impellers

impeller adjustment or substitution is required for pro-
cess reasofis or where impeller removal is required due
to mechanjcal@design and /or installation considerations.

(1) R¢movable impellers may be one-piece or split

%

(b) Accepted

Alternate Bolting Designs

N

N——

(c). Accepted

and/or cleaning practice to ensure drainage and|clean-
ability, e.g.;. drain holes, spray ball and/or wand addi-
tions, increased CIP flow, adjusted spray covprage,
impeller rotation.

SD-3.5.5 Impeller and Shaft Support Bearing$

(a) Normal operation of a shaft-steady bearinjg or a
magnetically driven mixer with in-tank impeller or shaft
support bearings (see Figs. SD-3.5.5-1 and SD-3.5.5-2)
generate particulate debris. It is the responsibility of
the end-user to establish compliance with applicable
standards (e.g., USP limits for particulate mateyial in
injectables) as appropriate.

(b) Tank plates that support bottom-mounted
netically driven mixers shall not interfere with dr
of the vessel.

(c) When an application mandates the use o
steady/foot bearings, design features and/or
dures are required to ensure cleanability (e.g.,
holes, spray ball and/or wand additions, increasg
flow, operating the steady bearing immersed
fluid).

(d) Shaft-steady bearings, where used, shall no

mag-
hinage

shaft
broce-
drain
d CIP
n CIP

inter-

hygienic construction.

(2) Hub-to-shaft clearance for removable impellers
shall be sufficient to preclude shaft surface finish dam-
age during installation and removal.

(3) Removable hardware (e.g., impeller hub and
shaft, impeller set-screws and hub, etc.) should be sealed
in a manner consistent with the guidance provided for
in-tank couplings (see SD-3.5.2).

(d) Removable impellers and impellers with flat, hori-
zontal surfaces (e.g., flat-blade disc turbines, concave-
blade disc turbines, etc.) may require additional design

42

ferewithrthe draimage of thevesset:

(e) Shaft-steady bearing pedestal support members
may be of solid or hollow construction. Hollow pedestal
supports, if used, shall be of sealed (welded) construc-
tion, inspected for integrity, and accepted per criteria
given in Part MJ after installation.

(f) Magnetically driven mixers require design fea-
tures and/or procedures to ensure cleanability (e.g.,
drain holes, spray ball and / or wand additions, increased
CIP flow, operating the agitator with the magnetically
driven impeller immersed in CIP fluid).

(
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Fig. SD-3.5.5-1 Shaft Steady Bearing

Mixer shaft

a7/ Bushing (press fit
/_ into housing)

Chamfer radius

Steady bearing legs
(Solid round preferred;
grind/cut to fit tank.bottom)

Weld in place

Tank bottom

(a) Hygienic Tripod Steady Bearing
(Alternative Design — Flat Bar Legs. With Rounded Edges)

\ Hygienic set screw
\ with O-ring

Detail A

N\

Detail A
(b) Alternative Bushing Securing Method 0O-Ring With Groove Exposed for Flushing
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Fig. SD-3.5.5-2 Magnetically Coupled Mixer (Typical Bottom-Mount)

Impeller

Impeller (driven) magnet

Magnetic coupling

Impeller hub

Drive magnet

Motor —

Bearing surface
comprised of these parts \
Weld plate @

(g) Theprrangement of wear surfaces (bushing, shaft,
or shaft slpeve) shall facilitate drainage:

SD-3.5/6 Mechanical Seals

(a) Mechanical shaft seals shall_incorporate design
features fqr drainability, surfaee finish, material of con-
struction, ptc., as outlined in\Ratt SD, and shall be suit-
able for the application(e.g., Process, CIP, SIP,
Passivatioh).

(b) Normal operation of a mechanical seal generates
particulat¢ debrisiIt4s the responsibility of the end-user
to establish cofapliance with applicable standards (e.g.,
USP limits for particulate material in injectables) as

Tmpeller glades

Tank head

SD-3.6.1 General

(a) Straight tube heat exchangers are easier tq clean
and inspect. The tubes can be seamless or fullHfinish
welded, as specified by the owner/user or manufagcturer.

(b) The heat exchanger product and non-produft con-
tact surface inspection shall be possible by convertional
means.

(c) The technique used to form U-bend tubeg shall
ensure the bending process does not create struyctural
imperfections (e.g., cracks, voids, delaminationd). The
technique should minimize surface imperfection} (e.g.,
orange peel, rippling). If requested by the end-uder, the
manufacturer shall supply a sectioned sample Jof the

appropriate.
(c) Seal debris wells or traps (see Fig. SG-2.3.2.3-2)
may be used to prevent ingress of seal face wear particles
that could contaminate the process fluid.
(d) Refer to Part SG of this Standard for specific seal
design details.

SD-3.6 Heat Exchange Equipment

Plate and frame type heat exchangers should be used
only by agreement between owner/user and designer
due to the difficulty of CIP and SIP.

bend area.

(1) The sectioned sample should be from the same
tube batch or heat that was used to fabricate the heat
exchanger.

(2) The sectioned sample shall be the smallest bend
radius in the exchanger.

(3) The sample shall be sectioned so that bend’s
centerline is visible.

(d) The internal surface of the U-bends shall be free
of relevant liquid penetrant indications, as defined by
ASME BPVC, Section VIII.
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(e) The LD. of the U-bends shall be large enough for
a borescopic inspection.

(f) Minimum recommended bend radii for heat
exchangers should be as follows:

Nominal Tube O.D. Minimum Bend Radius

SD-3.6.3 Gaskets and Seals

(a) Gaskets that are in contact with product shall be
removable and self-positioning, and shall have readily
cleanable grooves.

(b) Channel/bonnet gaskets shall be of a cleanable
design.

so that the
IP fluid or

in. mm in. mm
0.375 95 0.625 150  SD-3.7 Transfer Panels
0.500 12.7 0.750 19.1
0.625 15 g 0 org g SD-3.7.1 General
0.750 19.1 1.125 28.6 (a) The transfer panel shall be constructed
1.000 25.4 1.500 38.1 product contact surfaces can be cleaned biy.a'(
other method specified by the owner/user. The product
() Welded shell and tube heat exchangers shall be contact surfaces shall be free of crevices, pdckets, and
of a dguble tubesheet design to prevent product contam- other surface irregularities.
ir}ati n in the case of a tube joint failure (see (b) The transfer panel nozzle élevation shalll be prop-
Fig. Sp-3.6.1-1). erly designed with respecttd the connecting

(1) During fabrication, when the tubes are to be
expanlded into the inner and outer tubesheets, the prod-
uct contact surface must not be scored.

(3) Tubes shall be seal welded to the outer
tubesheet.

(3) The distance between inner and outer tube-
sheetd shall be sufficient to allow leak detection and
examination.

(4) Tubesheets and channels shall be drainable.

(h) [The owner/user shall specify the orientation of
the exthanger (i.e., horizontal or vertical), and the manu-
facturpr shall ensure the complete product drainability,
other than the natural cohesive properties of the product,
at the|specified orientation. If this hold-up is unaccept-
able, fhen the system needs to be designed .with some
type df assist to aid draining, such as an air, blow down.
(1) In the specified orientation, the shell side shall
also be drainable (e.g., WFI condenséts).

(1) Transverse baffles with notehes should be pro-
vided| when necessary, to drain thée shell.

(3) The heat exchanger bonnet shall be match
markdd for proper orientation to ensure drainability or
cleangbility.

(i) Heat exchanger{thermal and mechanical calcula-
tions phall be performed for both operating and SIP
cycles

(j) In shell.and tube heat exchangers, the design pres-
sure for the product side shall be no less than the design
pressurefof the utility side

pquipment
such as tank, pump, ete.;ito ensure drainabflity, clean-
ability, and bioburden.eontrol during process transfer,
CIP, and SIP.

(c) Design and fabrication of the transfer|panel and
associated components must ensure that the piping sys-
tem can befully drained when properly installed. This
is not to\imply that panel nozzles and/or gubheaders
should.be sloped (see Fig. SD-3.7.1-1).

(d) Tagging/labeling of the transfer panel and its
components shall be per SD-2.4.4.2(i). Taggihg nozzles
on the backside of panels will help reduce the number
of incorrect piping connections during field istallation.

SD-3.7.2 Nozzles or Ports
(a) Nozzle construction shall accommodafe a design
feature that will assist in the elimination pf internal
surface anomalies caused in part by joining [the nozzle
to the panel structure.
(b) The method of joining a nozzle into a planel struc-
ture shall be of hygienic design. Acceptance friteria for
these welds shall meet the requirements of
Table MJ-8.5-1.
(c) Each front nozzle connection shall be ofla hygienic
design and the horizontal projection minimized to opti-
mize drainability.
(d) To ensure proper panel functionality anfl joint con-
nection integrity, panel nozzles shall not be dloped (see
Fig. SD-3.7.2-1).
(e) Nozzle-to-nozzle clearance shall be[such that

(k) The type of connections to the utility side (shell
side) shall be agreed to between the owner/user and
manufacturer.

SD-3.6.2 Cleaning and Steaming
(a) The product contact surfaces shall be constructed
to withstand CIP and SIP or other cleaning/bioburden
control methods specified by the owner/user.
(b) The cleaning and steaming conditions shall be pro-
vided by the owner/user prior to the design of the heat

45

jumper drain valve interference, if applicable, will not
occur when jumpers are connected in all possible
operating and cleaning configurations.

(f) Nozzles shall be capable of being capped. Caps
may include bleed valves or pressure indicators for
safety or operating purposes.

(g) Nozzle center-to-center and flatness tolerances are
extremely critical to proper panel functionality and shall
be agreed upon by the manufacturer and end-user. Rec-
ommended tolerances are per Table DT-7-2 and
Fig. SD-3.7.2-1.

exchanger.
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Fig. SD-3.6.1-1 Double Tubesheet Heat Exchanger Bonnet Design

Outer Inner
Bonnet tubesheet tubesheet
Accepted \ \
Fetraditie-on H

bonnet pockets

Pass rib drain slot ] Shell

[Note (1)] / assenpbly

o 2N : -

( | |
_’L% cm—

%
1 % TT i

M )=

Tube deformation frem forming %/\ U-tulje

(typical on both tubesheets) bundle

Outer Innier —= =— Leak detection slots
tubesheet tubesheet
Seal weld \/
& + Tube bundle must slope towards bonnet

7
4
F //;;. X .

// U-tube bundle

Tube hole key cut groove
(typical on both tubesheets)

NOTE:
(1) Owner to specify inlet tubing slope. Heat exchanger manufacturer to slope inlet on bonnet to match inlet tubing slope.
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Fig. SD-3.7.1-1 Transfer Panel Looped Headers

1 T

Minimize
I é
Slope —>

-
\\ (—

=

L[]
|
J llevel

Level

O~
Slope level

(a) Accepted

G

A~
]

(b) Not Accepted
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Fig. SD-3.7.2-1 Transfer Panel Tolerances
(Reference Table DT-7-2)

Inspection
<— planes for ——»
reference

/[Note (2)1\
A

Center Center [Note (1)]
to to
center center

\ [Note (2)]/JJJ

NOTES:
(1) Tolerances applied to related nozzles (defined by jumper paths).
(2) Flatness tolerance defines the maximum gap allowed across the entire sealing surface relative to the inspection planes shown above.
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SD-3.7.3 Headers or Pre-piped Manifolds

(a) When a looped header design is employed, the
branch length at capped or unused nozzles should be
minimized. The dimension of the subheader leg to the
nozzle face should not exceed an L/D of 2 (see
Fig. SD-3.7.1-1). A dead-ended and/or unlooped sub-
header is not recommended.

(b) To optimize the drainability at all nozzles, regard-
less of use, subheaders and pre-piped manifolds shall
not besloped—All-encompassing linesincluding long
runs With the exception of subheaders, manifolds, and
nozzl¢s may be sloped as defined in SD-2.4.3.

SD{3.7.4 Jumpers or U-Bends

(a) Jumpers shall be constructed with hygienic con-
nections on both ends designed to mate with the panel
nozzlgs.

(b) Jumpers may have a low point drain to provide
both ¢omplete drainage and vacuum break after the
liquid| transfer has been completed (see Fig. SD-3.7 4-1).
The byanch L/D of a low-point drain connection should
be mihimized. Zero static diaphragm valves are recom-
mendgd for low-point drains if available from the manu-
facturpr [see Fig. SD-3.7.4-1, illustrations (a) and (d)].
Low-point drain designs that incorporate a spool piece
allow] for full rotation of the drain valve [see
Fig. SID-3.7.4-1, illustrations (a), (b), and (c)]. This design
ensurgs that the drain valve is always at the true low
point pf the assembled jumper connection in any specit
fied ofientation.

(c) Jumper center-to-center and flatness tolerarices are
extrerpely critical to proper panel functionality:-Recom-
mended tolerances are per Table DT-7-2 and
Fig. Sp-3.7.2-1.

(d) [The use of reducing jumpers is-not recommended
due t¢ drainability concerns based eh jumper orienta-
tion. Any reduction in line size-should be made behind
the prjmary nozzle connection (behind panel structure),
thus alllowing all connectionsto be the same size on the
front ¢f the panel.

(e) The overall panel design shall be such that the
quant]ty of uniquejumper centerline dimensions is min-
imizedl.

(f) The same jumper should be used for process trans-
fer, CIP, anid SIP.

process drain. The depth of the drain pan is determined
by calculating the largest spill volume and accommodat-
ing it with a sufficient pan holding volume. Consider-
ation should be given to increasing the drain port
connection size in lieu of increasing pan depth. The
preferred drain port location is central bottom draining
or central back draining.

(c) The elevation of the pan should take into account
the clearance required for the jumper drain valve posi-
i ion i om row of
to accom-
modate the furthest connection and/oridrain point from
the face of the panel.

SD-3.7.6 Proximity Switches

(a) Proximity switches are uSed to detect the presence
or absence of a jumper with‘a’stem positiongd between
selected nozzles.

(b) The use of magneétic proximity switches, which
are mounted behind the panel structure avpiding the
need to penetfate the panel face, are prefgrred. This
elimination ©f)structural penetration will rgmove any
unnecessary cracks, crevices, or threads at t:lIe point of
attachment, thus removing the risk of prodiict entrap-
ment and/or contamination concerns.

(e)” Jumpers will contain a magnetic stem [to activate
the corresponding proximity switch. The use ¢f a ferrous
magnetic material is required; however, it myist be fully
encapsulated to ensure that the ferrous maferial does
not contaminate the classified manufacturing area. The
acceptance criteria for welds joining the sendor stem to
the jumper shall meet the requirements of Table MJ-8.5-1.

(d) The magnet should be of sufficient gquss rating
to properly activate the corresponding proxinfity switch.
In addition, the temperature rating of the magnet should
withstand the specified temperature ranges for process
and SIP without compromising thg magnet
performance.

(e) The proximity switch mounting shall be of
hygienic design and structurally sound to mpintain the
specified design location.

SD-3.8 Filters

[Reserved for future content]

(¢) £ a pressure indicator is installed on a jumper, it
must be a hygienic design and mounted in a manner
that maintains drainability in all jumper positions. The
L/D should be 2 or less.

SD-3.7.5 Drain or Drip Pans

(a) Drain pans, if utilized, shall be built as an integral
part of the transfer panel. The intended function is to
collect spilled fluids that can occur during jumper or
cap removal.

(b) Drain pans shall slope [preferred minimum of
1/4 in./ft (21 mm/m)] to a low point and be piped to the
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SD-3.9 Spray Devices

SD-3.9.1 General. SD-3.9 covers spray devices
intended for use in bioprocessing equipment, intended
to remain in place or be removed during production.
Recommendations in this section are valid for water
based cleaning solutions. The flow rate recommenda-
tions in this section are for metallic vessels.

(a) Spray devices distribute rinse and cleaning solu-
tions to interior surfaces of bioprocessing equipment by
direct spray and utilize sheeting action for remaining

(
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Fig. SD-3.7.4-1 Transfer Panel Jumpers

(a) Accepted

(b) Accepted

(c) Accepted

(d) Accepted

(e) Not Accepted

2L

(f) Not Accepted

(g) Not Accepted

(
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targeted areas. Spray devices are also used in other appli-
cations (e.g., water systems to maintain coverage of the
storage tank head space and in COP cabinet washers).

(b) The differential pressure across the spray device
generates liquid velocity exiting through the spray
device orifices, nozzles, or slots. Differential pressure
and its resulting flow are key parameters of spray
devices. Flow is the recommended control parameter
because it is independent of temperature and location
of the

measurement {’]Q‘Tir‘ﬂ

Fig. SD-3.9.1-1 Dynamic Spray Device: Single Axis
(Spray Pattern for Illustration Purposes)

(c) [The spray pattern, as it exits the device, is deter-
mined by the spray device design. Spray patterns are
typicallly streams/jets or fans.

(d) |[The impact pattern is determined by the interac-
tion oper time of the spray pattern and the geometry of
the equipment.

(e) Puring design, consideration should be given to
the following in the selection of spray device(s):

(1) residue characteristics

() equipment geometry and appurtenances

(3) physical location and orientation of spray
devicg(s)

(4) process requirements including air-purge and
steamjng, if applicable

(4) cleaning system capacity

(¢) installation of screen/strainer to protect the
functipnality of the spray device

1) cleaning cycle time

(§) cleaning chemistry compatibility with materials
of corfstruction

(9) potential orifice erosion (e.g., from €I>and SIP)
bpray devices are either static or dynamic.

(1) Static spray devices continuously produce a
defingd impact pattern by stationary direct spray. Static
spray |[devices have no moving parts. Examples of static
spray |devices include static spray’ balls, stationary noz-
zles, gnd spray wands.

(1) Dynamic spray devices are either single axis or
multijaxis. Both produice a defined impact pattern by
movirlg multidirectional spray(s). Dynamic spray device
rotatipn is rinse-water/cleaning solution driven or
motof driven.APynamic spray devices have moving
parts,|which\may include bearings, gears, and turbines
(a)~Single axis dynamic spray devices (see

—_

(f)

Fig. SD-319:1-2 Two Axes Dynamic Spray Device
(Number of Jets Are for Illustration Purposes)

Fig. SD-3.9.1-T). When the orifices/nozzles/slots are
manufactured at an angle, the resulting force spins the
spray head. Rotation can also be turbine or motor driven.

(b) Multi-axis dynamic spray devices rotate in
more than a single plane (see Fig. SD-3.9.1-2). When
rinse water/cleaning solution driven, the flow through
the spray device turns a turbine wheel, which typically
turns the body around one axis as well as the nozzle(s)
around a second axis creating a repeatable indexed pat-
tern. When motor driven, the body and nozzles are
turned mechanically by the motor.
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(a) Sorav devicescan-be-desianed-as—+t
[« r J o

movable,
retractable, or to remain in place.

(h) Spray device(s) are specific to the application and
equipment. Spray devices are generally not interchange-
able without considering the specific flow, pressure,
equipment design, spray pattern, and drainability of the
spray device(s).

SD-3.9.2 Spray Device Requirements

(a) Materials of construction shall comply with
SD-2.4.1.2 or as otherwise agreed upon with owner/
user.

(

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

(b) When installed, spray devices shall be drainable
and cleanable inside and outside or otherwise as agreed
upon with owner/user.

(c) Spray device(s) shall be installed per manufactur-
er’s instructions.

(d) When operated within specification, the spray
device(s) shall produce repeatable effective coverage
over a defined area of the equipment.

(e) Effective coverage shall not be affected by flow

rate variations r\ﬁ 10%. or otherwise qgvaaﬂ upon ]ﬁy

(f) Flow requirements for the specific application
should be confirmed with the spray device and/or
equipment manufacturer or other subject matter experts.

SD-3.9.2.2 Single Axis Dynamic Spray Device
Requirements
(a) Rotation and/or frequency verification shall be
agreed upon with the owner/user.
(b) Weld-on or self-cleaning slip-joint/ clip-on connec-
tions are acceptable. Other hygienic alternatives shall

owner/usgr.

devices shall be accessible for functionality
, inspection, and maintenance.

(¢) Renpovable spray device(s) shall be capable of
i installed in a repeatable manner by unique
identifiers|to ensure proper installation location.

(h) Sprdy device selection, orientation, and location
shall be d¢signed to ensure the equipment and the tar-
geted surfpces of its appurtenances (e.g., manways, dip-
tubes, baffles, nozzles, agitator shaft, and impellers) are
exposed t¢ rinse water/cleaning solution.

(i) Spray device(s) shall be provided with a level of
documentption that is consistent with the equipment for
which it if to be installed and in accordance with GR-5
documentption requirements.

ce with the definitions of Part SF.
devices shall not utilize lubricants that may:

devices ate typically lubricated by the rinse/eleéaning
solution(s}.
SD-3.9.2.1 Static Spray Device Requirements

(a) Static spray devices shall have a positioning device
(preferred) or mark to allow for proper-orientation dur-
ing re-instpllation, as static devices are orientation sensi-
tive (see Hig. SD-3.9.2.1-1)

(b) Weldl-on or self-cleaningslip-joint/ clip-on connec-
tions are gcceptable. Provision shall be made to ensure
proper orjentation and location if a slip-joint/clip-on
style stati¢ spray device(s) is used.

(c) A portion.ofithe flow is directed toward the spe-
cific appuftenances.

(d) The flowrate guideline for vertical cylindrical ves-

be agreed upon with the owner/user.

(c) The flow rate guideline for vertical cylinidrical ves-
sels with dished heads is 1.9 gpm/ft t9'2!3 gpm/ft
(23.6 Ipm/m to 28.6 Ipm/m) of inner yessél circgmfer-
ence. The majority of the flow is directed towalrd the
upper head to ensure coverage, of{appurtenanc¢s and
provide the sheeting action.

(d) The flow rate guideline‘for horizontal cylindrical
vessels with dished-heads,is’1.4 gpm/ft to 2.1 gpm/ft
(17.4 lpm/m to 26.1 Ipm/m) of perimeter (2L + 2IP). The
majority of the flow, is-directed toward the uppdr one-
third of the vessel'to ensure coverage of appurtefances
and provide the sheeting action.

(e) Flow tequirements for the specific appli
should bé\confirmed with the spray device a
equipment manufacturer or other subject matter e

(f) High-velocity gas flow from air-blows or
passing through liquid-driven spray devices can|result
in wear to bearing surfaces. Consideration shogyld be
taken to restrict gas flow through the spray dlevice
according to the manufacturer’s recommendatiof.

ration
hd/or
Kperts.
steam

SD-3.9.2.3 Multi-Axis Dynamic Spray Device
Requirements

(a) Rotation and/or frequency verification sh
agreed upon with the owner/end-user.

(b) The time to complete a full impact pattegn (see
Fig. SD-3.9.2.3-1) at a specified pressure or floy rate
shall be provided by the manufacturer.

(c) Weld-on or self-cleaning slip-joint/clip-on ¢
tions are acceptable. Other hygienic alternative
be agreed upon with the owner/user.

(d) The flow rate guideline for vertical cylindridal ves-
sels with dished heads is 1.3 gpm/ft to 1.5 gpm/ft
(16.1 Ipm/m to 18.6 Ipm/m) of inner vessel circimfer-
ence to ensure coverage of appurtenances and pfovide

all be

nnec-
b shall

sels with dished heads is 2.5 gpm/ft to 3 gpm/ft
(31 Ipm/m to 37 Ipm/m) of inner vessel circumference.
Reference Fig. SD-3.9.2.1-2. The majority of the flow is
directed toward the upper head to ensure coverage of
appurtenances and provide the sheeting action.

(e) The flow rate guideline for horizontal cylindrical
vessels with dished heads is 2 gpm/ft to 3 gpm/ft
(25 Ipm/m to 37 Ipm/m) of perimeter (2L + 2D). Refer-
ence Fig. SD-3.9.2.1-3. The majority of the flow is directed
toward the upper one-third of the vessel to ensure cover-
age of appurtenances and provide the sheeting action.
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the sheeting action.

(e) The flow rate guideline for horizontal cylindrical
vessels with dished-heads is 0.8 gpm/ft to 1.2 gpm/ft
(9.9 Ipm/m to 14.9 Ipm/m) of perimeter (2L + 2D) to
ensure coverage of appurtenances and provide the
sheeting action.

(f) Flow requirements for the specific application
should be confirmed with the spray device and/or
equipment manufacturer or other subject matter experts.

(¢) High velocity gas flow from air-blows or steam
passing through liquid-driven spray devices can result

(
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Fig. SD-3.9.2.1-1 Static Spray Device
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Fig. SD-3.9.2.1-3 Flow Rate Guideline for Horizontal Cylindrical Vessels
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in wear to bearing surfaces. Consideration should be
taken to restrict gas flow through the spray device
according to the manufacturer’s recommendation.

SD-3.10 Disposables That Require Pre-Sterilization
or Post-Sterilization

[Reserved for future content]

SD-3.11 Sampling Systems

SD-3.12 Steam Traps

(a) Steam traps are not considered hygienic. Steam
trap bodies shall have an internal surface finish (exclud-
ing the bellows assembly) as agreed to by all parties.
Surface finish specification shall match the clean steam
condensate tube finish specification unless the conden-
sate downstream of the trap is used in the process or
sampled for quality assurance.

(b) Where used in process systems, the traps shall be

capable of effectivelsz venting air.
O

SD3.11.1 General

(a) Sampling equipment in the biopharmaceutical
indusf{ry is used for the collection of samples that then
undergo chemical or microbiological evaluation. Sam-
pling may be either aseptic or non-aseptic.

(b) pampling systems shall not adulterate the product,
nor affect the sample characteristics being tested.

(c) Aseptic sampling systems shall be steamable or
pre-stgrilized single-use.

(d) Hygienic sampling systems shall either be cleana-
ble or|single-use.

(e) Aseptic sampling systems shall be closed to isolate
the piocess, protect the sample, sample container, and
sample transfer process from the environment and to
obtair] representative samples.

SD

3.11.2 Aseptic Sampling Systems

-3.11.2.1 Basic Requirements

teamable sample systems shall meet the releyant
ments of SD-2.3.1.1.

ampling systems intended for multiple4ise shall
nable.

ample valves shall meet the requirement of
3.2.3.

n septum sample devices,~the' needles shall be
ifed prior to insertion intothevessel or process line.
ollecting devices shallybe designed, connected,

SpP-3.11.2.2 Installation. The sampling device
shall Be installed:to- maintain the aseptic barrier between
the prpduct and the environment. Consideration should
be giylen to €ase of assembly and subsequent handling
of sanmple.

r J

(c) Where installed on process systems, (traps shall be
maintainable to allow easy examination andl cleaning.
Welded traps are acceptable if agreed fto by the
owner/user.

(d) The trap design and mode of operati¢n shall be
such that the risk of soil attachment to the wetted sur-
faces is minimized, especially around the b¢llows and
seat (see Fig. SD-3.12-1).

(e) The trap shall be-sized and installed [to operate
such that there is<no backup of condensafe into the
process equigment and clean steam systpm under
operating conditions. Operating conditiofs include
heat-up,.hold, and cool down. I

(f) The'trap shall be designed such that ghe normal
mode of mechanical failure will be in the opeh position.

(¢) Thermostatic steam traps, installed in vprtical trap
legs, are preferred for use in clean steam syjstems (see
Fig. SD-3.12-1).

(h) Trap operation/reactivity should be infproved by
the installation of an uninsulated section|of tubing
upstream of the trap [suggested 12 in. (30 cm) as recom-
mended by supplier] (see Fig. SD-4.2.2-2).

SD-3.13 Check Valves

The use of check valves for hygienic prodess piping
systems requires caution and is not recommpended.

SD-3.14 Orifice Plates

Orifice plates, when required and used ih hygienic
piping systems, shall be installed in a drainable position.

SD-3.15 Relief Devices

(a) Rupture discs (or other hygienic predsure relief
devices approved by the owner/user) on pré¢ssure ves-
sels should be installed as close as possible fto the sys-
tem’s highest point.

(b) The cleaning system design shall ensulre that the
rupture disc (or other hygienic pressure rellef devices

SD-3.11.2.3 Sample Collecting

(2) When using single-use collecting devices, consid-
eration shall be given to maximum pressure ratings of
valves, adaptors, and bags.

(b) Consideration should be given to the impact of
absorption and off-gassing that could lead to nonrepre-
sentative samples. Polymeric material requirements for
leachables and extractables are listed in Part PM.

SD-3.11.3 Non-Aseptic Sampling.
future content]

[Reserved for
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approved by the owner/user) will not be damaged by
cleaning media impact.

(c) Rupture disc (or other hygienic pressure relief
devices approved by the owner/user) installation shall
comply with the L/D ratios mentioned in SD-3.1.2.2.

(d) Discharge piping shall comply with the appro-
priate code.

(e) If areclosing hygienic pressure relief valve is used,
the owner /user shall evaluate and, if necessary, mitigate
the risk of product contamination associated with a leak
across the valve seat.

(
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Fig. SD-3.12-1 Steam Traps for Clean Steam Systems
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(a) Serviceable Trap

SD-3.16 liquid Pressure Regulators

ble through the outlet and/or inlet ports.

(b) Thete shall be no voids or crevices within the area
wetted by/|the fluid. Regulator designs, where a portion
of the valve stem penetrates the sensing diaphragm,
shall be ayoided unless provisions are made to avoid
entrapment of foreign matter and any leakage through
the interfgce between stem and diaphragm, especially
after SIP.

(c) Due|to the inherent design characteristics of self-
contained fregulators, manual means of override maybe
required tp allow full cleanability and drainability.

(a) Reg%ﬁators should be installed to be fully draina-

SD-4 PI]OCESS UTILITIES

SD-4.1 C

(a) Conjpendial water systems, such as USP Grade
Water-for{lnjection (WFI), USP Grade Purified Water
(PW), andl Highly Purified Water (HPW), shall be
designed gs looped cirquldtory systems, rather than non-
circulating, dead-ended;branched systems.

(b) Loops shall®be designed to provide fully devel-
oped turbtilent. flew in the circulating sections, and pre-
vent stagrjation/in any branches.

mpendial Water Systems

Sloped for drainability

(b) Welded Trap

(c) Units should be(completely drainable and ghould
not contain any areas where agents used to clegn, de-
scale, and/or passivate the units are trapped pr not
easily flushed during rinsing operations.

SD-4.1:2-Compendial Water Distribution Sysjms

SD-4.1.2.1 Point-of-Use Piping Design for Cdmpen-
dial\Water Systems. Point-of-use (POU) can be defined
asya location in a compendial water loop where|water
is accessed for processing and/or sampling. Typically,
the point-of-use assemblies are composed of the fpllow-
ing elements:

(a) piping associated with a compendial water loop
at the physical POU

(b) POU valves, equipment, and instruments

Additional process components and equipment may
be added to satisfy application and/or system rgquire-
ments and will be discussed further in this Paft (see
Fig. SD-4.1.2.1-1).

SD-4.1.2.2 Critical Design Criteria for Point-of-Use
Assemblies
(a) All point-of-use (POU) assemblies wjill be
designed to optimize drainability through th¢ POU
valve.
(b) Assemblies will be designed to promote the pbility
to CIP, SIP, and/or purge with clean gasses.

SD-4.1.1 Compendial Water Generation

(a) All surfaces that shall come into direct contact
with the product, feed water, or condensate/blowdown
produced by the units shall be constructed of 316 stain-
less steel with all welded parts of 316L stainless steel
or other material as specified by the owner/user.

(b) Connections to the product, feed water, or conden-
sate/blowdown produced by the units shall be made by
the use of hygienic design fittings. All gasketed fittings
should be constructed in such a manner as to avoid dead
legs and crevices.

(c) Valves used in point-of-use applications should be
welded into the water distribution loop where possible.
Current industry designs are available to achieve an L/D
of 2 or less (see SD-3.1.2.2).

(d) Sample valves should be integral to the design of
the primary valve to eliminate dead legs in the system.

(e) Sample valves should be installed only as needed
on the main loop.

(f) Sample valves should be installed where water is
utilized for the process to demonstrate water quality
compliance to compendial monographs.
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Fig. SD-4.1.2.1-1 Point-of-Use Piping
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Fig. SD-4.1.2.2-1 Physical Break in Point-of-Use Piping
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GENERAL NOTE:

(g) Any| valve used to provide clean utility services
to the POY assembly (e.g., steam or clean gas) should
be fabricated in such a manner as to achieve an L/D of
2 or less dpwnstream from the primary POU valve [see
Fig. SD-4.1.2.1-1, illustrations (a) and (c)].

(h) The|length of tubing from POU valves to process
equipment should be minimized [see Fig. SD-4.1.2.1-1,
illustratioms (a) and (b)].

(i) If evacuating the system is not possible, appro-
priate potting of the primary POU valve should pe
accomplished to facilitate sanitization.

(j) Wheh heat exchangers are used as poifit-of-use
coolers [see Fig. SD-4.1.2.1-1, illustration (c)], the design
shall comply with SD-3.6, Heat ExchangéEquipment.

(k) Physical breaks shall be employed\between hoses,
drain valves, or any other componenteading to drains
or sinks tq avoid backsiphoning into’‘the POU assembly
[see Fig. SP-4.1.2.1-1, illustrations’(d) and (e)]. The dis-
tance H of the physical break.'should be at least twice
the inner |[diameter of the*hoses, drain valves, or any
other comjponent leading to drains or sinks to avoid
backsiphohing intor the' POU assembly. The break shall
be at least|l in. (25.mm) for hoses, drain valves, or other
componerts with internal diameters less than or equal
to % in. (18 ‘tam) (see Fig. SD-4.1.2.2-1).

H=2xdorH = 1in. (25 mm)ifd<in. (13 mm);

finish should be less\than or equal to 25 pin. R, or (.6 pm
(see Part SF) and may be internally electropolished. All
internal surfdces shall be passivated.

(p) When-compendial water systems are constfucted
of polymier materials, the surface finish should be less
than’er equal to 25 pin. R, or 0.6 pm.

SD-4.2 Clean/Pure Steam Systems

SD-4.2 is applicable to both clean and pure [steam
systems.

SD-4.2.1 Clean/Pure Steam Generation
(a) All surfaces that come into direct contact wjth the
product, feed water, or condensate/blowdowh pro-
duced by the units shall be constructed of 316 stainless
steel with all welded parts of 316L stainless sfeel or
other material as specified by the owner/user.
(b) Connections to the product, feed water, or cqnden-
sate/blowdown produced by the units shall be made by
the use of hygienic design fittings. All gasketed ffttings
should be constructed in such a manner as to avoi¢l dead
legs and crevices.
(c) Units should be completely drainable and ghould
not contain any areas where agents used to clegn, de-

scale, and/or passwate the units are trapped pr not
acailsz £flaaclhad oo i i

(I) Tubing and other piping materials should be a
minimum of % in. (19 mm) in diameter to facilitate free
drainage of water after use.

(m) POU assemblies shall be drainable as indicated
in SD-2.4.3.

(n) A POU may include a venturi or orifice plate, if
the restriction of water flow is required. Where used,
the additions of these components will require a blow-
down to ensure drainability.

(0) When compendial water systems are constructed
of 316L stainless steel or other alloy steels, the surface

uuuuuu Hushed-duringrinsing-operations:

SD-4.2.2 Clean/Pure Steam Distribution System

(a) The distribution system shall have adequate pro-
vision to remove air during start-up and normal opera-
tions. The use of air vents installed at locations where
air is likely to be trapped, such as at the ends of steam
headers, can assist in this requirement.

(b) The horizontal distribution lines should be sloped
in the direction of flow as indicated in SD-2.4.3. Where
necessary, increases in height should be achieved by
vertical risers (see Fig. SD-4.2.2-1).
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Fig. SD-4.2.2-1

Slop%

Slope
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Slope in

Typical Clean Steam System Isometric

direction of
steam flow

Thermal
X expansion
Min. loop
(typ.)
Sample
cooler

Sample
cooler

ATy

Portable
sample
cooler

(option)

GENERAL NOTE:

Provide steam traps
(a) where line transitions from horizontal to vertical\(at"the bottom of the vertical riser)
gt least every 100 ft (30 m)
(¢) at end of each header or branch
dt thermal expansion loops or transitions
(e) where steam is sampled

(c) Adequate provision should be made to allow for
line ejpansion and\to/prevent sagging of the distribution
lines, po that line drainage is not reduced.

(d) |Distribution systems shall not be directly con-
nected toCany nonhygienic steam systems (e.g., plant
steam| systems).

a|cy

N

Clear| steam
gerjerator

(g) Condensate shall be allowed to drain t and from
steam traps. The use of overhead, direct-coupled, pres-
surized condensate return systems should lpe avoided
(see Fig. SD-4.2.2-2).

(h) Where possible, all components within| the distri-
bution system should be self-draining.

(e) Trap legs for the collection of condensate from the
steam distribution system should be of equal size to the
distribution line for sizes up to 4 in. (100 mm), and one
or two line sizes smaller for lines of 6 in. (150 mm) or
larger. These shall be trapped at the bottom. The line
size reduction can be made after the branch to the trap
leg (see Fig. SD-4.2.2-2).

(f) Trap legs should be installed at least every 100 ft
(approximately 30 m), upstream of control and isolation
valves, at the bottom of vertical risers, and at any other
low points.

(i) Dead legs should be avoided by design of runs
and the use of steam traps to remove condensate (see
Figs. SD-4.2.2-1 and SD-4.2.2-2).

(j) Branches and points-of-use should be routed from
the top of the steam header to avoid excessive conden-
sate loads at the branch (see Fig. SD-4.2.2-2).

(k) Sampling points for clean/pure steam should be
located to collect representative sample(s) of the system
(e.g., generator outlet, distribution header ends, critical
points-of-use, autoclaves, or SIP stations).
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Fig. SD-4.2.2-2 Clean Steam Point-of-Use Design
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SD-4.2 Clean/Pure Steam Valves.. \SD-4.2.3 covers
isolation, fegulation, and control valves'that are part of
the steam|system and are subject to’ continuous steam
service.

(a) Valyes for steam service shall be designed for
drainability and should have minimal fluid hold-up
volumes.

(b) Ball valves are aitacceptable industry standard for
isolation gurposés.oh continuous steam service. Three-
piece-body ball-valves should be used instead of single-
body designs’for both cleanability and maintainability.

T

Acceptable Not RecommEnded

SD-4.3 Process Gases

SD-4.3.1 Process Gas Distribution Systems. For this
section, a process gas distribution system is orje that
extends from the bulk supply source (including|cylin-
ders) to the points of use (POU) as defined by the opvner/
user. Owners/users and their Quality Assurance person-
nel shall demonstrate that their systems comply with
21 CFR 211, Subpart D.

(a) The installation of process gas delivery and|distri-

The bore of the ball valve assembly shall match the
inside diameter of the tube (see Fig. SG-2.3.1-6).

(c) All components shall be suitable for continuous
steam service at the temperatures and pressures speci-
fied by the owner/user.

(d) Requirements for operation under CIP and SIP
conditions [see SG-3.3.2.3(a)(11) and (a)(13)] can be
relaxed when agreed to by the owner/user.

(e) Secondary stem seals with telltale connections are
not required for steam service.

(f) Valves shall be accessible for maintenance.

60

bution-systemstforusewithinthe scope-ofthisStdndard
requires appropriate selection of piping materials. All
components shall be supplied or rendered both hydro-
carbon free (e.g., oil free) and particulate free prior to
installation and/or use.

(b) For materials of construction, the owner/user
shall specify all materials. When copper is used, it should
be hard drawn and installed in accordance with the
current edition of NFPA 99, Chapter 5. When copper is
specified in a clean room or area, the owner/user shall
confirm that all planned cleaning and sanitizing agents
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are compatible with copper and all materials of construc-
tion. When stainless steel tubing is specified, the materi-
als of choice are alloys 316L or 304L. Orbital welding is
the recommended joining method. Inside clean rooms,
the piping materials of choice are 316L or 304L stainless
steel tubing and fittings. The owner/user and manufac-
turer shall agree on all joining methods, levels of inspec-
tion, and acceptance criteria for all joints prior to
installation.

(c) nmprpqmn‘n F1fhnoq mav be used for valves regii-

valving. If redundant sterilizing grade filters are used
in series, the exhaust filter farthest from the reactor ves-
sel shall define the sterile boundary.

(4) agitation assembly including all internal sur-
faces of the impellers, and shaft up to the mechanical
shaft seal in contact with the product.

(5) feed systems from the vessel to the seat of the
isolation valve nearest to the bioreactor vessel or if the
feed stream is being filter sterilized, the sterilizing grade

lators| mass flow controllers and other instrumentation
systerhs at the source and /or within system boundaries.

(d) |Gas systems are not designed or configured with
the intent or provisions to be cleaned, passivated, or
chemikally treated after installation. Features such as
slope,|high point vents, and low point drains need not
be indorporated into these systems.

(e) There shall be no nonvolatile residue. The system
desigrll shall ensure that gas will remain pure throughout
its delivery.

(f) ltis important to select appropriate pre-filters and
final $ystem filters. The final point-of-use gas purity
shall gomply with the process requirements.

(g) |Gas systems testing and sampling shall comply
with 41 CFR 211 and ICH Q7 (International Conference
on Harmonization, Good Manufacturing Practice
Guidgnce for Active Pharmaceutical Ingredients).

SD-4.4 Process Waste Systems

SD{4.4.1 Bio-Kill Systems.
contet]

[Reserved for future

SD-5
SD-5.
SD}5.1.1 Bioreactors and Férmentors

Sp-5.1.1.1 General

(a) Bcope. For this sectior, the terms “fermentors” and
“biordactors” are interchangeable. A bioreactor or fer-
mentdr shall be défined as a vessel based system used
in the|growth ef'microorganisms, plant, mammalian, or
insect|cells.

(b) [Thelazea within the bioreactor sterile envelope or
boundaryshall be designed for cleanability and biobur-

PROCESS SYSTEMS

| Upstream Systems

fi‘ll.cl Clclllclll.
(6) sampling system.
(7) product harvesting system from the vessel to
the seat of the isolation valve nearest'fo the|bioreactor
vessel.
(c) A bioreactor is made up ‘efa number ofjsubassem-
blies, with those subassemblies potentially |in contact
with product, requiring-special design consideration for
cleaning and bioburden-control.
(d) The bioreactor,design for cleanability apnd sterility
shall take intoonsideration the biosafety leviel require-
ment for the system. A bioreactor shall be designed in
accordancewith a biosafety level requirement|as defined
by the National Institutes of Health or equivalpnt organi-
zation(€.g., BSL-1, BSL-2, BSL-3, or BSL-4). The biosafety
level’requirement should be determined baged on the
organism, the process, the product being prodficed, and /
or the owner/user’s preferences. To meet a specific bio-
safety level requirement, special operational jconsidera-
tions (e.g., steam blocks) may have to be pddressed
within the bioreactors’ subassembly designs. Iff the biore-
actor has been used to grow an organism thpt requires
biohazard containment, provision shall bp made to
decontaminate all surfaces that may have come in con-
tact with product prior to CIP, or to contain gnd decon-
taminate the fluids used for CIP.
(e) The bioreactor vessel should be pressute/vacuum
and temperature rated per the owner/user’s [design cri-
teria. The vessel shall be constructed, tested,|inspected,
and stamped in accordance with local ordinapces, regu-
lations, and codes.
(f) The area within the sterile envelope [should be
designed for CIP. For components that cannot be CIP’d,
the design shall allow removal for manual clpaning out
of place or replacement.

den control. As a minimum, the bioreactor sterile enve-
lope or boundary shall include the following (see
Figs. SD-5.1.1.1-1 and SD-5.1.1.1-2):

(1) vessel internals.

(2) inlet gas piping from the filter element(s) to the
vessel and any installed isolation valving. If redundant
sterilizing grade filters are used in series, the inlet filter
element farthest from the reactor vessel shall define the
sterile boundary.

(3) exhaust gas piping from the vessel side of the
exhaust filter(s) to the vessel and any installed isolation

61

(g) The area within the sterile envelope should be
designed for SIP. For those components or assemblies
that cannot be SIP’d, the design shall allow removal
for steam sterilization using an autoclave as long as
additional provisions are provided for sterilizing the
interface (e.g., steam block) once the components or
assemblies are reconnected to the remainder of the biore-
actor system. Autoclaved components or assemblies
shall be capable of being steam sterilized without degra-
dation to any of the elastomers or polymers that make
up the components or assemblies.
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SD-5.1.1.2 Inlet Gas Assembly. The inlet gas
assembly shall be defined as a piping assembly that has
the ability to deliver controlled amounts of filtered gases
into a bioreactor vessel. The assembly shall include but
is not limited to the items in SD-5.1.1.2.1 through
SD-5.1.1.2.4.

SD-5.1.1.2.1 Flow Control Devices
(a) Flow control devices (e.g., rotameters, mass flow

(d) The removable sparger shall be supplied with the
means to ensure that the installation orientation is in
compliance with design intent.

(e) If the bioreactor is sterilized with media in the
vessel, the SIP operation shall direct steam flow through
the sparge device.

(f) CIP for sparge devices that use porous material
for gas distribution requires particular attention. These
devices should be evaluated for CIP cleanability and

controllers, and modulating control valves) shall be
installed qutside of the sterile boundary; therefore, pip-
ing requifements within this section may not apply.
However, provisions shall be included within the design
to prevent instrumentation damage due to SIP proce-
dures and|backflow.

(b) Flow control devices should be sized to prevent
a vacuum|condition, or a provision to bypass the flow
control dgvice shall be provided to maintain positive
pressure if the vessel.

SD-5.1.1.2.2 Inlet Filter Assembly

(a) For this section, an inlet filter shall be defined as
a filter element installed in a housing of suitable mate-
rial. The jnlet filter assembly shall be defined as the
filter(s) logal to the bioreactor.

(b) Inlef
with proy
densate.

filter assemblies shall be designed for SIP
isions to remove entrapped air and con-

(c) If multiple inlet filters are used in series, then
the filter assembly closest to the bioreactor shallbé a
sterilizing|filter.

(d) Proyisions shall be made for integrity, testing of
the filter gssembly in situ or out of place:

(e) If the housings are included in'a ¢leaning circuit,
the filter elements shall be removed prior to introduction
of cleaning solutions.

(f) Gas
liquid levg

ilters should be installed above the bioreactor

<

SD-5.1.1.2.3 Gas Sparging Assemblies

(a) Spatgers. shall be defined as mechanical devices

normally Jocated below an impeller used to disperse
gases Wlﬂ' in.a thrgar] bioreactorThis section npp]ioc

should be removed from the bioreactor forexternal
cleaning and/or replacement when CIP is not féasible.
(g) All wetted surfaces shall be sloped to drain by
gravity into the vessel.
(h) If a check valve is installed)in the sparge line

within the sterile envelope, it shall be designed fpr CIP
and SIP.

SD-5.1.1.2.4 Inlet Gas Piping
(a) Overlay piping is defined as piping that
filtered gases todhe‘vessel headspace.

Hirects

(b) Inlet gas<assembly piping (sparge and oyerlay)
within the stetile envelope shall meet the requirgments
as defined 'in SD-3.1.2.

(c)Inlet gas piping within the sterile envelop¢ shall

meet slope requirements as defined for GSPD3 in
Jable SD-2.4.3.1-1.

SD-5.1.1.3 Exhaust Gas Assembly. The exhaust
gas assembly is defined as a piping assembly thatimain-
tains the integrity of the sterile boundary with fespect
to sterility and pressure. The assembly shall ifclude
but is not limited to the items in SD-5.1.1.3.1 tHrough
SD-5.1.1.3.3.

SD-5.1.1.3.1 Exhaust Filter

(a) For this section, an exhaust filter shall be defined

as a filter element installed in a housing of stitable

material.

(b) Exhaust filters shall be designed for SIP. Thg hous-

ings shall be installed in such a way as to prevgnt the
collection of condensate in the elements due to $IP.

(c) If redundant sterilizing grade exhaust filt¢rs are

to sparge lances, wands, rings, and other devices (see
Figs. SD-5.1.1.2.3-1 through SD-5.1.1.2.3-4) that may be
mounted in the bioreactor vessel to introduce various gas
streams for process operations. Sparge device assemblies
shall meet the requirements of SD-3.4.2.

(b) Spargers shall be designed for SIP with the vessel.

(c) Spargers should be designed for CIP. If the sparge
element cannot be CIP’d, provisions shall be made to
remove the sparge assembly from the bioreactor for
cleaning out of place or replacement.

64

used in series, then the filter farthest from the bioreactor
shall have a maximum rating of 0.2 wm absolute. In
addition, provisions shall be included for draining con-
densate from the piping between the filters.

(d) Consideration should be made for CIP or removal
in the case of cleaning out of place.

(e) Provisions shall be made for integrity testing of
the exhaust filter.

(f) Filter elements shall be removed prior to introduc-
tion of cleaning solutions into exhaust gas assemblies.

(
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Fig. SD-5.1.1.2.3-1 Gas Sparging Assembly — Lance
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Fig. SD-5.1.1.2.3-2 Gas Sparging Assembly — Sintered
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Fig. SD-5.1.1.2.3-3 Gas Sparging Assembly — Ring
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Fig. SD-5.1.1.2.3-4 Gas Sparging Assembly — Single Orifice
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Fig. SD-5.1.1.3.1-1 Exhaust Gas Condenser

Inlet from
vessel
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Cooling
inlet

Inlet from
vessel
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(g) [To prevent thé exhaust filters from becoming
blindgd by condensate saturation during operation, the
exhaust gas assembly may include exhaust condensers
(Fig. 9D-5,15%:8:1-1), exhaust heaters (Fig. SD-5.1.1.3.1-2),

steam|jacketed, or electrically heated traced filter hous-

Insulation with
sheathing

Fig. SD-5.1.1.3.1-2 Exhaust Gas-Heater

Insulation with
sheathing

Cooling
outlet

Steam

SD-5.1.1.3.3 Backpressure Control DeVices
(a) If required, backpressure control deyices (e.g.,
modulating control valves or regulators) ghould be
installed outside of the sterile boundary.

(b) Backpressure control devices shall not jhinder the

for SIP and CIP.

SD-5.1.1.3.2 Exhaust Gas Piping

(a) The exhaust gas assembly within the sterile enve-
lope shall meet the requirements as defined in SD-3.1.2.

(b) Exhaust gas piping within the sterile envelope
shall meet slope requirements as defined for GSD3 in
Table SD-2.4.3.1-1.

(c) The design of exhaust gas piping from the bioreac-
tor should ensure that there is no condensate accumula-
tion in the line downstream of the system.

bioreactor’s capability of being SIP’d and CIP’d.

(c) If a vapor-liquid separator is used in the exhaust
within the sterile envelope, it shall be designed for CIP
and SIP.

SD-5.1.1.4 Piping Systems

SD-5.1.1.4.1 Feed Lines. This section applies to
bioreactor piping systems used to feed liquid ingredients
(e.g., pH control reagents, antifoam reagents, media,
nutrient, and inoculum).
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Fig. SD-5.1.1.3.1-3 Electrically Heat Traced Filter Housing
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(a) Feed lines shall be designed with the appropriate
piping sygtem to allow CIP and SIP of the bioréactor
vessel and the feed line itself. CIP and SIP of ‘the feed
line may be done independently or simultarteously with
the bioreaftor.

(b) 1f CIP of the ingredient feed systefri is performed
during actjve culture operations, then the design should
include provisions to prevent ¢ross contamination
between ([IP solutions and product.

(c) Valve and piping oriéntation shall be designed to
provide cgmplete drainage during CIP and SIP.

SD-5.1.1.4.2- Bip Tubes. This section applies to
all bioreadtor port.tube-extensions within the vessel.

(a) Biorpactorydip tubes shall meet the requirements
of SD-3.4.2.

1

Inlet from vessel

(e) If the bioreactor is sterilized with media [in the
vessel, and the dip tube extends below the working level
of the media, the SIP operation shall direct stearh flow
through the dip tube into the vessel.

(f) Bioreactor dip tubes shall be designed for {CIP or
COP.

(g) If the dip tube is installed in the vessel ¢luring
CIP, both the inside and outside of the dip tub¢ shall
be cleaned.

SD-5.1.1.4.3 Harvest Valves/Bottom Qutlet

Valve. This section applies to all valves installed|in the
vessel bottom head.
(a) Harvest valves shall meet the requiremgnts of
SG-3.3.2.3.
(b) Bottom outlet valves shall be drainable and

(b) Removable dip tubes (see Fig. SD-3.4.2-4) shall be
inserted through a hygienic fitting. The removable dip
tube shall be supplied with the means to ensure that
the installation orientation is in compliance with design
intent.

(c) All wetted surfaces shall be sloped to drain by
gravity into the vessel.

(d) The SIP operation shall direct or balance steam
distribution to establish and maintain sterilization tem-
perature within the tube during the sterilization hold
period.

installed in such a way as to ensure complete drainage
of the bioreactor contents.

(c) Bioreactor harvest valves shall be designed for SIP
and CIP or COP.

SD-5.1.1.5 Miscellaneous Internal Components

SD-5.1.1.5.1 Agitation Assemblies. This section
applies to mechanical agitator assemblies mounted in
the bioreactor for achieving one or more mixing-related
unit operations (e.g., blending, mass transfer, heat trans-
fer, and solids suspension).
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(a) Agitators shall meet the requirements of SD-3.5.

(b) Agitators with double mechanical seals (see
Fig. 5G-2.3.2.3-2) or magnetic couplings (Fig. SD-3.5.5-2)
are recommended to isolate bioreactor contents from the
environment.

(c) Agitator seal or magnetic coupling components
shall be designed for CIP and SIP.

(d) Provisions shall be included in the design to clean
the product-contact surfaces of impellers. Additional

SD-5.1.1.6 Instrumentation

(a) Instruments installed within the sterile envelope
or boundary shall be designed for SIP. Consideration
should be made in the design for instrument removal
for calibration.

(b) Instruments installed within the sterile envelope
or boundary shall be designed for CIP or removed for
COP. In the case of COP, blind caps or plugs should be

provided to maintain the integrity of the system.
(o) T fao o1l 1

spray jelements-may-be-reqtired—to-achieve-coverage:
(e) Pottom-mounted agitators shall not interfere with
free and complete drainage of bioreactor contents.

SD-5.1.1.5.2 Mechanical Foam Breaker Assem-
blies. [ This section applies to mechanical foam breaker
assemplies that may be mounted in the bioreactor for
reducing or eliminating foam accumulation in the vapor
space [of the bioreactor.

(a) Foam breaker assemblies shall meet the require-
ments| of SD-3.5.

(b) [Foam breakers with either double mechanical
seals| (Fig. SG-2.3.2.3-2) or magnetic couplings
(Fig. 9D-3.5.5-2) are recommended to isolate bioreactor
contemts from the environment.

(c) Foam breaker seal or magnetic coupling compo-
nents| shall be designed for CIP and/or SIP as
appropriate.

SD-5.1.1.5.3 Internal Coils
(a) Internal coils should be avoided where possible.
(b) Product-contact surfaces of internal coils\tequire
provigions for CIP and SIP.

SD-5.1.1.5.4 Baffles. Baffle assemblies shall
meet the requirements of SD-3.5.

SD-5.1.1.5.5 Sprayballs/Deyices/Wands. This
sectioh applies to sprayballs, wands, and other devices
(see Flg. SD-3.9.2.1-1) that may be mounted in the biore-
actor [vessel for distributing cleaning solution during
CIP operations.

(a) ppray device assemblies shall meet the require-
mentd of SD-3.42-and SD-3.9.

(b) [f not removed during processing, spray device
assemplies: shall be designed for SIP.

G laxa £ 1
{e—Femperature-sensing-elements-showtd-he installed

in thermowells. Piping associated with‘infline ther-
mowells shall be sized to allow sufficient gteam and
condensate flow.

SD-5.1.2 Cell Disrupters
(a) Product contact material\shall not affgct product
quality or integrity.
(b) The device shallcbe-designed with the ability to
optimize drainability:
(c) The design shall incorporate non-shedding com-
ponents and parts.
(d) Safety rupture discs shall be oriented for draina-
bility whilé.maintaining system integrity anfl safety.
(e) Fhe disrupter shall be designed for eade of disas-
sembly to allow for COP.

SD-5.1.3 Centrifuges

SD-5.1.3.1 General
(a) Centrifuges designed for CIP and SIP [shall have
all product contact surfaces accessible to the CIP and
SIP fluids and be accessible for examination
(b) Centrifuges that are not designed for {CIP or SIP
should be easily disassembled and reassembled for
cleaning and examination.
(c) The owner/user shall inform the manufacturer of
the cleaning requirements and the bioburden control
method (e.g., temperature, pressure, chemis{ry).
(d) All crevices and corners, etc., should bd accessible
for visual examination and cleaning.
(e) Hexagon socket head cap screws shall rjot be used
if they are in contact with the product.
(f) No exposed lubricated bearings shall e allowed
in product contact zones.

. . The centrifuge manufacturer should mnimize all
(1) \Phe SIP operation shall direct or balance steam (&) & .

Lo unwanted areas wher lids may accumulate. These
distribttion to establish and maintain sterilization tem-

perature within the spray device during the sterilization
hold period.

(2) With the exception of a combination sparger/
spray device, internal spray devices should be located
above the bioreactor operating liquid level.

(3) If the bioreactor is sterilized with media in the
vessel, and the spray device assembly extends or is
located beneath the working level of the media, the SIP
operation shall direct steam flow through the device
into the vessel.

should include threads, gaps between parts, crevices,
etc. The centrifuge manufacturer shall identify all areas
of primary and incidental product contact that require
manual cleaning in addition to CIP.

SD-5.1.3.2 Product Contact Surface Finishes
(Process Contact/Wetted Surfaces)
(a) Surface finish specifications shall comply with
Parts SF and M] of this Standard.
(b) The owner/user and manufacturer shall agree on
the required finishes for the various parts. The surface
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Fig. SD-5.2.1-1 Tank/Vessel Vent Filters

AN

(a) In-Line Design
(Accepted)

finish of machined components or parts shall be speci-
fied by the manufacturer and agreed upon by the
owner/usgr.

(c) Provjisions should be made for inspection prior, to
assembly Into larger assemblies of subcomponentscand
parts. Proyisions shall be made to enhance the cleanabil-
ity of the machined surface by use of sloping; draining,
electropolfshing of surface, or other means:

SD-5.2 Dgwnstream Systems

SD-5.2{1 Filtration

(a) All wetted surfaces should'be accessible for clean-
ing and examination.

(b) The |filter housing €hall be designed to allow for
complete yenting and(draining. Liquid tee-type filter
housings should beinstalled vertically, and vent type
in-line filt¢r housings should be installed vertically with
the condgnsate//drain port directed downward (see
Fig. SD-5.2.1-H.

(b) T-Type Design

Low point drain

(Accepted)

moisture accumulation in vent filters, such as venf heat-
efs$ or condensers, could be considered.

SD-5.2.1.1 Filtration Systems

SD-5.2.1.1.1 Cleaning

(a) Filtration systems that are designed for cl¢aning
in place shall be designed in accordance with SID-2.4.2
unless otherwise agreed to by the owner/usgr and
manufacturer.
(b) Tangential flow filtration elements mjay be
designed for repeated use and cleaned along with the
system. When multiple-use elements are cleajed in
place, system design shall ensure suitable condlitions
(e.g., flow rates) to properly clean the filtration elepnents.
(c) Direct flow filtration elements are typically not
reused and are not installed during the cleaning ptocess.

S$D-5.2.1.1.2 Sanitization. The owner/{ser is
responsible for defining the sanitization requirgments
based upon the level of bioburden control requited for

(c) All nozzle connections shall be of a hygienic
design.

(d) Baffle plates, when used, should be cleanable and
designed for SIP.

(e) The housing assembly, tube-sheets, end plates, and
connections should be designed to prevent bypassing
of the product around the element.

(f) Parts forming internal crevices should be easily
disassembled to enable access for cleaning.

(g) Vent filters for hot process services should be heat
traced or steam jacketed. Other methods for preventing

72

the unit operation. All components and filter elements
shall be either compatible with the selected sanitization
agents and conditions, or capable of being removed or
isolated prior to the sanitization process while main-
taining a flow path through the system.

(a) Chemical Sanitization. Equipment intended to be
chemically sanitized shall be designed to ensure contact
between product contact surfaces and the sanitization
solution.

(b) Thermal Sanitization or Sterilization. Temperature,
flow direction, and differential pressure of the thermal

(
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sanitization or sterilization process shall be defined by
the owner/user. The properties of the filter elements
shall be considered to confirm compatibility of the ele-
ment with the exposure conditions of a thermal sanitiza-
tion process.

SD-5.2.2 Micro/Ultrafiltration Systems
(a) Skid pumps designed for both process and CIP

shall be designed to provide turbulent flow for cleaning.
All process piping systems that include piping, tubing,

(c) |Ultrafiltration cartridge housings shall be
desigmed with connections and covers that will allow
the unit to drain completely.

SPp-5.2.2.1 Depth Filtration.
content]

SPp-5.2.2.2 Tangential/Cross Flow Filtration.
[Resefved for future content]

[Reserved for future

SD-5.2.3 Chromatography. For this section, “sys-
tem” Js intended to cover the chromatography piping
skid, not including the associated column.

SpP-5.2.3.1 Cleaning. Chromatography systems
shall e designed for cleaning in place. Systems should
be dedigned in accordance with SD-3.1 unless otherwise
agreedl by owner/user and manufacturer.

SP-5.2.3.2 Sanitization

SD-5.2.3.2.1 Chemical Sanitization. Chemical
sanitization processes are used to reduce bioburden. All
produlct contact surfaces of systént“components shall
eithey be compatible with the selected sanitization
agentg or be capable of being removed or isolated prior
to thq sanitization process) Chromatography systems
are typically stored fldoded with a sanitizing solution
to majntain bioburdef control.

SD-5.2.3.2:2. Thermal Sanitization. Chromatog-
raphy|systemstnay be designed for thermal sanitization.
Howeyer,because it is generally not possible to perform
thermplsanitization of columns, the requirement is often
waive g eTITS® ;i

designed for thermal sanitization, components shall be
designed for the specified conditions, or shall be
removed or isolated prior to the sanitization process.
Note that if items are removed for sanitization, they
should be sanitized separately and reinstalled in a con-
trolled environment to avoid contaminating the system.

dlOY 9 1% % d Y C

SD-5.3 Process Support Systems
SD-5.3.1 Washers.
SD-5.3.2 Steam Sterilizers/Autoclaves

[Reserved for future content]

SD-5.3.2.1 General. For this section, autoclaves
and steam sterilizers shall be used synonymously. This
section describes the requirements of autoclaves that are
used in bioprocessing for the steam sterilization of hard,
dry-wrapped, and liquid materials. Autoclave chambers
are pressure vessels and shall be pressure and tempera-
ture rated per the owner/user’s design criteria with a
minimum pressure rating of 25 psig at 266°F (1.7 barg
at 130°C). The chambers shall also be vacuum rated.

i i erials used
in the European market, autoclaves may alsg pe required
to comply with Pressure Equipment Birective (PED)
97/23/EC and/or EN-285. Special éonditiofis such as
bio-seals may be required for autéelaves used in BSL-3
and BSL-4 applications. Pleaserefer to the Biosafety in
Microbiological and Medical Labs (BMBL) afd Centers
for Disease Control (CDCO)\gtidelines for thpse special
conditions.

This section does ‘ot pertain to pasteurjzers, ETO
(ethylene oxide), VHP (vaporized hydrogen|peroxide),
or ClO2 (chlorine dioxide) type sterilization gquipment.

The Mandgfacturer shall define the sterile| boundary
of the system.

SD-5.3.2.2 Cycle Types. Autoclaves ghould be
capable of multiple cycle types for various lpad condi-
tions. Autoclaves shall only be used to sterilize the types
of goods for which they are designed. The mo§t common
load types are specified in SD-5.3.2.2.1 through
SD-5.3.2.2.3.

SD-5.3.2.2.1 Hard Goods Cycles.
refer to goods such as metallic instruments,

Hard goods may be wrapped or unwrapped.
Unwrapped goods can often be effectively putoclaved
using either a single vacuum pull or gravity ajr displace-
ment. These goods can sometimes be autpclaved at
higher temperatures. Multiple vacuum pulsq precondi-
tioning is required for wrapped goods to ensjure proper
evacuation of noncondensable gases from both the auto-
clave chamber and autoclaved goods. Steam| sterilizers
used for the processing of wrapped or porpus goods
shall be able to pull vacuum to levels below 1 psia
[69 mbar (a)] and maintain the vacuum with ajmaximum

ak ra i i 3 min). Cooling,
drying (pulse, vacuum) is an optional cycle step used
to dry goods at the end of the autoclave cycle. Heated
pulse drying is also recommended for the drying of
porous goods such as rubber stoppers. Exhaust rates
and heating rates should be adjustable for pressure-
sensitive materials.

SD-5.3.2.2.2 Liquid Cycles. Forced air removal
preconditioning is an optional cycle used to evacuate
the noncondensable gases from the autoclave chamber.
Liquid cooling cycles should be provided to efficiently
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cool the autoclave chamber. Providing the chamber with
overpressure helps prevent the liquid goods from boiling
over during the cool down phase. Liquids can also be
cooled by slow rate exhaust. Heating rates should be
adjustable to help compensate for differences in heating
profiles of items in mixed loads.

SD-5.3.2.2.3 Air Filter Sterilization. An indepen-
dent air filter steam in place sterilization (SIP) cycle
should be provided for the in situ sterilization of the

SG for specifications of seals used in bioprocessing.

SD-5.3.2.3.3 Sterile Air/Vent Filters. Where the
sterilization cycle requires admission of air into the
chamber, the air should be filtered with a sterilizing filter
(0.22 wm or less). The filter element shall be replaceable.
Provisions for the steam in place (SIP) of the vent filter
elements should be provided.

SD-5.3.2.3.4 Steam Traps. Refer to SD-3.12 for

chamber Yent filters ensuring supply of sterile air for
cool-dowr] phases of autoclave loads.

SD-5.

SD-5.3.2.3.1 General

(a) Matdrials of Construction. Materials in contact with
steam shall resist corrosion from steam and steam con-
densate. The materials shall not affect steam quality and
shall not felease any substances known to be toxic or
that could adulterate the product. Piping/tubing and
fittings shall be pressure and vacuum tight. The piping/
tubing layput should be designed to eliminate dead-legs
within thg sterile boundary. Tubing within the sterile
boundary [should be orbital-welded stainless steel tub-
ing wher¢ possible and shall comply with Part M]
(Table MJ+8.4-1) acceptance criteria. All process contact
surfaces within the sterile boundary including tubing,
chamber, and components shall be passivated.

The autpclave shall be enclosed with paneling that is
resistant t¢ corrosion and is cleanable.

(b) Surfhce Finish. The surface finish within the stetile
boundary need not exceed 35 R, win. (0.89 wm). Electro-
polishing {s not required for steam sterilization systems.

(c) Elasfomers. Elastomers shall comply with'SG-3.1.1
(Service Témperature), SG-3.1.2 (Service-Rressure), and
SG-3.3 (Sepl Construction). Elastomers shall be resistant
to corrosign and to chemical and thermal degradation.
Elastomerp used in autoclave applications shall be capa-
ble of withstanding pressures.of a minimum of 25 psig
at 266°F (1|7 barg at 130°C). Seals should meet the testing
requiremepts specified i1<SG-3.1.8.

(d) Insulation. Extetnal surfaces should be insulated
to minimige heat, fransmission.

B.2.3 Components

SD-5.3:2:3:2 Doors. Autoclave door(s) shall be
accessible) cléanable, and replaceable, and should be

+ & £ ool &
TC U CIITCITt SO StCaT I apsS:

SD-5.3.2.3.5 Loading Carts/Trays.- CGarfs and
trays exposed to clean steam shall be ¢onstrugted of
materials resistant to clean steam and<clean steafn con-
densate. Carts, trays, and chamber shall be accessjble or
removable and cleanable.

SD-5.3.2.3.6 Valves. Valves and sealing materi-
als located within the sterile boundary shall cpmply
with SG-3.3.2.3. Valvestwithin the sterile bounddry are
typically only exposed.to clean steam service and ¢hemi-
cal(s) used during-passivation. Exposure to these ondi-
tions should be ronsidered when selecting a valvie type
for this application.

SD-5.3.2.3.7 Check Valves.
ventback-siphoning into the service feed systems §
be gonsidered.

SD-5.3.2.3.8 Jacket. The jacket shall bp con-
structed using materials that are resistant to corrosion
and degradation from steam or clean steam and clean
steam condensate, as applicable.

Provisions fo pre-
hould

SD-5.3.2.4 Other Features

SD-5.3.2.4.1 Drain Temperature. Waste td drain
temperature shall comply with owner/user spdcifica-
tions. The owner /user must specify discharge tethpera-
ture requirements to the manufacturer.

SD-5.3.2.4.2 Instrumentation. Autoclavg
sure and temperature shall be displayed at all
All instruments within the sterile boundary sho
of hygienic design. Instruments shall be capable o
calibrated and replaced. The instrumentatior]
include the following:

(a) Temperature. Independent temperature elgments

pres-
doors.
1ld be
being

shall

capable of undergoing inspection without dismantling.
The door seal shall be resistant to clean steam and clean
steam condensate. The door on the non-sterile side shall
be capable of reopening after closing without undergo-
ing a cycle. The door(s) shall not be capable of opening
during a sterilization cycle. The doors shall be con-
structed of materials that are resistant to clean steam
and clean steam condensate. For multiple-door systems,
the doors shall be interlocked to allow the opening of
only one door at a time. The unloading (“sterile-side”)
door shall remain sealed in standby mode. Refer to Part

74

(one or two for monitoring and recording and an inde-
pendent one for controlling temperature) shall be pro-
vided. The chamber temperature recording element
should be located in the chamber drain. Each tempera-
ture element shall be accurate to +0.1°C (0.18°F) with a
sensor response time <5 sec. The element installation
shall not affect the maximum leak rate. The temperature
elements shall be temperature and clean steam resistant.

(b) Pressure/Vacuum. Pressure/vacuum instruments
shall be provided. The pressure instruments shall moni-
tor the chamber and jacket pressures. Provisions for

(
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recording chamber pressure during active autoclave
cycles shall be included.

(c) Date/Time. Provisions for recording the date and
time during an autoclave cycle shall be included.

(d) Recording may be achieved by paper or 21CFR
Part 11 compliant electronic means.

SD-5.3.3 CIP Systems and Design
SD-5.3.3.1 General

(3) Spray devices (if applicable) designed to deliver
the cleaning solutions throughout the soiled process
equipment.

(4) Instrumentation and controls architecture (if
applicable) designed to communicate, monitor, and syn-
chronize the CIP cycle, and report CIP variables.

(b) The following cleaning variables should be consid-
ered in the design of the CIP system and CIP cycle:

(1) time of exposure (contact time) to wash and

rinse-solutions

SD-5.3.3.1.1 Scope and Definitions

(a) [The following terms are defined for this section:
(1) Clean-in-place (CIP) system: a system used in the
prepdration, distribution, delivery, and subsequent
removal of cleaning solutions to soiled equipment.

4) CIP cycle: the executed recipe of rinses, washes,
and ajr blows used to clean soiled equipment.

(3) CIP circuit: the sum of paths within a process
unit gperation that are cleaned as part of a single CIP
cycle [e.g., bioreactor, buffer hold vessel).

4) CIP path: the specific destination contacted
leaning solution/rinse water during a CIP cycle
bpray device path, inoculum line path, addition
th). Multiple paths within a circuit may be cleaned
aneously.

(b) All in-circuit components of the CIP system (e.g.,
filter ousings, pumps, vessels, heat exchangers, transfer
panels, instrumentation, valving, piping) shall be
desigIed to be cleanable, drainable, and of hygi€nic
design appropriate for use in contact with process fltiids
per thie applicable sections of this Standard.

Py

—

with
(e.g.,
line ps
simul

SD-5.3.3.1.2 CIP System Operating Capabilities

(a) [The CIP system shall be capable:of'delivering and
subsefjuently removing cleaning 'solutions to soiled
equipment in a verifiable and reproducible manner.

(b) [The CIP system shall be.eapable of removing pro-
cess goils to an owner/user’determined acceptance
criterip.

(c) [The CIP systentshall be capable of removing clean-
ing chemicals tosa_verifiable amount characteristic of
the final rinse/solution.

SD:5.3:3.1.3 CIP System Functionality
(a) JASGIP system is a distributed system of properly

(2) temperature of wash and rinse sélifions

(3) chemical concentration of wash\solytions

(4) fluid hydraulics

(c) A CIP system should inghide the capability to

control directly or indirectly_ tinonitor and record if
applicable) the following CIP variables:

(1) timing of CIP cycle

(2) path being cleahed (e.g., valve positjon indica-
tion, pressure/flow verification, manyal setup
verification)

(3) CIP supply temperature (or return if

(4) conddctivity, volume of cleaning
added, 0t cleaning chemical concentratiox
solutions

(6) final rinse conductivity or residugfl cleaning
chemical concentration

(6) CIP supply flow rate

(7) totalized flow (if timing not monito

(8) CIP supply pressure

(9) spray device rotation (if used)

(10) interruption or unacceptable decregse in flow
to a path

(11) pressure of clean compressed air
used in air blow)

SD-5.3.3.2 CIP Skid Design
(a) For this section, a CIP skid consists jof a wash
and/or rinse tank with all requisite valves, ppumps, and
instrumentation. Provision for separation of fped waters
and wash solutions should be considered. CIH skids may
be located in a fixed, centralized location pr may be
portable and used adjacent to the soiled eqyipment.
(b) The CIP skid design should consider the CIP cir-
cuit volume for water consumption, locatior] of skid in
facility (if fixed), chemical consumption, wasfe effluent,

pplicable)
chemical
for wash

ed)

supply (if

integrated components including the following:

(1) CIP skid (CIP preparation equipment) designed
to prepare the cleaning solution. The CIP skid should be
designed to deliver feed water, inject cleaning chemicals,
heat, and supply the cleaning solution to the soiled
equipment. The skid shall also be designed to remove
all residual cleaning chemicals added during the cycle.

(2) CIP distribution equipment designed to trans-
port the cleaning solution to and from the soiled equip-
ment. The distribution equipment may also return the
solution to the CIP skid, if applicable.

75

and energy required to clean a given circuit.

(c) The wash/rinse tank(s) shall be designed and fab-
ricated per SD-3.4. The tank(s) shall be designed for
cleanability per SD-5.3.3.4 and shall be equipped with
a spray device(s) per SD-3.9.

(d) If used on wash/rinse tanks, a hydrophobic vent
filter shall be designed to prevent moisture accumula-
tion in the vent filters and shall be fabricated per
SD-5.2.1.

(e) Heat exchange equipment shall be designed and
fabricated per SD-3.6.1.

(
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Table SD-5.3.3.3-1 Flow Rates to Achieve
5 ft/sec (1.52 m/s)

Sanitary Tube Size

decided by the owner/user. Spray devices shall be
designed and fabricated per SD-3.9 (also see
Fig. SD-3.9.2.1-1 for static spray device design
considerations).

(c) Dished-head vertical vessels should have cleaning
solutions delivered with the majority of flow directed
toward the upper head and sidewall area at the upper
knuckle radius. Cylindrical horizontal vessels should
have cleaning solutions delivered with the majority of
flow directed toward the upper ane-third of the vessel.

0.D. 1.D. Flow Rate
in. mm in. mm gpm Lpm
0.5 12.7 0.37 9.4 1.7 6.3
0.75 19.1 0.62 15.7 4.7 18
1.0 25.4 0.87 221 9.3 35
1.5 381 137 348 23 ]7
2 50.8 1.87 47.5 42.8 162

(f) The [CIP skid should have flow control, either via
pump output or by means of flow control valves.

(g) CIP|supply pumps shall be designed and fabri-
cated per |[SD-3.3.2. The pump design should consider
the handling of a gas/liquid mixture.

(h) The|design should consider hazardous operation
of cycle copsidering choice of cleaning chemicals. Chem-
ical segregation, spill control, addition handling, mate-
rial compatibility, secondary containment, and
personnel|safety should be considered.

SD-5.8.3.3 CIP Flow Rate Guidelines for Process

Lines

(a) Pipdline should be fully flooded and ensure turbu-
lent flow ¢luring cleaning.

(b) CIP [shall be performed at a flow rate that main-
tains a ful|ly flooded process line and ensures-‘turbu-
lent flow.

(c) The fflow direction, line orientation, line size, and
presence and orientation of branches, fittings, and other
equipment can have a significant inflience on the flow
rate requifled to fully flood a process line. Consequently,
designerg should take thesé into account when
determinipg suitable flow paths and CIP flow rates.

(d) CIP [flow rate requirements should not be consid-
ered exclusively of otherCIP process variables.

(e) Table SD-5.3.3.3=1details flow rate recommenda-
tions that|should‘ehsure air removal in straight hori-
zontal and vertical'lines for line sizes up to 2 in. These
flow ratps.cerrespond to a flow velocity of

(1) If a static sprayball is used, gravity proyides a
solution sheeting over the side wall and betton] head
(vertical vessels) or lower surfaces (horizontal vdssels).

(2) If a dynamic spray device is{dsed, the Hevice
may directly spray areas throughoutithe vessel ¢r rely
on sheeting action.

(3) Figure SD-3.9.2-2 details'ranges of flow gecom-
mendations for static sprayballs on vertical proceps ves-
sels under typical cleaningloads. The recommendations
in Fig. SD-3.9.2-2 ensure sufficient coverage.

(4) The critefia to ensure sufficient covergge on
horizontal progess vessels vary with geometry and size.

(5) Sufficient exposure shall be confirmed by|cover-
age testing-per SD-6.1 at site of equipment manufacture
and/or @nstallation.

(d)Spray device design and location shall gnsure
appurtenances such as manways, baffles, dip tubgs, agi-
tator impellers, and nozzles are contacted with cl¢aning
solution. Some appurtenances may require addjtional
provisions for cleaning.

(e) Spray devices only ensure coverage of the exterior
of installed appurtenances and equipment. |If not
removed during CIP, cleaning solutions shalf flow
through appurtenances to clean their interior.

(f) The fluid level should be minimized in the process
vessel during CIP. Proper hydraulic balance (supplly and
return flow) of the CIP circuit and sizing of the Hottom
outlet valve should be considered to minimiz¢ fluid
level.

(g) Vortex formation during CIP may adversely affect
the operation. The installation of a vortex breakgr may
be required.

(h) Vortex breaker design is to be decided by the
owner/user. Vortex breaker surfaces shall be sloped to
eliminate pooling during CIP and positioned fto not

5 ft/sec (1 S2m /c), wuhich is charactorizod ]ny turbulent

flow for all CIP solutions that are within the scope of
this section and all line sizes referenced in Part DT.

SD-5.3.3.4 Design Guidelines for Cleaning Process
Vessels
(a) Process vessels should be cleaned via internal
spray device(s) designed to consistently expose all inter-
nal surfaces to the cleaning variables described in
SD-5.3.3.
(b) The use and application of a particular spray
device design to satisfy these requirements is to be

adversety affect the hydrautic batance of the CIPTircuit.

(i) For process vessels equipped with an agitator, the
impeller should be rotated at an appropriate speed dur-
ing the CIP cycle.

SD-5.3.3.5 CIP Distribution Design

SD-5.3.3.5.1 CIP Distribution Guidelines (Supply
and Return)
(a) General
(1) The use and application of a particular distribu-
tion design or combination of designs is to be decided
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Fig. SD-5.3.3.5.1-1 CIP Looped Header (Supply or Return)

To/from CIP To/from CIP
circuit or path #1 circuit or path #2
Zero-static
isolation valve - T
Minimum
Y

4 N\
NG /

S

Short-outlet tee (future)

by th¢ owner/user. SD-5.3.3.5 discusses design*and
installation considerations for a series of CIP distribu-
tion options.
(4) All CIP distribution designs shall be sloped for
draingbility as per SD-2.4.3. Slope desighation GSD?2 is
recommended.
(3) The use of looped headers,transfer panels, and
valve fypes (e.g., divert, mix;proof, multiport, zerostatic,
and djaphragm) should all\be’considered in the design
of the|CIP distribution system.

(b) Looped Headers{(See Fig. SD-5.3.3.5.1-1)
(1) For thissedtion, a CIP distribution looped
headey shall be defined as a piping ring surrounded by
circuif-specific isolation valves. The entire ring path is
cleandd during a CIP cycle.
(4) The dimension from the looped header to the

To/fromEIP skid

Capped zero-stgtic
valve (future

(c) Transfer Panels. Transfer panels shall be designed
and fabricated per SD-3.7.1.
(d) Multiport Valves. For this section, a CIP distribu-
tion multiport valve shall be defined as a multiple valve
assembly fabricated as a single body to minjimize dis-
tances and maximize drainability [see SG-3.B.2.3(a) for
details].
(e) Zero-Static Chains (See Fig. SD-5.3.3.5.142)
(1) For this section, a CIP distribution [zero-static
chain shall be defined as a manifold of circhit-specific
zero-static valves.
(2) Provision shall be made to flush th¢ manifold
in a zero-static chain.
(f) Swing Elbows
Fig. SD-5.3.3.5.1-3)

and Piping Spgols (See

isolation valve weir or seat should conform to SD-3.1.2.2
(see Fig. SD-3.1.2.2-1 for details). The use of short-outlet
tees or zero-static valves is to be decided by owner/user.

(3) Future connections (if applicable) on the looped
header should utilize capped short-outlet tees or capped
installed zero-static valves.

(4) Looped header connections should be oriented
horizontally when used in CIP return applications.

(5) CIP supply header design should provide for
adequate velocity in parallel cleaning paths (e.g., line
size reduction in loop header).

(1) For this section, a swing elbow or piping spool
shall be defined as a removable section of pipe used to
provide a positive break between two paths.

(2) Swing elbows or piping spools shall be con-
nected to adequately supported piping to maintain line
slope and connection alignment.

SD-5.3.3.5.2 CIP Distribution Piping
(a) The distribution piping and components in a recir-

culated CIP circuit shall be hygienic for design and fabri-
cation as per SD-3.1.2 and SD-2.4.3.
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Fig. SD-5.3.3.5.1-2 Zero-Static Chain

Minimum

>
From CIP skid —3 2| k_(;Jl'o C(IjP _
skid or drain

CIP circuit or path  CIP circuit.or path
#1 supply #2 supply

Fig. SD-5.3.3.5.1<3 Swing Elbow Arrangement

To/from
CIP circuit #2 To/from CIP skid

Swing elbow
transition point To/from
CIP circuit #1
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(b) The distribution piping and components in a once
through CIP circuit or path (not recirculated) shall be
hygienic for design and fabrication as per SD-3.1.2 and
SD-2.4.3 upstream of the location of cleaning perform-
ance verification.

(c) CIP supply piping should be sized to ensure that
the fluid flow meets or exceeds the guidelines stated in
sections SD-5.3.2.3 and SD-5.3.2.4.

(d) The distribution circuits shall be designed such
that fI

ud flov will maintain a positive pressure relative.

SD-6.1 Spray Device Coverage Test

The purpose of a spray device coverage test is to
document proper fluid coverage of the internal surface
and parts of a tank or piece of equipment. The results
give information about fluid coverage, a requirement
for cleanability. All internal instruments shall be
installed (e.g., agitators, level probes, and dip pipes)
during the spray device coverage testing. If it is not
practical to conduct the test with all interior equipment

to the|process drain, preventing backflow.

(e) LCIP return piping shall be designed to maintain
hydrajulic balance (supply and return flow) of the CIP
circuif.

SD-5.3.3.5.3 CIP Return Pumps

(a) [CIP return pumps (if required) shall be designed
and fgbricated per SD-3.3.2. Centrifugal pumps are pre-
ferred| for CIP return applications. If a gas/liquid mix-
ture i anticipated, then hygienic liquid ring pumps are
recommended.

(b) When a vessel is included in the circuit, CIP return
pumps should be placed as close as possible to the vessel
bottorp outlet and at the low point of the circuit.

(c) Provision shall be made to flush through the casing
drain jof CIP return pumps.

(d) [CIP return pumps shall be designed to maintain
hydrajulic balance (supply and return flow) of the CIP
circuif.

SD-5.3.3.5.4 CIP Return Eductors. For thiS\sec-
tion, 4 CIP return eductor shall be defined asca device
that ubes a motive fluid to create a pressure-ditferential
that r¢turns the CIP solution.

(a) |CIP return eductors shall be\designed and
installed to be drainable.

(b) [CIP return eductors shall be:désigned to be remov-
able for examination.

(c) ppecial design factors.shall be considered when
using |CIP return eductdrs\(e.g., vapor pressure, return
line siize).

SD5.3.4 Ultra-High Temperature Sterilizers.
[Resefved forduture content]

SDi5.3:5.‘Media Prep. [Reserved for future content]

TIT PIdLU, duuuuy Strafts—armt dip tubes Ty pe used to
check shadowing. Cleaning of impellers may{have to be
verified during production CIP validation (i.g., hot WFI,
cleaning agents, etc.). Sprayballs shall be draifable, shall
provide hole patterns to ensure thatcompletp coverage
is attained, and shall be properly;manufacturgd to mini-
mize corrosion.

The test shall be perfermeéd by spraying 4 dye (e.g.,
riboflavin) on the entire’interior of the equipinent prod-
uct/process contact walls, nozzles, and migcellaneous
surfaces. The testmay be performed with anjbient tem-
perature wateixand before the riboflavin dye|has dried.
This test will eonfirm coverage of the sprayballs, but may
not verify cleanability. Cleanability should he checked
usingsthe full CIP protocol at the facility wher¢ the vessel
is installed including cleansers and temperatiires. Water
used for the following rinse shall meet the requirements
of SD-5.3:

(a) pressure

(b) flow (per spray device)

(c) burst duration and delay sequence between bursts

Acceptance shall be determined when all| (100%) of
the dye has been removed via the rinse. This shall be
visually determined using an ultraviolet lanp, or by
other verification methods as agreed to by the owner/
user and manufacturer.

SD-6.2 Cleaning, Steaming, and Bioburden|Control

Testing

Cleaning, steaming, and bioburden control|testing (in
addition to spray device testing) shall be ag agreed to
by the owner/user and manufacturer, and in 4ccordance
with accepted industry standards.

SD-6.3 Hydrostatic Test
Where applicable, all product contact surfa¢es shall be

SD-6 TESTING

All testing shall be performed using systems that
avoid surface contamination of the equipment.

There are two types of testing and quality assurances
performed: performance/calibration and sterility/
cleaning. All testing and quality assurance documenta-
tion will be stamped with the date and time. For each
test documentation sheet, signatures of the test person-
nel and a supervisor shall be required, confirming the
test results.

79

hydrostatically tested with clean purified or deionized
water filtered at 0.2 wm. If purified or deionized water
is not available, then the water quality for testing shall
be agreed to by the owner/user and manufacturer.

SD-6.4 Vessel Drainability Test

A drainability test for vessels shall be conducted as
agreed to by all parties. As a proposed test procedure,
the following shall be considered: The bottom head of
the vessel shall be leveled with the outlet nozzle flange
face (to within a tolerance agreed to) and shall be filled
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approximately to the weld seam. The outlet valve shall
be opened, and the vessel shall be allowed to drain by
gravity. There shall be no puddles of water left on the
bottom of the vessel greater than 5 mm in diameter (or
as agreed to by the owner/user and manufacturer). If
there are any puddles greater than the agreed-upon
diameter, a thumb or soft rubber dowel is to be pushed
into the center of the puddle, displacing the water. If
water returns to the puddle, that area shall be repaired
to the satisfaction of the owner/user

80

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Part DT
Dimensions and Tolerances for Process Components

DT-1 PURPOSE AND SCOPE

All sizes shown in these tables are nominal O.D.

The| purpose of this Part is to provide requirements
that efisure process component fit-up and compatibility.

Thip Part specifies dimensions, tolerances, and all
supplementary conditions for process components.

DT-2 | PRESSURE RATING

Fittings manufactured to this Part shall meet or exceed
the piessure ratings shown in Table DT-2-1, and shall
have pn ambient temperature bursting strength of at
least three times the 100°F rated internal working pres-
sure as shown in Table DT-2-1 (see also Fig. DT-2-1).

Fabfricated components employing welds shall be
rated pt 100% of the above ratings.

Valyes manufactured to this Part shall be rated per
the mianufacturer’s marked pressure and temperature
recommendations.

DT-3 | WALL THICKNESS

Thelnominal wall thickness of the fittings and process
compgnents at the point of joining shall be‘the same as
the tupe to which they are welded. The thickness of the
weld pnds shall conform with the telerances listed in
Tabled DT-3-1 and DT-3-2.

Aftér fabrication and surface treatment, the wall thick-
ness if any formed part of thelfitting or process compo-
nent, peyond the control.portion as defined in DT-7,
shall He a minimum of 65% of the nominal wall thickness.
For giidelines regarding all shop and field welds, refer
to Pant MJ. All welds ‘shall meet the provisions of MJ-8
and Fjg. MJ-8.441-

DT-4 | DIMENSIONS

Tbe 51Zes.

All automatic weld end fittings shall have|minimum
tangent lengths per Table DT-4.1-1. The tangent length,
T, is defined as the straight length measuregl from the
welding end.

The categorized groups in DF4.1.1 through DT-4.1.5
designate specific fitting dimensions.

DT-4.1.1 Elbows/Bends. Refer to Tables|DT-4.1.1-1
through DT-4.1.1-8.

DT-4.1.2 Tees/Crosses.
through DT-4.32-11.

DT-4.1°3 Reducers.
through DT-4.1.3-3.

DT-4.1.4 Ferrules.

DT-4.1.5 Caps.
DT-4.1.5-2.

Refer to Tables|DT-4.1.2-1
Refer to Tables IDT-4.1.3-1

Refer to Table DT-4.1§4-1.
Refer to Tables DT-4]1.5-1 and

DT-4.2 Nonstandard Fitting Dimensions

Fittings not specifically described in Tables|DT-4.1.1-1
through DT-4.1.5-2 may be constructed using combina-
tions of centerline-to-end dimensions from the tables.

For tees and crosses, use Tables DT-4J1.2-4 and
DT-4.1.2-8 for standard clamp leg| lengths,
Tables DT-4.1.2-2 and DT-4.1.2-7 for short ouflet branch
clamp lengths, Table DT-4.1.2-3 for short putlet run
clamp lengths, and Table DT-4.1.2-1 for [weld end
lengths. Consideration shall be made for clpmp clear-
ances when fabricating fittings not ddpicted in
Tables DT-4.1.1-1 through DT-4.1.5-2.

DT-4.3 Special Angle Fittings Dimensions

Special angle fittings can be offered if in §ccordance
with all DT tables, with the exception of “O”|(off angle)
in Table DT-3-1. Elbows furnished to this Stapdard shall

Process components are designed for use with nomi-
nal outside diameter (O.D.) tubing for the sizes listed
in Table DT-4-1. The dimensions are accompanied with
soft metric conversions from the U.S. Customary units,
and are listed for reference only. For nominal metric size
tubing and fittings, refer to the appropriate international
standards.

DT-4.1 Fitting Dimensions

Dimensions for fittings that are governed by this
Standard are grouped and categorized into tables.

not be mitered.

DT-4.4 Valve Dimensions

The dimensions of the valve or valve fabrication shall
conform to manufacturer’s standards, or as agreed to
by the purchaser and manufacturer.

Standard dimensions for valve weld end connections
covered by this Standard are given in Table DT-4.4.1-1.
All sizes shown are nominal O.D. tube sizes.

The categorized group in DT-4.4.1 designates specific
valve dimensions.
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DT-4.4.1 Diaphragm Valves. Refer to

Table DT-4.4.1-1.

DT-5 MATERIALS

Materials used in the manufacture of fittings and other
process components shall conform to one of the material
specifications listed in Part MM.

DT-9.2 Hygienic Gaskets

Fittings and process components with hygienic clamp
unions furnished to this Standard shall employ gasket
materials and gasket designs that meet the requirements
of Table DT-2-1 and Part SG. Gasket seal performance
in the clamp union shall be based on the principles of
SG-4 and shall comply with the dimensional require-
ments of Fig. SG-4.2-1, illustration (d) when the union
assembly is tightened to an amount recommended by

DT-6 TE$TS

Hydrosfatic testing of each fitting is not required in
this Standard; however, fittings shall be capable of with-
standing & hydrostatic test pressure of 1.5 times the
pressure rpting shown in Table DT-2-1 at 100°F (38°C).

DT-7 TOLERANCES

Tables PT-3-1, DT-3-2, DT-4-1, and DT-7-1 list the
required tplerances for fittings and process components
depicted by this Standard. For tubing tolerances, refer
to ASTM |A270, Supplement 2. Table DT-7-2 lists the
required folerances for transfer panel nozzles and
jumpers.

These tplerances shall apply after heat and surface
treatment.

The control portion of the fitting or process compo-
nents (refler to C in the Table DT-3-1 illustration) is
defined aq the length from the welding end over which
tolerances|for wall thickness and O.D. are maintained.
The length of the control portion is fixed for all sizes at
0.75 in. (1P mm). For exceptions, see Table DI-4.1.4-1
for ferrulg lengths and Table DT-4.1.5-1 for automatic
tube weld|caps.

DT-8 WHLD ENDS

Where Type 316L is specified, the material of the auto-
matic welfl end shall conform to the requirements for
chemical ¢omposition as<prescribed in MM-5.1.1. For
nonautomptic weld ends;the chemical composition shall
meet the| requirements of the applicable ASTM
specificatipn.

themmanufacturer—Gasketseat-widthrasstiown in
Fig. 5G-4.2-1, illustration (d) shall be a maximum of
0.085 in. in the uncompressed condition pifior to
installation.

DT-9.3 Connections

Connections meeting all dinjefisions of Table IDT-7-1
are considered interchangeable. Alternative spaling
designs are acceptable, provided dimensions A} B, C,
and D of Table DT<7-1, as well as A and| B of
Table DT-9.3-1, aresmet. All connections shall bel made
in accordance with,'SG-3.3.2.

DT-9.4 Hygienic Clamps

Hygienicclamps shall be designed and manufaftured
through'the entire range of all union component dimen-
sional*tolerances to accomplish the following:

(1) completely retain all components in a fully sealed
state to meet the requirements of DT-2

(b) maintain proper component alignment quring
installation and operation per SG-3.3.2.1

(c) cause the ferrules to be aligned to meet a upiform
nominal gap per Fig. SG-2.2.2-1, illustration (d)|when
installed and tightened to the proper design
specifications

(d) cause the gauging and contact diameter bgtween
the ferrules and the mating surfaces of the clamp tq occur
at the gauging diameter (A) specified in Table DT-9.3-1
when installed and tightened to achieve the n¢gminal
gap per Fig. 5G-2.2.2-1, illustration (d).

NOTE: As this is a nominal design condition, manufacturing
tolerances of the components will cause some variatior] in the
actual gauging and contact diameter at assembly.

Automatic weld ends furnished to this Standard shall (e) avoid any interference with any clamp uniof com-
be furnis i . nents or itself that would prevent proper mbly

breaks. All weld end connections for valves shall have
a minimum unobstructed weld end length equal to or
greater than the minimum control portion as per DT-7.

DT-9 HYGIENIC CLAMP UNIONS
DT-9.1 Typical Hygienic Clamp Unions

Typical hygienic clamp unions are illustrated in
Fig. SG-2.2.2-1, illustrations (a) through (d) and include
the ferrules, gasket seal, and clamp.

when assembled with all components (see Fig. DT-2-1)

DT-10 MINIMUM EXAMINATION REQUIREMENTS
DT-10.1 Visual Inspection

For fittings and process components including, but
not limited to, tubing, valves, pumps, filter housings,
and instrumentation, each item shall be visually exam-
ined for the following criteria, as a minimum. It is not a
requirement that the packaged components be removed
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from the original packaging, provided the following can
be verified:

(a) manufacturer’s name, logo, or trademark

(b) alloy/material type

(c) description including size and configuration

(d) heat number/code

(e) product contact surface finish symbol

(f) reference to ASME BPE

(g) pressure rating for valves

suitable method not injurious to the product contact
surface to show the following:

(a) heatnumber/code traceable to material test report
for each product contact surface component

(b) material type
(c) manufacturer’s name, logo, or trademark
(d) reference to this Standard (BPE)

(e) product contact surface designation for the appro-
priate BPE specification

(h)
DT-10

Refpr to Part GR for documentation verification
requigements.

3 1 1.
10U ddll lage O OUICT I[TOINCOIT lPlldl 1ICES

2 Documentation Verification

DT-10

For[this paragraph, a “lot” shall be defined as a specific
combination of size, configuration, and heat number
for fitfings and process components including, but not
limitef to, tubing, valves, pumps, filter housings, and
instrumentation in a single shipment.

If r¢quired by the owner/user, a percentage of each
lot mgy be physically examined by the manufacturer,
installing contractor, inspection contractor, or owner/
user fpr the following criteria:

(a) wall thickness (for weld ends only)

(b) putside diameter (O.D.) (for weld ends only)

(c) purface finish (as specified)

(d) visual

When required examination reveals a defect(s); an
additipnal 10% of that lot shall be examined for the
specifjc defect(s). If this examination revieals another
defect} an additional 10% of that lot shall be examined
for th¢ specific defect(s). If additionaldefects are found,
perfoym 100% examination or reject the balance of the
lot. A]l examined and accepted material in this lot may
be rethined and utilized

Thq completed Material’Examination Log shall
descripe all of the featuteslisted above. The results of
the examination shall be recorded on a Material Exami-
natior] Log. This . dodumentation may be one line item
for the total qudntity of a particular size, configuration,
and heat number. The information required to be on the
Materfial Examination Log may be in any format, written
or tabpilar-to fit the needs of the manufacturer, installing

3 Physical Examination

DT-11.1.1 Exceptions
(a) Where the size of the fitting or proecess gomponent
does not permit complete marking, the id¢ntification
marks may be omitted in revers€ of'the order| presented
above. However, the heat nimber and maferial type
shall be marked on the fittirlg or process component.
(b) Where the size of-the'fitting or process gomponent
does not permit complete marking of the hept number,
a manufacturer’s code number is acceptable junder this
Standard.

DT-11.2 .Valve Marking Information

Except as specified in DT-11.2.1, each valye shall be
perimanently marked by any suitable method|not injuri-
ous to the product contact surface to show the{following;:

(a) heatnumber/code traceable to materialltest report
for all wetted metal component parts of the valve or
valve fabrication, if more than one heat is used

(b) valve pressure rating

(c) material type

(d) manufacturer’s name, logo, or tradem
(e) reference to this Standard (BPE)

(f) product contact surface designation for
priate BPE specification

hrk

the appro-

DT-11.2.1 Exceptions

(1) Where the size of the valve does not pg¢rmit com-
plete marking, the identification marks may pe omitted
in reverse of the order presented above. However, the
heat number, valve pressure rating, and maerial type
shall be marked on the valve.
(b) Where the size of the valve does not pg¢rmit com-
plete marking of the heat number, a manufactfirer’s code

contractor, Inspection contractor, and owner/ user as
long as all information is included or referenced.

Refer to Forms MEL-1 and MEL-2, which have been
provided as a guide for the Material Examination Log
(see Nonmandatory Appendix B).

DT-11 MARKING

DT-11.1 Fitting Marking Information

Except as specified in DT-11.1.1, each fitting and pro-
cess component shall be permanently marked by any

83

number 1s acceptable under this Standard.

DT-12 PACKAGING

All end connections of fittings or process components
shall be protected with end caps. Additionally, fittings
shall be sealed in transparent bags or shrink wrapped.
Additional packaging for process components, other
than fittings, shall be as agreed to by the purchaser and
manufacturer.

(
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Table DT-2-1 Hygienic Unions: Rated Internal Working Pressure

Temperdture < 3 in. Clamp 3 in. Clamp 4 in. Clamp 6 in. Clgmp
°F °C psig kPa psig kPa psig kPa psig kPa
100 38 200 1379 200 1379 200 1379 150 1034
250 121 165 1138 150 1034 125 862 75 517

GENERAL NQTES:

(@) These piessure ratings apply to the hygienic clamp and gasket. For informatienCon pressure ratings, see the manufacturer’s guidelines
for the pmponents.

(b) For instafllation practices, refer to Fig. DT-2-1.

84
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Fig. DT-2-1 Clamp Conditions at Installation

)

1

Acceptable

Spacing should be
maintained after
torquing per

DT-9.4(e)

Spacing should be

Acceptable maintained after
torquing per
DT-9.4(e)
™
[ammu)
Acceptable

Not Acceptable

el

-

When claf]

are cont]
the requ
is not in{
onto thg
per DT-9

Not Acceptable

Not Acceptable

85

Not Acceptable

(

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Table DT-3-1 Final Tolerances for Mechanically Polished Fittings and Process Components

I
! L
i N—R
I
I
I
! []
[
I
i E
AL
E
Squareness. Equivalent Cente'rline
Face to Angle Radius
Nominal 0.D. Wall Thickness Tangent; B Off Angle, O (for 0) Off Plane, P (CLR), R
Size, in. in. mm in. mm in mm in. mm deg in. mm in. mm
A +0.005 *0.13 +0.003/-0.004 +0.08/-0,10:,-0.005 0.13 0.009 0.23 2.1 0.030 0.76 0.563 14.30
3/8 +0.005 +£0.13 +0.003/-0.004 +0.08/-0:10 0.005 0.13 0.012 0.30 1.8 0.030 0.76 1.125 28.58
A +0.005 *0.13 +0.005/-0.008 +0.13/-0.20 0.005 0.13 0.014 0.36 1.6 0.030 0.76 1.125 28.58
A +0.005 $0.13 +0.005/-0.008 +0%:3/-0.20 0.005 0.13 0.018 0.46 1.4 0.030 0.76 1.125 28.58
1 +0.005 +0.13 +0.005/-0.008/~+613/-0.20 0.008 0.20 0.025 0.64 1.4 0.030 0.76 1.500 | 38.10
1Y% +0.008 +0.20 +0.005/-0.008 “~40.13/-0.20 0.008 0.20 0.034 0.86 1.3 0.050 1.27 2.250 57.15
2 +0.008 +0.20 +0.005/-0.008 +0.13/-0.20 0.008 0.20 0.043 1.09 1.2 0.050 1.27 3.000 | 76.20
2Y +0.010 +0.25 +0.005/<0.008 +0.13/-0.20 0.010 0.25 0.054 1.37 1.2 0.050 1.27 3.750 | 95.25
3 +0.010 +0.25 +0.005/£0.008 +0.13/-0.20 0.016 0.41 0.068 1.73 1.3 0.050 1.27 4.500 [114.30
4 +0.015 +0.38 0.008/-0.010 +0.20/-0.25 0.016 0.41 0.086 2.18 1.2 0.060 1.52 6.000 [152.40
6 +0.030 +0.76 %0.015/-0.015 +0.38/-0.38 0.030 0.76 0.135 3.43 1.3 0.060 1.52 9.000 |228.60
GENERAL NQTES:
(@) Tolerancg on end-to-end and center-to-end dimension “E” is +0.050 in. (1.27 mm) for all fittings and process components depicfed. For
those ndt depicted in this Standard, see manufacturer for standards.
(b) See Table DT-3-2 for electropolished wall thickness tolerances.
(c) See DT-7-1 (Tolerances) for “C” control portion lengths.

(d)
(e)

See Table DT-4.1-1 for “T” tangent length dimensions.
Tolerance for centerline radius (CLR) is +10% of the nominal dimension (R).
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Table

DT-3-2 Final Tolerances for Electropolished
Fittings and Process Components

Wall Thickness

Nomjfinal
Size| in. in. mm
! +0.003/-0.006 +0.08/-0.15
3 +0.003/-0.006 +0.08/-0.15
b +0.005/-0.010 +0.13/-0.25
A +0.005/-0.010 +0.13/-0.25
1 +0.005/-0.010 +0.13/-0.25
1Y, +0.005/-0.010 +0.13/-0.25
2 +0.005/-0.010 +0.13/-0.25
2%, +0.005/-0.010 +0.13/-0.25
3 +0.005/-0.010 +0.13/-0.25
4 +0.008/-0.012 +0.20/-0.30
4 +0.015/-0.017 +0.38/-0.43
Table DT-4-1 Nominal O.D. Tubing Sizes
Tube-Wall
Tube 0.D. Thickness
Nomingl
Size, in. in. mm in. mm
Y 0.250 6.35 0.035 0.89
A 0.375 9.53 0.035 0.89
Y 0.500 12:70 0.065 1.65
VA 0.750 1905 0.065 1.65
1 1.000 25.40 0.065 1.65
1Y, 1.500 38.10 0.065 1.65
2 2.000 50.80 0.065 1.65
2Y, 2.500 63.50 0.065 1.65
3 3:000 76.20 0.065 1.65
4 4.000 101.60 0.083 2.11
6 6.000 152.40 0.109 2.77

GENERAL NOTE:

Table DT-4.1-1 .‘Tangent Length:

42

Nominal Tangent,|T
0.D. Tube
Size, in. in. mm
Y 1.50 38.10
A 1.50 38.10
Y 1.50 38.10
A 1.50 38.10
1 1.50 38.10
¥ 1.50 38.10
2 1.50 38.10
2Y 1.50 38.10
3 1.75 44.45
4 2.00 50.80
6 2.50 63.50
GENERAL NOTES:
(@ Minimum tangent lengths for ferrules do not apply See
Table DT-4.1.4-1, dimensions B and C, for availabl¢ length
options.
(b) Minimum tangent length for ¥, in. to %/, in. size ajtomatic
tube weld: 180 deg return bend does not conform|(see
Table DT-4.1.1-7, Dimension B).
(¢) Minimum tangent lengths for Tables DT-4.1.2-2, DT4.1.2-3,
DT-4.1.2-7, DT-4.1.3-1 illustration (b), and DT-4.1.3-2 illustra-

tion (b) do not apply.

tolerances.

Refer to ASTM A270, Supplement 2 for tubing
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Table DT-4.1.1-2 Automatic Tube Weld: Hygienic

Vad |

Gl

amp-Joint;-90-degEthow———

B

Table DT-4.1.1-1 Automatic Tube Weld: 90-deg
Elbow
A —
/ T [~ I
//
7
7
, i
/
/
/
A
i / A
I
|
: :'
: |
| |
| |
|
: |
1 |
|
|
|
|
!
Nominal Sizg, in. in. mm
Y 2.625 66.7
A 21625 66.7 Nominal
Y 3.000 76.2 Size, in. in. mm in. mm
A 3.000 76.2
Y 2.625 66.7 1.625 41.3
1 3.000 76.2 A 2.625 66.7 1.625 41.3
1Y, 3.750 95.3 A 3.000 76.2 1.625 41.3
2 4.750 120.7 % 3.000 76.2 1.625 41.3
2Y, 5.500 139.7
3.000 76.2 2.000 50.8
3 6-250 158.8 1Y, 3.750 95.3 2.750 69.9
4 8.000 203.2 2 4.750 120.7 3.500 88.9
6 11.500 292.1 2Y, 5.500 139.7 4.250 108.0
3 6.250 158.8 5.000 127.0
4 8.000 203.2 6.625 168.3
6 11.500 292.1 10.500 266.7
88
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45-deg

A I

A |

I

I

|

I

|

I

[ |

1

|

A A
Nomindl Size, in in. mm Nominal Size, in. in. mm

Y, 1.625 41.3 Y 2.000 50.8
A 1.625 41.3 % 2.000 50.8
Y, 1625 41.3 Yy 2.250 57.2
/. 1.625 41.3 VA 2.250 57.2
1 2.000 50.8 1 2.250 57.2
Y, 2.750 69.9 1% 2.500 63.5
2 3.500 88.9 2 3.000 76.2
PA 4.250 108.0 2% 3.375 85.7
3 5.000 127.0 3 3.625 92.1
4 6.625 168.3 4 4.500 114.3
6 10.500 266./ [§] ©.25U 158.8
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Table DT-4.1.1-5 Automatic Tube Weld: Hygienic

45 deg

Clamp Joint, 45-deg Elbow

Table DT-4.1.1-6 Hygienic Clamp Joint: 45-deg
Elbow

A
Nominal Size, in. in. mm
Y 1.000 25.4
A 1.000 25.4
Y 1.000 25.4
P A 1.000 25.4
Nominal
Size, in. in. mm in. mm 1 1.125 28.6
1Y, 1.438 36.5
Y, 2.000 50.8 1.000 25.4 2 1.750 44.5
% 2.000 50.8 1.000 25.4 2% 2.063 52.4
Y 2.250 57.2 1.000 25.4
A 2.250 57.2 1.000 25.4 3 2.375 60.3
4 3.125 79.4
1 2250 57.2 1.125 28.6 6 5.250 133.4
1% 2.500 63.5 1.438 36.5
2 3.000 76.2 1.750 44.5
2Y 3.375 85.7 2.063 52.4
3 3.625 92.1 2.375 60.3
4 4.500 114.3 3.125 79.4
6 6.250 158.8 5.250 133.4
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Table DT-4.1.1-7

ASME BPE-2012

Automatic Tube Weld: 180-deg

Return Bend

A

Table DT-4.1.1-8 Hygienic Clamp Joint: 180-deg
Return Bend

A

B B
A A
Nomingl Nominal
Size, in. in. mm in. mm Size, in. in. mm in. mm
A 4.500 114.3 2.625 66.7 Y 4.500 114.3 3.125 79.4
A 4.500 114.3 2.625. 66.7 A 4.500 114.3 3.125 79.4
A 4.500 114.3 3.000 76.2 A 4.500 114.3 3.500 88.9
A 4.500 114.3 3.000 76.2 A 4.500 114.3 3.500 88.9
1 3.000 76.2 3.000 76.2 1 3.000 76.2 3.500 88.9
1Y, 4.500 1143 4.500 114.3 1Y% 4.500 114.3 5.000 127.0
2 6.000 152.% 5.000 127.0 2 6.000 152.4 5.500 139.7
2Y, 7.500 190.5 5.750 146.1 2%, 7.500 190.5 6.250 158.8
3 9.000 228.6 6.500 165.1 3 9.000 228.6 7.000 177.8
4 12.000 304.8 8.500 215.9 4 12.000 304.8 9.125 231.8
6 187000 457.2 11.500 292.1 6 18.000 457.2 13.000 330.2

GENERAL NOTES™ Y, in.—%/, in. sizes do not conform to Table DT-4.1-1.
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Table DT-4.1.2-1 Automatic Tube Weld: Straight
Tee and Cross

A
Table DT-4.1.2-2 Automatic Tube Weld
B e . Short Outlet Hygienic Clamp Joint Tee
Y
|
|
B
: ni
T X =t s —-
|
|
|
|
| A
|
|
I A
|
|
|
-t = ————————— - - B
: Nominal
: Size, in. in. mm in. mm
|
: Y 1.750 44.5 1.000 25.4
I % 1.750 44.5 1.000 25.4
| Y 1.875 47.6 1.000 25.4
: A 2.000 50.8 1.125 28.6
|
: 1 2.125 54.0 1.125 28.6
: A 1% 2.375 60.3 1.375 34.9
' 2 2.875 73.0 1.625 41.3
2% 3.125 79.4 1.875 47.6
A
3 3.375 85.7 2.125 54.0
Nominal Size, in. in. mm 4 4.125 104.8 2.750 69.9
6 5.625 142.9 4.625 117.5
Y 1.750 44.5
A 1.750 44.5
Yy 1.875 47.6
A 2.000 50.8
1 2125 540
1Y, 2.375 60.3
2 2.875 73.0
2% 3.125 79.4
3 3.375 85.7
4 4.125 104.8
6 5.625 142.9
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Table DT-4.1.2-4 Hygienic Clamp Joint: Straight
Tee and Cross

|
I
I
|
|
| A
I
|
I
I |
|
|
B I (Y N I
I
o . . . |
Table[DT-4.1.2-3 Hygienic Mechanical Joint: Short !
Outlet Run Tee i
I
1
| A
i
c
A
L
B A
A
Nomingl
Size, in. in. mm in. mm in. mm
v, 0.875 222 14750 445  1.750 44.5 A
A 0.875 222 ¢Tw50 445 1.750 445 !
A 0.875 22.2 \¥875 47.6  1.875 47.6
¥, 1.000 2574\ 2.000 50.8  2.000 50.8 A
1 1125 «\28.6 2125 540 2.125 540  Nominal Size, in. in. mm
1Y, 1.375 349  2.375 60.3  2.375 60.3 1
2 11625 413  2.875 73.0 2.875 73.0 {; g;?g g;;
l 8 . .
2Y, 1875 47.6  3.125 79.4  3.125 79.4 1, 5220 o7 o
3 2375
3 7125 540 3375 857 3.375 85.7 * 60.3
4 2.750 69.9 4125 104.8  4.125 104.8 1 2.625 66.7
6 4.625 1175 5625 142.9 5625  142.9 1Y, 2.875 73.0
2 3.375 85.7
2Y 3.625 92.1
3 3.875 98.4
4 4.750 120.7
6 7.125 181.0
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Table DT-4.1.2-6 Automatic Tube Weld

Reducing Tee

Y
|
|
|
| B
|
|
[V |
i
|
; A |
Nominal Size,
L. . in. A
Table DT-4.1.2-5 Hygienic Clamp Joint: X v o AT o -
Short Outlet Tee
! A Y 1.750 44.5 1.750 44.5
| T Y, Y 1.875 47.6 1.875 47.6
| 1 A A 1,875 47.6 1.875 47.6
| B Y/ Y 24000 50.8 2.000 50.8
I B L i l % % 2.000 50.8 2.000 50.8
| A Y 2.000 50.8 2.000 50.8
|
; | 1 Y 2.125 54.0 2.125 54.0
I 1 A 2.125 54.0 2.125 54.0
1 A 2.125 54.0 2.125 54.0
I A 1 3, 2.125 54.0 2.125 54.0
5 Y 2.375 60.3 2.375 60.3
Nominal A B 1Y, A 2.375 60.3 2.375 60.3
Size, in. in. mm in. mm 1Y% 1 2.375 60.3 2.375 60.3
) 2 A 2.875 73.0 2.625 66.7
/2 2.250 57.2 1.000 25.4 2 A 2.875 73.0 2.625 66.7
VA 2.375 60.3 1.125 28.6 2 1 2.875 73.0 2.625 66.7
1 2.625 66.7 1.125 28.6 2 1Y, 2.875 73.0 2.625 66.7
1Y, 2.875 73.0 1.375 34.9 2Y, Y 3.125 79.4 2.875 73.0
2 3.375 85.7 1(625 41.3
2Y, 3.625 92.1 1,875 476 2% A 3.125 79.4 2.875 73.0
3 3.875 98.4 5125 54.0 2Y, 1 3.125 79.4 2.875 73.0
4 4.750 120.7 2.750 69.9 2%, 1Y%, 3.125 79.4 2.875 73.0
6 7.125 181.0 4.625 1175 2% 2 3.125 79.4 2.875 73.0
3 Y 3.375 85.7 3.125 79.4
3 A 3.375 85.7 3.125 79.4
3 1 3.375 85.7 3.125 79.4
3 1Y, 3.375 85.7 3.125 79.4
3 2 3.375 85.7 3.125 79.4
3 2Y, 3.375 85.7 3.125 79.4
4 Y 4.125 104.8 3.625 92.1
4 % 4.125 104.8 3.625 92.1
4 1 4.125 104.8 3.625 92.1
4 1Y, 4.125 104.8 3.625 92.1
4 2 4.125 104.8 3.875 98.4
4 2Y, 4.125 104.8 3.875 98.4
4 3 4.125 104.8 3.875 98.4
6 3 5.625 142.9 4.875 123.8
6 4 5.625 142.9 5.125 130.2

94

( Copyright © 2012 by the American Society of Mechanical Engineers.

No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Table DT-4.1.2-7 Automatic Tube Weld: Short
Outlet Hygienic Clamp, Joint Reducing Tee

)

Nominal Size,

in. B
X Y in. mm in. mm
A A 1.750 44.5 1.000 25.4
Y Y 1.875 47.6 1.000 254
Y A 1.875 47.6 1.000 25.4
A Y 2.000 50.8 1.000 25.4
VA A 2.000 50.8 1.000 25.4
A Y 2.000 50.8 1,000 25.4
1 Y 2.125 54.0 14125 28.6
1 A 2.125 54.0 1.125 28.6
1 Y 2.125 54.0 1.125 28.6
1 VA 2.125 54,0 1.125 28.6
1Y, Y 2.375 60.3 1.375 34.9
1Y% A 2.375 60.3 1.375 34.9
1Y%, 1 2.375 60.3 1.375 34.9
2 Y 2.875 73.0 1.625 41.3
2 A 2.875 73.0 1.625 41.3
2 1 2.875 73.0 1.625 41.3
2 1Y, 2.875 73.0 1.625 41.3
2%, Y 3.125 79.4 1.875 47.6
2Y, 3 3.125 79.4 1.875 47.6
2Y, 1 3.125 79.4 1.875 47.6
2%, 1Y, 3.125 79.4 1.875 47.6
2Y, 2 3.125 79.4 1.875 47.6
3 Y 3.375 85.7 2.125 54.0
3 A 3.375 85.7 2.125 54.0
3 1 3.375 85.7 2.125 54.0
3 1Y, 3.375 85.7 2.125 54.0
3 2 3.375 85.7 2.125 54.0
3 2Y, 3.375 85.7 2.125 54.0
4 Y 4.125 104.8 2.625 66.7
4 A 4.125 104.8 2.625 66.7
4 1 4.125 104.8 2.625 66.7
4 1Y, 4.125 104.8 2.625 66.7
4 2 4.125 104.8 2.625 66.7
23 L1 2 g.12> 1U4.0 2.092Z0 00.7
4 3 4.125 104.8 2.625 66.7
6 Y 5.625 142.9 3.625 92.1
6 A 5.625 142.9 3.625 92.1
6 1 5.625 142.9 3.625 92.1
6 1Y% 5.625 142.9 3.625 92.1
6 2 5.625 142.9 3.625 92.1
6 2% 5.625 142.9 3.625 92.1
6 3 5.625 142.9 3.625 92.1
6 4 5.625 142.9 3.750 95.3
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Table DT-4.1.2-8 Hygienic Clamp Joint: Reducing

Tee
Y
|
|
|
|
|
| B
|
I :
|
L — — =1
|
|
|
1
|
|
|
Nominal Size,
in. A
X Y in. mm in. mm
A Y 2.250 57.2 2.250 57.2
b Y 2.375 60.3 2.375 60.3
Y A 2.375 60.3 2.375 60.3
A Y 2.500 63.5 2.500 63.5
A A 2.500 63.5 2.500 63.5
VA A 2.500 635 2.500 63.5
1 Y 2.625 66.7 2.625 66.7
1 A 2.625 66.7 2.625 66.7
1 Yy 2.625 66.7 2.625 66.7
1 A 2.625 66.7 2.625 66.7
1% A 2.875 73.0 2.875 73.0
1Y%, A 2.875 73.0 2.875 73.0
1% 1 2.875 73.0 2.875 73.0
2 Yy 3.375 85.7 3.125 79.4
2 s 3.375 85.7 3.125 79.4
2 T 3.375 85.7 3.125 79.4
2 1Y, 3.375 85.7 3.125 79.4
2Y% Y 3.625 92.1 3.375 85.7
2% A 3.625 92.1 3.375 85.7
2Y, 1 3.625 92.1 3.375 85.7
2%, 1% 3.625 92.1 3.375 85.7
2%, 2 3.625 92.1 3.375 85.7
3 Y 3.875 98.4 3.625 92.1
3 % 3.875 98.4 3.625 92.1
3 1 3.875 98.4 3.625 92.1
3 1Y, 3.875 98.4 3.625 92.1
3 2 3.875 98.4 3.625 92.1
3 2%, 3.875 98.4 3.625 92.1
4 A 4.750 120.7 4.125 104.8
4 A 4.750 120.7 4.125 104.8
4 1 4.750 120.7 4.125 104.8
4 1Y, 4.750 120.7 4.125 104.8
4 2 4.750 120.7 4.375 111.1
4 2%, 4.750 120.7 4.375 111.1
4 3 4.750 120.7 4.375 111.1
6 3 7.125 181.0 5.375 136.5
6 4 7.125 181.0 5.750 146.1
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Table DT-4.1.2-9 Hygienic Clamp Joint: Short

Outlet Reducing Tee

Table DT-4.1.2-10 Automatic Tube Weld:
Instrument Tee

i .
| .

X-Hp-----------——- b
!
I | :
I A 1
|
I
Nominal Size,
Nomingl Size, in. A B
in. A B
X Y in mm in mm
X Y in. mm in. mm
¥, v, 2.250 572 1.000 254 ;/2 X 11/2 2.500 63.5 0.874 22.2
1 i 2.375 60.3 1.000 25.4 . x 1Y% 2.500 63.5 1.00( 25.4
A A 2.375 60.3 1.000 25.4 1 x 1Y% 2.500 63.5 1.121 28.6
¥, v 2.500 63.5 1.000 25.4 Y, X 2 2.750 69.9 1.00 25.4
s A 2.500 63.5 1.000 25.4 Y ox 2 2.750 69.9 1.125 28.6
A Y 2.500 63.5 1.000 25.4 1 x 2 2.750 69.9 1.25 31.8
1 v 2,625 66.7 1.125 28.6 1%, x 2 2.750 69.9 1.50( 38.1
1 A 2.625 66.7 1.125 28.6
1 Y, 2.625 66.7 1.125 28.6
1 A 2.625 66.7 1.125 28.6
1% A 2.875 73.0 1.375 34.9
1% A 2.875 73.0 1.375 34.9
1Y% 1 2.875 73.0 1.375 34.9
2 % 3.375 85.7 1.625 413 Table DT-4.1.2-11 Hygienic Clamp Joint:
2 3/4 3.375 85.7 1.625 %].3 Instrument Tee
2 1 3.375 85.7 1.625 41.3
2 1% 3375 85.7 1.625 413 Y
2%, Y 3.625 92.1 1.875 47.6 T
2Y, A 3.625 92.1 1,875 47.6
2Y, 1 3.625 92.1 1.875 47.6 B
2Y, 1% 3.625 92.1 1.875 47.6 l
2Y, 2 3.625 92.1 1.875 47.6 -
3 Y 3.875 98.4 2.125 54.0
3 A 3.875 9834 2.125 54.0
3 1 3.875 98.4 2.125 54.0
3 1Y, 3.875 98.4 2.125 54.0
3 2 3.875 98.4 2.125 54.0
3 2Y, 3.875 98.4 2.125 54.0
4 Y 4.750 120.7 2.625 66.7
4 % 4.750 120.7 2.625 66.7 in. A B
4 1 4.750 120.7 2.625 66.7 X Y in mm in mm
4 Y4 4.750 120.7 2.625 66.7
4 3 4.750 120.7 2.625 66.7 1y x 1Y 3.000 76.2 0.871 22.2
4 2 4780 1207 2625 L6 7 1
n X 1/5 37000 762 T7000 25.4
4 13 4.750 120.7 2.625 66.7 1 x 1Y, 3.000 76.2 1.125 8.6
6 Yy 7.125 181.0 3.625 92.1 1 % - 3.250 82.6 1.000 25 4
6 VA 7.125 181.0 3.625 921 3, x 2 3.250 82.6 1.125 28.6
6 1 7.125 181.0 3.625 921 1 x 2 3.250 82.6 1.250 31.8
6 1% 7125 181.0 3.625 921 1Y x 2 3.250 82.6 1.500 38.1
6 2 7.125 181.0 3.625 92.1
6 2Y, 7.125 181.0 3.625 92.1
6 3 7.125 181.0 3.625 92.1
6 4 7.125 181.0 3.750 95.3
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Table DT-4.1.3-1(a) Automatic Tube Weld:
Concentric and Eccentric Reducer

A
X-—----" 4 --y
B
X-—4-——————————— v
Nominal Size,
in. A B
X Y in mm in mm
A Y 3,250 82.6 4.000 101.6
Y Y 3.250 82.6 4.000 101.6
Y A 3.250 82.6 4.000 101.6
A % 3.250 82.6 4.000 101.6
A A 4.000 101.6 4.000 101.6
1 A 4.500 114.3 4.500 114.3
1 A 4.000 101.6 4.000 101.6
1% VA 5.000 127.0 5.000 127.0
1Y%, 1 5.000 127.0 5.000 127.0
2 1 7.250 184.2 7.250 184.2
2 1Y, 5.250 133.4 5.250 133.4
2Y, 1Y, 7.250 184.2 7.250 184.2
2Y 2 5.500 139.7 5.500 139.7
3 1Y, 9.250 235.0 9.250 235.0
3 2 7.500 190.5 7.500 190.5
2 A1 L OO 120 7 L LOO 120 7
4 2 11.750 298.5 11.750 298.5
4 2Y, 9.750 247.7 9.750 247.7
4 3 7.750 196.9 7.750 196.9
6 3 10.000 254.0 9.750 247.7
6 4 10.000 254.0 10.000 254.0
98
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Table DT-4.1.3-1(b) Automatic Tube Weld: Concentric and Eccentric Reducer

—-— 4
~“ ry "
= ‘<— L3 ~—‘ ‘ S D
T ‘ L1 —»1 | AN
|<— [2 —w] r
X Y X1 / ‘
T a |<— [2 —=
. i y
R1
R2
A A
Nomidal Minimum Minimum Minimum Minimum
S.omlr a I.D Tangent, I.D. Tangent, O.D. Tangent, O0.D. Tangent, Maximum Minimum Minimum
2128 1. overall Length, Large End, Small End, Small End, Large Enhd, Internal Taper, Internal Radius, Extgrnal Radius,
X Y A, in. L1, in. L2, in. L3, in. L4)in. a, deg R1, in. R2, in.
% Y 1.625 0.375 0.875 0.750 0.750 30 0.250 0.031
YV Y 1.875 0.375 0.875 0.750 1.000 30 0.250 0.031
Y Ph 1.875 0.375 0.875 0.750 1.000 30 0.250 0.031
T e 2.000 0.375 0.875 0750 1.000 30 0.250 0.031
3/4 l/2 2.125 0.375 1.125 1:000 1.000 30 0.250 0.031
1 [/, 2.500 0.375 1.125 1.000 1.000 30 0.250 0.031
1 3/4 2.125 0.375 1.125 1.000 1.000 30 0.250 0.031
1Y, 3/,, 3.000 0.375 1:125. 1.000 1.000 30 0.250 0.031
11/2 1 2.500 0.375 125 1.000 1.000 30 0.250 0.031
2 1 3.375 0.375 1.125 1.000 1.000 30 0.250 0.031
2 1/2 2.500 0.375 1.125 1.000 1.000 30 0.250 0.031
2% 1% 3.375 0.376 1.125 1.000 1.000 30 0.250 0.031
21/2 2 2.500 037% 1.125 1.000 1.000 30 0.250 0.031
3 A 4.250 0.875 1.125 1.000 1.500 30 0.250 0.031
3 2 3.375 0.375 1.125 1.000 1.500 30 0.250 0.031
3 Yy 2.625 0.375 1.125 1.000 1.500 30 0.250 0.031
4 2 5.125 0.375 1.125 1.000 1.500 30 0.250 0.031
4 % 4,250 0.375 1.125 1.000 1.500 30 0.250 0.031
4 3 3.875 0.375 1.625 1.500 1.500 30 0.250 0.031
6 3 7.250 0.375 1.625 1.500 2.000 30 0.250 0.031
6 4 5.625 0.375 1.625 1.500 2.000 30 0.250 0.031
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Table DT-4.1.3-2(a) Hygienic Clamp Joint: Tube
Weld Concentric and Eccentric Reducer

i A
X —-th--————m --Y
' B
X —_ 8
___________________ __Y
Nominal Size,
in. A B
X Y in mm in mm
A Y 3.000 76.2 3.000 76.2
1 Y 3,500 88.9 3.500 88.9
1 A 3.000 76.2 3.000 76.2
1Y, A 4.000 101.6 4.000 101.6
1Y, 1 4.000 101.6 4.000 101.6
2 1 6.000 152.4 6.000 152.4
2 1Y% 4.000 101.6 4.000 101.6
2 1Y, 6.000 152.4 6.000 152.4
2Y5 2 4.250 107.9 4.250 108.0
3 1Y, 8.000 203.2 8.000 203.2
3 2 6.250 158.8 6.250 158.8
3 2Y, 4.250 108.0 4.250 108.0
4 2 10.375 263.5 10.375 263.5
4 2%, 8.375 212.7 8.375 212.7
4 3 6.375 161.9 6.375 161.9
6 3 9.000 228.6 8.750 2223
A A Q 000 228 4 Q 000 228 4
100
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Table DT-4.1.3-2(b) Hygienic Clamp Joint: Tube Weld Concentric and Eccentric Reducer

(
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R1 R2
0\ R\ L
e
R |
— 12 —] ‘* 3 *‘
X
a\ Y
D R1 D
R2 —/
‘A A — \A A -
Minimum Minimum Minimum
N?m r]al I.D Tangent, L.D. Tangent,  0.D. Tangent, Maximum Minimum Minimum
ﬂ n. Overall Length, Large End, Small End, Small End, Internal Taper, Internal Radius, Extqrnal Radius,
X Y A, in. L1, in. L2, in. L3, %0 a, deg R1, in. R2, in.
A Y. 2.125 0.375 0.875 0:750 30 0.250 0.031
Y Y 2.375 0.375 0.875 0.750 30 0.250 0.031
Y A 2.375 0.375 0.875 0.750 30 0.250 0.031
3/4 3/8 2.500 0.375 0.875 0.750 30 0.250 0.031
A Y, 2.625 0.375 1.125 1.000 30 0.250 0.031
1 1/2 3.000 0.375 1:125 1.000 30 0.250 0.031
1 3/4 2.625 0.375 1.125 1.000 30 0.250 0.031
11/2 3/4 3.500 0.375 1.125 1.000 30 0.250 0.031
1Y, 1 3.000 0.37% 1.125 1.000 30 0.250 0.031
2 1 3.875 0.375 1.125 1.000 30 0.250 0.031
2 1Y, 3.000 0.375 1.125 1.000 30 0.250 0.031
2Y, 1Y, 3.875 0375 1.125 1.000 30 0.250 0.031
2Y, 2 3.000 0.375 1.125 1.000 30 0.250 0.031
3 1Y, 4.750 0.375 1.125 1.000 30 0.250 0.031
3 2 3.875 0.375 1.125 1.000 30 0.250 0.031
3 2%, 3i125 0.375 1.125 1.000 30 0.250 0.031
4 2 5:750 0.375 1.125 1.000 30 0.250 0.031
4 2Y, 4.875 0.375 1.125 1.000 30 0.250 0.031
4 3 4.500 0.375 1.625 1.500 30 0.250 0.031
6 3 8.000 0.375 1.625 1.500 30 0.250 0.031
6 4 6.375 0.375 1.625 1.500 30 0.250 0.031
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Table DT-4.1.3-3(@) Hygienic Clamp Joint:

Concentric and Eccentric Reducer

A

Nominal Size,
in. A
X Y iy mm in. mm
A Y 2.000 50.8 2.000 50.8
1 Y 2.500 63.5 2.500 63.5
1 A 2.000 50.8 2.000 50.8
1Y, VA 3.000 76.2 3.000 76.2
1Y, 1 3.000 76.2 3.000 76.2
2 1 5.000 127.0 5.000 127.0
2 1Y, 3.000 76.2 3.000 76.2
2Y, 1Y, 5.000 127.0 5.000 127.0
2%, 2 3.000 76.2 3.000 76.2
3 1Y, 7.000 177.8 7.000 177.8
3 2 5.000 127.0 5.000 127.0
3 2Y, 3.000 76.2 3.000 76.2
4 2 9.125 231.8 9.125 231.8
4 2Y, 7.125 181.0 7.125 181.0
4 3 5.125 130.2 5.125 130.2
6 3 7.625 193.7 7.500 190.5
6 4 7.625 193.7 7.625 193.7
102
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Table DT-4.1.3-3(b) Hygienic Clamp Joint: Concentric and Eccentric Reducer

R1 R2
a —— O~ . | % éx
\ [1T—f=—]
L1 -
I X+
X Y |
f | L2
(43
: m G
D E/ %
R2
‘ A A |
Nominkl Si Minimum Minimum
omlr]a 1ze, 1.D Tangent, 1.D. Tangent, Maximum Minimum Minimum
- Overall Length, Large End, Small End, Internal Taper, Internal Radius, Extdrnal Radius,
X Y A, in. L1, in. L2, in. a, deg R1, in. R2, in.
A Y 2.625 0.375 0.875 30 0.250 0.031
Y Y 2.875 0.375 0.875 30 0.250 0.031
Y A 2.875 0.375 0.875 30 0.250 0.031
VA A 3.000 0.375 0:875 30 0.250 0.031
A Yy 3.125 0.375 1.125 30 0.250 0.031
1 Y 3.500 0.375 1.125 30 0.250 0.031
1 A 3.125 0.375 1.125 30 0.250 0.031
1Y, A 4.000 0.375 1.125 30 0.250 0.031
1Y, 1 3.500 0.875 1.125 30 0.250 0.031
2 1 4.375 0.375 1.125 30 0.250 0.031
2 1Y, 3.500 0.375 1.125 30 0.250 0.031
2Y, 1Y, 4.375 0.375 1.125 30 0.250 0.031
2Y, 2 3.500 0.375 1.125 30 0.250 0.031
3 1Y, 5.250 0.375 1.125 30 0.250 0.031
3 2 4375 0.375 1.125 30 0.250 0.031
3 2Y, 30625 0.375 1.125 30 0.250 0.031
4 2 6.250 0.375 1.125 30 0.250 0.031
4 2Y, 5.375 0.375 1.125 30 0.250 0.031
4 3 5.000 0.375 1.625 30 0.250 0.031
6 3 8.500 0.375 1.625 30 0.250 0.031
6 4 7.000 0.375 1.625 30 0.250 0.031
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Table DT-4.1.4-1 Automatic Tube Weld: Ferrule

i
L ! |
S : -

|

|

|

|

|

A B C I

|

|

|

|

|

|

|

L

|

|

Nominal A B ¢
Size, in. in mm in. mm in mm
Y 1.750 44.5 1.130 28.7 0.500 12.7
A 1.750 44.5 1.130 28.7 0.500 12.7
Y 1.750 44.5 13430 28.7 0.500 12.7
A 1.750 44.5 1.130 28.7 0.500 12.7
1 1.750 44.5 1.130 28.7 0.500 12.7
1Y, 1.750 44.5 1.130 28.7 0.500 12.7
2 2.250 57.2 1.130 28.7 0.500 12.7
2%, 2.250 57.2 1.130 28.7 0.500 12.7
3 2.250 57.2 1.130 28.7 0.500 12.7
4 2.250 57.2 1.130 28.7 0.625 15.9
6 3,000 76.2 1.500 38.1 0.750 19.1
104

(

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Table DT-4.1.5-1 Automatic Tube Weld: Cap
' A

Table DT-4.4.1-1 Hygienic Clamp Joint: Weir Style
Biapt Vat

| "]}
I
B & ! S
I
)
A, Min, N | \
¥
Nomjnal Size, in. in. mm : &
I
Y 1.500 38.1 |
% 1.500 38.1
1 1.500 38.1 AN T N 3~
1%, 1.500 38.1 .
2 1.500 38.1 |
2Y, 1.500 38.1 I
3 1.750 44.5 |
4 2.000 50.8 5 |
6 2.500 63.5 |
I
GENERAL NOTE:  Minimum L.D. control portion length, B, is 0.375 in. rﬁl :
(9.53 mm) for all sizes. X
. . A
Tablg DT-4.1.5-2 Hygienic Clamp Joint: Solid End Nominal Size, ‘
in. n. mm
Cap
2 Y, Fractional 2.500 63.5
r %4 Fractional 2.500 63.5
Y, Fractional 2.500 63.5
Y 3.500 88.9
T VA 4.000 101.6
1 4.500 114.3
- 1Y%, 5.500 139.7
A, min. 2 6.250 158.8
Nomindl Size, in. in. mm 2%, 7.630 193.8
/s 0.187 47 3 8.750 2223
/8 0.187 47 4 11.500 292.1
Y, 0.187 4.7
A 0.187 4.7
| 0250 [ WA
1Y%, 0.250 6.4
2 0.250 6.4
2Y, 0.250 6.4
3 0.250 6.4
4 0.312 7.9
6 0.437 11.1
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Table DT-7-2 Transfer Panel and Jumper Tolerances

Flatness Tolerance

Connection Nominal Maximum Gap Center-to-Center
Size, in. Allowed, in. Dimensional Tolerance, in.
0.50 0.010 +0.015
0.75 0.010 +0.015
1.00 0.020 +0.015
1.50 0.020 +0.015
2.00 0.025 +0.015
2.50 0.025 +0.015
3.00 0.030 +0.015
4.00 0.040 +0.015
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Table DT-9.3-1 Hygienic Clamp Ferrule: Design Criteria

Nominal design
clamp to ferrule

contact point per
| . . DT-9.4(d)
B, gauging width Clearance
per DT-9.4(e) 9
NN N
—— - —— e -
= ~————— Clearance
m pef DT-9.4(e)
o)
E
o —>| |<«— 0.065%n.
©
o pev’DT-9.4(c)
c
©
=}
[°]
(o]
<

Basic Gauging and
Contact Diameter,

Gauging Width,

Nominal Type Ain. ref B, in. Hygienic Clamp
Size, in. (From Table DT-7-1) Dimension Dimension Tolerance, * Size, in.
A A 0.867 0.164 0.004 A
A A 0.867 0.164 0.004 A
Y A 0.867 0.164 0.004 A
A A 0.867 0.164 0.004 VA
1 A 1.222 0.164 0.004 ISO DN15
1 B 1.748 0.155 0.005 1Y,
1Y%, B 1.748 0.155 0.005 1Y,
2 B 2.280 0.155 0.005 2
2Y B 2.811 0.155 0.005 2Y,
3 B 3.264 0.169 0.005 3
4 B 4.288 0.184 0.005 4
6 B 6.255 0.277 0.005 6
109
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Part M)
Material Joining

MJ-1 PURPOSE AND SCOPE

MJ-2.1.2 Nickel Alloys. Only the nickel alloys listed

The pugpose of this Part is to provide requirements
for the joirjing of metallic materials. This includes joining

methods, yelding procedure and performance qualifica-
tion, exanpination, inspection, testing, and acceptance
criteria.

MJ-2  MATERIALS

MJ-2.1 Bdse Metals

MJ-2.1.0 Stainless Steels

(a) Ausfenitic Stainless Steels. Only the austenitic
stainless |steel grades listed in Table MM-2.1-1 or
Table MM-2.1-3 may be used for welded components,
except as permitted in MM-5.1.

All tubing, fittings, and weld ends made of austenitic
stainless sfeel grades, except UNS 531703 and EN1.4438,
that are to|be autogenously welded (without filler metal
or consunjable inserts) shall have a chemical composi-
tion conforming to the requirements of MM-5.1.1.

Howevdr, a process component or tube of one.of-the
above alloys with a sulfur content either below the/lower
limit or above the upper limit for sulfur in MM-5.1.1
may be usged in a welded connection, provided that all
of the follpwing conditions are met:

(1) Use of the process comporiént or tube is agreed
to by the pwner/user.

(2) The process component or tube meets the
0.030 wt. fo maximum sudftr* limit.

(3) All welds on the,eomponent or tube are inter-
nally insppcted andwmeet the requirements of MJ-8.4.

(b) Supgraustenitic’ Stainless Steels. Only the super-
austenitic ptainless steel grades listed in Table MM-2.1-1
or Table MM:2:1-3 may be used for welded components,
except as I

The superaustenitic stainless steels are prone to the
precipitation of undesirable secondary intermetallic
phases such as sigma and chi. The cautions of MM-5.2.2
must be considered when welding superaustenitic stain-
less steels.

(c) Duplex Stainless Steels. Only the duplex stainless
steel grades listed in Table MM-2.1-1 or Table MM-2.1-3
may be used for welded components, except as permit-
ted in MM-5.1. The cautions of MM-5.2.4 must be consid-
ered when welding duplex stainless steels.

110

i Tabte MM-=21-2"o1 Tabte MMV-2T-3may be uged for
welded components, except as permitted in MM-5.1.

MJ-2.1.3 Other Metals. Other metals (e.g:, titqnium,
tantalum, palladium, or gold, as usedn instrumnenta-
tion) may be joined, when specified,by the owne/user.

MJ-2.2 Filler Metals

When filler metals are uséd; the matching filler netals
listed in Table MM-5.1.2-F"and Table MM-5.1.2-2 shall
be used except that higher alloy filler metals npay be
used when specifiéd by the owner/user.

Austenitic stainless steel grades may be weldel with
or without fillet metals.

Superaustenitic stainless steels shall be welded|either
with or without filler metals or consumable inserts.
Whendvelded autogenously (without filler metal ¢r con-
sumable inserts), postweld solution heat treatmjent in
décordance with the manufacturer’s recommendations
is required to minimize segregation.

Duplex stainless steels shall be welded eithef with
or without filler metals or consumable inserts. |When
welded autogenously, postweld solution heat tredtment
in accordance with the manufacturer’s recomnjenda-
tions is required. Welding of duplex stainless stee|s gen-
erally results in an increase in the amount of fegrite in
the microstructure, and as a result, appropriate welding
procedures should be selected. The balance of ausgtenite
and ferrite in the weld metal shall be maintained $o that
there is no less than 30% of the lesser phase.

Nickel alloys shall be welded with or withouf filler
metals. Postweld solution heat treatment is not required.

MJ-2.3 Nonmetallics

Joining of polymers (e.g., thermoplastics) shall

dures and processes recommended by the material man-
ufacturer, and approved by the owner/user, using
materials or compounds that are inert to the intended
service.

MJ-3 WELD JOINT DESIGN AND PREPARATION
MJ-3.1 General

All butt joints in which one or both weld faces is a
product contact surface shall have continuous complete
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weld joint penetration. This requirement exists for welds ~ MJ-3.5 Tube-Attachment Welds

made from either one side or from both sides of the (2) Tube-attachment welds, as addressed in this
weld joint. All weld joints must have the product contact g1 qard. are those that ’

surfaces properly purged or protected for the prevention (1) make branch connections other than those used
of discoloration or contamination. External attachments " (oo fittings described in Part DT of this
(e.g., lift lugs, dimple jackets, ladder clips, etc.) must g, 4.4

have any discoloration of the product contact surface (2) attach tubes to other product forms

removed. . . (3) attach nozzles to transfer panels
Welds attaching any connection that passes through (4) attach a tube to any part of a hygienic system
the wak-e pleor—vessel—o braneh-connection—on

(b) Tube-attachment welds not governed
of the Standard include
(1) those governed by MJ-8.4 ofrthis Stgndard
(2) tube-to-tubesheet welds that are governed by
ASME BPVC, Section VIII, Division‘l, in add{tion to the
visual inspection requirements‘of Part SF andl MJ-8.2 of
this Standard
These welds may beperformed by th¢ manual,
machine, or an automatic welding process. Jojnt designs
shall comply with-MJ-3.1. The weld joints fof complete
penetration welds'shall be prepared by means compati-
. ble with hygienic service. The weld joints shdll be prop-
holes are not required when all welds are on o1y (leanéd Within % in. (13 mm) on the |nside and
t contact surfaces [e.g., Fig. SD-3.4.3-1, illustration outside surfaces, where accessible, prior t¢ welding.

(c) defail or similar]. The telltale hole shall be no larger Either“fillet welds, groove welds, or a comBination of
than NPS ’ in. (6.35 mm) and may be tapped for a  poif inay be used.

Hy this Part

or tube system, in which one or both sides of the

(b)].

when|the vessel is in service. The plugging material MJ-4 JOINING PROCESSES AND PROCEDURES
7 MJ-4.1 Welds Finished After Welding

Socket welding is not permitted in processsstream For pressure vessels, tanks, and piping qnd tubing
systerhs or where CIP or SIP requirements(aré defined. ~ Systems where the process-contact surface gf the weld
is to be finished after welding, the welding processes
MJ-3.2 Pressure Vessels and Tanks used shall be limited to the arc or high energy beam
(electron beam and laser beam) processes as|defined in
Joinft designs shall be those permitted by ASMEBPVC,  AWS A3.0. All welding procedures must b¢ qualified
Sectiop VIII, and shall comply with MJ-3.1. per MJ-5 of this Standard. The owner/user afid contrac-
tor shall agree that the welding process selected will

MJ-3.3 Piping provide the desired results.

MJ-4.2 Welds Used in the As-Welded Condition

For pressure vessels, tanks, and piping gnd tubing
Tubing systems where the process-contact surface df the weld
is to be used as is, welding processes shall [pe limited
to the inert-gas arc processes (such as gas tungsten-arc
square buttjoimnts. 1 he tubing and 1nttings shall have ends Welding and plasma arc Welding) or the high energy
prepared by machining or facing to provideasquareend  peam processes (such as electron beam or laser beam
that meets the requirements of Tables DT-3-1and DT-3-2.  welding), as defined in AWS A3.0. All welding proce-
The butt weld joints shall be properly cleaned within  dures must be qualified per MJ-5 of this Standard. Every
% in. (13 mm) of the joint area on the inside and outside  effort shall be made to use an automatic or machine
surfaces prior to welding. Welding on tubing shall be  welding process. Autogenous welds, welds with filler
done using automatic (or machine) welding techniques  wire, or consumable inserts are acceptable for this
(such as orbital tube welding or lathe welding), except ~ Standard provided they meet the requirements for all
where size or space will not permit. In that case, manual ~ applicable codes. The owner/user and contractor shall
welding can be performed, but must be agreed to by  agree that the welding process selected will provide the
the owner/user and contractor. desired results.
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MJ-5 PROCEDURE QUALIFICATIONS

MJ-5.1 Pressure Vessels and Tanks

Welding procedures for pressure vessels and tanks
shall be qualified in accordance with ASME BPVC,
Section IX, except as modified by the specific code sec-
tion under which the vessels or tanks are designed.

MJ-5.2 Piping

ing

Welding procedures for welding of hygienic tubing
systems shall be qualified in accordance with ASME
BPVC, Segtion IX, except as modified in ASME B31.3,
with the fpllowing additions:

(a) A change in the type or nominal composition of
the backing (purge) gas shall require requalification (see
QW-250).

(b) If filler metal is used, a change from one AWS
classification of filler metal to another, or to a proprietary
filler metall, shall require requalification (see QW-250).

MJ-5.4 Dyplex Stainless Steels

In additjon to the welding procedure specification test
requiremepts of ASME BPVC, Section IX, the weld metal
and heat-dffected zones from qualification test coupons
of duplex|stainless steels shall also meet the require-
ments of ASTM A923 Methods A and/or C.

MJ-6 PERFORMANCE QUALIFICATIONS

MJ-6.1 Pressure Vessels and Tanks

Welder pnd welding operator pérformance qualifica-
tions for pressure vessels and.tanks shall be in accor-
dance with ASME BPVC, Section IX, except as modified
by the spgcific code section‘tinder which the vessels or
tanks are flesigned.

MJ-6.2 Piping

Welder pnd¢cweelding operator performance qualifica-

tions for piping systems shall be in accordance with

Table MJ-6.2-1 Tube/Pipe Diameter Limits for
Orbital GTAW Performance Qualification

Outside Diameter of Outside Diameter Qualified, in.

Test Coupon, in. (mm)
(mm) Min. Max.
¥, (13) and less None Y, (13)
>Y, (13) to 3% (89) >Y, (13) 3Y, (89)
>3Y (89) >3 (89) Unlimited

Table MJ-6.2-2 Weld Thickness Limits for Ofbital
GTAW Performance Qualification

DepositedWeld Thickness

Thickness of Test Quglified, in. (mn}

Coupon, t, in. (mm) Min. Max.
<%6 (1.5) t 2t
Y16 (1.5) < t < % (10) Y46 (1.5) 2t
>¥g (10) e (5) Uplimited

For the qualification of welding operators, the fpllow-
ing essential)variables also apply in addition tq those
of Sectign IX:

(a)xwelding of a joint using an edge preparation
than a square groove.

(b) the addition or deletion of solid backing.

(c) a change in the fit-up gap from that qualiffed.

(d) a change in pipe/tube diameter] See
Table MJ-6.2-1.

(e) the addition or deletion of filler metal.

(f) the addition or deletion of consumable insprts.

(¢) a change in the thickness of the deposited weld
metal. See Table MJ-6.2-2.

(h) the addition or deletion of backing gas (purge gas).

(i) a change in the current type or polarity.

(j) a change in the weld head type from opern head
to closed head or vice versa.

(k) a change from single pass to multipass welding
or vice versa, when using filler wire.

In addition to the tests required by Section IX|of the
ASME BPVC, either the original qualification tept or a
single test coupon must meet all the requiremgnts of
Table M]J-8.4-1 of this Standard.

other

ASME BPVT, Section IX, except as modilied In
ASME B31.3. When the piping is to be used for hygienic
systems, the additional rules in MJ-6.3 shall apply in
addition to those of Section IX. The qualification ranges
shall be governed by Tables MJ-6.2-1 and MJ-6.2-2.

MJ-6.3 Tubing

Welder and welding operator performance qualifica-
tions for welding of hygienic tubing systems shall be
in accordance with ASME BPVC, Section IX, except as
modified in ASME B31.3.

112

Any change in the variables listed in MJ-6.3 requires
welding of a new test coupon, for which only visual
inspection in accordance with Table MJ-8.4-1 is required.
Compliance with the variables in MJ-6.3 shall be
documented.

MJ-7 EXAMINATION, INSPECTION, AND TESTING

Owner/user, inspection contractor, and/or engineer
shall agree to the types of examinations, inspections, and
testing unless otherwise specified in the applicable code.
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MJ-7.1 Examination Procedures

MJ-7.1.1 Pressure Vessels and Tanks. Examination
procedures for pressure vessels and tanks shall be in
accordance with ASME BPVC, Section VIII, Division 1.

MJ-7.1.2 Piping. Examination procedures for piping
systems shall be in accordance with ASME B31.3.

MJ-7.1.3 Tubing. Examination procedures for tub-
ing systems shall be in accordance with ASME B31.3.

(b) Inspection. In addition to the inspection required
by ASME BPVC, Section VIII, Division 1, the owner/
user or inspection contractor shall perform inspection(s)
necessary to ensure compliance with this Standard as
well as any additional requirements of the owner/user’s
specification.

(c) Testing. In addition to the testing required by
ASME BPVC, Section VIII, Division 1, the owner/user

or inspection contractor shall perform testing necessary
to ensure r‘nmp]innr‘p with this Standard as well as any

MJ;7.1.4 Tube Attachments. Examination proce-
dures|for tubing systems shall be performed in accor-
dancel with ASME B31.3.

MJ-7.1

M)
perfo
desig

meet

) Personnel Requirements

7.2.1 Pressure Vessels and Tanks. Personnel
ming examinations of pressure vessels and tanks
ed to ASME BPVC, Section VIII, Division 1, shall
the requirements of the appropriate section of

that cpde.

All [inspectors shall be qualified in accordance with
GR-4.].

All [nspectors’ Delegates shall meet the requirements
of GRH.2.

MJ;7.2.2 Piping. All examiners, inspectors, and

Inspegtors” Delegates shall be qualified in accordance
with GR-4.

MJ;7.2.3 Tubing. All examiners, inspectors, and
Inspegtors’ Delegates shall be qualified in accordance
with GR-4.

M)
tors,
accord

M)
Requi
tions
every
vision
dance
requit
shall
Optor
Practi]

7.2.4 Tube Attachments. All examiners, inspec-
ind Inspectors” Delegates shallybe-qualified in
ance with GR-4.

7.2.5 Examination Personnel Eye Examination
ements. Personnel pefforming visual examina-
f welds shall have eye.examinations administered
3 yr. These examifiations shall include both near-
acuity and color_contrast differentiation in accor-
with (as a Mminimum) the Vision Examination
ements ofSASNT SNT-TC-1A. Eye examinations
be administered by an Ophthalmologist,
hetrist,Medical Doctor, Registered Nurse or Nurse
Hioner, Certified Physician Assistant, or other oph-

additional requirements of the oWmnler/user’s

specification.

MJ-7.3.2 Piping

(a) Examination. Examinations/shall be pe
accordance with the provisions of the speg
service in ASME B31.3.

(b) Inspection. Owneryuser, inspection
and/or engineer shall-agtee to the minimum
of product contact*welds to be selected for
or direct visual, inspection, and they shall
installation <ontractor. The inspection contr
submit an‘inspection plan to ensure that weld
acceptance criteria of this Part. This plan sh
borescepic or direct visual inspection of tf
contact surfaces on at least 20% of the wel
system installed. A representative sample of
er’s or welding operator’s work must be induded.

The examination required for complijnce with
ASME B31.3 may be included in the minim{m inspec-

formed in
ified fluid

ontractor,
bercentage
borescopic
nform the
hctor shall
s meet the
b1l include
je product
s in each
pach weld-

tion percentage, provided those examinaffions were
direct visual or borescopic and of the prodiict contact
surface.

(c) Testing. Leak testing of piping systen
performed in accordance with the specified {1
requirements in ASME B31.3.

MJ-7.3.3 Tubing

(a) Examination. Examinations shall be pe
accordance with the provisions of the sped
service in ASME B31.3. The external surfaces
shall be visually examined.

If ASME B31.3 High Purity Fluid Service (
is specified, radiographic, ultrasonic, or
examination is not required unless specif
owner/user.

s shall be
1id service

formed in
ified fluid
f all welds

Chapter X)
n-process
ed by the

thalm
or province (or applicable jurisdictional) license number.

et 1 1 . 1l 1
CHIcdIcdl PpETSOIIICE, altd IITUust Iiciudce i statc

MJ-7.3 Examination, Inspection, and Testing
Requirements

MJ-7.3.1 Pressure Vessels and Tanks

(a) Examination. Examinations shall be performed in
accordance with the provisions of ASME BPVC,
Section VIII, Division 1. In addition, all welds having a
product contact surface shall be visually examined by

113

(b) Inspection. Owner/user, inspection contractor,
and/or engineer shall agree to the minimum percentage
of product contact welds to be selected for borescopic
or direct visual inspection, and they shall inform the
installation contractor. The inspection contractor shall
submit an inspection plan to ensure that welds meet the
acceptance criteria of this Part. This plan shall include
borescopic or direct visual inspection of the product
contact surfaces on at least 20% of the welds in each
system installed. A representative sample of each weld-
er’s or welding operator’s work must be included. There

the fabricator.

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

(12)

ASME BPE-2012

shall also be a plan for inspecting a representative sam-
ple of each operator’s first shift of production. A proce-
dure shall be submitted for inspecting blind welds. The
random selection of accessible welds to be inspected
shall be up to the owner/user’s inspector’s discretion.

The examination required for compliance with
ASME B31.3 may be included in the minimum inspec-
tion percentage provided those examinations were
visual or borescopic and of the product contact surface.

(c) Testmo Ieak h:qhno of h1h1no systems shall bhe

Preproduction sample welds, when required, shall be
submitted by the contractor to the owner/user to estab-
lish weld quality. Owner/user, contractor, and inspec-
tion contractor shall agree to the number and type of
sample welds.

During construction, sample welds shall be made on
a regular basis to verify that the equipment is operating
properly and that the purging setup is adequate to pre-
vent discoloration beyond the level agreed upon by the
owner /user and contractor Owner /user and contractor

performed in accordance with the spec1f1ed fluid service
requiremepts in ASME B31.3.

MJ-7.3.4 Tube Attachments

(a) Exarination. Examinations shall be performed in
accordance with the provisions of the specified fluid
service in ASME B31.3. The external surfaces of all welds
shall be visually examined.

(b) Inspgction. Visual inspection shall be performed
on all profuct contact surfaces affected by the attach-
ment welding.

(c) Testipg. Testing shall be performed in conjunction
with the slystem test.

MJ-7.4 Rdcords
See GRPp.

MJ-8 WELD ACCEPTANCE CRITERIA

MJ-8.1 Ggneral

Welding
weld shalll

for a sterile environment requires that-the
not result in a surface that will contribute to

shall agree to the frequency of sample welds. It is
strongly recommended that these sample weldsbg made
at the beginning of each work shift, wheneyer the[purge
source bottle is changed, and when the automatic or
machine welding equipment is changed (such as when
the orbital tube weld head is changed).

The sample welds described. i the preceding para-
graphs, and any associated-welding machine grinted
records (e.g., welding parameter printouts directly from
welding machine or-downloaded from a wglding
machine), if any, mdy be disposed of after written gccept-
ance of the coupéns by the owner, the owner’s regjresen-
tative, or the inSpector.

MJ-8.4:1 Sample Welds. Sample welds for fubing
shall méét all the acceptance criteria of Table M]-8.4-1.
An internal bead width of 1.0 to 2.5 times the n¢gminal
walb thickness is required.

M]-8.4.2 Rewelding. Rewelding (reflow) may be
attempted one time only for the following defects:
(a) incomplete penetration (lack of penetration)
(b) incomplete fusion (lack of fusion)

microbiolggical growth and contamination of. the’prod- (c) unconsumed tack welds that can be inspected on
uct. The weld shall not have any discontihuities such  the product contact side
as cracks, yoids, porosity, or joint misalignment that will All rewelds shall either totally consume the ofiginal
promote chntamination of the productf. All welding pro-  weld or overlap the original weld with no base|metal
cedures shall be qualified to MJ-5( between the welds.
MJ-8.2 Pressure Vessels and Tanks MJ-8.5 Tube-Attachment Welds
Weld agceptance criteniafor pressure vessels and The acceptance criteria for tube-attachment welds
tanks shgll be in agtordance with ASME BPVC,  shall be in accordance with Table MJ-8.5-1.
Section \{}I' DivisjeaNI, with ﬂ,}e adc%}t}onal require- MJ-8.5.1 Sample Welds. Sample welds afe not
ments of Table MJ:.2-1. Where “None” is specified in required for tube-attachment welds or seal weldp
Table MJ-§.2-1; the limits of ASME BPVC Section VIII, '
Division 1| will-apply. MJ-8.5.2 Rewelding. Rewelding is allowed, pxcept
1da tlaat Aot P L L vhich
. . o weraGStnatrare—proatCr—Contacr—Straces; 1oV
MJ-8.3 Piping the rewelding restrictions of MJ-8.4.2 apply.
Weld acceptance criteria for piping shall be in accor-
dance with the specified fluid service of ASME B31.3. MJ-9 DOCUMENTATION REQUIREMENTS

The additional requirements of Table M]J-8.3-1 shall
apply.
MJ-8.4 Tubing

Weld acceptance criteria (including borescopic accept-

ance criteria) for tubing and fittings shall be in accor-
dance with Table MJ-8.4-1 (see Fig. MJ-8.4-1).

114

The requirements for materials and weld documenta-
tion are listed in GR-5.

MJ-10 PASSIVATION
Refer to SD-3.1.2.3(i).
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Table MJ-8.2-1 Acceptance Criteria for Welds on Pressure Vessels and Tanks

Welds on Product Contact Surfaces

Welds on Nonproduct Contact Surfaces

Welds Left in the

Prior to Finishing

After Postweld

Welds Left in the

After Postweld

Discontinuities As-Welded Condition (As Welded) Finishing As-Welded Condition Finishing
Cracks None None None None None
Lack of fusion ~ None None None None None
Incomplete None on product None on product None on product See Notes (1) See Notes (1)
penetration contact side; other- contact side; other- contact side; other- and (2) and (2)
wise, see Note (1) wise, see Note (1) wise, see Note (1)
Porosit None open to the See Note (1) None open to the None open to the None op¢n to the
surface; otherwise, see surface; otherwise, surface; otherwise, surface] otherwise,
Note (1) see Note (1) see Note (1) see Nofe (1)
Inclusigns None open to the See Note (1) None open to the None open to the None op¢n to the
[metallic surface; otherwise, see surface; otherwise, surface; otherwise, surface] otherwise,
(e.g., fung- Note (1) see Note (1) see Note (1) see Nofe (1)
sten) pr non-
metallic]
Undercfit None See Note (1) None See Note (1) See Notd (1)
Groove|weld See Note (1) See Note (1) Maximum of 10% of See Noté (1) See Notd (1)
concayity the nominal wall
thickness of thinner
member
Fillet wgld Y6 in. (1.6 mm) max. Per applicable design 4, in. (0.8 mm)max. See Note (1) See Notq (1)
convekity and fabrication code

Discolofation
(heat pffected
zone)

Discolofation
(weld |bead)

Reinforgement

Per Table MJ-8.4-1

Per Table MJ-8.4-1

See Note (1)

N/A

N/A

See Note (1)

Per Table M}:8:4-1

Per\Table MJ-8.4-1

Y4, in. (0.8 mm) max.

Per customer
specification

Per customer
specification
See Note (1)

Per custdmer
specification

Per custdmer
specification
See Notd (1)

Tack weglds See Note (1) N/A N/A See Note (1) N/A

Arc strikes None N/A None None None

Overlag None None None None None

Weld bgnd N/A N/A N/A N/A N/A
width

Minimym fillet ~ See Note (1) See Note (1) See Note (1) See Note (1) See Notq (1)
weld $ize

Misalighment See Note (1) See Note (1) See Note (1) See Note (1) See Notd (1)
(mismatch)

NOTES:

(1) Th{ limits of ASME_Section VIII, Division 1 shall apply.
(2) Dogs not apply te insulation sheathing and similar welds.
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Table M)-8.3-1 Acceptance Criteria for Welds on Pipe

Welds on Product Contact Surfaces

Welds on Nonproduct Contact Surfaces

Welds Left in the

Prior to Finishing

After Postweld

Welds Left in the

After Postweld

Discontinuities As-Welded Condition (As Welded) Finishing As-Welded Condition Finishing
Cracks None None None None None

Lack of fusion None None None None None

Incomplete None None on product None on product See Notes (1) and (2) See Notes (1) and (2)

penetration

contact side; other-
wise, see Note (1)

contact side; other-
wise, see Note (1)

Porosity

Inclusions
[metallic (¢lg.,
tungsten) d
nonmetalli

=

Undercut
Concavity
Fillet weld
convexity
Discoloration]
(heat affecfed
zone)
Discoloration]
(weld bead]

Reinforcemeft

None open to the
surface; otherwise,
see Note (1)

None open to the
surface; otherwise,
see Note (1)

None
See Note (1)
Y6 in. (1.6 mm) max.

Per Table MJ-8.4-1,
see Note (3)

Per Table MJ-8.4-1,
see Note (3)

See Note (1)

See Note (1)

See Note (1)

See Note (1)
See Note (1)
See Note (1)

N/A, see Note (3)

N/A, see Note (3)

See Note (1)

None open to the
surface; otherwise,
see Note (1)

None open to the
surface; otherwise,
see Note (1)

None
See Note (1)

Y45 in. (0.8 mm) max.

Per Table MJ-8.4-1

Per Table MJ-8.4-1

¥4, in. (0.8,thfri) max.

None open to the
surface; otherwise,
see Note (1)

None open to the
surface; otherwise,
see Note (1)

See Note (1)
See Note (1)
See Note \(1)

Pér,customer
specification

Per customer
specification
See Note (1)

None open.toJthe
surfacepothdrwise,
see_Note (1)

None open tothe
surface; othdrwise,
see Note (1)

See Note (1)
See Note (1)
See Note (1)

Per customer
specification

Per customer
specification
See Note (1)

Tack welds Must be fully con- Must be fully con- Must be fully con- Per customer Per customer
sumed by final sumed by final sumed by final specification specification
weld bead weld bead weld bead

Arc strikes None None None None None

Overlap None None None None None

Weld bend N/A N/A N/A N/A N/A

width

Minimum fillet See Note (1) See Note (1) See Note (1) See Note (1) See Note (1)

weld size

Misalignmenjt See Note (1) See Note (1) See Note (1) See Note (1) See Note (1)

(mismatch)

NOTES:

(1) The limifs of ASME B31.3 shall @pply.

(2) Does no
(3) Special
require

apply to insulationsshéathing and similar welds.
urface preparatiofiymay be needed to meet the criteria of Table MJ-8.4-1. Welds on piping that has been in service may
nique criteria,
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Table M)-8.4-1 Acceptance Criteria for Groove Welds on Tube-to-Tube Butt Joints

Discontinuities

Welds on Product Contact Surfaces

Welds on Nonproduct Contact Surfaces

Cracks
Lack of

Incomplete penetration

fusion

Porosity

Inclusions [metallic

(eg.,

tungsten) or

nonmetallic]

None

None

None [see Fig. MJ-8.4-1, illustration (e)]

None open to the surface; otherwise, see Note (1).
None open to the surface; otherwise, see Note (1).

None

None

None [see Fig. MJ-8.4-1, illustration (e)]
None open to the surface; otherwise, s
See Note (1)

ee Note (1).

Underc
Concav

Convex

Discolo
(heat-|

Discolo}
(weld

Reinfor
Tack wg
Arc stri
Overlag
Weld b

Minimy
Misalig
(mism

ht
ty

ty

Fation
hffected zone)

Fation
bead)

ement
lds
es

bad width

m throat

hment
atch)

None

Maximum of 10% of the nominal wall thickness [see
Fig. MJ-8.4-1, illustrations (c) and (d)]. However, 0.D. and
I.D. concavity shall be such that the wall thickness is not
reduced below the minimum thickness required in DT-3
[see Note (2)].

Maximum of 10% of the nominal wall thickness [see
Fig. MJ-8.4-1, illustration (f)] [see Note (2)]

Heat-affected zone (HAZ) may be permitted to have light

straw to light blue color (see Figs. MJ-8.4-2 and MJ-8.4-3).

Any discoloration present must be tightly adhering to the
surface such that normal operations will not remove it. In
any case, the HAZ shall have no evidence of rust, free
iron, or sugaring. See Note (3).

None allowed. For welds in nickel alloys, and for welds«in

superaustenitic alloys made with nickel alloy inserts.Qrfil-

ler metals, slag is permitted as long as it is silverto light
gray in color and adherent to the surface. See\Nete (3).

See Convexity

Must be fully consumed by final weld bead [see Note (4)]
None

None

No limit provided that compléte’joint penetration is
achieved.

N/A
Maximum of 15% of nominal wall thickness [see
Fig. M)-8.4-1, illustration (b)], except that 4 in. tube may

have a maximum of 0.015 in. (0.38 mm) misalignment on

See Note (1)
Maximum of 10% of the nominal allA
[see Fig. MJ-8.4-1, illustrations\() and
entire circumference with,up o' 15%
nal wall thickness permitted over a m
25% of the circumferefice [see Note (
Maximum of 0.015 jn."(0.38 mm) [see
Fig. MJ-8.4-1, illustration (f)] [see Not
Discoloration.level will be agreed upon
the ownerjuSer and contractor. Postw|
tioning\may be allowed to meet disco
requirements at the discretion of the

Seée Note (3).

Discoloration level will be agreed upon
the owner/user and contractor. Postw|
tioning may be allowed to meet disco
requirements at the discretion of the
See Note (3).

See Convexity

Same as product contact side.

See Note (5)

None

If product contact surface cannot be in
(such as I.D. of a tube beyond the rea
remote vision equipment), then the n
contact surface weld bead shall be st
uniform around the entire weld circun
Fig. MJ-8.4-1, illustration (g)]. The min
bead width shall not be less than 50

hickness
(d)] over

f the nomi-

pximum of

D)].

1.
between
eld condi-
oration
pbwner/user.

between
Eld condi-
oration
pwner/user.

pected

ch of
bnproduct
aight and
ference [see
imum weld
6 of the

maximum weld bead width [see Fig. NJ-8.4-1,

illustration (h)]. The maximum weld b|
der shall be 25% of the weld bead w
sured as a deviation from the weld cg

defined in Fig. MJ-8.4-1, illustration (i].

N/A
Same as product contact surfaces

bad mean-
dth, mea-
nterline, as

t:lc U.D. GIIL: O ;II. tU‘L]C Illdy :IGVC ad IIIGI\;IIIUIII Uf U.UOU
in. (0.76 mm) misalignment on the 0.D. Figure M)-8.4-1,
illustration (b) does not apply to 4 in. and 6 in. tube [see
Note (2)].
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Table MJ-8.4-1 Acceptance Criteria for Groove Welds on Tube-to-Tube Butt Joints (Cont’d)

GENERAL NOTE: Includes all product forms (e.g., tube, fittings, castings, forgings, and bar) whose final dimensions meet Part DT requirements.

NOTES:

(1) The limits of ASME B31.3 shall apply.

(2) In the case of two different wall thicknesses, any acceptance criteria listed in terms of nominal wall thickness shall be based on the
nominal wall thickness of the thinner tube.

(3) Welds on tubing that has been in service may require unique criteria.

(4) Any weld that shows unconsumed tack welds on the nonproduct contact surface must be inspected on the product contact surface;
otherwise they are rejected. If the weld cannot be inspected on the product contact surface, rewelding per MJ-8.4.2 is not allowed.
Rewelding per MJ-8.4.2 is allowed if the weld can be inspected on the product contact surface after rewelding.

(5) Arc strikps on the nonproduct contact surface may be removed by mechanical polishing as long as the minimum design wall-thickness
is not cdmpromised.
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Fig. M)-8.4-1 Acceptable and Unacceptable Weld Profiles for Tube Welds

* 777%R\Y
(for <4 in 0.D.)
1.D.

(a) Acceptable

10% t max.

15% t max. — M

I.D.

(b) Misalignment (Mismatch)

10% t max.

(c) 0.D. Concavity

r 0.015 in. max.

(d) 1.D. Concavity (Suckback)

\— Unacceptable

(e) Lack of Penetration

1.D.

77\t

10% tmax.j

(f) Convexity

Straight, 50% 50pe
uniform
R bead Acceptable when narrowest Acceptable
part of weld bead > 50% of
widest part of weld bead
>75% <25%
Unacceptable when narrowest Unacceptable |

part of weld bead < 50% of
widest part of weld bead

(g) Acceptable Weld Bead (h) Excessive Weld Bead

Width Variation
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Fig. M)-8.4-2 Discoloration Acceptance Criteria for Weld Heat-Affected Zones on Electropolished 316L Tubing

ample #2

. —— o~ = = 1 = T R
Sample #4 Sample #5
™ ™

The weld bead shall have no discoloration. Weld heat-affected zones on electropolished 316L tubing having discoloration levels no worse
than Samples #1 through #4 in the as-welded condition are acceptable. Heat-affected zone discoloration levels more severe than that shown
in Sample #4 are unacceptable. Sample #5 shows an unacceptable weld and heat-affected zone discoloration for comparison. The user is
cautioned that the colors observed during direct visual examination or borescope examination will be different viewing directly down (90 deg)
at the surface compared with viewing at a lower angle along the edges.

GENERAL NOTES: The user is cautioned that electronic versions or photocopies of these acceptance criteria shall not be used for evaluation
of sample or production welds since subtle differences in color can influence weld acceptability. Nonmandatory Appendix M explains the
technique by which these acceptance criteria were determined.

This figure is also available as a stand-alone document from ASME as ASME BPE-EP-2012.
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Fig. MJ-8.4-3 Discoloration Acceptance Criteria for Weld Heat-Affected Zones on Mechanically (12)
Polished 316L Tubing

Sample #1a

Sample #2 Sample #3

Samnla #4
P w

Samnla HE
14 w

The weld bead shall have no discoloration. Weld heat-affected zones on mechanically polished 316L tubing having discoloration levels no
worse than Samples #1 through #3 in the as-welded condition are acceptable. Heat-affected zone discoloration levels more severe than that
shown in Sample #3 are unacceptable. Samples #4 and #5 show unacceptable welds and heat-affected zone discoloration for comparison.
The user is cautioned that the colors observed during direct visual examination or borescope examination will be different viewing directly
down (90 deg) at the surface compared with viewing at a lower angle along the edges.

GENERAL NOTES: The user is cautioned that electronic versions or photocopies of these acceptance criteria shall not be used for evaluation
of sample or production welds since subtle differences in color can influence weld acceptability. Nonmandatory Appendix M explains the
technique by which these acceptance criteria were determined.

This figure is also available as a stand-alone document from ASME as ASME BPE-MP-2012.
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Table MJ-8.5-1 Acceptance Criteria for Tube-Attachment Welds [See Note (1)]

Groove Welds [Note (2)]

Fillet Welds

Discontinuities

Welds on Product
Contact Surfaces

Welds on Nonproduct
Contact Surfaces

Welds on Product
Contact Surfaces

Welds on Nonproduct
Contact Surfaces

Cracks
Lack of fusion

Incomplete pene-
tration

Porosity

None
None
None

None open to the

None
None
None

None open to the

None
None
N/A [Note (3)]

None open to the

None
None
N/A

None open to the

Inclusions
[metallic |(e.g.,
tungsten) d
nonmetalli

=

Undercut
Concavity
Convexity

Discoloratior] (heat
affected zope)

Discoloratior
(weld bead|

Reinforcemef

=3

Tack welds

Arc strikes
Overlap
Weld bead Width
Minimum fillet

surface; otherwise,
see Note (4)

None open to surface

None
See Table MJ-8.4-1
10% T, max.

See Table MJ-8.4-1
See Table MJ-8.4-1

See Convexity

Must be fully consumed
by final weld bead;
see Note (6)

None
None
N/A
N/A

surface; otherwise,
see Note (4)

None open to surface

See Note (4)
See Table MJ-8.4-1

0.015 in. (0.38 mm)
max. and Note (5)

See Table MJ-8.4-1
See Table MJ-8.4-1

See Convexity

Must be fully consumed
by final weld bead;
see Note (7)

See Note (8)
None

N/A

N/A

surface; otherwise,
see Note (4)

None open to surface

None
See Table MJ-8.4-1
10% T, max.

See Table MJ-8.4=1
See Table M)-8.4-1

N/A
Must be fully consumed

by final weld bead;
see Note (6)

None
None
N/A
Per Client Spec. and

surface; otherwipe,
see Note (4)

None open_to surface

Sée Note (4)
N/A
N/A

See Table MJ-8.4-1
See Table MJ-8.4-1t

N/A

Must be fully conpumed
by final weld bepd;
see Note (7)

See Note (8)
None

N/A

Per Client Spec. gnd

weld size Note (9) Note (9)
Misalignmenit N/A as long as other N/A as'long as other N/A N/A

(mismatch) conditions are met conditions are met
GENERAL NOJ'E: T, is the nominal thickness of-the thinner of the two members being joined. Weld metal must blend smoothly into basp metal.
NOTES:

(1) Tube atthchment welds include groove.welds and fillet welds in various joint configurations, such as proximity stems on jumperf on
transfer panels, transfer panel nozzles, and locator pins on sprayballs.

(2) Any weld where penetration istéquired into the joint.

(3) Penetrat|on to the product,eontact surfaces is neither required nor prohibited. Welds that penetrate through to the product contpct sur-
face may exhibit intermjttent penetration. Weld penetration through to the product contact surface must meet all other product fontact
surface fequirements of'this table and Table MJ-8.4-1.

(4) The limifs of ASME'B31.3 shall apply.

(5) For T, =[Y in. (6"mM), convexity (reinforcement) is % in. (3 mm).

(6) Reweldirlg p€r-MJ-8.5-2 is allowed.

(7) Any weld showing unconsumed tack weld(s) on the nonproduct contact surface can be rewelded per M)-8.5-2 if the product confact sur-
face can Be remspected. OTNerwISe, 1T 15 Tejected.

(8) Arc strikes on the nonproduct contact surface may be removed by mechanical polishing as long as the minimum design wall thickness
is not compromised.

(9) For welds designated by the owner/user as seal welds, there is no minimum fillet weld size.
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Part SF
Product Contact Surface Finishes

SF-1 PURPOSE AND SCOPE

Acceptance criteria for metallic product contact sur-

The| purpose of this Part is to provide product contact
finish acceptance criteria for metallic and poly-
meric[materials.

SF-2 | METALLIC APPLICATIONS
SF-2.

Thig Part shall be applicable to all systems designated
by th¢ owner/user or representative thereof.

Profluct contact surface requirements shall apply to
all acdessible and inaccessible areas of the systems that
directly or indirectly come in contact with the designated

Applicable Systems

more of the following;:

SP Water-for-Injection (WFI)

SP Purified Water

SP Pure Steam

ther product/process contact surface systems

Acceptance Criteria

ptance criteria, for common austenitic stainless
s per Table MM-2.1-1, are listed in Tables SF-2.2-1
-2.2-2. Acceptance criteria fer'other alloys as
ibed in Part MM may differ and should be mutually
upon by both the owner /tisér and supplier prior
ring material. Visual comiparison charts or sam-
ay be used to define-acceptable and/or unaccept-
able groduct contact suffaces.

SF-2.3 Inspection.atid Techniques Employed in the
Classification of Product Contact Surface

Finishes

Profuctcentact surface finish inspections shall be
made[bfzenie or more of the following methods:

face finishes are shown i 1abie SF-2.2-1.

Acceptance criteria for electropolished, me{jllic prod-
uct contact surface finishes shall méet requirements
shown in Table SF-2.2-2 in addition to’thosq shown in
Table SF-2.2-1.

Visual inspection shall be feérformed in gccordance
with examination requirements in the BPV Code,
Section V, Article 9.

CAUTION: When observing electropolished surfafes with cer-
tain light sources, such.as LED lights, a slight variahce in luster
may appear and_shall’not be cause for rejection.

SF-2.4 Surface Condition

Product contact surfaces shall be finished using
mechanical polishing, cold working, machinihg, passiv-
atior, or electropolishing processes in conforthance with
applicable sections of this Part. When requifed by the
owner /user, the electropolishing or passivatipn contrac-
tors shall qualify their procedures in accordance with
the appropriate appendices as referenced ir} this Part.
All surfaces shall be clean, and surface roughmess values
shall be in accordance with Table SF-2.4-1. (leanliness
applies to finished components/equipment a$ produced
and packaged by the manufacturer. Subsequent ship-
ping, storage, handling, and/or installation [may affect
the cleanliness, and it will become a contraftual issue
between owner/user and manufacturdr/service
provider.

SF-2.5 Electropolishing Procedure Qualification

Electropolishing service providers shall mdintain and
implement a quality assurance/control prpgram for
their electropolishing procedures. They shall dlso qualify
their electropolishing method(s) in accordafce with a
written procedure. This procedure shall specify the

(a) Vistat inspection
(1) direct visual inspection
(2) indirect visual inspection (e.g., borescopes,
mirrors)
(b) liquid penetrant
(c) surface roughness
(profilometer)
(d) scanning electron microscopy
(e) electron spectroscopy for chemical analysis
(f) auger electron spectroscopy
(g) replicas: ASTM E1351

measurement device

123

dLLUPLdbiE LdITgEs Uf LllU E‘leLLIU[)Uiibilillg eSSential
variables.
Nonmandatory Appendix H, Electropolishing
Procedure Qualification, has been provided as a guide.
Flash electropolishing shall not be acceptable. Spot
electropolishing shall be acceptable if it meets the
requirements in this section.

SF-2.6 Passivation Procedure

Passivation for this Part shall be limited to newly
installed or newly modified sections of systems and

(
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Table SF-2.2-1 Acceptance Criteria for Metallic Product Contact Surface

Einiale
LBLLLENST D A —)

Anomaly or Indication

Acceptance Criteria

Pits

Cluster of pits

Dents
Finishing marks
Welds

Nicks
Scratches

Surface cracks

Surface inclusions
Surface residuals
Surface roughness (Ry)
Weld slag

Porosity.

If diameter <0.020 in. (0.51 mm) and bottom is shiny
[Notes (1) and (2)]. Pits <0.003 in. (0.08 mm) diameter
are irrelevant and acceptable.

No more than 4 pits per each 0.5 in. (13 mm) X 0.5 fa-
(13 mm) inspection window. The cumulative total-diameter
of all relevant pits shall not exceed 0.040 ine(1:02 mm)

None accepted [Note (3)].

If Ry max. is met.

Welds used in the as-welded condition,shall meet the
requirements of MJ-8.

Welds finished afterwelding shaltbevflush with the base
metal, and concavity and canvexity shall meet the
requirements of MJ-8. Such finishing shall meet the
Ry requirements of Table'\SF-2.4-1.

None accepted.

For tubing, if cumulative length is <12.0 in. (305 mm) per
20 ft (6.1 m) tube length or prorated and if depth is
<0.003 in. (0-:08 mm).

For fittings, valves, and other process components, if
cumulative length is <0.25 in. (6.4 mm), depth <0.003 in.
(0.08:mm), and R, max. is met.

Forwessels, if length <0.50 in. (13 mm) at 0.003 in.

(0.08 mm) depth and if <3 per inspection
window [Note (4)].

None accepted.

If Rg max. is met.

None accepted, visual inspection

See Table SF-2.4-1.

For tubing, up to 3 per 20 ft (6.1 m) length or prorated, if
<75% of the width of the weld bead.

For fittings, valves, vessels, and other process components,
none accepted (as welded shall meet the requirements of
MJ-8 and Table MJ-8.4-1).

None open to the surface.

GENERAL NOTE: This table covers surface finishes that are mechanically polished or any other finishing

method that meets the R, max.

NOTES:

(1) _Black bottom it of anv depth is not acceptable
1 Y e s

(2) Pits in super-austenitic and nickel alloys may exceed this value. Acceptance criteria for pit size
shall be established by agreement between owner/user and supplier. All other pit criteria remain

the same.

(3) For vessels, dents in the area covered by and resulting from welding dimple heat transfer jackets

are acceptable.
(4

=

An inspection window is defined as an area 4 in. X 4 in. (100 mm X 100 mm).
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Table SF-2.2-2 Additional Acceptance Criteria for Electropolished Metallic
Product Contact Surface Finishes

Anomaly or Indication

Acceptance Criteria

Blistering
Buffing
Cloudiness

End grain effect
Fixture marks
Haze

Orange peel

None accepted

None accepted (following electropolishing)
None accepted

Acceptable if R, max. is met

Acceptable if electropolished

None accepted

Acceptable if R, max. is met

Stringer indication
Weld whitening

Acceptable if R, max. is met
Acceptable if R, max. is met

Table SF-2.4-1

R, Readings for Metallic Product
Contact Surfaces

Mechanically Polished [Note (1)]

Surface Rq Max.
Designation pin. rm
SFO No finish requirement No finish“tequirement
SF1 20 0.51
SF2 25 0.64
SF3 30 0.76
Mechanically Polished [Note (1)] and
Electropolished
Rg; Max.
win. pm
SF4 15 0.38
SF5 20 0.51
SF6 25 0.64

GENERAL NOTES:

table.

NOTE:

comp¢nents. Passivation shall be performed in accor-
dance|with.anapproved quality assurance/control pro-
gram.|Thée-passivation method(s) including procedures
forinitial water flushing, chemical cleaning and degreas-

(@) All Rg-readings are taken across the lay, wherever possible.
(b) No(single R, reading shall exceed the R; max. value in this

(c) ,Other R, readings are available if agreed upon between
owner/user and supplier, not to exceed values in this table.

(1) Or any other finishing method that meets the R; max.

For passivated product contact surfaces, fhe accept-
ance criteria in Table SF-2.6-1 apply in adldition to
Table SF-2.2-1 and/ or Table SF-2.2-2, as appli¢able. Tests
to ensure the presence of a passive layer shall be agreed

ing, passivation, and final rinse(s) shall be qualified in
accordance with a written procedure and documenta-
tion package. This procedure shall specify the acceptable
ranges of the passivation essential variables.
Nonmandatory Appendix E, Passivation Procedure
Qualification, has been provided as a guide to passiv-
ation practices and evaluation of passivated surfaces.
Spot passivation is permitted. The pickling process shall
not be accepted as a substitute for passivation. There
is no universally accepted nondestructive test for the
presence of a passive layer.
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to between the owner/user and contractor.

SF-2.7 Normative References

The following standards contain provisions that,
through reference, specify terms, definitions, and
parameters for the determination of surface texture
(roughness, waviness, and primary profile) by profiling
methods.

ASME B46.1, Surface Texture (Surface Roughness,
Waviness, and Lay)
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Table SF-2.6-1 Acceptance Criteria for Metallic Passivated Product Contact
Surface Finishes

Anomaly or Indication

Acceptance Criteria

Surface particles

No particles observed under visual inspection, without

magnification, and using adequate room lighting.

Stains

None accepted (weld discoloration to comply with Part

M), Tables MJ-8.2-1 through MJ-8.5-1).

Visible construction debris
Visible oils or organic compounds

None accepted
None accepted

GENERAL NOTES:

Qualification.

Publishey: The American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York,
NY 10016-5990; Order Department: 22 Law Drive, P.O.
Box 290D, Fairfield, NJ 07007-2900 (www.asme.org)

ISO 3274, |Geometrical Product Specifications (GPS) —
Surface fexture: Profile method — Nominal character-
istics of|contact (stylus) instruments

ISO 4287, |Geometrical Product Specifications (GPS) —
Surface [texture: Profile method — Terms, definitions
and surface texture parameters

ISO 4288, |Geometrical Product Specifications (GPS) —
Surface [texture: Profile method — Rules and proce-
dures fdr the assessment of surface texture

ISO 11562 Geometrical Product Specifications (GPS)=
Surface [texture: Profile method — Metrologiealchar-
acteristirs of phase correct filters

Publishey: International Organization for
Standarflization (ISO) Central Secretdriat, 1, ch. de la
Voie-Crg¢use, Case postale 56, CH-1211, Geneve 20,
Switzerland /Suisse (Www.iso.01tg)

SF-2.8 Rguge and Stainless Steel

Rouge |s a naturally_éccurring phenomenon in
existing gtainless steel high purity process systems
(including] water orptire steam). The degree to which
it forms dppendstupon

(a) the gtainless steel material used for each compo-
nent within ‘the system

(@) Surface condition must meet Tables SF-2.2-1 and/or SF-2.2-2, as applicable.
(b) Additional tests/acceptance criteria may be selected from Table E-5-1, Test Matrix for Evaluation of
Cleaned and/or Passivated Surfaces in Nonmandatory Appendix E, Passivation Procedure

provides the methods to measure rouge in a sysfem in
both the process solution,.and on the actual pfoduct
contact surface. It also suggests various fabricatign and
operation practices’ to-minimize rouge formatign and
methods/technigties for its remediation.

For more information, refer to the ISPE Wat¢r and
Steam Systéms Baseline® Pharmaceutical Enginfering
Guide.

SF<3 POLYMERIC APPLICATIONS

SF-3.1 Applicable Systems

This section shall be applicable to all systems [desig-
nated by the owner/user or representative therejof.

Product contact surface requirements shall apply to
all accessible and inaccessible areas of the systems that
directly or indirectly come in contact with the designated
product.

These systems shall include process systems andl clean
utilities.

SF-3.2 Materials

The preferred materials of construction for thege sys-
tems shall be as described in PM-2, Materials.

SF-3.3 Inspection and Techniques Employed in the
Classification of Product Contact Surface
Finishes

(b) how the system was fabricated (e.g., welding, sur-
face finish, passivation treatment)

(c) what process service conditions the system is
exposed to (e.g., water purity, process chemicals, tem-
peratures, pressures, mechanical stresses, flow veloci-
ties, and oxygen exposure)

(d) how the system is maintained

The presence of rouge in a system needs to be evalu-
ated against its potential to affect the product, process,
and/or long-term operation of the system.
Nonmandatory Appendix D, Rouge and Stainless Steel,

Product contact surface finish inspections shall be
made by one or more of the following methods:
(a) visual inspection
(1) direct visual inspection (e.g., illumination
through pipe/tube wall)
(2) indirect visual inspection (e.g., borescopes,
mirrors)
(b) surface roughness measurement device: profilo-
meter or other surface measurement devices
Acceptance criteria of polymeric product contact sur-
face finishes are shown in Table SF-3.3-1.
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Table SF-3.3-1 Acceptance Criteria for Polymeric Product
Contact Surface Finishes

Anomaly or Indication

Acceptance Criteria

Scratches For rigid tubing/piping, if cumulative length is <12.0 in. (305 mm)
per 20 ft (6.1 m) tube/pipe length or prorated and if depth
<0.003 in. (0.08 mm).
For other process components, surface finish must be agreed upon
by supplier and owner/user.

Surface cracks None accepted
Surface—tretusions Nene-aeccepted
Surface roughness, R, See Table SF-3.4-1.

GENERAL NOTE: All product contact surface finishes shall be defined by the owner/user and supplier
using the criteria described in SF-1, Purpose and Scope.

Table SF-3.4-1 R, Readings for Polymeric
Product Contact Surfaces

Surface Ra max.
Designation pin. pm
SFPO No finish requirement No finish<dequirement
SFP1 15 0.38
SFP2 25 0.64
SFP3 30 0.76
SFP4 40 1.01
SFP5 50 1.27
SFP6 60 1.52

GENERAL NOTES:

table.

Visthal inspection shall be performed \tinder adequate

room

appro
to clai

SF-3.4

The
are av

(a)
(1

lighting. Additional lighting(shall be used when
priate to illuminate blind or_darkened areas and
ify questionable areas.

Surface Condition
following suxface finishes of polymeric materials
pilable:
piping /tubing and fittings
) as.meolded

(@ No single R, reading shallexceed the R, max. value in this

(b) Other R, readings:are available if agreed upon between owner/
user and supplier/not to exceed values in this table.

(2) as extruded

(3) as machined

(4) as fabricated from molded, ext

machined components
(b) sheet, rod, and block

(1) as molded

(2) as extruded

(3) as machined after molding or extrus

ruded, or

ion

These are generally utilized terms and T;Iiay not be
a

applicable in all cases. The final criteria sh
mined by the R, values shown in Table SF-3

be deter-
4-1.
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Part SG
Sealing Components

SG-1 PURPOSE AND SCOPE

standards [e.g., ISO 2852, DIN 11864 (-1, -2, -3, O-rings)].

The purpose of this Part is to provide the requirements
for the sedling components of seals, valves, and fittings
used in thg bioprocessing industry. These sealing compo-
nents credte or maintain process boundaries between
system components and/or subassemblies to ensure
process syptem integrity. This Part defines the design of
seals, valves, and fittings. This Part also enables equip-
ment marjufacturers, system designers, and owners/
users to sglecify the required seal, valve, and fitting type
and performance for specific applications. It is not the
intent of this Part to inhibit the development or use of
new techrfologies.

SG-2 SEALING COMPONENT TYPES
SG-2.1 General

Sealing fomponents used in bioprocessing equipment
take a varjety of forms based on their function within
the systeth and the process boundaries to the atmo-
sphere angl other systems, which they must maintain.
The following sections define the main types of sealing
components and their acceptability for use in(the bio-
processing industry. For this section, sealsare divided
into staticland dynamic seals. All acceptableseals shall
meet the ¢lesign criteria, materials, and/performance
characterigtics contained in this Standatrd.

SG-2.2 Sfatic Seals

S$G-2.2]1 General. A static seal is characterized by
the absende of relative motion between sealing surfaces,
or betweeh the sealing-Surface and a mating surface,
after initigl installation. Small amounts of movement
that might be caused by thermal expansion, vibration,
bolt stretch,-or-seal response to fluid pressure, do not

(See Figs SG-2.2.2-3and SG-2.2.27%))

Other hygienic unions and cross-sectional geometries
shall meet all of the requirements of this Star\dard, pxcept
for the ferrule dimensions.

Nonhygienic connections shown inFig? SG-2.2.p-5 are
not recommended (e.g., threaded fittings exposed fo pro-
cess fluid).

5G-2.2.3 O-Ring Seals. (An O-ring is a ring seql with
a circular cross section (a'toroid), designed to be peated
in a groove and comptessed during assembly. (-rings
are most often used as static seals. These are used jexten-
sively in hygieni€ applications and can seal both radially
and axially opposed faces. Common static O-ringfappli-
cations include sealing fasteners, shaft couplings, and
pump andfiltration components.

Other'ring seal geometries of varying cross sdctions
(e.gy, manway gaskets) may be used in hygienic applica-
tions. However, significant differences may exist ip their
performance (e.g., pressure and cleanability) and ghould
be evaluated accordingly.

Examples of O-ring industry standards irjclude
SAE AS568, Aerospace Size Standard for O-Rings and
ISO 3601, Fluid Power Systems — O-Rings.

For use in bioprocessing applications, O-rings and
their mating surfaces shall meet the requirements|of this
Standard.

S$G-2.2.4 Other Static Seals. Other static seals used
in bioprocessing applications shall meet the rejquire-
ments of this Standard (e.g., flat gaskets, L-cups, U-cups,
stoppers, septums, and bioseals).

Inflatable static seals are static seals where gas {s sup-
plied to the inner part of the seal, providing a pillow
barrier between the process and the atmosphere{ They
are commonly used in large process components, and
in connections, to support structures.

alter the skatic definition

$G-2.2.2 Hygienic Unions. Hygienic unions provide
connections between process components (e.g., pipe fit-
tings, tank fittings, instruments, and hoses) to ensure
the process integrity is maintained. They include seals
between two ferrules.

The geometry of the most common hygienic union
is governed by Table DT-7-1, and is shown in
Figs. 5G-2.2.2-1 and SG-2.2.2-2 of this Standard. Other
geometries for the opposing ferrules are also used in
the industry, and are controlled by relevant industry

SG-2.3 Dynamic Seals

A dynamic seal is characterized by the movement
of the seal surface and a mating surface, after initial
installation.

SG-2.3.1 Valves

$G-2.3.1.1 General. Valves are process compo-
nents that provide dynamic seals within the process.
They also provide seals between the process and the
atmosphere.
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Fig. SG-2.2.2-1 Hygienic Union per Table DT-7-1

See Fig. SG-4.2-1
See Fig. SG-4.2-1 intrusion/recess
intrusion/recess

\

) 0
ST )(

(a) Typical Hygienic Clamp Union — (b) Typical Hygieni¢:€lamp Union — (c) Typical Hygienic Clamp Un{on —
ih. and Smaller (Type A) per Table DT-7-1 1in. (Type B) per Table DT-7-1 1.5 in. and Larger (Type B) per Table DT-7-1
(Accepted) (Aceepted) (Accepted)

Fig. SG-2.2.2-2-/ Hygienic Clamp Union per Table DT-7-1

Symmetric ferrules

(Accepted)
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Fig. SG-2.2.2-3 Hygienic Union per DIN 11864

g
7

(Accepted]

Fig. SG-2.2.2-4 ‘Hygienic Clamp Union per DIN 11864

Asymmeétric ferrules

(Accepted)
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Fig. SG-2.2.2-5 Nonhygienic Connections

(Not Accepted For Hygienic Service)

Actual sealing point

Crevice area

7

/ Tubing
{
)

Fitting or Valve

(a) Roll-On Fitting
(b) Compression Fitting

Major crevice area

ESr
nnnnnni
Illllllgl
Rougl interior F =\ 7z~ A
finigh %
(c) Threaded Joint Clearance at bolt % Gasket not poditively
holes may permit “““ HHH located may|slip
misalignment N and cause lafge crevice

(d) Flanged Joint

=1 =
=

(e) Bevel'Seat | ~ > #

Fitting7 /—Crevice area

Tubing or pipe gﬂ@
AL

1 \- Difficult to clea

-
) = {f] Nozzle Detail

zzr

(g) Socket Joint
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Fig. $G-2.3.1.2-1 Weir Valves

(a) Weir Diaphragm Valve

SG-2.B.1.2 Diaphragm Valves

(a) Weir Diaphragm Valve, Weir Diaphragm Tank Bottom
Valve. Thq diaphragm seal is a flexible membrane that
forms pogitive closure when compressed against the
weir (see Fig. 5G-2.3.1.2-1). The diaphragm is a product
contact sgal creating both static (atmospheric) and
dynamic (differential) seals.

(b) Rad{al Diaphragm Valve, Radial Diaphragm Tank
Bottom Valpe. The diaphragm seal is a flexible membrane
that formg positive closure when compressed against
a radial s¢at (see Fig. 5G-2.3.1.2-2). The diaphragm is
typically p product contact seal creating both static
(atmosphdric) and dynamic (differential) seals:\How-
ever, in some designs static seals may be used between
body components.

(c) Weirfess Diaphragm Valve. The diaphragm seal is a
flexible m¢mbrane that modulates flow across a weirless
valve body and also forms positive closure when
compresded against the weitless valve body (see
Fig. SG-2.8.1.2-3). The diaphtagm is a product contact
seal creating both atmospheric and differential seals.

(d) Linegr Control Valves A sliding seal (such as an
O-ring) ornon-slidingseal (such as a diaphragm) is used
to seal a linear stend (see Fig. SG-2.3.1.2-4). For closure,
the linear |controlwalve may use a soft seal such as an
O-ring or diaphragm, or a metal-to-metal seal/seat.

\/W

(b) Weir Diaphragm Tank Bottom/alve

A dynamic seal iscused on a rotary sten] (see
Fig. SG-2.3.1.3-1).

SG-2.3.1.4)Rising Stem Single, Double Sept Mix
Proof, Needle Valves. Plug(s) are used to clos¢ flow
against seat(s). Dynamic seal(s) are used on [linear
stem(s).(Static seals are used between body comppnents
(see Fig: SG-2.3.1.4-1).

S$G-2.3.1.5 Butterfly Valves. The seat/seal ¢reates
a-dynamic seal when the disc is rotated into the losed
position (see Fig. SG-2.3.1.5-1). The seat/seal also[forms
the primary stem seal to prevent leakage through stem
journal.

S$G-2.3.1.6 Thermostatic Steam Trap. The|valve
seat is closed by a plug attached to a dynamic bpllows
seal. The body cavity for a serviceable steam {rap is
typically sealed by a static seal (see Fig. SD-3.1.3-1).

$G-2.3.1.7 Back Pressure Control Valve. A non-
sliding seal (such as a diaphragm) is used to seal 4 linear
stem. For closure, the valve may use a soft seal sjich as
an O-ring or diaphragm, or a metal-to-metal sedl/seat
(see Fig. SG-2.3.1.7-1). To regulate the flow, the opdrating
diaphragm responds to pressure to control the r¢gulat-
ing plug and functions as a static seal aroupd its
perimeter.

S$G-2.3.1.8 Pinch Valve. Pinch valves use a flexible

(e) RegiMtatorHatve—A—eontrot-ciaphragmis-aflexible
membrane that typically is used as a pressure barrier
and also forms a static seal to the atmosphere. A plug
type dynamic seal may be used for closure. Static seals
are used between body components. To regulate the
flow, the operating diaphragm responds to pressure to
control the regulating plug and functions as a static seal
around its perimeter (see Fig. SG-2.3.1.2-5).

SG-2.3.1.3 Ball Valve, Ball Tank Bottom Valve. The
seat/seal functions as a dynamic seal against the rotating
ball. Static seals are used between body components.

PR | 1 ot 1.CC PR | 1 1 1 d
tUpPCT UL SICTVT Uldl 1ULLIS d UILITITIIU4AL 5CdAdl VWIICIL ose

(see Fig. SG-2.3.1.8-1).

SG-2.3.1.9 Pressure Relief, Check Valves. The
valve seat is closed either by mechanical means (e.g.,
spring) or by the process fluid such that the flow stream
is blocked (see Fig. SG-2.3.1.9-1). The body cavity may
be sealed by a static seal. The seat can be sealed with
an O-ring seal.

$G-2.3.1.10 Plug Valves. The plug-body valve or
plug-seal valve functions as a dynamic seal against the
rotating plug (see Fig. SG-2.3.1.10-1).
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Fig. SG-2.3.1.2-2 Radial Valves

(a) Radial Diaphragm Tank Bottom Valve

(c

Bellows Radial Diaphragm Tank Bottom Valve

Ll
b

(b)Radial Diaphragm Valve

fj;ﬁ%%&

(d) In-Line Radial Diaphragm Valve

é Y

Fig. SG-2.3.1.2-3 Weirless Diaphragm Valve
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Fig. SG-2.3.1.2-4 Linear Control Valves

7

ez & R
(a) Lingear Control Valve (b) Linear Control Valve (c) Linear Control Valve
With O-Ring Seal With Elastomer Diaphragm Seal With Metallic Diaphragm Seal

Fig. SG-2.3.1.245) Regulator Valve
AN N \

-

/
- =
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Fig. SG-2.3.1.3-1 Ball Valves

"""""" > \ =
' SA\\\ 8 P\

(a) Ball Tank Bottom Valve (k)>Ball Valve

Fig. SG-2.3.1.4-1 Rising Stem Single Valve, Double Seat Mix Proof Valve, and Needle Valve

(a) Rising Stem Single Valve (b) Double Seat Mix Proof Valve (c) Needle Valve
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Fig. SG-2.3.1.5-1 Butterfly Valve

Fig. SG-2.3.1.7-1 Back Pressure Control Valve

N N
)
’ %

136

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Fig. SG-2.3.1.8-1 Pinch Valve

7 )

Fig. SG-2.3.1.9-1 Pressure Relief and Check Valves

%,

7

7,

(a) Pressure Relief Valve (b) Check Valve

Fig. SG-2.3.1.10-1 Plug Valve

_——
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Fig. SG-2.3.2.2-1 Single Mechanical Seal

Rotating face

Stationary face

Process side

Fig. SG-2.3.2.2-2 Single Seal for Top Entry Agitator

Atmospheric side

Rotating face

Stationary face

Atmospheric side

SG-2.3J2 Mechanical Seals

$G-2.8.2.1 General

(1) An ¢nd face mechanical seal is a device that con-
trols leakqge of fluids along rotating shafts. Sealing is
accomplished by a stationary face bearing against the
face of a r¢tating ring mounted to the shaft. The sealing
faces are perpendicular to the shaft axis. Axial mechani-
cal force annd fluid pressure maintain the contact between
the wearir)g seal faces.

(b) Selegtion of the proper seal for the specific equip-
ment and gipplication is the responsibility of the owner/
user. Thelowner/user shall consult the equipment
supplier /manufacturer.

SG-2.B.2.2 Single Mechanical Seals
(a) Single mechanical seals are seal arrangements in
which there is only one mechanical seal per seal
chamber.
(b) Single mechanical seals offer simplicity and an
observablg leakage path to the atmosphere.
(c) Single mechanical seals weep fluid across the face
in the dirdction from high pressure to low pressure.
(d) Singfe Mechanical Seals\for’ Pumps
(1) The process fluidprovides lubrication and cool-
ing for thq faces. A sirigle ‘seal operating in dry or vac-
uum condfitions williresult in seal failure.
(2) Nt all process fluids will provide adequate
lubrication and-cooling. In this case an alternative seal
design or flush plan shall be considered.

\@‘\Debris we

Process side

$G-2.3.2.3 Dual Mechanical Seals
(a) Dual Pressurized Mechanicgl/Seals
(1) Dual pressurized miechanical seals consist of an
inboard mechanical seal'and an outboard mecHanical
seal. Pressurized barrierfluid is injected betweer] these
two seals. The inbeard mechanical seal has procegs con-
tact, and the outboard mechanical seal has atmospheric
contact.
(2) Pressurized barrier fluid means the barrigr fluid
pressure_isshigher than the process pressure actjng on
the inbeard mechanical seal.
(3) Dual pressurized mechanical seals offer] abso-
lute separation of process and atmosphere.
(4) The pressurized barrier fluid will weep ifto the
process and will weep into the atmosphere.
(5) The owner/user shall arrange for a presspirized
barrier fluid to be introduced between the inboafd seal
and the outboard seal to ensure a positive barrier exists
between the process and the atmosphere. A liquid bar-
rier fluid such as water also cools and lubricates the dual
mechanical seal. Gas barrier fluid such as air proyides a
barrier between the atmosphere and process only and
does not provide cooling or lubrication to the sea] faces.
(6) Providing barrier fluid flow and pressur¢ at an
appropriate temperature is the responsibility fof the
owner/user and shall be based on the recommenfation
of the equipment manufacturer.
(7) A typical dual pressurized mechanical seal
is illustrated in Fig. SG-2.3.2.3-1 for pumps and
Fig. 5G-2.3.2.3-2 for top entry agitators.
(b) Dual Unpressurized Mechanical Seals

(3) A'typical single seal for pumps is illustrated in

Fig. 5G-2.3.2.2-1.
(e) Single Mechanical Seals for Top Mounted Agitators

(1) Single mechanical seals for top mounted agita-
tors operate in the head space of the vessel typically
exposed to the gas phase of the process fluid.

(2) Top mounted agitator single seals may contain
a debris well to catch wear material from dry con-
tacting faces.

(3) A typical single seal design for top mounted
agitators is illustrated in Fig. SG-2.3.2.2-2.

(1) Dual unpressurized mechanical seals consist of
an inboard mechanical seal and an outboard mechanical
seal. Buffer fluid is injected between these two seals.
The inboard mechanical seal has product contact, and
the outboard mechanical seal has atmospheric contact.

(2) Unpressurized buffer fluid means the buffer
fluid pressure is lower than the process pressure acting
on the inboard mechanical seal. The highest pressure in
the sealing system is the process pressure on the inboard
side of the inboard seal. The lowest pressure of the sys-
tem is the atmosphere pressure on the outboard seal.
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Fig. $G-2.3.2.3-3 Dual Unpressurized Mechanical
Seal for Pumps

Buffer outlet

Process side Rotating face

Fig. S

Proceq

Fig. S

G-2.3.2.3-1 Dual Pressurized Mechanical Seal
for Pumps

Barrier outlet

Rotating face

s side
Atmospheric side
Stationary side
Barrier inlet
G-2.3.2.3-2 Dual Pressurized Mechahical Seal

for Top Entry Agitator

Atmospheric side

J

AAN

7Stationary face

9—/ Barrier outlet

/

ﬁ

Rotating face

Stqtionary face
\%BU .

(3) Dual unpressurized mechanical seals|offer abso-
lute separation of the atmosphefe from the pfocess, but
do not provide absolute separation of the prpcess from
the atmosphere.

(4) Process fluid\will weep into the ungressurized
buffer fluid, and the buffer fluid will in turn|weep into
the atmospheresalong with dilute process fliid.

(5) Thejewner/user shall arrange for an finpressur-
ized buffer‘fluid to be introduced between the inboard
seal and'the outboard seal to ensure a buffer bptween the
product and the atmosphere. The process wileenetrate

between the inboard seal faces. The buffer [fluid with
traces of process fluid will penetrate the ou
faces.

(6) Providing buffer fluid flow and pregsure at an
appropriate temperature is the responsibifity of the
owner/user and shall be based on the recomendation
of the equipment manufacturer.

(7) A typical dual unpressurized mechpnical seal
is illustrated in Fig. 5G-2.3.2.3-3.

$G-2.3.2.4 Flush Plans. A flush plan| describes
how the end face mechanical seal is lubricated and
cooled. The flush plan numbers directly reflect plans
that were developed by The American Retroleum
Institute (API 682), subsequently adoptled by the
American National Standards Institute (ANSI B73:
Specifications for Centrifugal Pumps for(Chemical
Process), and are global standard shorthar|d for seal
support systems. If properly implemented to the
requirements of this Standard, all of the following flush
plans are acceptable for use in the bioprocesging indus-

oard seal

Debris well

Process side
Barrier inlet

try. The numbering system used below is also recognized
and used by The Fluid Sealing Association (FSA) and
the European Sealing Association (ESA as a group asso-
ciated with FSA). ISO 21049, API 682, and ISO 13709
also contain important information about support sys-
tems for mechanical seals.

(a) Flush Plan 01. Internal seal chamber circulation
for single seal from pump discharge. High pressure dis-
charge product flows to the low pressure seal chamber.
The flow of product cools and lubricates the seal faces.
See Fig. 5G-2.3.2.4-1.
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Fig. SG-2.3.2.4-1 Flush Plan 01

7\ Inlet
/ Seal chamber

Fig. $G-2.3.2.4-3Flush Plan 11

Pump dis¢harge
Flush

Fig. SG-2.3.2.4-2 Flush Plan 02

g
G
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(b) Flush Plan 02. Dead-ended seal chamber with no
other sources of flush for single seal. The ambient condi-
tions of the seal chamber are satisfactory for the product
to remain a coolant and lubricant for the seal faces. See
Fig. 5G-2.3.2.4-2.

(c) Flush Plan 11. Seal flush from pump discharge for
single seal. Often uses an orifice; but the flush line itself
may be considered an orifice. High pressure discharge
product flows to the low pressure seal chamber. The flow

Fig. SG-2.3.2.4-4 Flush Plan 32

of pr¢duct cools and Tubricates the seal faces. See

al cavity is vented to a low pressure point. This
lan is used exclusively for dual unpressurized
ee Fig. 5G-2.3.2.4-7.

Iush Plan 53. This plan is for pressurized dual
nly. Pressurized barrier fluid is circulated through
rvoir where the barrier fluid\is cooled then
ed to the seal cavity. Circulationyhust be provided
umping device located in\the dual seal design.
rrangement ensures _that ‘the atmosphere and
d product cannot cross-contaminate. The barrier
shall be compatible with the product. See
G-2.3.2.4-8 and 56-2.3.2.4-9.

lush Plan §4.)This plan is for dual pressurized
nly. Pressurized barrier fluid is circulated through
al seal ¢avity from an external source. The source
of flow and pressure is undefined in this flush plan. The
barrief fliid pressure between the inboard and outboard

Exte

Fig. SG-2.3.2.4-5 Flush Plan 52 for H

/F\\

Flush

——H
/IBuffer inlet

seal shall be higher than the process pressure acting on
the inboard seal. The barrier fluid shall be compatible
with the product. See Figs. SG-2.3.2.4-10 and
5G-2.3.2.4-11.

(i) Flush Plan 74. This plan is for gas pressurized dual
seals only. The barrier fluid pressure between the
inboard and outboard seal shall be higher than the pro-
cess pressure acting on the inboard seal. The barrier
fluid must be compatible with the product. See
Figs. 5G-2.3.2.4-12 and 5G-2.3.2.4-13.

141

\_

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @

rnal source

ump

eservoir

uffer outlet


https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Fig. SG-2.3.2.4-6 Flush Plan 52 for Top Entry Fig. $G-2.3.2.4-8 Flush Plan 53 for Pump
Agitator

Reserjoir

\Reservoir

| Barrief outler

h

\V\V Barriet inlet
Buffer outlet A

Buffer inlet %

Fig. §G-2.3.2.4-7 Flush Plan BPE52 for Pump Fig. SG-2.3.2.4-9 Flush Plan 53 for Top En
Agitator

7~

[

ry

Pump discharge

Hygieni¢pressure and
flow control device

Reseryoir

——Buffer outlet

| I —Buffer inlet

Barrief outlet

T Q Bearrter inlet
)

2
%) i
(
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Fig. SG-2.3.2.4-10 Flush Plan 54 for Pump
Fig. $G-2.3.2.4-12 Flush Plan 74 for Pump

Vent yalve

Gas brrier outlet
gij Gas bjarrier inlet
Fig. $G-2.3.2.4-11 Flush Plan 54 for Top Entry
Agitator

[ Fig. $G-2.3.2.4-13 Flush Plan 74 for Top Entry
p Agitator

Barrier outlet

Barrier inlet

Barrier outlet .
Bprrier outlet

I . A X
Barrier inlet ’l’:K m Vent valve

\

Barrier inlet

143

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

SG-2.3.3 Other Dynamic Seals

$G-2.3.3.1 Reciprocating Seals. Reciprocating
seals have axial movement between the inner and outer
elements, as in a plunger or a piston and a cylinder. The
seal, usually an O-ring, slides along the sealing surface.

$G-2.3.3.2 Oscillating Seals. Oscillating seals
have angular movement around an arc, as in a valve
handle. The seal, usually an O-ring, slides between the
inner and imi 1=
dinal moviement.

SG-3 SEALING COMPONENTS GENERAL DESIGN
REQUIREMENTS (GENERAL PROVISIONS)

$G-3.1 S

The eqhipment supplier/manufacturer shall be
informed ¢f all the conditions under which the seal may
be expectdd to operate. These shall include, in addition
to the servjice temperature and pressure, any parameters
that may affect the seal performance (reference Form R-1,
Application Data Sheet). It is up to the equipment
supplier/manufacturer to inform the owner/user of the
service lifg expectancy and the methods that will ensure
that the sdal operates within its design specification.

al Design Conditions

$G-3.1J1 Service Temperature. Seals shall be capa-
ble of preyenting unacceptable leakage when thermally
cycled between the rated upper and lower temperature
limits. Thqg number of allowable thermal cycles shall be
stated by fhe manufacturer.

S$G-3.1)2 Service Pressure. The service pressure is
the maxinum permissible usage pressure for which the
seal meetq the maximum permissible leakage rate. The
service prgssure and acceptance level fof pressure rating
shall be fyrnished by the seal supplier /manufacturer.

SG-3.1.3 Bioburden. Bioburden-s the concentration
of microbfal matter per unit ¥olume. Microbial matter
includes vjruses, bacteria, yeast, mold, and parts thereof.

SG-3.1{4 Cavitation Resistance. The seal shall be
placed so jps to minimize damage by cavitation.

SG-3.115 Sterilization. The complete sterilization
procedure| shallhybe supplied by the owner/user. This
shall inclfide the methods, frequency, and length of

specified after passivation, or whether a new seal is
required before the start of operation.

SG-3.2 System Requirements

All systems require cleaning and sterilization of seals
on aregular basis. This is necessary to ensure elimination
of any bacterial growth, which could harm the seal,
future products, or the environment. The methods of
cleaning are listed in SG-3.2.1 through SG-3.2.3.

32 5

(a) Clean-in-Place (CIP). The product contaqt sur-
face(s) part of a seal shall be designed so that\accymula-
tion of system media can be removed through thefaction
of a cleaning solution. The seal should beplaced td allow
for best drainability.
(b) Clean-out-of-Place (COP). Disassembly for
cleaning.

5$G-3.2.2 Sterilizing Systems. Seal requirements
shall be based on the sterilization method utiliz¢d. All
product contact seal,surfaces shall be designed td mini-
mize cracks and.€révices. When cracks and crevicgs can-
not be avoidedysterilization testing shall be perfprmed
to validate, sterility within the system boundaries. All
seals and seal contact surfaces shall be designed to
accommodate expansion and contraction during|steril-
izatiort and cooling-down stages. Seal materials that are
gorrosion-resistant to saturated steam and pure [steam
shall be used. The seal should be placed to allpw for
drainage of fluid. The following are typical sterjlizing
systems:

(a) Steam-in-Place (SIP). Allseals and their assemblies
shall have a minimum temperature rating meeting the
requirements of SD-2.3.1.1.

(b) Chemical sterilization.

(c) Hot air sterilization at 160°C.

(d) Irradiation.

$G-3.2.3 Passivation Systems. The followihg are
typical passivation and derouging systems:
(a) acid treatments
(b) proprietary trade formulations
Full information shall be provided by supplier /manu-
facturer as to the corrosive or erosive effect on the seal.
See Nonmandatory Appendix D: Rouge and Stginless
Steel; and Nonmandatory Appendix E: Passiyation

operation.

$G-3.1.6 Cleaning. The complete cleaning proce-
dure shall be supplied by the owner/user to the sup-
plier/manufacturer for evaluation and selection of
compatible material. This shall include the methods,
frequency, and length of operation.

$G-3.1.7 Passivation. The complete passivation
procedure shall be supplied by the owner/user. The
equipment supplier/manufacturer shall inform the
owner/user whether the seal will be able to perform as

Procedure Qualitication.

SG-3.3 Seal Construction

$G-3.3.1 Materials

(a) Biocompatibility. Biocompatibility testing shall be
performed per PM-3.1. Qualification testing of final
manufactured seals can be performed on any given size
seal (or combination thereof) within a product group as
long as the materials used and the manufacturing pro-
cess are representative of the entire group. Biocompati-
bility testing must be repeated for significant changes
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in raw materials or processes used to fabricate seals.
Otherwise, biocompatibility testing is used upon initial
qualification of the material and process by the seal
supplier/manufacturer.

(b) Process Compatibility. Seal materials shall be resis-
tant to corrosion from process, cleaning, and sterilization
fluids. Selection shall be based on all media that could
come in contact with the seal, including cleaning and
sterilization media. Special consideration shall be made

when the exposure is at elevated temperature Material

usually required to allow for thermal expansion of the
seal material. These should be avoided. All seal and seal
contact surfaces shall be designed so that the system is
self-draining when seals are properly installed.

$G-3.3.2.2 Static Seals
(a) Static Seal General Design Requirements. SG-2.2 lists
some standards describing the design of hygienic
unions, O-rings, and other static seals. Figures SG-2.2.2-1
through SG-2.2.2-4 illustrate typical static hygienic and

select
Form
single
in the
cert w
seal p
a pro

on shall be governed by Part PM and reference
R-1, Application Data Sheet. It is unlikely that any
seal material can withstand all conditions present
facility. Material selection should be done in con-
ith the seal supplier/manufacturer to ensure that
brformance is maximized for each location within
ress. However, material selection remains the
responsibility of the owner/user.

(c) [Permeation Resistance. Seal permeation shall be
included in seal leakage criteria and not addressed as
an individual topic.

(d) [Surface Finish

(1) Seals shall be free of molding imperfections or
burrs|within the system boundary and on sealing

Particle Generation. Seal designs.should minimize
wear [that generates particles that)could enter the
produfct.

(f) Lubrication. When required to facilitate installa-
tion, spals may be lubricated with an acceptable lubricant
that i§ compatible withthe seal material and process.
The sypplier/manufactirer shall advise the owner/user
of spgcial lubrication requirements. The selection of
accepled lubricant*is the responsibility of the owner/
user.

SG[3.3:2) Design

O-ring connections. Figure 5G-2.2.2-5 1llugtrates not
accepted connections. In addition, the following general
requirements apply to all hygienic statio seals:

(1) Gaskets and O-ring seals shall’seal apd shall be
cleanable. Fittings should be s€lected or dpsigned to
consider the gasket or O-ring geometry, mfaterials of
construction, and seal pefformance under|operating
conditions.

(2) Static seals,should be self-aligning and
self-positioning.

(b) Hygienic/-Unions. Most common hygi
geometries uSed in bioprocessing are listed i
All hygieni¢ tinions shall comply with geng
requirements in this Part, material requiremgnts of Part
PM and’Part MM, and surface finish requifements of
PartSF. Intrusion categories of hygienic seals gre defined
in-S5G-4.2 and illustrated in Fig. SG-4.2-1.

(c) O-Ring Seals

(1) General O-Ring and Gland Design (Jriteria. An
O-ring is a seal with a circular cross section|(a toroid),
designed to be seated in a groove and compiessed dur-
ing assembly. These are most often used in dtatic seals.
O-rings are used extensively in hygienic applications
and can seal by applying compression (squeg¢ze) on the
radially and/or axially opposed faces. The geal equip-
ment supplier/manufacturer should discusf with the
owner/user the application and verify that the groove
design and selected material will meet the gpplication
parameters.

(2) O-Ring/Gland Sizing (Fill). Proper gl
and appropriate O-ring selection are critical
sealing. O-ring selection includes the proper [sizing and
proper material selection for the process enyironment.
An O-ring gland shall include sufficient rooin for ther-
mal expansion and chemical swell to prevent{seal mate-
rial extrusion, and sufficient gland fill to allow| for proper

bnic union
h SG-2.2.2.
ral design

ind design
for proper

S$G-3.3.2.1 General

(a) Crevices. A smooth, contoured, pocketless interior
surface shall be created when seals are placed between
the seal contact surfaces. All recessed seal contact sur-
faces shall avoid sharp corners, and be easily cleanable
with seal removed. All seal and seal contact surfaces
shall be designed to minimize cracks or crevices that
might harbor system media.

(b) Dead Spaces. Dead spaces are defined here as a
void in the product contact surface(s) portion of the
structure not completely occupied by a seal, and are
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cleanability of the sealing element. Seal designs that
compress in multiple directions require extra caution.

(3) O-Ring Stretch (Elastomeric O-Rings). It is sug-
gested that O-ring stretch during installation be limited.
The designer should consider the maximum amount of
allowable stretch to prevent O-ring breakage during part
assembly. When located in position for use, the O-ring
stretch should not exceed 5%. Similarly, the O-ring diam-
eter should not be too large for a groove, which would
cause the ring to buckle. Overstretching or oversizing
an O-ring can lead to premature seal failure.

(
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Fig. SG-3.3.2.2-1 Static O-Ring

(-b) Vulcanized Bonded Joints. When the fully
molded seal diameters are not available, O-rings fabri-
cated from molded section using molded vulcanized
joints can be fitted as long as the following parameters
are kept.

(-1) Materials. All bonded joint seal materials
shall be compliant with 5G-3.3.1 and any additional
requirements specified by the owner/user. The vulcan-
ized bonded joint should consist of either an unvulcan-

ized Pnrh'nn of the seal materialora r‘r\mpn{-ih]p material

(4) OfRing Compression (Squeeze). Proper O-ring
compressipn is critical to proper sealing. At ambient
temperatyre, O-ring compression is frequently in the
range of ]10% to 25%; however, this can vary greatly
depending on materials, conditions, and applications
(e.g., stati¢ vs. dynamic). O-ring compressions over 30%
should generally be avoided. Relative O-ring compres-
sion can ifpcrease during heating due to thermal expan-
sion. Factqrs to consider for O-ring compression include
chemical $well, temperature change, elastomer hard-
ness, etc. [Caution should be taken when substituting
elastomeric seals for non-elastomeric seals or vice versa.
A non-elagtomeric seal may require a crush groove, and
direct subptitution of an elastomer into such a groove
may resulf in premature seal failure.

-Ring Thermal Expansion. O-ring thermal
is dependent on the particular material and

mal expansion (CTE) characteristics and dynamies of
how the ()-ring fits in the groove.

(6) Ofring groove designers should consult the
O-ring sugplier/manufacturer to ensure functionality in
hygienic applications. O-ring grooves.shall be designed
with in sitj1 cleaning in mind without diminishing their
functionaljty (see Fig. 5G-3.3.2.2<1).

(7) Hygienic O-ring corinections are available (see
Figs. SG-2|2.2-3 and SG-22.2-4) in threaded, flanged, or
clamped styles. The O4ing connections shall be manu-
factured tp a hygienic'standard (e.g., DIN 11864 parts
1 to 3) or ghall beyaccepted as a hygienic connection by
a recognized independent organization (e.g.,, EHEDG:
European|Hygienic Engineering and Design Group).

where this gives an improved joint. In both ¢ases, the
joining material shall meet the same requirementd as the
seal material.
(-2) Joint Integrity. The joint/integrity shall
meet the strength requirements ofythe applicatjon. A
vulcanized O-ring should only gontdin one joint. Where
tooling availability limits seal diameter, extra joinpts can
be included by prior arrangement with the owney/user.
(-3) Excessive Material and Toolmarks. Alllexces-
sive joint material shallybe removed. The surface|finish
and any residual madterial, tool marks, or reductjons in
cross-sectionaltolerances should not be at a levfl that
compromises,seal performance and cleanability.
(-c)sAdhesive-Bonded Joints. Adhesive-bpnded
joints should be avoided and their use must be agreed
to between the supplier/manufacturer anjd the
owmner/user.
(d) Other Static Seals
(1) Flat Gaskets. All flat gaskets shall comply with
general design requirements in this Part, mdterial
requirements of Part PM, and surface finish rqquire-
ments of Parts SF and SD.
(2) Inflatable Seals. Inflatable seals shall cpmply
with general design requirements of this document.

$G-3.3.2.3 Valves
(a) General
(1) Process flow valves should optimize drajnabil-
ity and prevent pooling when installed in their proper
drain orientation.
(2) When possible, welding valves into the grocess
line is the preferred method of installation to mipimize
the use of seals.
(3) All product contact surfaces shall be jeasily
accessible by CIP fluids and SIP steam.

O-ring connections shall comply with 5G-3.3.2.2{C)(0)
and SD-3.1.1. The construction of the fitting shall be
such that excessive deformation of the seal will not be
caused as a result of over-tightening the connection.

(8) When O-ring seals are used, they shall be
partially exposed in the groove for cleaning (see
Fig. 5G-3.3.2.2-1).

(9) O-rings Fabricated From Molded or Extruded
Section Using Vulcanized Molded Joints

(-a) O-Rings. Fully molded O-rings should be

used, wherever possible.

(2)~ Valve surfaces that may becoine product contact
surfaces if a component (e.g., diaphragm) fails in service
shall be readily accessible for examination, maintenance,
and cleaning.

(5) Cavity fillers shall not be used.

(6) The metallic fluid-contact surfaces of the valve,
including the body cavity, shall comply with the applica-
ble requirements in Part SE.

(7) Cluster, block, and multiport valves should be
designed and installed to minimize dead legs and opti-
mize drainability.
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(8) The internal volume of the valve should be kept
to a minimum while meeting other requirements of the
process design.

(9) Any crevices (e.g., between mating parts of a
valve) should be minimized in areas in contact with the
process.

(10) Any guiding of valve trim and operating mech-
anisms should be minimized in areas in contact with
the process.

be cajpable of opening as required during those

$s.
5) All seats and seals shall comply with the
Fements of this Standard, or as agreed upon
en the supplier/manufacturer and owner/user.
6) The owner/user should refer to Form R-1,
ration Data Sheet, when communicating process
ions to the supplier/manufacturer. The valve sup=
manufacturer shall recommend material for,.the
ed service and pressure, and comply with the\URS
Requirement Specification), but material seléction
responsibility of the owner/user.

Diaphragm Valves

) Diaphragm valves utilize non=sliding seals and
e preferred valve for bioprocessing fluid
ations.

) Two-way, weir-style.diaphragm valve bodies
e permanently marked-on both sides of the body
to show optimum drain position. Orientation of welded
and npachined multiple* port bodies shall be included
on supmittal drawings. Other type diaphragm valves
the manufacturer’s

requi
betwe
(1
Appli
condi
plier/
intend
(User
is the
(b)
(1
are t
applig
(2
shall K

to facilifate draining.

(4) Diaphragms should be marked in accordance
with Section 12.3 of MSS-SP-88.

(5) Weirless diaphragm valves utilize non-sliding
seals. The installation angle is not critical due to the
elimination of the weir in the body design; however, the
valve should be installed to the manufacturer’s
recommendations.

(c) Rising Stem Seal Valves. Rising stem seal valves
utilize sliding and non-sliding seals (see
Fig. SG-3.3.2.3-1). Suitable designs are available for fluid
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utility applications such as clean steam and CIP as well
as for product. The owner/user shall define degree of
suitability of the design for the application.

(1) Seals for rising stem valves are classified as
follows:

(-a) Primary Rising Stem Seals. Primary rising
stem seals serve as pressure barriers for process fluids.
Such seals shall be exposed for cleaning, meet the pres-
sure and temperature requirements of the specified

i cutlined-inthi adard-and-{he aseptic
ed by the
bf the gen-
pction. Pri-
y's.

s and dia-
renting the
from con-
fem seal is
t required.
hd O-rings
len process
als can be
ean steam
e primary
hould be a
d sanitiza-

and bioburden control requirements specif
owner/user. In addition, they shall meet all
eral requirements for seals outlined in this s
mary sealing can be provided in-different w

(-1) Non-sliding sealsstich as belloy
phragms eliminate contamiriation risk by prey
product contact surface(s) poftion of the sten;
tacting the atmospheré~When the primary s
a non-sliding seal, a secondary stem seal is ng

(-2) Sliding seals such as lip-seals a
can be used foi¢the reciprocating stem betwe
fluid and atmesphere. Single sliding stem s¢
used forfltid utility applications such as ¢
and CIPyIf sliding seals are to be used as th
seal-for product contact applications, there s
sécondary stem seal to facilitate cleaning an
tion behind the primary sliding seal.

(-b) Secondary Rising Stem Seals. Seconjdary seals
serve as the sealing between atmosphere Td a stem
disinfection chamber (e.g., steam barrier or disinfection
means barrier). These seals shall be designdd to serve
as pressure barriers for sanitizing fluid. Such|seals shall
meet the pressure and temperature requiremients of the
specified material outlined in Part SG of thiq Standard.
Secondary stem seals are typically sliding peals (e.g.,
O-rings or lip-seals).

(2) Wherever elastomeric or polymeri
retained under static compression, adjoining
faces shall be machined to a roughness speci
seal manufacturer to ensure required perforn
shall meet the requirements of Part SF, if s
become exposed to the system fluid under
course of system operation.

" seals are
metal sur-
fied by the
hance, and
urface can

(4) When made from metal, static seals shall meet
the surface finish requirements for the valve housing
interior on the side facing the process fluid.

(d) Regulator Valves. When using regulator valves, a
means of override is normally required to allow clean-
ability and drainability of the valve.

(e) Ball Valves. Ball valves (Fig. SG-2.3.1.3-1) utilize
sliding seals and are not preferred in product contact
applications. Ball valves are suitable for liquid and gas
utility and process support applications such as clean

(
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Fig. SG-3.3.2.3-1 Seals for Rising Stem Valves

1

|l
s=a
NNNAN

77
\AL

(a) Rising Stem Valve
With Elastomeric Diaphragm

steam and CIP. The valve bore I.D., including ball and
body, shall match the I.D. of the connecting tubing to
allow self{draining. Cavity fillers shall not be used.

(f) Buttprfly Valves. Butterfly valves utilize sliding
seals. Bu:ffiﬂy valves are commonly used for powder

and vacuym applications. The valve should be installed
per manuffacturer’s recommendations to allow self-
draining.

(g) Steapn Traps (Thermostatic). A thermostatic steam
trap shall be designed to minimize the'risk of soil attach-
ment to the process fluid surfaces:Fhe bellows should
have a low| sub-cool to preventthebackup of condensate
into the grocess equipment\and clean steam system.
Steam traps shall be installed with an uninsulated sec-
tion upstr¢am of the trap)to facilitate proper steam trap
function (3ee Fig. SD<3:12-1).

(h) Back PressureControl Valves. Back pressure control
valves sharl bédesigned to allow free draining through

the outlet|or/inlet port. Crevices created by a pierced

(b) Rising Stem Valve
With O-Ring Seal

%&'

(c) Rising Stem Valve
With Molded Seal

(k) Plug Valves. Rotating plug valves utilize gliding
seals and are not preferred in product contact applica-
tions. Plug valves are suitable for liquid and gas|utility
applications such as clean steam and CIP. The plug valve
uses a Y-turn cylindrical plug with O-ring sdals to
provide straight-through flow. The plug 1.D. does not
always match the I.D. of the tubing; thereforq, self-
drainability of the valve is limited.

$G-3.3.2.4 End Face Mechanical Seal Ge¢neral

Design Requirements
(a) General

(1) Mechanical seal hardware used to mount the
mechanical seal to equipment shall be consistent with
non-pooling and drainability requirements of Pajrt SD.

(2) Springs and drive mechanisms (e.g., pind) shall
not be located in the process fluid.

(3) When applicable, the seal should be degigned
in accordance with this Standard for CIP and/ox SIP.

diaphragm or soft seat plug shall be minimized.

(i) Pinch Valves. When using pinch valves, care must
be taken to prevent permanent deformation of the flexi-
ble tube or sleeve that restricts the flow or affects
drainability.

(j) Check Valves. Check valves may utilize sliding
and/or non-sliding seals. A check valve, clack valve,
non-return valve or one-way valve is a valve that allows
fluid flow in one direction. Check valves utilizing an
exposed coil spring shall be of a design to prevent the
coil spring from full compression creating an enclosure.

(4) Surface requirements for the process side of the
mechanical seal shall be consistent with the require-
ments of Part SE.

(5) Process side hardware radii shall meet require-
ments of SD-2.4.2(g).

(6) Secondary seals are used in static and dynamic
positions. The dynamic position in a typical mechanical
seal is where the secondary seal is in contact with the
spring-loaded seal face. The dynamic secondary seal
accommodates motion during operation and face move-
ment as the primary faces wear. Secondary seal cavities
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shall be located and designed so that the process side
is accessible to fluid flow and is drainable consistent
with requirements of Part SD.

(7) Secondary seal material should be selected to
minimize compression set on all phases of operation
which may include CIP and/or SIP.

(8) Materials of construction shall meet Part PM
for polymers or other nonmetallics and Part MM for
metal components. The owner/user is responsible for
select]

n of appropriate materials in consultation writh
Tr °r

(5) Dual pressurized gas barrier seals can be con-
tacting or non-contacting face design.

(6) Abarrier fluid compatible with the process fluid
and atmosphere shall be specified by the owner/user.
The owner/user should consult with the equipment sup-
plier/manufacturer to determine suitability of the bar-
rier fluid for the dual pressurized mechanical seal.

(7) The owner/user should provide Form R-1,
Application Data Sheet, so the supplier/manufacturer

can-recommend Procanro’ flowz rn{-a’ and tem berature Of

the eq
(9
filled
seal sg
(1
ownel
factur
of the
plier/
the lu
(b)
(1
simpl
and n

uipment supplier/manufacturer.

) Form R-1, Application Data Sheet, should be
ut with appropriate information to make a correct
lection.

0) Assembly lubrication will be specified by the
/user in consultation with the equipment manu-
br. The owner/user will determine compatibility
lubricant with the process. The equipment sup-
manufacturer will determine the compatibility of
bricant with the seal components.

Single Mechanical Seal

) Single mechanical seals are applied for their
city, observable leakage path to the atmosphere,
b requirement for a seal support system.

(3) Single mechanical seals protect the process
boundary at the seal’s secondary seals and at the seal’s
primajry face.

(3) When operating in pressurized process fluid,
singlelmechanical seals will weep process fluid to atmo=
spherg¢. If a process upset occurs that creates a temporary
vacuum in the equipment, the seal will weep atmosphere
into pfocess fluid.

(4) Single liquid mechanical seals are applied when
the prpcess fluid has desirable lubricating characteristics
to sugport the rubbing of the primary seal faces.

(-a) Fluids that have desirablé lubricating charac-
teristifs do NOT include fluids that change state, are in
gaseolis phase, precipitate solids, and cause thin film
bonding, congealing, solidification, or crystallization
between the seal faces.

(-b) An example of a possible desirable lubricant
e steam condensate at 100°F (38°C).

) Single‘dty contacting gas seals will operate in
ous phdse environment.

Diinl-Pressurized Mechanical Seal

is pur
(4
a gasg

(c)

the barrier fluid.
(d) Dual Unpressurized Mechanical Senl

(1) Dual unpressurized mechanical sea
ferred to prevent dilution of the process flhiid by the
buffer fluid weeping across the’inboard faces.|The buffer
fluid will prevent atmosphete from entering fhe process
fluid. The process fluid will*weep into the Huffer fluid
that may weep to the atmosphere.

(2) Dual unpressurized mechanical se
the process boundary with an unpressuri;
fluid.

(3) Dualunpressurized seals are used wlen process
fluid has.desirable lubricating characteristics.

(4)Pual unpressurized seals shall be d¢signed for
liquid or gas buffer fluid. Dual unpressurized seals can-
not be designed for gas and liquid lubricatign.

(5) Dual unpressurized gas buffer seals ¢an be con-
tacting or non-contacting face design.

(6) A buffer fluid compatible with the process fluid
and atmosphere should be specified by the oyner/user.
The owner/user should consult with the equipment ven-
dor to determine suitability of the buffer fljiid for the
dual unpressurized mechanical seal.

(7) The owner/user should provide Form R-1,
Application Data Sheet, so the supplier/manufacturer

can recommend pressure, flow rate, and temperature of
the buffer fluid.

S are pre-

hls protect
red buffer

SG-3.4 Compliance Requirements for Sealing
Elements

SG-3.4.1 General Requirements. A Ceftificate of
Compliance shall be issued by the seal manufacturer to
certify compliance to this Standard when r¢quired by
the owner/user. Additional agreements may be
rpr}nirpr]; referto SD-2.41 At aminimum sedls exposed

(1) Dual pressurized mechanical seals are preferred
to prevent process fluid from weeping to atmosphere
and to prevent atmosphere from weeping into the
process.

(2) Dual pressurized mechanical seals protect the
process boundary with a pressurized barrier fluid.

(3) Dual pressurized seals are used when process
fluid does not have desirable lubricating characteristics.

(4) Dual pressurized seals shall be designed for
liquid or gas barrier fluid. Dual pressurized seals cannot
be designed for gas and liquid lubrication.
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to process contact fluids and/or that have a high proba-
bility of exposure will comply to the United States
Pharmacopeia (USP) directive with regard to USP <87>
(or ISO 10993-5) and USP <88> Class VI (or ISO 10993-6,
ISO 10993-10, and ISO 10993-11) on biological reactivity
(see Part PM for additional details). Examples of seals
coming in direct contact with a process stream include
gaskets, O-rings, diaphragms, pinch tubes, and valve
stem seals.

SG-3.4.2 Certificate of Compliance. See PM-2.2.1.

(
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S$G-3.4.3 Test Requirements. Conformance testing
is done upon initial qualification of the hygienic union.
Testing is intended to show design conformance and is
not required on every seal. Testing must be repeated for
significant changes in raw materials or processes used
to fabricate seals. The seal manufacturer shall provide,
upon request of the owner/user, a certificate of design
conformance that the sealed union meets the intrusion
requirements of SG-4. 2 The 1ntru51on value is defmed

radial distpnce from the f1tt1r1g LD. to the point of maxi-
mum intrysion under the manufacturer’s specified con-
ditions (e.g., torque, fitting design, clamp design, etc.).
The point|of maximum intrusion/recess shall be mea-
sured usirlg a method that does not cause deformation

of the compponents being measured.

SG-3.4.4 Additional Requirements.
future conftent]

[Reserved for

SG-3.5 Se¢al Identification

Manufafturer’s name and lot number shall be marked
on either the seal itself or the seal package containing
the seal. The lot number should enable the manufacturer
to identify| the raw material and processing conditions
used to fapricate the article. Manufacturers are encour-
aged to mjark the seal itself to avoid potential loss of
traceability and to aid in positive identification of seals
after remgval from a process stream. When marking
diaphragms, any marking shall be done on those por-
tions of thp diaphragm that are not exposed beyond the
sealing partion of the housing.

SG-3.6 Other Seal Requirements

[Reservé¢d for future content]

SG-4 SHAL PERFORMANCE REQUIREMENTS
SG-4.1 General Requirements

Seals fofm an integral part of process systems and
maintain ptatic andZor dynamic system boundaries
while beinig exposed’to chemical, thermal, and mechani-
cal (hydrapliccand pneumatic) conditions in both cyclic
and continuous modes of operation. Upon exposure to

to communicate expected process conditions.

Any given seal is not designed to perform in all possi-
ble operating conditions.

Parameters for evaluating the performance of a seal
include leak rate, sealing location, dimensional stability,
material stability (including shedding), and serviceabil-
ity. The requirements for each of the parameters depend
on the seal type and application. To predict how a seal
will perform in service it shall be evaluated (e 8., testmg,
2 est con-
dltlons and methods permlt a consistent approach to
gathering data used to evaluate seal performanee.|When
evaluating performance test data, thé pwne1/user
should consider if the test parametefs’are relevant to
the conditions expected in the application. Perforance
data should be considered whernrdetérmining the appro-
priate service interval for the desired applicatior}.

SG-4.2 Static Seal Performance

Static seals shall fneet the general perforance
requirements of 5G¢4.1.

Upon initiak/installation, a hygienic static sea] shall
provide a substantially flush interface with the hygienic
clamp fertules. Hygienic seals shall meet and be [desig-
nated by’one of the following intrusion categorie§ when
tested by the seal manufacturers:

(@) Intrusion Category I. Seals having a maximum
iftrusion/recess of 0.025 in. (0.6 mm).

(b) Intrusion Category II. Seals having a maximum
intrusion/recess of 0.008 in. (0.2 mm).

The purpose of a flush interface is to minimige the
entrapment of the material in a dead space that can
lead to microbial growth and contaminatioh (see
Fig. SG-4.2-1). Excessive intrusion into the pfocess
stream may lead to erosion of elastomeric seals, thereby
contaminating the process stream. The amofint of
intrusion depends upon the dimensional control|of the
seal, the hygienic clamp ferrule dimensionp [see
Table DT-7-1 and Fig. SG-2.2.2-1, illustratidns (a)
through (c)], the amount of torque applied to the flange,
the material properties of the seal, the applicaﬁon of
steam, and the surface of the seal (wet or dry) dluring
installation.

Testing parameters used to identify the desired per-
formance should be based on the intended opdqrating

operating conditions, the seal shall not swell, shed,
crack, erode, or otherwise deteriorate to an extent that
it impacts the product or process during its expected
lifetime. The seal shall not add to nor remove from the
process or product to which it is exposed beyond an
acceptable level (see section PM-3). Following exposure
to the process conditions, the seal shall be capable of
being inspected, serviced, and/or replaced. Specific seal
performance criteria shall be established by the owner/
user in consultation with the seal supplier/manufac-
turer. Form R-1, Application Data Sheet, may be used

conditions. Nonmandatory Appendix ] identifies Stan-
dard Process Test Conditions (SPTC) and a method for
performing testing to gather data used to evaluate the
appropriate level (e.g., 10, 100, or 500) of the seal for
the given service life. Performance data are collected at
10, 100, and/or 500 cycle intervals. The 10 cycle interval
isintended to provide data for short duration (e.g., single
use or inspect between use applications). The 100 and
500 cycle intervals are intended to provide data for ser-
vice life (e.g., multiple use applications) that are not
routinely inspected.
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Fig. SG-4.2-1 Typical Hygienic Clamp Union:
Allowable Gasket Intrusion

Nominal gasket width (compressed)
0.065 in. (1.65 mm)
7 - \
\ . . .
/ \ Positive intrusion
/ \ {

application, and heat generation. Acceptable values for
each of these characteristics may vary widely, so it is
strongly advised that the mechanical seal’s various char-
acteristics and the ramifications of each to the service
are understood.

Nonmandatory Appendix J, J-2.1 provides important
information about mechanical seal performance. It pro-
vides exceptions to normal seal performance that are
commonly found in the industry. Familiarity with these
items wrill hp]p the reader understand the inpact that

%& %

r Negative recess
/
!

i

Dynamic Seal Performance

S$G-4.3.1 Valve Seal Performance. Valve seal per-
ce is acceptable when the seal maintains the sys-

Performance data shall be ¢ollected at intervals that
reflect the use mode (e.g., discrete /open/closed or mod-
ulatirlg), operation (e.gy.continuous or cyclic), and
intended service life (e.g;; continuous hours of exposure
or number of cycles) of the valve seal.

Tesling parameters shall be based on the operating
conditions of the intended application. Nonmandatory
AppendixJiidentifies Standard Process Test Conditions

(SPTQ) and a method for conductmg performance tests
Eorals ol

design, installation, and operation can havé oh mechani-
cal seal performance. Also included in~Nenmandatory
Appendix ], J-2.1 are outlines for vatious rhethods of
testing seal integrity.

$G-4.3.2.1 New Mechanical Seal Perfo
There are four key points\between procurs
operation of a new mechanical seal where the[seal might
be evaluated for performance. The four key|points are
manufacturing, installation, assembly, and ufse.

(a) Point of Manufacture. Mechanical seal manufactur-
ers have performance requirements for new|seals. The
manufacturér’s tests should be accepted. If special per-
formange.requirements are necessary, thdse special
requirements shall be specified.

If4he mechanical seal manufacturer alters
material, or manufacturing technique of a
seal in service, it is the responsibility of the
seal manufacturer to inform all relevant pprties that
changes have occurred. Specific informatipn may be
requested from the seal manufacturer to sfipport the
premise that seal performance has not been faltered.

(b) Point of Seal Installation. The mechanicpl seal will
be installed in a piece of equipment. Az Original
Equipment Manufacturer (OEM) will typically have its
own test to verify the performance of the mechanical
seal. The test of the OEM should be accepted. A review
of the OEM test procedure may be requested| The OEM
should consult with their seal supplier/manufacturer
for seal performance issues and questions.

Contractors may install a new seal in a piede of equip-
ment. The seal performance test may be reviewed with
the installation contractor.

If unique conditions exist where special pe
requirements are necessary, it is the customer
bility to specify the additional requirements.

Fmance.
ment and

he design,
I:echanical
echanical

rformance
5 responsi-
An accept-

=T OT—voarve-5tar

testing, the method identified in Nonmandatory Appen-
dix ] requires modification to reflect a specific use mode
and intended operation of a valve seal. Form R-1, Appli-
cation Data Sheet, identifies a number of operational
conditions (e.g., chemistry, temperature, pressure) to
consider when developing non-standard performance
tests.

S$G-4.3.2 Mechanical Seal Performance. Mechanical
seal performance may be characterized by leakage rate,
service life, cleanability, particle shedding, suitability for

151

able performance test may be developed.

If the OEM alters the design, material, or manufactur-
ing technique of a mechanical seal in service, or is
informed by the seal manufacturer that the design, mate-
rial, or manufacturing technique has been altered, it is
the responsibility of the OEM to inform all relevant par-
ties that changes have occurred.

(c) Point of Systems Assembly. The equipment that con-
tains the seal is installed in a system. The systems sup-
plier/manufacturer will have standard test procedures
for testing the system integrity. The test procedures of

(
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the system’s supplier/manufacturer should be accepted.
A review of the test procedure may be requested. The
system assembler should consult with their OEM sup-
plier/manufacturer for seal performance issues and
questions.

If the System Assembler alters the design, material,
or manufacturing technique of a mechanical seal in ser-
vice, or is informed by the OEM that the design, material,
or manufacturing technique has been altered, it is the
responsibility of the System Assembler to inform all

SG-5.3 Compendial Water Systems

SG-5.3.1 Seals for Centrifugal Compendial Water
Pumps

(a) Mechanical Seal Configuration. Single mechanical
seals are preferred for their simplicity, observable leak-
age path to the atmosphere, and lack of need for an
additional seal support system. When applicable, the
seal should be designed in accordance with this Stan-
dard to withstand CIP and/or SIP.

relevant pprties that changes have occurred.

S$G-4.B.2.2 Installed Seals. Original point-of-use
performarjce requirements shall be used to determine if
the seal is|suitable for continued use. Refurbished seals
shall be hpld to the original point-of-use performance
requiremepts. It is the owner’s/user’s responsibility to
monitor equipment for failure.

SG-5 SHAL APPLICATIONS
$G-5.1 G

[Reserv{

neral Considerations

pd for future content]

SG-5.2 Piocess Systems

[Reserve¢d for future content]

Seals.
pheric

(b) Process Contact of Primary Faces and Secondari
Springs and pins shall be located on the atmos
side of the seal faces and secondary seals:

(c) Secondary Seals Shall be Drainable,,Secondaj
cavities shall be located and designedso that the p
side is accessible to fluid flow and it is drai
Figure SG-3.3.2.2-1 illustrates possible designs ug
an O-ring secondary seal irragroove.

(d) Mechanical Seal Mounting Hardware Drain
Auxiliary components-used to mount the mech
seal to the pump shall be consistent with non-p|
and drainability‘requirements of Part SD.

(e) Materials'of Construction. Materials of constr
shall meet this Standard for polymers and for se
materials.

y seal
rocess
hable.
ed for

ibility.
anical
poling

Liction
hl face

SG-5.4 Clean/USP Pure Steam

[Reserved for future content]

$G-5.5 CIP

[Reserved for future content]
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Part PM
Polymeric and Other Nonmetallic Materials

PM-1 PURPOSE AND SCOPE

Some thermoplastics, such as thermoplastic elasto-

The| purpose of this Part is to provide the basis for
selecting and using polymer and other nonmetallic
materjals.

Thi$ Part describes the types of polymers and other
nonmetallic materials, identifies different ways to char-
acterize materials, and describes various applications
and their requirements. This Part includes requirements
for bath single-use and multi-use components.

PM-2| MATERIALS

Polymer and nonmetallic materials have found wide-
spread use in bioprocessing equipment because of their
broad|range of physical and chemical properties, their
abilityf to be formed into complex shapes, and their bio-
compitibility. Polymers may be used in a range of appli-
catiofs including static and dynamic seals, hoses,
pumps, tubing, barrier coatings, diaphragms, valves,
filters| etc. The choice of material class depends upon
the design requirements and material performanceyboth
as insfalled and during use.

For|in-depth discussion and guidance ornpolymers
and honmetallic materials, see Nonmandatory
Appendix N.

PM-2J1 Materials of Construction

Maferials of construction shalljbe selected to maintain
the pyrity and integrity of thie product/process fluid. It is
the owner/user’s responsibility to select the appropriate
materfals of construction for the conditions of use. Mate-
rials ghould be compatible with the stated processing
condifions, cleaning solutions (where appropriate), and
steriliging coriditions (where appropriate), etc., as speci-
fied by the ‘@wner/user. The sections below outline the
major|classes of polymers and nonmetallic materials and

TMers, combine an efastomer such as EP DV wifth a plastic
such as polypropylene giving the resulting thermoplas-
tic compound properties of flex endurange arfd sealabil-
ity and can be used for tubing, seals,!diaphfagms, etc.
Thermoplastic elastomers (TPE)«ombine the ffeatures of
melt processability and flexibility.

Many polymers are described in ASTM starjdards that
detail their compositiontand mechanical prpperties. It
is the owner /user’s responsibility to select majfterials that
are appropriate fof:their applications.

Filler materials may be used to enhance the|properties
of thermoplastic polymers. Fillers may be carpon based,
inorganic,<metallic, organometallic, etc., as feeded for
performance.

Additives for thermoplastic polymers mdy be used
to.did in thermal stability, flexibility, gammfa stability,
extrudate performance, crystallization control, oxidative
stability, mold release, plasticization, and|adhesion.
Additives may be used in the bulk of the golymer as
well as the surface, as required.

PM-2.1.2 Thermoset Polymers. Therrhosets are
polymers that, in their final state after procpssing, are
rendered substantially insoluble and infusfble. Fully
processed thermosets cannot be re-softened oxf re-formed
by exposure to heat. Exposure to excessivg heat will
cause polymer degradation.

Thermoset polymers are processed from & liquid or
malleable state and are converted to the solld state by
irreversible curing with heat, catalysis, or other means.
Chemical cross-links are formed between polymer
chains during the curing process. This results jn an inter-
connected polymer network with the crosslink junctions
restricting flow of the polymer when exposed|to thermal
or mechanical stresses.

Thermoset polymers can be classified into ¢ither ther-

their

alkaraaintd 3o 110 EP-C -t o=} 1 adlbnaant
T TRt ST O S e PTO ProCesS T 5~ Cq Pt

PM-2.1.1 Thermoplastic Polymers. Thermoplastic
polymers will melt and flow to form desired shapes
when sufficiently heated. They can be melt-processed
into a wide variety of shapes by molding, extruding,
thermoforming, etc., and can be reformed and shaped
with heat and/or pressure.

Thermoplastic materials are often used for fittings,
tubing, piping, diaphragms, seals, liners for vessels, col-
umn tubes, filter media and capsules, etc. Examples of
thermoplastic polymers are shown in Table PM-2.1.1-1.

153

moset elastomers or thermoset resins, with the elasto-
mers being more common. Thermoset elastomers are
often elastic, and soft materials are used for seals, gas-
kets, tubing, diaphragms, hoses, etc. Examples of ther-
moset polymers are shown in Table PM-2.1.2-1.

Most thermoset polymers contain reinforcing fillers
and other additives to meet required use conditions.
Fillers may be carbon based, inorganic, metallic, organo-
metallic, etc., as needed for performance. Elastomer for-
mulations typically contain 5% to 50% filler to achieve
optimum properties.

(
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Table PM-2.1.1-1 Common Thermoplastic Polymers and Applications

Type of Polymer

Example Polymers

Example Applications

General thermoplatics Polyester (PET)
Polyamide (nylon)
Polycarbonate

Polysulfones

Fittings, connectors, filter housings,
piping and rigid tubing, column
tubes, filter media

Polyether ether ketone (PEEK)

Thermoplastic polyolefins Polypropylene (PP)

Ultra-low-density polyethylene (ULDPE)

Fittings, connectors, piping and rigid
tubing, filter media and capsules,

(UHMW)

Thermoplast|c fluoropolymers
Perfluoroalkoxy (PFA)

Thermoplast|c elastomers

Low density polyethylene (LDPE) bags
High-density polyethylene (HDPE)
Ultra-high molecular weight polyethylene

Fluorinated ethylene propylene (FEP)

Polytetrafluoroethylene (PTFE)
Ethylene tetrafluoroethylene (ETFE)
Polyvinylidiene fluoride (PVDF)

Blends with EPDM with polypropylene
(TPE) Styrene-isobutylene-styrene block polymers
Copolymers of ethylene and octane
Ethylene-vinyl acetate copolymer (EVA)

Fittings, piping and tubing, flgxible
hose, filtép'media, capsuleq, dia-
phragms, pumps, vessel liners

Tubing, bags

Table PM-2.1.2-1 Common Thermoset Polymers and Applications

Type ¢f Polymer

Example Polymers

Example Applications

Thermoset elastomers

Silicone (VMQ)
Fluoroelastomers (FKM)
Perfluoroelastomet (FFKM)

Rigid thermdsets

Ethylene propylene diene (EPDM)
Ethylene propylene rubber (EPR)

Fiber reinforced polymer (FRP/GRP) composites

Tubing, seals, gaskets, diaphfagms,
and hoses

Tanks and pipes

PM-2.1|3 Other Nonmetallic Materials. Solid single
phase nonmetallic materials can-be-divided into amor-
phous norjmetallic materials (e7g:;-glass, amorphous car-
bon) and grystalline nonmetalli¢ materials (e.g., sintered
silicon carpide, graphite),

If manufactured by heating and subsequent cooling,
these matgrials areoftén referred to as ceramics. Materi-
als may cpnsist 0f '@ mixture of an amorphous and a
crystalling phase“(e.g., glass-ceramics). To improve per-
formance, jnonmetallic materials may be combined with

responsible for the qualification of materials for the
intended use. The requirements for compliance arg sum-
marized in PM-2.2.1. The requirements relate to identifi-
cation, traceability, biocompatibility, and mafking.
Methods for characterizing material performanie are
discussed in PM-3. Application-specific perforpnance
requirements are detailed within section PM-4.

Polymeric materials exposed to product fluidq and/
or that have a high probability of exposure shall cpmply
to the USP directive with regard to USP <8f> (or

other materials such as metals or organic polymers to
form multiphase mixtures. Examples of such materials
are metal matrix composites such as cemented tungsten
carbide with an alloyed nickel binder matrix, and resin
impregnated carbon-graphites. Some of the more com-
monly used nonmetallic materials are listed in
Table PM-2.1.3-1.

PM-2.2 General Requirements

Materials shall be selected to not affect the purity
or integrity of the drug product. The owner/user is

ISO 10993-5) and USP <88> Class VI (or ISO 10993-6,
-10, and -11) on biological reactivity (see PM-3.1). Exam-
ples of materials that may come into direct contact with
product or process fluids include tubing, pipe, fittings,
filters, bags, gaskets, O-rings, diaphragms, pinch tubes,
and valve stem seals.

PM-2.2.1 Certificate of Compliance. A Certificate of
Compliance shall be issued by the manufacturer to cer-
tify compliance to this Standard when required by the
end-user. Additional certification documentation may
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Table PM-2.1.3-1 Examples of Nonmetallics

Examples of Nonmetallics

Types of Nonmetallic

Example Applications

Glass
Borosilicate
Soda-lime

Sintered materials
Aluminum oxide
Silicon carbide
Silicqo_nitride

Amorphous inorganic nonmetallic material

Crystalline inorganic nonmetallic material

Sight glasses, vessel lights,
optical sensors, glass
electrodes

Mechanical seals, bearings,
process sensors

Tung$ten carbide
Zircopium dioxide

Reactiop bonded materials
Silicqn carbide
Silicdn nitride

Siliconiged carbon graphite

Resin ifnpregnated carbon-graphite

Cementfled materials
Tung$ten carbide with alloyed binder
Tungsgten carbide with nickel binder
Tung$ten carbide with colbalt binder

Multiphase mixture of crystalline silicon
carbide or nitride and silicon

Multiphase mixture of crystalline silicon
carbide, carbon, and graphite

Multiphase mixture of carbon, graphite,
organic resin, and potential inorganic
nonmetallic additives

Crystalline inorganic nonmetallictin a
metallic matrix

Mechanical seals

Mechanical seals

Mechanical seals} bearings

be required. The Certificate of Compliance shall contain
the information summarized in Table PM-2.2.1-1.

PM-2.2.2 Labeling and Marking. Manufacturers
shall thark the package containing polyiner components
or asspmblies with the manufacturet’s name, part num-
ber, and lot number or unique identifier (See
Table [PM-2.2.1-1) to enable theymanufacturer to trace
back {o the raw material(s) ahd processing conditions
used tp fabricate the component/assembly. Manufactur-
ers shpuld mark the component/assembly itself to avoid
potential loss of traceability and to aid in positive identi-
ficatign of components/assemblies after use.

PM-3| PROPERTIES AND PERFORMANCE

Maferials should be selected to retain their functional

such as bacteria or mammalian cells without nterfering
in any way with its metabolism or ability fo live and
procreate. Polymer materials shall be biocpmpatible
with the system fluid to ensure that the sygtem fluid
is not adversely affected by the polymer mdterial. The
biocompatibility and the proper material selgction shall
be the responsibility of the system user.

Biocompatibility testing of candidate components for
qualification requires both in vivo (animal tgsting) and
in vitro (testing in glass) tests. In vivo testing i described
in the United States Pharmacopeia [(USP) in
Chapter <88> and involves intramuscular implantation,
intracutaneous injection, and systemic toxic]ty testing.
In vitro testing is described in the United Stat¢s Pharma-
copeia in Chapter <87> and is used to place ektract from

properties and to minimize their impact on the process
fluid. Materials should be selected to not affect the purity
and integrity of the drug product. This section outlines
the requirements for biocompatibility, extractables/
leachables, physical properties, and chemical compati-
bility. Each of the sections below should be considered
for the application.

PM-3.1 Biocompatibility

Biocompatibility is defined here as the ability of a
substance or material to be in contact with living matter

eandidate—polymers—in—directeontaet—with-fiving cells
(typically mouse cells) for a prescribed period of time.
The amount of cell lysing (death) shall be recorded and
reported for the particular polymer material.

Material manufacturers shall provide, upon customer
request, documentation (test report) of the in vivo
USP Class VI <88> and in vitro USP <87> testing on
final manufactured parts. Failure of either test indicates
unacceptable biocompatibility of candidate material.
Such failures are often attributed to leachables from
cured elastomeric seals extractables and may include

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BPE 2012.pdf

ASME BPE-2012

Table PM-2.2.1-1

Information of Certificate of Compliance

Applications
Single-Use
Hygienic Components
Polymeric Union and Other
Label/Mark Seals Seals Diaphragms Hoses Tubing  Assemblies  Filters Columns Nonmetallics

Compliance to ASME BPE X X X X X X X X
Manufacturer’s name X X X X X X X X
Manufacturef’s contact X X X X X X X X

informatioh
Part number| X X X X X X
Lot number ¢r unique iden- X X X X X X X A

tifier or s¢rial number
Material(s) of construction X X X X X X

(process cpntact)
Compound rumber or X X X b

unique idgntifier
Cure date or|date of X X X X X

manufactyre
USP <87> or |[SO 10993-5 X X X X X X X X
USP ¢88> or |SO 10993-6, X X X X X X X

-10, -11
Intrusion category X

(5G-2.4.1)

catalyst r¢sidues, cross-linking agents, process aids,
plasticizer, etc.

PM-3.2 Extractables and Leachables

PM-3.2.1 General. Extractable’testing of process
equipment/components that ¢onie into contact with the
process fljids should be deneto identify (and quantify,
if necessaty) potential leachables that could alter the
product. Examples of potential leachables include poly-
mer oligorhers, curing.agents, metal components, antiox-
idants, inifiators, dyes, pigments, plasticizers, and mold
release agents:

PM-3.2.3 Extractables

PM-3.2.3.1 Sample Preparation. Extraction| stud-
ies shall include careful sample preparation baged on
knowledge of analytical techniques to be used.

The size of the sample should be determined in con-
sideration of the material, test equipment, analytiqal test
sensitivity, and the sample available for testing.

Any tool used for sample preparation shall not adul-
terate the sample.

Prior to extraction, test samples should be expgsed to
the same pretreatment process as intended for tHe pro-
cess equipment. For example, test articles thjat are
intended to be sterilized (e.g., gamma irradiatiorn], elec-

PM-3.2.2 Terminology. Exiractables are chemicals
that can be removed from final articles using appropriate
solvents (e.g., polar and non-polar) for identification and
quantification of potential leachables.

Leachables are chemicals that migrate from the final
article into the process fluid of interest under normal
and/or accelerated conditions (typically exposure time
and/or temperature). Leachables are typically a subset
of extractables but can also be created as a result of
chemical reactions with other leachables and/or
components.

tron-beam, and steam) and/or cleaned (e.g., WFI flush
and CIP), should be sterilized and/or cleaned prior to
testing.

PM-3.2.3.2 Extract Analysis. Extraction fluid test-
ing may include the analysis of non-volatile, semi-
volatile, and volatile organic compounds. It may also
include inorganic compounds.

The extent of characterization required should be
determined by the intended use of the material/
component.
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Examples of analytical techniques include gas chro-
matography, liquid chromatography, and mass
spectroscopy.

Documentation of results shall include the extraction
method(s), analytical technique(s), and extraction time
and temperature.

PM-3.2.3.3 Risk Assessment. The owner/user
should consider relevant standards, regulatory guid-
ance, and industry recommendations as listed in

PM-3.4 Chemical Compatibility of Thermoplastic
Polymers

Chemical concentration, temperature, and duration of
exposure can all affect the property retention of thermo-
plastic polymers. When selecting a thermoplastic poly-
mer for chemical contact, the user should consult the
supplier for case histories and test data, where available.

If further testing is required, specific fluids should be
used to expose test samples for the necessary time and

Nonnfandatory Appendix O, when performing a risk

The| results of the risk assessment should determine
if further leachable testing is required and probable com-
pounds to look for.

-3.2.4 Leachables

PM-3.2.4.1 Sample Preparation. Samples for
leachgble testing should be prepared as described in the
relevant sections of PM-3.2.3.1.

-3.2.4.2 Leachable Fluid Analysis. When leach-
able fluid analysis is necessary to identify and quantify
leachgble compounds, it should be conducted using the
same gnalytical methods used for the extraction analysis.

Addlitional process or product-specific testing may be
requifed (e.g., cell growth testing, drug-product

PM-3.2.4.3 Risk Assessment. The owner/user

Physical and Mechanical Properties of
Thermoplastic Polymers

mechgnical prdperties can be characterized using many
differgnt standards (e.g., ASTM, ISO, DIN, and JIS). Typi-
cal prpperties include tensile strength, elongation to
break)modulus, and in some cases, seam strength, weld

LCHIPCIatulc.

PM-3.5 Physical and Mechanical Propertieg of

Thermoset Polymers

character-
STM, ISO,
Hness, ten-
and tear
compres-

Physical and mechanical properties can be
ized using many different stahdards (e.g., A
DIN, and JIS). Typical propérties include har
sile strength, elongation:to' break, modulus
strength. In some cases,)abrasion resistance
sion set, specific gravity, transparency, etf., may be
important. Properties may be affected by manjufacturing
and use conditions (e.g., temperature, pressute, physical
stress). Commmon tests for evaluating p}:Isical and
mechanical properties are listed in Nonnjandatory
Appendix K. Property requirements should b¢ discussed
between the owner/user and the supplier, and the
owner/user shall be responsible for deterrpining the
suitability of the material for the applicatior}.

PM-3.6 Chemical Compatibility of Thermos
Elastomers

»
~

Chemical concentration, temperature, and ¢luration of
exposure can all affect the property retention of thermo-
set elastomers. When selecting a thermoset| elastomer
for chemical contact, the user should consult the supplier
for case histories and test data, where availabl¢. If further
testing is required, specific fluids should e used to
expose test samples for the necessary time angl tempera-
ture. Chemical compatibility is particularly|important
for materials that are re-used. Chemical conpatibility
testing should be done to screen candidate mfterials for
applications involving cleaning, storage, or exposure to
potentially harsh chemicals.

PM-3.7 Polymeric Surface Finish

Polymer material contact surface classifiqations are

strength, coefficient of friction, compression set, tensile
set, hardness, specific gravity, transparency, etc.

Common useful tests for evaluating thermoplastic
performance are listed in Nonmandatory Appendix K.

The interpretation of immersion test results is depen-
dent on the specific application. In such cases, a different
material may be more suitable for the application. The
overall life of the equipment may be shortened signifi-
cantly if the correct polymer is not selected. The end-
user must ultimately interpret the relevance of the test
results for the applicable process.
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round 1n IPart Sk, Irroduct CLontact suriace F nishes.

PM-4 APPLICATIONS
PM-4.1 Single-Use Components and Assemblies

This subsection defines the requirements that are
applicable and unique to the use and manufacturing of
single-use components and assemblies. These products
are intended for one-time use and may be referred to
as disposables. In this subsection, “component” is
defined as an individual unit, and “assembly” is defined

(
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as the combination of two or more individual compo-  packaging of single-use components and assemblies
nents. This subsection will address the methods foriden-  shall be labeled according to PM-4.1.1.1.

tifying, inspecting, packaging, joining, biocompatibility,
and sterilization applicable to single-use polymers, com-
ponents, and assemblies.

PM-4.1.3 Joining Methods. The joining of polymers
may be performed in many ways for single-use applica-
tions. Examples of these joining techniques include, but

PM-4.1.1 Identification. Single-use componentsand  are not limited to, welding, heat sealing, over-molding,
assemblies shall be designed and packaged to provide  solvent bonding, mechanical connections, and adhe-
lot traceability. The traceability shall enable the end-user sives. With any of these methods, the procedure for the
to identify the raw material(s), processing conditions  joining of polymers, components, or assemblies shall be

critical to Jupport the manufacturer’s specifications, an shall
the date of manufacture. not leak, shall meet the pressure requ1rements or the

PM-4/1.1.1 Labeling. The primary packaging of

single-use|components and assemblies shall be labeled
with the fpllowing information: PM-4.1.4 Biocompatibility. The b10c0mpat1b l1ty of

(b) part|identifier

(c) lot iglentifier

Additiohal information can be included on the label
upon agreement between manufacturer and end-user.

PM-4J1.1.2 Certificate of Compliance. The single-  faces. The desigi 0f‘the component and assembly shall
use compgnent or assembly manufacturer shall issue a  not compromise the integrity, safety, or efficacy [of the
Certificatd of Compliance that contains the following  process fluidxThe focus of evaluations should be fon the

informatign: material of\Construction of the product contact syirface,
(a) manfufacturer but itispreferred to evaluate the complete component
(b) part|identifier and, assembly. At a minimum, the product contaft sur-
(c) lot iglentifier face shall comply with the following tests:
(d) datd of manufacturing and/or expiration date (a) biological reactivity, in vitro (cytotoxicify, i.e.,
(e) compliance information USP <87>)
Additignal information can be included in the (b) biological reactivity, in vivo (i.e, USP <88>) or
Certificatp of Compliance upon agreement bétween  equivalent per recognized compendia agreed to bly end-
manufactyrer and end-user. user and manufacturer.

. . ) Additionally, the user should consider protein aflsorp-
PM-4.112 Inspection and Packaglng.. The'packaging  tion, preservative absorption, leaching of low molecular
of single-yse components and assemplies’shall be per- weight compounds, endotoxins, and presence of ahimal-

formed tojhelp control the potential introduction of bio-  gerived compounds in single-use componenfs and
burden, particulate, or other-contaminants to the assemblies.

componert, assembly, or the end-user’s system. Inspec-
tion shall |be performed to _cerifirm the quality of the
packagingland that the contents meet the specified crite-
ria betwegn supplier and end-user.

PM-4.1.5 Sterilization (Bioburden Control). $ingle-
use assemblies and components shall be compatible with
the intended sterilization method. Common sterilization
methods include autoclaving and gamma irradjation.

PM-4]1.2.1 Inspection. Single-use components  Autoclaving is generally performed by the engl-user.
and assenpblies“shall be inspected for the presence of =~ Gamma irradiation is generally contracted to { third
particulat¢ser ether contaminants before primary pack- party by the manufacturer The end -user shall det rmine
aging as ag v
This 1nspect10n shall take place ina Controlled environ-  required for the given appl1cat1on
ment in accordance with the intended use of the final
component or assembly.

PM-4.1.5.1 Gamma Irradiation. Single-use assem-
blies that will be gamma irradiated shall be manufac-

PM-4.1.2.2 Packaging. The purpose of packaging  tured in a controlled environment. The supplier shall
of single-use components and assemblies is to control ~ provide lot specific certification of processing to the end-
the potential introduction of bioburden, particulates, or user. The validation categories are defined below.

other contaminants. The packaging shall not adulterate (a) Category 1: validated sterility assurance level per
the component and assembly. Primary packaging shall ~ a recognized standard (e.g., ISO 11137).
take place in a controlled environment at a level suitable (b) Category2: gamma irradiated to the specified dose

for the final use of the component or assembly. The  range. No validation of the effectiveness is conducted.
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PM-4.2 Piping

Design consideration for polymeric rigid piping and
rigid tubing

PM-4.2.1 Sizing Comparisons. Thermoplastic pip-
ing systems are available in a variety of sizing standards.
Tube/pipe (e.g., Schedule 40, Schedule 80), Standard
Dimensional Ratio (SDR) 11, and SDR 21 are some of
the most common standards used. Table PM-4.2.1-1 is
a reference that compares the outside and inside dimen-

AL change in length, mm
AT = temperature change, °C

Typical coefficients of thermal expansion at room tem-
perature by material type are found below. Consult man-
ufacturer for exact coefficient values.

(U.S. Customary Units)
PVDF 6.6 x 107°, in./in./°F
PFA 7.0 x 107, in./in./°F

PR Q22 s 105 i /i Wil s
28 Ho——A—R—A—F

sions ¢f these standards. It is important to consider these
standqrds when performing system sizing calculations
to enljance dimensional alignment of pipe/tube inner
diamgters to allow for sterility, cleanability, and draina-
bility. [Tube-inside dimensions are critical for alignment
to stainless steel systems.

PM-4.2.2 Pressure Ratings. Polymer piping sys-
tems have varying pressure ratings depending on mate-
rial apd sizing standards. Valves and mechanical
conngctions such as sanitary adapters, flanges, or
threads may carry pressure ratings independent of pipe
and fjttings. Elevated operating temperatures will
decregse overall system rating. Consult material manu-
facturprs for specific details.

PM-4.2.3 Thermal Expansion. Polymer materials
will ekpand and contract with changing temperature
condifions. The effect of thermal expansion must be con-
sidered and designed for in each and every thermoplas:
tic sygtem.

To fompensate for thermal expansion, it is\recom-
mendgd to use loops, offsets, and changes indirection.
By using the pipe itself to relieve the stress,'the integrity
of the|pipe system is maintained. The use of bellows or
pistorys is not recommended due to\the formation of
pockets and gaps where liquids(may be held up. The
amouht of thermal expansion/growth in a pipe system
is gengrally calculated by the\following formula:

(U.S. Customary Units)

AL =12 X L X a X AT

wherdg
L [= length of the pipe run, ft
a | =coefficient of thermal expansion, in./in./°F

H—

(SI Units)
PVDF 1.2 x 107, mm/m/°C
PFA 1.2 x 10, mm/m/°C
PP 1.5 x 10, mm/m/°C
AT is the maximum (or minimum) temperafure minus
the installation temperatureIf the installatiop tempera-
ture or time of year is unknown, it is practicalfto increase
the AT by 15% for safetyIt is not necessary qr practical
to use the maximum temperature minus the[minimum
temperature unless it will truly be installed in one of
those conditions.

PM-4.2.4 System Support Criteria

PM*4.2.4.1 Support Distances. Suppofts shall be
pla¢éd based on the spacing requirements pfovided by
system manufacturers. Hanging distances arp based on
system material as well as the specific gravity and tem-
perature of the process media. Operating copditions of
all applicable processes, including CIP and| SIP, must
also be considered. Hanging criteria generally increase
with system operating temperatures. The placement of
hangers, guides, and anchors is critical ih systems
exposed to thermal cycling. Hanger locationd should be
identified by the system engineer and laid ofit to allow
for expansion and contraction of the pipe gver its life
of operation.

PM-4.2.4.2 Hanger and Clamp Types. Aloid using
hangers that place a pinpoint load on the pipe when
tightened. A U-bolt hanger is not recommended for ther-
moplastic piping. Hangers that secure the pipe 360 deg
around the pipe are preferred. Thermoplastic clamps
are also recommended over metal clamps, 4s they are
less likely to scratch the pipe in the event of jnovement.
Clamps should be evaluated to avoid rough [edges that

Llldltflidl dlld l.CLlllthldl.LllC L,‘lClJEIlL‘ltfllL
AL = change in length, in.
AT = temperature change, AF

(SI Units)
AL = L X a X AT
where
L = length of the pipe run, mm
a = coefficient of thermal expansion, mm/m/°C

material and temperature dependent

could damage the pipe. Ideally, if a metal clarhp is being
used, an elastomer material should be used in between
the pipe and the clamp. Refer to Part SD for exterior
cleanability.

PM-4.2.5 Connections and Fittings. Design of
equipment should minimize the number of mechanical
connections. Fusion welded connections should be used
wherever practical. Hygienic design of connections shall
comply with SD-3.1, Connections, Fittings, and Piping.

PM-4.2.6 Joining Processes and Procedures. Poly-
mer tube and pipe systems are joined by a variety of heat
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fusion welding methods. Available techniques include
various beadless technologies, noncontact infrared (IR)
fusion, butt fusion, and socket fusion.

NOTE: Alljoining techniques may not be available for all materi-
als, nor are all methods acceptable for all processes. Care should
be taken in selecting material of construction and joining technique
based upon application requirement. A brief description of some
available joining techniques is presented in PM-4.2.6.1 through
PM-4.2.6.3.

fusion joints result in external and internal beads, which
may assist with weld quality and inspection criteria.

Refer to manufacturers’ written procedures and
ASTM D2657, DVS 2207-11, “Welding of
Thermoplastics — Heated Tool Welding of Pipes,
Pipeline Components and Sheets Made of PP,” and
DVS 2207-15, “Welding of Thermoplastics — Heated
Tool Welding of Pipes, Pipeline Components and Sheets
Made of PVDE”

PM-

26, Beadtess welding
(matefial-dependent) is compatible

with SIP systems

and npust be used where system, in-place drainage is
required. Beadless welding may be used in the process
streanmy or where CIP requirements are defined. Beadless

weldi
A
which

g is the preferred method for system joining.
ariety of beadless welding techniques exists in
resultant joints are free from internal beads and
crevides. The primary method of beadless welding
involves careful diffusion of heat through the external
surfages while maintaining internal support of material
as it becomes molten. Once heated to desired tempera-
ture ahd duration, the molten material flows and readily
joins fis a single piece. An internal support device is
inserted in the weld area to prevent the formation on
an internal bead. Refer to manufacturers’ written proce-
dures|for the complete beadless welding process.

PM-4.2.6.2 Noncontact Infrared (IR) Butt Fusion.
IR fudion is not suitable for SIP systems, for it is net
considered in-line drainable as required by accepted
currenjt Good Manufacturing Practices (cGMP):

IR welding is similar to butt fusion with thesignificant
differ¢nce being the joining material does net'come into
direct| contact with the heating elemént.* Instead, the
matetial is held close to the heating.element and is
heatedl by radial heat. IR weldinguses the same critical
weldihg parameters of heat soak time, changeover time,
and jqining force as found with butt fusion. However,
by av¢iding direct contact with the heating element, IR
fusior] produces a cleaner weld with more repeatable
and sinaller bead sizé&s. Refer to manufacturers” written
procedlures for the.complete noncontact IR fusion weld-
ing piocess.

PM-42.6.3 Contact Butt Fusion. Butt fusion is not
suitablle\for SIP systems, for it is not considered in-line

PM-4.2.6.4 Socket Fusion. Socket fugion is not
suitable for SIP systems for it is not considdred in-line
drainable as required by accepted cGMBP.

In socket welding, as described/in ASTM |D2657, the
pipe end and socket fittings are’hedted to the welding
temperature by means of a Sgoket and spigot heater
inserts. Socket welding maj«be manually perfformed on
pipe diameters up to 2.0vn: (50 mm). Sizes pbove that
require a bench socket teol due to the requifed joining
forces. In sizes greater than 1 in. (25 mm), a Bench-style
machine may be preferred for ease of operation.

Refer to manufacturers” written proceflures and
ASTM D2657/DVS 2207-11, and DVS 2207-

PM-4.2.7 Joint Design and Preparation.
of pelymeric weld joints depends on the q
of(the welders, the suitability of the equipinent used,
environmental influences, and adherence to [applicable
weld standards. Every welder must be trainefd and pos-
sess a valid qualification certificate. The welding zone
must be protected against adverse environme¢ntal influ-
ences including excessive moisture, extrem¢ tempera-
ture conditions, excessive drafts, and contpmination
sources (i.e., dirt, dust, oil, foreign material|shavings).
Environmental condition recommendations shall be
included in the bonding procedure specificdtion (BPS)
provided by the material/equipment manufgcturer and
approved by the owner/user.

PM-4.2.7.1 Tubing and Pipe. Joint designs for tub-
ing, pipe, and fittings shall be square butt joifts. Joining
surfaces shall have ends prepared by moldir|g, cutting,
machining, or facing to provide a square end|that meets
requirements of Table DT-3-1 for applicable squareness.
The butt weld joints must be completed in gccordance
with the BPS. The owner /user and contractor shall agree
that the welding process selected will pfovide the

drainable as required by accepted cGMP.

The principle of butt fusion, as described in
ASTM D2657, “Standard Practice for Heat Fusion
Joining of Polyolefin Pipe and Fittings,” is to heat two
surfaces at the melt temperature, then make contact
between the two surfaces and allow the two surfaces to
fuse by application of force. The force causes flow of
the melted materials to join. Upon cooling, the two parts
are united. Nothing is added or changed chemically
between the two components being joined. Butt fusion
does not require solvents or glue to join material. Butt

161

desired results.

PM-4.2.8 Weld Acceptance Criteria. Inspection crite-
ria and methods are dictated by material type and join-
ing method. Common visual inspection criteria includes
complete bonding of joining surface, straight and
aligned joints, and exclusion of dirt and foreign sub-
stances in weld zone.

PM-4.2.8.1 Weld Acceptance for Beadless Welds.
Visual weld acceptance (including borescopic and light
illumination at 1X magnification) for beadless polymer

(
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hygienic pipe, tubing, valves, and fittings that are inter-
nally and externally inspected shall be in accordance
with the weld acceptance criteria of this section. This
Part does not require radiography for polymer materials.
Preproduction sample welds, when required, shall be
submitted by the contractor to the owner/user to estab-
lish weld quality. The owner/user, contractor, and
inspection contractor shall agree to the number and type
of sample welds. During construction, sample welds
shall be m i i ip-
ment is operating properly and that the setup is ade-
quate to prevent discoloration beyond the level agreed
upon by the owner/user and contractor. The owner/
user and dontractor shall agree to the frequency of sam-
ple welds.[It is strongly recommended that these sample
welds be hade at the beginning of each work shift and
when chargmg the operator or welding equipment.

(a) Cracks and Crevices. Any crack or crevice would
generally [indicate lack of full penetration welds. No
internal o1 external cracks or crevices shall be permitted
in the weld zone. See Fig. PM-4.2.8.1-1, illustration (b).

(b) Pits ind Pores. Pits and pores shall not be present
in the weld zone on the interior surface. See
Fig. PM-4[2.8.1-1, illustration (c).

(c) Voids. Voids or microbubbles in the weld zone are
the result ¢f molten material shrinking as it cools leaving
small voids, usually in the center of the weld, due to
volume dlisplacement. They are not uncommon in
beadless welding, and their presence alone is not reason
for rejectipn. Large voids [limited by PM-4.2.8.1.3(a)j
or excessiye voids [limited by PM-4.2.8.1.3(b)] are-tiot
acceptablg according to the following guidelines:

(1) Any single void larger in diameter than10% of
nominal plipe wall thickness is not acceptable.

(2) The total for all void diameters in a'given cross-
sectional nspection shall not exceed.10% of nominal
pipe wdqll thickness. See Fig. PM-4.2.8.1-1,
illustratiom (d).

(d) Fit{Up and Mismatchh»Components shall be
aligned s¢p as to prevent’hold-up volume areas that
would corjtribute to cdntamination of the product. The
maximum)| misalignifient is 10% of nominal wall thick-
ness [see Hig. PM341278.1-1, illustration (e)]. It is not rec-
ommendefl tojoin two polymer components of different
wall thickhesses.

(g) Concavity. Maximum inside diameter (I.D.) con-
cavity shall be limited to 10% of the nominal pipe wall
thickness. See Fig. PM-4.2.8.1-1, illustration (h).

PM-4.2.8.2 Examination Procedures for Non-
beadless Welds. Weld acceptance criteria for piping
shall be in accordance with ASME B31.3, A341.3.2
through A341.3.4; DVS 2202-1, “Imperfections in Welded
Joints of Thermoplastic Materials — Features,
Description, Evaluation”; and American Welding
ociety Tide for vattatgion of
Hot Gas, Hot Gas Extrusion, and Heated)Todl Butt
Thermoplastic Welds” criteria. These standatds cpntain
detailed, nondestructive inspection requifements for
fabrication of sheets and piping systems’by heat|weld-
ing, socket, and butt fusion. Reféryto manufacfurers’
inspection criteria for nonconta¢tIR and beadless weld-
ing techniques. Borescopingef product contact qurface
weld areas on polymer.systems is not an abgolute
requirement although it may be preferred by ownpr and
inspector.

PM-4.2.8.3 desting. Hydrostatic testing of piping
and rigid tubing systems shall be performed in [accor-
dance with ASME B31.3, Chapter VI, Section 345.|Pneu-
matic testing shall not be used for polymer syst¢ms.

PM-4.2.8.4 Records. Weld equipment should
monitor and record critical weld parameters sfich as
heat, cool time, and temperature. If the equipmert does
not have monitoring or recording capabilities, weld data
shall be recorded in welding protocols or on datq carri-
ers. Additional requirements of records and retenfion of
records associated with piping and tubing shall be in
accordance with ASME B31.3, Chapter VI, Sectiqn 346.

PM-4.2.9 Documentation Requirements. The fol-
lowing documentation shall be presented to the opner/
user or his/her designee, as a minimum:

(a) Welding Documentation. Welding Prodedure
Specifications/Parameters (WPS/P) used,| their
Procedure Qualification Records (PQR), and Welder
Performance Qualifications/Certification (WPQ/JC) or
Welding Operator Performance Qualifications/
Certifications (WOPQ/C).

(b) Weld Maps. When required by the owne1/user,
weld maps of bioprocessing components, weld ihspec-
tion logs of bioprocessing components (including type

(e) Inclusions. Any dark, visible inclusion or specks
on the product contact surface of the weld zone are
considered foreign materials and are not acceptable. See
Fig. PM-4.2.8.1-1, illustration (f).

(f) Discoloration. Slight discoloration in the weld zone
is not uncommon in beadless welding. Slight
discoloration would include up to a light “straw” color
in the weld zone. Dark color change on the surface or
at weld interface could indicate improper cleaning or
joint preparation and should be rejected. See
Fig. PM-4.2.8.1-1, illustration (g).

and date of inspection), and welder identification of
each weld shall be provided either on the weld map or
on the inspection log.

It is recommended to utilize fusion equipment that
electronically stores welding histories and serializes
welds. Welding history shall be turned over, in printed
or electronic format, to the owner/user upon completion
of work and as part of the Installation Qualification (IQ)
process.

(c) Materials. All molded fittings, molded valves, and
extruded pipe shall be intrinsically identified to provide,
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Fig. PM-4.2.8.1-1 Acceptable and Unacceptable Weld Profiles for Beadless Welds

t 3

Wall
thickness}

I ) ( I

Weld zone
(a) Acceptable Bead Free Weld

I N I

(g) Discoloration in Weld Area [Notes (4)'and (5)]

NOTES:
(1) Unacceptable if

1) any single void diameter is > 10% Wwall*thickness, t

2 Af
(3) Ungcceptable if wall offset is > 10% Wwall thickness, t.

(4) Slight discoloration is normal‘and acceptable (straw color).
(5) Dark color is unacceptable’(brownish).

(6) Unacceptable if > 10%.wall thickness, t.

b) or the total for all void diameters_ in a cross-sectional view is > 10% wall thickness, t
w small voids are acceptable and_are usually localized in the center of the weld zone.

(d) Voids (Microbubbles) in Weld Areja
[Notes {1)-and (2)]

I D I

(h) Concavity [Note (6)]

as a mliriimdm, material of construction, lot number, and flexible, polymeric element with at least one ehd connec-
date%mmmﬁmﬂwmm iing fluids

Compliance shall be provided for molded/extruded
components not properly labeled.

(d) Testing Records. Other records (e.g., pressure test,
surface finish) shall be provided as required by the
owner/user.

PM-4.3 Hose Assemblies

PM-4.3.1 General. This section defines the require-
ments for flexible hose assemblies intended for repeated
use. Hose assemblies are defined here as a length of a

163

under specified conditions (e.g., pressure and
temperature).

PM-4.3.2 Hose Construction

PM-4.3.2.1 Flexible Elements. Elements may be
constructed from a single, homogeneous material or
multiple layers. Multilayer elements may consist of an
inner contact layer surrounded by one or more addi-
tional reinforcement layers and an outer cover. Rein-
forcement layers may include fabric braiding, metal wire

(
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braiding, and various elastomeric materials. The liner
design shall allow for drainability and cleanability as
required by the end-user.

PM-4.3.2.2 Mechanically Affixed and Reusable End
Connections. Metallic and nonmetallic end connections
are attached to the flexible element by mechanical com-
pression. The design shall ensure a seal is maintained
at the end of the barb [see Fig. SD-3.2.1-1, illustration
(d)]. Band style hose clamps are not recommended [see

and length of cleaning and sterilization procedures. In
addition to the service temperature and pressure, any
parameters that may affect the hose assembly perform-
ance should be provided. The equipment supplier
should inform the end-user of the life cycle expectancy
and the methods that will ensure that the hose assembly
operates within its design specification (e.g., routine
maintenance).

PM-4.3.3.1 Service Temperatures and Pressures.

Fig. SD-3.F.T-T, 1llustration (c)]. The Htting should be TIos5e assemblies shall be capable of withstanding ther-

designed fo minimize entrapment of liquid in the hose =~ mal and pressure cycling between the rated upppr and

assembly. Pimensions and tolerances of the process con-  lower temperature and pressure limits.

nection shall be consistent with Table DT-7-1. PM-4.3.3.2 Non-Routine Events( The corhplete
PM-4[3.2.3 Flare-Through End Connections. Flare-  procedure for non-routine events stich as passiyation,

through efid connections are connections in which the ~ derouging, and post construction‘eleaning shoyild be

inner conftact layer of the flexible element extends
through the fitting and is formed into the end connector.
Flare-throyigh end connections may have integral gas-
kets or pr¢visions for standard gaskets.

PM-4]3.2.4 Molded-in-Place End Connections.
Molded-ir}-place end connections are secured to the flex-
ible elemgnt by a thermal or chemical bond. Molded-
in-place end connections utilizing non-rigid materials
may requfire additional stiffening reinforcement to
achieve ar) adequate process connection seal. Molded-
in-place erjd connections may include an integral gasket.

PM-4,
rials shall
and PM-2

(a) Bioc

3.2.5 Hose Materials. Hose assembly mate-
conform to applicable sections of SD-2.4.1:2
1.
mpatibility. The biocompatibility and-proper
material s¢lection shall be the responsibility of the end-
user. Biocgmpatibility testing of candidate hose assem-
blies for qialification requires USP <87>(0rISO 10993-5)
and USP| Class VI USP <88> (6r,ISO 10993-6,
ISO 10993110, and ISO 10993-11) tésts on all polymeric
process coptact materials. End-u$etis may request similar
testing on| noncontact layers,that may come in contact
with the pfocess fluid if theinner liner fails. Hose assem-
bly suppliers shall providé, upon customer request, doc-

nform
rform
hould
U hose

supplied by the end-user. Thé\supplier should i
the end-user whether the hose assembly will pg
as specified during theséevents. The end-user 5
perform a risk assessmient to determine if a ney
assembly is required after non-routine events.

PM-4.3.3.3")Cleaning Systems

(a) Clean<in-Place (CIP). Hose assemblies sh
designed inaccordance with SD-3.1. The hose ass
shall beginstalled to allow for drainability (see S

(b)<Elean-out-of-Place (COP). External surfaces (
assemblies subject to COP shall be compatibl
cléaning agents and be nonabsorbent. Hose asse
shall be designed to allow effective removal of cl
agents from external surfaces.

PM-4.3.3.4 Sterilizing Systems. Hose asspmbly
requirements shall be based on the sterilization method
utilized. All process contact surfaces should be degigned
to minimize crevices. When crevices cannot be avpided,
sterilization testing shall be performed to validate|steril-
ity within the system boundaries. All hose assemblies
and hose assembly process contact surfaces shall be
designed to accommodate expansion and contgjaction
during sterilization and cool-down stage.

PM-4.3.4 Hose Assembly Installation. Hose §

all be
embly
D-3.2).
f hose
b with
mblies
Paning

ssem-

umentatigpn of the biocompatibility testing on final  pjes shall be installed per SD-3.2 and used in accofdance

manufactyred hosé.assembly materials. Failure of either with the supplier’s guidelines (e.g., bend rafdius).

test indicaftes uttacceptable biocompatibility of the can- Change in hose assembly length due to pressufe and

didate hoge assgmbly. o . . temperature cycling and the potential effect on draina-
(h) Surfhee—Fuisl—Surtace_nish-obmetallicend i —shomid-ecomsidered-by—theerd=oser

tings shall comply with the requirements of Part SE
(c) Particle Generation. Hose assembly designs should
minimize wear that generates particles that could enter
the product.
(d) Extractables. Hose assembly materials shall con-
form to the requirements of PM-3.2.

PM-4.3.3 Hose Assembly Performance. The equip-
ment supplier should be informed of all the conditions
under which the hose assembly may be expected to
operate. This should include the methods, frequency,
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PM-4.3.5 Compliance Requirements

PM-4.3.5.1 General Requirements. A Certificate of
Compliance shall be issued by the hose assembly sup-
plier to certify compliance to this Standard when
required by the end-user.

PM-4.3.5.2 Certificate of Compliance. The
Certificate of Compliance shall contain the following
information:

(a) manufacturer’s name

(
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(b) part number

(c) unique identifier of the hose assembly

(d) material of construction of process contact items

(e) compliance to USP <87> (or ISO 10993-5) and
USP Class VI <88> (or ISO 10993-6, ISO 10993-10, and
1SO 10993-11)

(f) packaging and storage recommendations (this
may be in another document)

Supplier’s name and unique identifier shall be marked
on either the hose assembly itself or the package con-

PM-4.3.5.3 Test Requirements. Conformance test-
ing is done upon initial qualification of the hose assem-
bly. Testing is intended to show design conformance
and is not required on every hose assembly. Testing shall
be repeated for significant changes in raw materials or
processes used to fabricate hose assemblies.

PM-4.4 Chromatography Columns

taining the hose assembly. The unique identifier shall
enabl¢ the supplier to identify the raw material and
procegsing conditions used to fabricate the article. Sup-
pliersshall mark the hose assembly itself to avoid poten-
tial lpss of traceability and to aid in positive
identification of hose assemblies.

[Reserved for future content]

PM-4.5 Filtration Elements and Components

[Reserved for future conterit]
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Part CR
Certification

CR-1 PURPOSE AND SCOPE

Fig. CR-2.3.1-1 ASME Mark With BPE Designator

Part CR|provides requirements for the certification of
organizatipns providing components in accordance with
this Standard. It also provides requirements for the
authorizatjion of organizations to mark product and/or
documentption with the ASME Certification Mark and
BPE Designator.

In Part CR, the term “components” shall be limited
to tubing and fittings.

CR-2 GjNERAL

ASME BPE certification means that the capability to
fulfill reqyirements of this Standard by the organization
has been rpviewed and accepted by ASME. The organi-
zation is tfesponsible for ensuring that the products
stamped ith the ASME Certification Mark and BPE
Designato} meet the requirements on which the certifica-
tion is baged.

Certificagte Holders are organizations that meet all of
the requir¢ments of this Standard and have been issued
valid Certjficates as described in this Part.

A Certificate Holder that is authorized to markcom-
ponents with the ASME Certification Mark® and BPE
Designatof is issued a Certificate of Autliorization.

Certificgte Holders are issued a certificate number to
be used t attest to the validity of their certification.
Written references indicating thatian organization is a
Certificatg Holder are not validwithout reference to the
certificate jnumber.

A curreft list of Certifieate Holders is available from
ASME up¢n request.

CR-2.1 ASME Procedures and Policies

as-procedures and policies for the issuance,

and audits. They include provisions for confidentiality,
conflict of interest, and due process. Relevant procedures
and policies are available from ASME upon request.

CR-2.2 ASME BPE Certificate Holders

The ASME BPE Certificate of Authorization Holder
is the provider of components that certifies that each
component complies with all applicable requirements
of this Standard and is authorized to apply the official

BPE

ASME Certification Mark and BPE Designator to cov-
ered products. This can include the final manufafcturer,
assembler, or supplier.

A Certificate Holder is issued a Certifichte of
Authorization and the ASME Certification Mar upon
guccessful completion of a survey and approyal by
ASME.

CR-2.3 ASME BPE Certificate Holder’s
Responsibilities

When certification is granted, each applicant agfees to
the requirements specified in CR-2.3.1 through CR-2.3.6.

CR-2.3.1 Use of the Certificate and |ASME
Certification Mark
(a) The Certificate and the ASME Certificationf Mark
are at all times the property of ASME.
(b) The Certificate and the ASME Certificationf Mark
shall be used according to the requirements ¢f this
Standard. The BPE Designator shall be the respongibility
of the Certificate Holder. The Designator shall ¢onsist
of the uppercase letters “BPE” and shall be of a flesign
having similar proportions to that shoyn in
Fig. CR-2.3.1-1. The Designator shall be located injmedi-
ately underneath the ASME Certification Mark.
(¢) The Certificate and ASME Certification Mark, as
appropriate, shall be promptly returned to ASME, and
usage of the ASME Certification Mark shall cease upon
demand by ASME or when the applicant discontinues
the scope of work covered by the Certificate.

(d) The holder of a Certificate shall not permit any
other party, including subcontractors, to use the
Certificate or ASME Certification Mark.

(e) A Certificate of Authorization Holder shall mark
the ASME Certification Mark and BPE Designator (or a
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Fig. CR-2.3.2-1 Options for Certification of Organizations

1. One company that purchases raw materials or products from either certified suppliers or
subcontractors or noncertified subcontractors (where only the final company is certified).

Company
1 Certificate

Noncertified Suppliers

|
Certified Suppliers

or subcontractors

2. One company with only one facility.

or subcontractors

Company
1 Certificate

3. One company with numerous facilities — one certificate covering allfacilities.

Company
Corporate Certificate
(e.g., BPE-100)
| ]
Facility 1 Facility\2 Facility 3
Site Certificate 1 Site Cettificate 2 Site Certificate 3
(e.g., BPE-100-1) (e.g(/BPE-100-2) (e.g., BPE-100-3)

facsintile of it) on their components and documentation
(as apjplicable).

When a Certificate Holder indicates on‘\any written
docurhentation that they are an ASME.BPE Certificate
Holdgr, they shall include their valid-certificate number
on that documentation.

CR}2.3.2 Compliance With)This Standard. The
ASME BPE Certificate Holder shall ensure that all
comppnents and related documentation are properly
markdd. The Certificate\Holder shall retain a valid copy
of thg current revyision of the ASME BPE Standard.
Figur¢ CR-2.3.2«}-provides a graphic of several accept-
able certificatiohvmethodologies for companies with one
or mapre facilities.

CR-2.3.3 Subcontracting. The ASME

Work provided by others who are not in possession
of a valid BPE Certificate of Authorization shill be veri-
fied as meeting the requirements of the Sthndard by
the Certificate Holder through surveys and qudits. The
experience and knowledge requirements df auditors
shall be documented in the Quality Managempnt System
(QMS) Manual. The BPE Certificate Holder [shall have
objective evidence that qualified auditors medt the expe-
rience and knowledge requirements as speciffed in their
program. The BPE Certificate Holder shall Jave objec-
tive evidence of the surveys and audits performed. As
a minimum, the frequency of surveys and ajudits shall

be commensurate with surveys and audits performed
by ASME.
A Certificate Holder is not required to conduct sur-

veys or audits of subcontractors holding a valid ASME

BPE Certificate Holder providing any component with
the proper ASME Certification Mark and
BPE Designator compliant with the ASME BPE Standard
has the responsibility of ensuring that any work pro-
vided on or in the component by others complies with
all the requirements of this Standard. “Work provided
by others” shall mean work provided by other corporate
affiliates or work provided by nonaffiliated independent
contractors. Figure CR-2.3.2-1 provides a graphic of sev-
eral acceptable certification methodologies for
subcontracting.

BPE Certificate of Authorization.

CR-2.3.4 Quality Management System. The
Applicant shall establish and maintain an effective QMS
that addresses all of their processes to ensure that all
applicable requirements of the current ASME
BPE Standard are met. The current Standard shall be
adopted and conformed to by the applicant within 6 mo
of the date of issuance.

CR-2.3.4.1 Quality Management System Control.
A Quality Management System is a formalized set of
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quality assurance guidelines, procedures, forms, and
other discretionary documentation specific to each
applicant, compiled into a manual providing guidance,
structure, and authority to an applicant’s Quality
Assurance Program.

CR-2.3.4.1.1  In complying with the ASME BPE
Standard it shall include, but not be limited to, the
following;:

(a) ameans to verify proper documentation and trace-

The Certificate Holder shall provide a copy of their
QMS Manual to ASME as part of the document submis-
sion package.

CR-2.3.5.1 Multiple Sites. A corporate
QMS Manual may be used at various facilities, or each
facility may operate under its own QMS Manual. Should
a corporate program be developed and used at various
facilities, a corporate Certificate of Authorization will
be issued to the location where the corporate QMS is

ability of finished product and raw material.

(b) amgdans to verify compliance of outsourced goods
and servides such as electropolishing or passivation.

(c) the dontrol of quality during manufacture or fabri-
cation including that of testing, examination, repair, and
handling ¢f the product.

(d) evalphation, auditing, qualification, and monitor-
ing of suppliers of raw material, finished goods, and
unfinished goods. This is not required of those suppliers
and service providers holding a valid ASME
BPE Certificate of Authorization.

(e) the qontrol and proper segregation of outsourced
product fiom receipt through final integration of fin-
ished prodluct.

(f) company organization chart identifying the chain
of management with regard to internal audit and quality
control pefsonnel.

(g) the further requirements of CR-3.2.2 and CR-3.2.3.

CR-
to ensure
(a) the
and SD
(b) the
SF, SG, PN

P.3.4.1.2 The QMS shall include provisions
rompliance of the product with
reneral and design requirements of Patts-GR

physical attributes requirements of Parts DT,
1, MM, and PI as appropriate-to.the product

controlled, established, maintained, and approved for
issuance and use. For each facility where the eorporate
QMS is being implemented, a site Certifichte of
Authorization will be issued (commofly, referred to as
a “dash certificate” or an “extensiorn certificate’]). The
corporate Certificate of Authorization will be isgued a
certificate number. The site Certificate will hafe the
same certificate number as-the corporate Certificate;
however, it will be followed by a dash numben Each
site Certificate will be-issued in numerical order

EXAMPLE:

Corporate Cerxtificate of Authorization number:
BPE-100

Certificateyof Authorization, Facility #1: BPE-1

Certificate of Authorization, Facility #2: BPE-1

Certificate of Authorization, Facility #3: BPE-1

A'Certificate of Authorization (site Certificate)
tizes the use of the ASME Certification Mark. A
rate Certificate of Authorization does not author
use of the Certification Mark and BPE Designator
fore, the ASME Certification Mark will not be
with a corporate Certificate of Authorization.

00-1
00-2
00-3
hutho-
Corpo-
ze the
there-
issued

CR-2.3.6 Requirements for Designated Oversight.
The use of the ASME Certification Mark and

(c) matprials requ'lremen’@ of ParCHEM for metals, BPE Designator shall be documented with data feports
Part PM fpr polymeric materials, ang- Part SG for seals or certificates of conformance, or both, that are gigned
and gaskets. . . by a responsible representative of the Certificate {older

(d) matgrial joining requingggpnts ,Of Part MJ for met- - (0 is authorized to perform the designated ov¢rsight
als, or Parf PM for polymetie mat.e rials m. both compo- activities (i.e., Certified Individual). The data repprts or
nent manmfacturfe and a.ss.eml.oly/ 1.nstallat10n . certificates of conformance, or both, shall be refained

Unless gtherwise specified in this Standard, examina- '~ period of not less than 5 yr.
tion/testing shall be conducted at the frequencies speci-
fied in the ppplicable referenced product specification(s), CR-2.3.6.1 Duties of the Certified Individual| The
or else at ¢ minimum of 10%. Such examination/testing  Certified Individual shall
may be p brformed by the Certificate Holder’s rlnnhhr (7 ~Verily that each Trer, or T of Trerms, To Wi h the

department or by a qualified third party.

CR-2.3.5 Quality Management System Manual. The
ASME BPE Certificate Holder shall maintain a copy
of the ASME accepted QMS Manual. If the Certificate
Holder wishes to change the program to a degree requir-
ing changes to the manual, the Certificate Holder shall
submit to and obtain approval of the proposed changes
from ASME in writing prior to implementation. In
response to the submitted proposed changes ASME may
require an audit of the Certificate Holder at its discretion.

168

ASME Certification Mark and BPE Designator is to be
applied conforms with the applicable requirements of
the ASME BPE Standard

(b) sign the appropriate data report or certificate of
conformance or both prior to release of control of the
item

CR-2.3.6.2 Requirements for the Certified Individual

(a) The Certified Individual shall be an employee of
the Certificate Holder and shall be qualified and certified

(
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by the Certificate Holder. Qualifications shall include
the following as a minimum:

(1) knowledge of the applicable requirements of the
ASME BPE Standard for the application of the ASME
Certification Mark

(2) knowledge of the Certificate Holder’s QMS

(3) training commensurate with the scope, com-
plexity, or special nature of the activities to which over-
sight is to be provided

() The-CertificateHoldershallmaintainarecord
the qualifications and training of the Certified
Individual.

CR-3
CR-3.

Each Applicant shall identify the specific facility(s)
covergd and state the scope and limits of any activities
for which certification is requested. At its discretion,
ASMH may limit or extend the scope of certification.
Figur¢ CR-2.3.2-1 provides a graphic of several accept-
able c¢rtification methodologies for companies with one
or mope facilities.

Aptplication for BPE Certification shall be made to
ASMH.!

ACQUIRING AN ASME BPE CERTIFICATE

| Application for Certification

CR-3.

An prganization requesting certification shall be surt
veyed| by an ASME assigned survey team to ensurethat
the requirements of this Standard are met. After issuance
of the|Certificate, follow-up audits will be conducted to
ensur¢ continued compliance.

Verification of Qualification

CR}3.2.1 Evaluation of the Quality, Management
System. The Applicant’s QMS Manualand related pro-
cedurgs shall be submitted to ASME in conjunction with
their gpplication for certification."The QMS documents
shall pe reviewed for conformance with the require-
ments] of this Standard.

Thel OMS Manual shall'provide a detailed description
of thelitems and servijces that are being provided under
the company’s ASME BPE Certificate of Authorization.

ThelQMS Mariual shall include provisions for a system
mance-review and evaluation by management at
nually. This review may be conducted by internal

or CEOC recognized organization) with evaluation by
and improvements/corrections implemented by
management.

All changes made to the QMS Manual are to be sub-
mitted to ASME for acceptance. In evaluating the man-
ual revisions an announced audit may be determined
to be necessary. Should an audit be determined to be

! The applications and related forms and information may be
obtained from ASME Conformity Assessment Department, Three
Park Avenue, New York, NY 10016-5990 and www.asme.org.
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necessary the Certificate Holder will have the option of
an early renewal survey in lieu of an announced audit.

CR-3.2.2 Applicant’s Facilities and Equipment. All
locations identified in the QMS Manual where activities
are performed by the Applicant are required to be sur-
veyed. An on-site survey shall be conducted to verify
compliance with the Applicant’s QMS Manual and this
Standard.

2 2 as appropria the scope

of work performed by the organization, derhonstrated

controls of, or procedures for
(a) design

(b) effective material control,inéldading

(1) segregation of noncompatible materals

(2) segregation of nonednforming matefial
(3) product markingyidentification
(4) packaging
(5) finished product storage

(c) manufactdring processes

(d) procedtres requiring special envijonmental
conditions

(e) ‘Maintenance of equipment and tooling

(f)/’safe storage of nonactive equipment and tooling

(g) examination/inspection

(h) document control and storage

The Applicant’s organization shall have, use, and
maintain in good working order, the approprjate equip-
ment, fixtures, machinery, and tooling that yill ensure
compliance of final product with this Standqrd.

The Applicant shall provide examples, appropriate
to the scope of work to be certified, of profduct(s) for
evaluation by the survey or audit team. Such[product(s)
may be either work in process or finished product as
applicable. Such product(s) must be satisfactorily
tested/inspected, and the results of such tegts/inspec-
tions shall be reviewed and documented by fhe survey
or audit team.

Families of similar products being of the safne or simi-
lar design and function, as designated in the Applicant’s
scope of work, shall be audited based on| tests and
inspections of a representative sample of that family.

A corporate Certificate of Authorizatiof does not
authorize the use of the ASME Certification Mark. A
Certificate of Authorization (in the case of a corporate
Certificate of Authorization, a site Certificate) is the only
authorization for use of the ASME Certification Mark.
Therefore, the ASME Certification Mark will not be
issued with a corporate Certificate of Authorization, but
will be issued with each site Certificate (Certificate of
Authorization).

CR-3.2.3 Personnel. The Applicant’s organization
shall include specific personnel designated for each of
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the following functions as appropriate to the scope of
work performed by the organization:

(a) Design. As an alternative or as an extension of in-
house staff, this function may be performed by outside
qualified engineering personnel.

(b) Purchasing

(c) Contract Review

(d) Document Control

(e) Material Control. Management of incoming, in pro-

potential product or source material discrepancies need
only be resolved to the previous check, provided

(1) the methods used and frequency of periodic
checking are described in calibration procedures

(2) the calibration discrepancy was found by peri-
odic check

CR-3.2.6 Internal Audits. Internal audits shall be
performed in accordance with the following
requirements:

cess, finished;—and—diserepant-materials—mustbe—pre

vided for.
(f) Manpfacturing
(g) Quality Control. Quality control personnel shall be
independgnt of all other departments responsible for
production or service processes.

form eithgr examination functions or examination and
inspection functions. In any case, the individuals per-
forming the final product assessment must be indepen-
dent of alljother departments responsible for production
or service processes. Examination personnel may be
responsible to production management, only if an inde-
pendent ipspection department is operating within the
facility.

(i) Maintenance of Equipment

CR-3.2]4 Monitoring of Quality Control Measuring
and Testing Devices
dures shall be in effect to ensure that tools,
ruments, and other measuring and testing

traceability to nationally recégnized standards, where
such standards exist. If no.known nationally recognized
standard|exists, the bagis for calibration shall be
documentpd.

(c) Confrol measures shall include provisions for mea-
suring anfd testing equipment identification and for
determinipg.calibration status by equipment marking
or on records traceable ta the equipment

(a) Audits shall be performed at least anpually in
accordance with written procedures or checklistsy per-
sonnel not having direct responsibility in the.areaq being
audited.

(b) Audit results shall be documented by ayditing
personnel for review by management having responsi-
bility in the area being audited:

(c) Procedures shall include provisions for doclimen-
tation of corrective agtion taken in respoipse to
deficiencies.

Follow-up action; including re-audit of deficien} areas
where indicatedshall be taken to verify implemerjtation
of such corrective actions.

In addjtion to ASME audits of the applicant or
Certificate"Holder, a comprehensive system of planned
and periodic internal audits shall be carried out to ¢nsure
ongoing compliance with all aspects of the QMS hnd to
reaffirm the effectiveness of the program.

CR-3.2.7 Corrective Action. Measures shall belestab-
lished to ensure that conditions not meeting duality
requirements such as failures, malfunctions, devigtions,
defective material and equipment, non-conformjances,
and quality system deficiencies, are promptly identified
and reported to appropriate levels of managgment.
These measures shall also assure that the cause of fondi-
tions adverse to established quality levels be determined
and corrected.

The identification of significant or recurring fondi-
tions not meeting quality requirements, the cajise of
these conditions, and the corrective action taken shall
be documented and reported to appropriate leyels of
management.

These requirements shall also extend to the pe
ance of the approved supplier’s corrective
measures.

form-
hction

CR-3.2.5 Discrepancies With Measuring and Testing
Devices

(1) When discrepancies beyond an acceptable toler-
ance range for measuring and testing devices are found
during calibration, appropriate corrective action shall
be taken, and material shall be measured or tested since
the previous calibration shall be reviewed to determine
that all applicable requirements have been met.

(b) When periodic checks on equipment are per-
formed to determine that calibration is maintained,

170

CR-3.3 Issuance of ASME BPE Certificate

(a) The Certificate may be granted or withheld by
ASME at its discretion. ASME BPE Certificates of
Authorization are not transferable from one entity to
another.

(b) Upon satisfactory completion of the survey and
survey review, recommendation of the ASME BPE
Certification Subcommittee, and payment of the proper
administrative fee, ASME shall issue an ASME BPE
Certificate of Authorization.
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The 5-yr certificate is issued to an Applicant for a
specific location(s) as defined in the application and
accepted by ASME, and it shall describe the scope and
limits of work for which the Applicant is certified.

(c) After initial certification, ASME shall institute a
continuing audit program of the Certificate Holder’s
Quality Management System and compliance with this
Standard.

(d) Each Certificate shall be signed by duly author-
ized ASME personnel

(d) change of the scope of activitiy performed by the
Certificate Holder

The revised QMS Manual shall be submitted to ASME
for acceptance. In evaluating the Manual revisions, an
announced audit may be determined to be necessary.
Should an audit be determined to be necessary the
Certificate Holder will have the option of an early
renewal survey in lieu of an announced audit.

CR-3.4 Denial or 1 oss of ASMF BPF Certificate of

(e) phould continued certification be sought, 6 mo
prior fo the date of expiration of any such Certificate,
the Applicant shall apply for a renewal of certification.

(f) Renewal is based upon 5-yr intervals with a mini-
mum Jof two audits during each 5-yr period.

(g) [Failure to apply for renewal of the Certificate in
time gnd with appropriate documentation may result
in losq of certification until such time as all requirements
for reqcertification have been met.

(h) JASME reserves the right to withdraw or refuse to
renew| certification for cause.

CR13.3.1 Changes of Applicant Information. ASME
shall pe informed in writing of any of the following
changgs:

(a) fhange of company name

(b) khanges of the QMS Manual

(c) fhange of location where activities addressed in
the QMS Manual are performed

Authorization

Upon notification of failure to provide satisfactory
evidence of compliance with this Standaid and the
requirements for certification afterd survey,|investiga-
tion or audit, the Applicant or/Qertificate Hplder shall
have the right of appeal. A copy of the appeal procedures
shall be provided to the Applicant or Certifichte Holder
upon notification of_tinsatisfactory evjdence of
compliance.

CR-4 REQUIREMENTS SUBJECT TO CHANGE

ASMEmay change requirements concernir
ance and use of Certificates and use of {
Cértification Mark as it deems appropr
requirements shall become binding on the
Holder upon notification by ASME.

g the issu-
he ASME
ate. Such
Certificate
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Part MM
Metallic Materials

MM-1 PURPOSE AND SCOPE

requirements of SG-3.3.2.3. Materials used in applica-

The purpose of this Part is to identify metallic materi-
als considered acceptable for use in hygienic service.
It identifigs material specifications, grades and alloys,
matching filler metals, fabrication guidelines, and other
attributes pecessary for this service. It also specifies the
data that tnust be submitted to the MM Subcommittee
for any ne or unlisted alloy that is proposed for inclu-
sion into Ifart MM.

MM-2 LOY DESIGNATIONS

MM-2.1 (eneral

This Pafft identifies for use those metallic materials of
constructipn that have demonstrated the ability to meet
welding ahd surface finish criteria as set forth in other
parts of this Standard. It is the responsibility of the
owner/uper to ensure that any metallic materials
selected f¢r use from those listed in Tables MM-2.1-1
through MM-2.1-3 are appropriate for its intended appli*
cation. The guidelines and criteria listed in this Parttof
the standard indicate a general acceptability foruse-and
do not address the specifics of fabrication or réquire-
ments of gny given service.

MM-3 USES OF SPECIFICATIONS

MM-3.1 G

The doquments listed in"\MM-4.2, MM-4.3, MM-4.4,
MM-4.5, and MM-4.6 may contain references to codes,
standards) or specifieations not listed in this Part of this
Standard. [Such unlisted codes, standards, or specifica-
tions are fo be used only in the context of the listed
documentp in.which they are referenced. Where docu-

eneral

A4 NANAAD NINL A4 DNINS AL

tions governed by this Standard shall conform to g speci-
fication listed in the above paragraphs,jexeppt as
provided in MM-3.3.

MM-3.3 Unlisted Specifications

Alloys in specifications not listed'in MM-4.2, MM-4.3,
MM-4.4, MM-4.5, and MM-4.6'may be used for applica-
tions governed by this Standard provided they cqnform
to a published specificationréovering composition) phys-
ical and mechanical properties, method and progess of
manufacture, heat(treatment and quality contrdl, and
otherwise meet the) chemical composition requirgments
of one of the specifications listed in MM-4.2, MM-4.3,
MM-4.4, MM*4.5, and MM-4.6. Alloys not listed in
Tables MM-2.1-1 through MM-2.1-3 may be uspd for
applications governed by this Standard provided the
following requirements are met:

(1) the applicable requirements of MM-8 are rhet

(b) the specific written permission of the ownet/user
is obtained

MM-3.4 Unknown Materials

Materials of unknown origin or specification shiall not
be used in hygienic service.

MM-3.5 Reclaimed Materials

Reclaimed pipe/tube and other piping comppnents
may be used, provided they are properly identified as
conforming to a published specification lisfed in
MM-4.2, MM-4.3, MM-4.4, MM-4.5, or MM-4.6 ¢r to a
published specification not listed in those paragraphs
and otherwise meeting the minimum requiremgnts of
MM-8. Sufficient cleaning and inspection shall bgd made
to determine minimum wall thickness and freedorh from
n the

mbperfectionsthat would be unaccepntable
r r

ments list
MM-4.6 contain design rules that are in conflict with
this Standard, the design rules of this Standard shall
govern.

1 o N AN 1
O IIT VIOV .2, VIV *.0, IVIIVI*. %, IVIIVI—*.J, dIlCh

MM-3.2 Listed Specifications

Materials purchased to specifications listed in the
appropriate sections of MM-4.2, MM-4.3, MM-4.4,
MM-4.5, and MM-4.6 may be used for applications gov-
erned by this Standard. Fittings must be purchased to
the requirements of Part DT. Valves must meet the

172

intended service.

MM-3.6 Designation of Alloy and Fluid Service

The user is responsible for designating the specific
alloy, from MM-2, to be used for each system having a
product-contact or cleaning solution-contact surface.
The user is also responsible for identifying the appro-
priate fluid service category for piping or tubing, in
accordance with the definitions in the current edition
of ASME B31.3, Process Piping Code.

(
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Table MM-2.1-1 Wrought Stainless Steels: Nominal Compositions (wt. %)
UNS
Number EN
[Note (1)] Designation C N Cr Ni Mo Cu
Common Austenitic Stainless Steels
S30400 ce 0.08 0.11 18.0-20.0 8.00-10.5
1.4301 0.07 0.11 17.5-19.5 8.0-10.5
S30403 - 0.03 0.11 18.0-20.0 8.00-12.0
1.4307 0.03 0.11 17.5-19.5 8.0-10.5
S31600 - 0.08 0.11 16.0-18.0 10.0-14.0 2.00-3.00
1.4401 0.07 0.11 16.5-18.5 10.0-13.0 2.0-2.5
S3160B ce 0.03 0.11 16.0-18.0 10.0-14.0 2.00-3.00
1.4404 0.03 0.11 16.5-18.5 10.0-14.0 2.042.5
1.4435 0.03 0.11 17.0-19.0 12.5-15.0 2.5-3.0
S3170B e 0.03 0.11 18.0-20.0 11.0-15.0 3.00-4.00
1.4438 0.03 0.11 17.5-19.5 13.0-17.0 3.0-4.0
NO89OK A 0.020 0.10 19.0-23.0 23.0-28'0 4.0-5.0 1.0-2.0
1.4539 0.20 0.15 19.0-21.0 24.0-26.0 4.0-5.0 1.20-2.00
Superaustenitic Stainless Steels
N083¢7 0.03 0.18-0.25 20.0-22.0 23.5-25.5 6.00-7.00 0.75
S3125k - 0.02 0.18-0.22 19.5-20.5 17.5-18.5 6.00-6.50 0.50-1.00
1.4547 0.02 0.18-0.25 19.5-20.5 17.5-18.5 6.0-7.0 0.50-1.00
N08926 - 0.02 0.15-0.25 19.0-2180 24.0-26.0 6.00-7.00 0.50-1.50
1.4547 0.02 0.18-0.25 19,5%20.5 17.5-18.5 6.0-7.0 0.5-1.0
Duplex Stainless’Steels
S3220p . 0.03 0.14-0.20 22.0-23.0 4.50-6.50 3.00-3.50
1.4462 0.03 0.10-0.22 21.0-23.0 4.5-6.5 2.5-3.5

GENERAL NOTES:
(@) Makimum, unless range or minimum is indicated.

(b) Valles listed in this Table are primary elements(only and are not complete chemical compositions as listed in specific proquct type
majerial specifications. Alloy composition is typically at the low end of the ranges indicated above. Refer to appropriate prpduct type

maferial specification for complete material\ecomposition requirements.

NOTE:

(1) For|cross-referencing of the UNS nuribers listed above to common alloy names, refer to SAE Metals and Alloys in the Unifigd

Nufnbering System, latest edition.

MM-4 REFERENCEDSPECIFICATIONS
MM-4l1 General

Stapdards arid\specifications adopted by reference in
this Standard\are listed by application category in this
Part. It is hiot considered practical to identify the specific
editiop of each standard and specification listed in the

MM-4.2 Tubing/Piping
Tubing and piping manufactured in accordlance with

the following specifications are acceptable.

ASTM A213/A213M, Specification for Seamlpss Ferritic
and Austenitic Alloy — Steel Boiler Superleater, and
Heat-Exchanger Tubes

following listing; therefore, the most current edition is
implied.

Material manufactured in accordance with earlier edi-
tions of the referenced standards and that in all other
respects conforms to this Standard will be considered
to be in conformance with this Standard.

The ASME Boiler and Pressure Vessel Code (BPVC)
has adopted many of the listed ASTM material specifica-
tions. Materials furnished to the latest edition of these
ASME specifications are also considered to be in confor-
mance with this Standard.

ASTM A249/A249M, Specification for Welded
Austenitic Steel Boiler, Superheater, Heat-Exchanger,
and Condenser Tubes

ASTM A269, Specification for Seamless and Welded
Austenitic Stainless Steel Tubing for General Service

ASTM A270/A270M, Specification for Seamless and
Welded Austenitic and Ferritic/ Austenitic Stainless
Steel Sanitary Tubing

ASTM A312/312M, Specification for Seamless, Welded,
and Heavily Cold Worked Austenitic Stainless Steel
Pipes
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Table MM-2.1-2 Wrought Nickel Alloys: Nominal Compositions (wt. %)

UNS
Designation
[Note (1)] EN Number C Cr Ni Mo Cu Other
N06625 0.10 20.0-23.0 58.0 min 8.00-10.0 Fe: 5.0 max.,
(Nb + Ta): 3.15-4.15
2.4856 0.03-0.10 20.0-23.0 58.0 min 8.0-10.0 0.5 Fe: 5.0 max.,
(Nb + Ta): 3.15-4.15,
Ti 0.40 max.
N10276 0.01 14.5-16.5 Balance 15.0-17.0 W: 3.0%4.5
2.4819 0.01 14.5-16.5 Balance 15.0-17.0 0.5 W:"3.0-4.5
Co 2.5 max., Nin 1.0
max.
N06022 0.015 20.0-22.5 Balance 12.5-14.5 W: 2.5-3.5
2.4602 0.01 20.0-22.5 Balance 12.5-14.5 W: 2.5-3.5
Fe 2.0-6.0, Cq 2.5
max.

GENERAL NQTES:
(@ Maximum, unless range or minimum is indicated

(b) Values listed in this Table are primary elements only and are not complete chemical compositions as listed in specific product type
material|specifications. Alloy composition is typically at the low end of the ranges indicated above. Refer to appropriate producf type

material|specification for complete material composition requirements.
(c) Alloys ligted between horizontal lines are not equivalent, but comparable.

NOTE:

(1) For crosg-referencing of the UNS numbers listed above to common alloy nanjes, refer to SAE Metals and Alloys in the Unified Nymber-

ing Systém, latest edition.

ASTM A}11, Standard Specification for Seamléss
Stainles$ Steel Mechanical Tubing

ASTM AY89/A789M, Standard Specification for
Seamlegs and Welded Ferritic/Austenitic Stainless
Steel Tuping for General Service

ASTM AY90/A790M, Standard Specification for
Seamlegs and Welded Ferritic /Austenitic Stainless
Pipe

ASTM B{19 Specification for Welded Nickel and
Nickel{ obalt Alloy Pipe

ASTM B6342, Standard Specification for Seamless Nickel
and Nidkel-Cobalt AHloy Pipe and Tube

ASTM Bg26, Specification for Welded Nickel and
Nickel{obalt-Alloy Tube

ASTM B675, Specification for UNS N08367 Welded Pipe

ASTM B67 ificati

ASTM B690, Specification for Iron-Nickel-Chromium-—
Molybdenum Alloys (UNS N08366 and UNS N08367)
Seamless Pipe and Tube

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive,
P.O. Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

DIN 17744, Wrought nickel alloys with molybdenum
and chromium — Chemical composition
DIN 17751, Tubes of wrought nickel alloys — Properties

Publisher: DIN Deutsches Institut fiir Normunpg e.V.,
Burggrafenstrale 6, 10787 Berlin, Germany

EN 10216-5, Seamless Steel Tubes for Prdssure
Purposes — Technical Delivery Conditions — Part 5:
Stainless Steel Tubes

EN 10217-7, Welded Steel Tubes for Prdssure
Purposes — Technical Delivery Conditions — Part 7:
Stainless Steel Tubes

EN 10312, Welded Stainless Steel Tubes f¢r the
Conveyance of Water and Other Aqueous Liqyids —
Technical Delivery Conditions

Publisher: European Committee for Standardikation
(CEN), Avenue Marnix 17, B-1000 Brussels, Belgium

~]

Castings manufactured in accordance with the follow-
ing specifications are acceptable.

ASTM A351/A351M, Specification for Castings,
Austenitic, for Pressure-Containing Parts

ASTM A494/A494M, Standard Specification for
Castings, Nickel and Nickel Alloy

ASTM A743/A743M, Specification for Castings, Iron-
Chromium, Iron-Chromium-Nickel, Corrosion
Resistant, for General Application
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Table MM-2.1-3 Stainless Steel and Nickel Alloy
Cast Designations

Approximate Wrought
Equivalent

UNS ACI EN UNS EN
Designation Designation Designation Designation Designation

Austenitic Stainless Steels

Publisher: American Society for Testing and Materials

(ASTM International), 100 Barr Harb

or Drive,

P.O. Box C700, West Conshohocken, PA 19428-2959

(www.astm.org)

EN 10213, Steel Castings for Pressure Purpo

SEeS

EN 10283, Corrosion Resistant Steel Castings

Publisher: European Committee for Standardization
(CEN), Avenue Marnix 17, B-1000 Brussels, Belgium

the follow-

s, Forged
mperature

br Rolled
N06035,
N06686,
N08026,
N10665,
N08031,
033 Alloy
and Parts

orgings
Materials

or Drive,
| 9428-2959

irposes —

r General
bteels

hrdization
b, Belgium

)ccordance
ble.

mium and

192600 CF8 $30400
.. 1.4308 1.4301
MM-Z.4 Forgings
92590 CF3 530403 .
J 1.4309 1.4307 Forgings manufactured in accordance with
1.4306 ing specifications are acceptable.
192990 CF8M = 531600 e ASTM A182/A182M, Specificationdor Forgedl or Rolled
i 1.4408 1.4401 Alloy and Stainless Steel)Ripe Flangé
192890 CF3Mm e 531603 e Fittings, and Valves and®arts for High-T¢
1.4409 1.4404 Service
1.4435 ASTM B462, Specification for Forged
192999 CG3M ... S31703 ... UNS NO06030,, UNS NO06022, UNS
- 1.4412 1.4438 UNS NO06200;)"UNS NO06059, UNS
Superaustenitic Stainless Steels UNS N08020, UNS NO08024, UNS
UNS N08367, UNS N10276, UNS
4651 CN3MN N08367 ! !
D UNS.N10675, UNS N10629, UNS
g dONan e SIme UNS.N06045, UNS N06025, and UNS R2
= - - Pipe Flanges, Forged Fittings, and Valves
Duplex Stainless Steels for Corrosive High-Temperature Service
192205 CD3MN 532205 . ASTM 8564, Specification for Nickel AHOy B
1.4470 1.4462 Publisher: American Society for Testing and
Nickel-Based Alloys (ASTM International), 100 Barr Harb
R wemc N06625 P.O. Box C700, West Conshohocken, PA
N O Gy (wwwastmorg
N30d02  CW12MW N10276 . EN 10222-5, Steel Forgings for Pressure P1
.. . N\ 2.4819 Part5: Martensitic, Austenitic, and Austenitic-Ferritic
N26455  CW2M N10276 . Stainless Steels
2.4610 EN 10250-4, Open Die Steel Forgings fo
. 2.4819 Engineering Purposes — Part 4: Stainless
N30707 CW6M N10276 e Publisher: European Committee for Stand
.. e ... 2.4819 (CEN), Avenue Marnix 17, B-1000 Brussel
N26(02 cX2mMw N26022 . .
2.4602 MM-4.5 Plate, Sheet, and Strip
] ] ) ] Plate, sheet, and strip manufactured in
GENERALNOTE: (Alloys listed between horizontal lines are not equiv- with the following specifications are accepta
alent, Hut comparable.
ASTM A240/A240M, Specification for Chro
Chromium-Nickel Stainless Steel Plate,

bheet, and

ASTM A744/A744M, Standard Specification for
Castings, Iron-Chromium-Nickel, Corrosion
Resistant, for Severe Service

ASTM A890/A890M, Specification for Castings,
Iron-Chromium-Nickel-Molybdenum Corrosion-
Resistant, Duplex (Austenitic/Ferritic) for General
Application

ASTM A995/A995M, Standard Specification for
Castings, Austenitic-Ferritic (Duplex) Stainless Steel,
for Pressure-Containing Parts

175

Strip for Pressure Vessels and for General Applications
ASTM A666, Specification for Annealed or Cold-Worked
Austenitic Stainless Steel Sheet, Strip, Plate, and

Flat Bar

ASTM B443, Specification for Nickel-Chromium-
Molybdenum-Columbium Alloy (UNS N06625) and
Nickel-Chromium-Molybdenum-Silicon Alloy

(UNS N06219) Plate, Sheet, and Strip

ASTM B575, Specification for Low-Carbon Nickel-
Chromium-Molybdenum, Low-Carbon Nickel-
Chromium-Molybdenum-Copper, Low-Carbon

(
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Nickel-Chromium-Molybdenum-Tantalum, and Low-
Carbon Nickel-Chromium-Molybdenum-Tungsten
Alloy Plate, Sheet, and Strip

ASTM B688, Specification for Chromium-Nickel-
Molybdenum-Iron (UNS NO08366 and UNS NO08367)
Plate, Sheet, and Strip

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive,
P.O. Box C700, West Conshohocken, PA 19428-2959

Publisher: DIN Deutsches Institut fir Normung e.V.,
Burggrafenstrafie 6, 10787 Berlin, Germany

EN 10095, Heat resistant steels and nickel alloys

EN 10263-1, Steel Rod, Bars and Wire for Cold Heading
and Cold Extrusion — Part 1: General Technical
Delivery Conditions

EN 10263-5, Steel Rod, Bars and Wire for Cold Heading
and Cold Extrusion — Part 5: Technical Delivery
Conditions for Stainless Steels

(www.a|

DIN 1774
and chr

DIN 1775(
alloys —

Publisher:| DIN Deutsches Institut fiir Normung e.V.,
Burggrafenstrafie 6, 10787 Berlin, Germany

4 A}
IOt gy

i, Wrought nickel alloys with molybdenum
bmium — Chemical composition

, Strip and sheet of nickel and wrought nickel
- Properties

EN 100281
Purposs
EN 100281
Purposq
EN 10088-
Conditi
Resistin|
EN 10095,

Publisher|
(CEN),

1, Flat Products Made of Steels for Pressure
s — Part 1 — General Requirements

7, Flat Products Made of Steels for Pressure
s — Part 7: Stainless Steels

D, Stainless Steels — Part 2: Technical Delivery
pns for Sheet/Plate and Strip of Corrosion
b Steels for General Purposes

Heat resistant steels and nickel alloys

European Committee for Standardization
Avenue Marnix 17, B-1000 Brussels, Belgium

MM-4.6 K

Hollow jproducts, rod, and bar stock manufacturedtin
accordanfpe with the following specifications are
acceptabld.

ASTM A2
Bars an

ASTM A4
Bars and
Vessels

ASTM B5|
Chrom
Molybd
Nickel~
Carbon
Alloy Rpd

ASTM B691,\Specification for Iron—Nickel-Chromium-—

ollow Products, Rod, and Bar Stock

/6, Standard Specification for-Stainless Steel
1 Shapes

79/ A479M, Specification fOr Stainless Steel
| Shapes for Use in Boilers-and Other Pressure

74, Specification.for Low-Carbon Nickel-
um-Molybdénum, Low-Carbon Nickel-
enum—-Chromium-Tantalum, Low-Carbon
hromiut=Molybdenum—Copper, and Low-
NickelzChromium-Molybdenum-Tungsten

bses
livery
Rods,
osion

EN 10277, Stainless Steel Bars 1ot Pressule PULp

EN 10088-3, Stainless Steels — Part 3: Technical ID4
Conditions for Semi-Finished Products,\Bars,
Wire, Sections and Bright Products of Cor
Resisting Steels for General Purpgses

Publisher: European Committee*for Standardi
(CEN), Avenue Marnix 17, B=1000 Brussels, Bg

vation
lgium

For austenitic stainless &teels, hollow producfs and
bar stock are acceptable™for nozzles and clanping
mechanisms.

MM-5 FABRICATION
MM-5.1 General

This Part provides fabrication requiremen
guidelines for metallic components, equipmen
distribution systems fabricated from the stainles
grades and nickel alloys listed in Tables MM
through MM-2.1-3. Fabrication with metallic ma
other than those listed in this Part is permitted wjth the
owner’s written approval (see MM-3.3). Such fabrjcation
shall be performed in accordance with the material man-
ufacturer’s recommendations.

MM-5.1.1 Austenitic Stainless Steel Weld Epds.
Weld ends that are to be autogenously welded shall have
a sulfur content between 0.005 wt. % and 0.017 wt. %.
This requirement applies to the common austenitiq stain-
less steels listed in Table MM-2.1-1 with the excpption
of UNS S31703, UNS N08904, and their compprable
alloys. For fittings and process components empjoying
welds, this requirement does not apply to welds| made
in the construction of the fitting or component.

s and
t, and
5 steel
-2.1-1
terials

MM-5.1.2 Superaustenitic and Duplex Stajnless

Steels. If a filler metal or consumable insert i$ used

Molybdenum Alloys (UNS N08366 and UNS N08367)
Rod, Bar, and Wire

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive,
P.O. Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

DIN 17744, Wrought nickel alloys with molybdenum
and chromium — Chemical composition

DIN 17752, Wrought nickel and nickel alloy rods and
bars — Requirements and testing

176

| - Latis | lolocas s e be in
uu11116 lllllllé [2884v \,Ullltlullcllt ITAUVITICAUIULL, IU IITUS
accordance with the required filler metals or consumable
inserts listed in Table MM-5.1.2-1 or Table MM-5.1.2-2,
respectively. The fabricator must also supply proof of
filler metal or consumable insert compliance as part of
the documentation.

MM-5.1.3 Castings. When cast alloys discussed in
this section solidify, microsegregation of chromium and
molybdenum occurs. Segregation reduces corrosion
resistance and is corrected in castings by a full solution
anneal as specified by the material specification or as

(
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Table MM-5.1.2-2 Consumable Inserts for
Superaustenitic and Duplex Stainless Steels

Table MM-5.1.4-1 Predicted Ferrite Number (FN)
Ranges for Various 316 Product Forms and Welds

Base Metal Alloy Insert Alloy [Note (1)]

UNS ACl EN UNS EN

Product Form Expected FN

Desi . Desi ., Desi . Desi . Desi . Wrought product forms with sulfur FN = 0.5t0 4
esignation Designation Designation Designation Designation levels less than 0.005%
Superaustenitic Stainless Steels Wrought product forms with a FN = 1.0to 6
sulfur range of 0.005% to
N08367 N06625 0.017%
N06022 GMAW/GTAW using ER316L FN = 4 to 12 [Note (2)]
N10276 fNote—H]
NO89P6 N06625 SMAW using ER316L [Notes (3), FN = 4to [10 [Note (5)]
N06022 @]
N10276 CF8M and CF3M castings FNy=-5 to [15
1.4529 2.4856 GENERAL NOTE:  FN ranges determined from D. J. Kotdcki and T. A.
2.4602 Siewart, “WRC-1992 Constitution Didgram for Stainless Steel Weld
2.4819 Metals: A Modification of the”WRC-1988 Diagrarh,” Welding
S31264 N06625 Journal 71(5), p. 171-s, 1992,
N06022 NOTES:
N10276 (1) SFA 5.9/5.9M, Specification for Bare Stainless Ste¢l Welding
Electrodes and Rods
1.4547 2.4856 (2) Nitrogen pickup orweld metal dilution could resulf in a 3 FN
2.4602 . .
2.4819 to 4 FN loss Tn'the as deposited weld metal.
. (3) SFA 5.4/5.4M, Specification for Stainless Steel Eleftrodes for
1946p1 CN3MN N06625 Shielded Metal Arc Welding
N06022 (4) Eléctrodes with a restricted FN usually require a special order,
N10276 with the exception of 2 FN maximum product for cfyogenic ser-
193254 CK3MCuN N06625 vice temperatures.
N06022 (5) FN in the as-deposited weld is influenced by welding tech-
N10276 nique and is lowered by nitrogen pickup or weld npetal
dilution.
1.4557 2.4856
2.4602
24819 .
- recommended by the material manufacturdr. All cast
Duplex Stainless Steels materials shall be supplied in the solution anijealed con-
5322p5 N06§022 dition, and the solution anneal procedure phall meet
Na¥6 the time and temperature requirements of the product
1.4462 2.4602 specification. Any weld repair by the casting manufac-
2.4819 turer shall meet the requirements of the specfication or
192205 CD3MN N06022 shall be as specified by the owner.
N10276 s pe . .
MM-5.1.4 Ferrite. If specific ferrite levels|in 316 and
1.4470 2.4602 other common austenitic stainless steel equjpment are
2.4819 deemed necessary to maintain certain properties, the
owner/user shall specify required ferrite rahges sepa-
GENERAL NOTES: . .
. . rately for base metal, for welds in the solutiop annealed
(@ Thq use of UNS consumable inserts is recommended for weld- diti df 1ds left in th lded diti
ing[of UNS base metal; the use of EN consumable inserts is condition, and for welds left in the as-weldedfcondition.
rechnimerided for welding of EN base metal. As a general rule, material with high ratios ¢f Ni to Cr
(b) AllgystistedtbetweemoTizomtattimesare Totequivatert; bt sheowtowerferrtedevelstnthe basemetaland subse-
comparable. quent to welding. See Table MM-5.1.4-1 for predicted
NOTE: ferrite number ranges for various 316 stainless steel

(1) See MM-4 for listed rod, bar, or plate specifications from
which these consumable inserts may be manufactured.

product forms. These are not acceptance criteria. The
listed ferrite numbers refer to as-solidified 316 stainless
steels and therefore indicate predicted ferrite levels of
the respective autogenous welds, welds with filler metal,
or castings. Additional information regarding ferrite can
be found in Nonmandatory Appendix G.

MM-5.1.5 Special Materials. When specified by the
owner/user, other metals, including coatings such as

Copyright © 2012 by the American Society of Mechanical Engineers.
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platinum, gold, and others, may be used for product
contact surfaces in process instrumentation.

MM-5.2 Filler Metals and Consumable Inserts

Filler material shall conform to a published specifica-
tion. Table MM-5.1.2-1 lists the recommended filler met-
als for welding the listed austenitic, superaustenitic, and
duplex stainless steels and nickel alloys.

Table MM-5.1.2-2 lists the recommended materials

The listed duplex stainless steel, UNS 532205, may
be prone to the precipitation of undesirable secondary
intermetallic phases such as sigma and chi. This precipi-
tation occurs continually in the range of 1,200°F (650°C)
to 1,830°F (1 000°C). Owner/users are cautioned that
any service temperature, heat treatment, or welding pro-
cedure that exposes this material to these temperatures
should be minimized. The material manufacturer should
be consulted for specific instructions regarding heat
ireatment

from whiq
listed sup
Filler
Tables MN
the prior 3
(a) they]
ance equa
(b) the
with Secti
Proprief
agreement
and perfo
of this St

are met.

MM-5.2
carbon gr
to weld th

MM-5.
superaust
MM-2.1-3
secondary|
This precij
(540°C) to
welding af
ing solutid
exposure
minimum

Owners
ature, heat
this mate
mized. Th|
for specifi

MM-5.2
Listed Allg
alloys fron

L ITISTI LS lllcl)’ UC IITdUT 10U UST 11T VWCIUIL 16 UIT
braustenitic and duplex stainless steels.
materials other than those listed in
1-5.1.2-1 and MM-5.1.2-2 may be used with
pproval of the owner/user provided that:
produce weld metal having corrosion resist-
to or greater than that of the base metal
welding procedure is qualified in accordance
bn IX of the ASME BPVC
ary filler materials may be used with the prior
of the owner/user, provided all procedure
mance qualification requirements of Part MJ
indard and Section IX of the ASME BPVC

.1 Austenitic Stainless Steels. Only the low-
des of stainless steel filler metals may be used
ese alloys.

.2 Superaustenitic Stainless Steels. The
bnitic stainless steels in Tables MM-2.1-1 and
are prone to the precipitation of undesirable
intermetallic phases such as sigma and(chi.
bitation typically occurs in the range of 1,000°F
1,900°F (1 040°C). This is a concern during
nd other thermomechanical processes, includ-
n annealing. It is, therefore, desirable to keep
time within this temperature range to a

users are cautioned-that any service temper-
treatment, or welding procedure that exposes
fial to these temperatures should be mini-
b material manufacturer should be consulted
b instructions regarding heat treatment.

.3 Consumable Inserts for Orbital Welding of
yS.. Jable MM-5.1.2-2 lists the most common

h which consumable inserts are machined for

MM-5.3 Field Bending of Tubing

Field bending of tubing is permitted\for diameters up
to and including % in. (12.7 mm); Post-bendinf; heat
treatment is not required. Bending oftubing of any|diam-
eter requires prior written permission from the owner/
user. Consult the materidl-manufacturer for rpcom-
mended minimum bend ¥adii.

MM-5.4 Heat Treatment

Heat treatmentof process components made fr
common autenitic stainless steels in Table MM-3.1-1 is
not addressed by this Standard. For other alloyq and/
or fabrigation processes, components may requige heat
treatthent. The material manufacturer shoyld be
consulted.

m the

MM-6 MECHANICAL PROPERTIES
MM-6.1 General

The specific service environment for which the
in Tables MM-2.1-1 through MM-2.1-3 may be 4
not within the scope of this Standard. The possib
material deterioration in service should be cons
by the owner/user. Carbide phase degradation of
sion resistance, susceptibility to intergranular cofrosion
of austenitic materials, or grain boundary atthck of
nickel-based alloys are among those items requiring
attention.

alloys
sed is
lity of
dered

COrro-

MM-6.2 Tubing/Piping

All tube or pipe used for product contact suffaces,
cleaning solution contact surfaces, and nonprodugt con-
tact surfaces shall meet the mechanical property rdquire-

use in welding specific superaustenitic and duplex stain-
less steels. Other nickel-chromium-molybdenum
inserts may be used as long as the corrosion resistance
of the final weldment meets or exceeds that of the base
metal.

MM-5.2.4 Duplex Stainless Steels. The corrosion
resistance and mechanical properties of duplex stainless
steels are based on having roughly equal amounts of
ferrite and austenite in the microstructure at room

180

ments of the specification to which they are
manufactured.

MM-6.3 Fittings and Welded Components

Refer to DT-2 for strength requirements for fittings
and valves.

MTRs for fittings are not required to list mechanical
properties; however, if they do, they must comply with
the specifications for the raw materials from which the
fittings were fabricated. It should be understood that
the mechanical properties for worked products, such as

temperature.
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fittings, can be expected to deviate from that of the
original heat, or from the original MTR of the material.

MM-6.4 Toughness

Some of the materials listed in Tables MM-2.1-1
through MM-2.1-3 undergo a decrease in toughness
when used at low temperatures, to the extent that other
applicable Codes may require impact tests for applica-
tions even at temperatures higher than +20°F (-6.67°C).
Itist it
such
all ap

sting is performed and that the requirements of
blicable codes are met.
MM-6

Ref
and S

5 Testing

br to DT-6 for the testing requirements for fittings
5-3.3.2.3 for the testing requirements for valves.

MM-7
MM-7,

Res
of the
by thi

CORROSION RESISTANCE REQUIREMENTS

1 General

stance to corrosion is an essential characteristic
materials used to fabricate the systems governed
s Standard. Corrosion testing is recommended
wheng¢ver specific production performance characteris-
tics mpst be determined. The owner/user shall have the
final gesponsibility for proper material selection.

MM-7

Corjrosion testing may be performed for the following
reasorjs:

(a) fo compare a number of alloys in a specific stan-
dard ¢nvironment, or

(b) to determine the compatibility of an alloy in a
specifjc user defined environment

Onde a particular alloy has beefi selected for an appli-
cation}, more extensive testing(may be appropriate. This
testing may involve the evaluation of any one of a num-
ber of|process variables en.material performance. These

2 Corrosion Testing

variables include, but may not be limited to, upset tem-
perature conditions, varying concentrations of the corro-
sive agent or condition, cleaning chemical type and
concentration, various surface finishes, welding process,
and filler metal alloy. It may be appropriate to use elec-
trochemical test methods or a standard immersion test
method to evaluate the effect of the various parameters.
Standard ASTM corrosion tests commonly used are dis-
cussed in Nonmandatory Appendix F, Corrosion

MM-8 UNLISTED ALLOYS
MM-8.1 General

Unlisted alloys may be submitted for corsideration
for inclusion into Table MIM-21-1, Table MIM-2.1-2, or
Table MM-2.1-3 of this Part+of the Standard] when the
following information is-submitted to and foynd accept-
able by the MM Subeodmmittee:

(a) an industryereécognized specification o
including tensile strength properties.

(b) certification that fittings and fabricats
nents meet\the pressure ratings of Table I
valves.aeet the pressure rating requirement

(¢) data showing that the corrosion resistz
alloy, as measured by the pitting resistance
(PRE) number using the applicable equation gn a typical
composition, meets or exceeds that of 316]. stainless
steel (UNS S31603). PRE number listings ca be found
in Nonmandatory Appendix F, Corrosion Testing.

(d) evidence that the material can be m¢chanically
polished, electropolished, and/or passivated fo meet the
applicable requirements of Part SF.

(e) a recommended welding process(es)l and filler
metal(s), evidence showing that the combination of base
metal, filler metal(s), and recommended wdlding pro-
cess(es) meets the requirements of MM-6, MM-7, Part SE,
and Part M]J. Special restrictions or instructions shall be
noted.

¢ standard

d compo-
T-2-1 and
5 of DT-2.
nce of the
equivalent
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Part PI
Process Instrumentation

PI-1 PURPOSE AND SCOPE

(c) Where required for proper operation, all instru-

The purpose of this Part is to provide requirements for
process ingtrumentation. This Part defines the minimum
requiremehts for the application of process instrumenta-
tion in hygienic systems.

PI-2 PROCESS INSTRUMENTATION GENERAL
REQUIREMENTS

Process |[instrumentation includes primary elements,
transmitters, analyzers, controllers, recorders, transduc-
ers, final ¢ontrol elements, signal converting or condi-
tioning devices, computing devices, and electrical
devices spich as annunciators, switches, and push-
buttons. The term does not apply to parts (receiver bel-
lows or a|resistor) that are internal components of an
instrument.

PI-2.1 Geheral Considerations

All progess instrumentation should be installed per
the manufacturers’ instructions for proper operation.
Indicating| devices shall be oriented and located\such
that they |can be easily viewed for maintenance and
operation |purposes. Instruments shall be docated and
oriented sp connections can be easily made*and ample
room exis{s for removal, service, and/calibration.

Instrumgnts, connecting tubing, and Systems shall be
supported| utilizing additional brackets as necessary, in
such a mgnner that undue stfess’is not imposed upon
the instrunent and to allowfor ease of removal without
disturbing the connected\Components.

Remotetmounted devices (transmitters, etc.) shall be
mounted with appropriate supports to a permanent
structure. Ladders, Wandrails, guardrails, etc. shall not be
acceptabld mounting supports. If necessary, dedicated
instrumen} sapports shall be provided.

All instrumentation shall be located and installed in
such a way as to ensure that the instrument will operate
in the manner intended by the instrument manufacturer.
Adequate maintenance access shall be provided.

Pl-2.1.1 Additional Considerations

(a) Liquid-filled elements in measuring devices
should not contain materials that are harmful to the
product.

(b) Gage siphons (pigtails) should not be used. The
number of isolation valves should be minimized.

182

Ments, vatves, and in-1ine devices shatt be permanently
marked for proper installation (flow diredt{on or
orientation).

(d) Measurement elements shall be desigried inlJa way
that a failure will not cause contamination hazdrds to
the process and environment.

(e) The internal volume of the instrument’s sensing
element should be minimized:

(f) Instruments should:have integral hygienic fittings.
Threaded ferrules are not acceptable to convert stqndard
instrumentation to hygienic standards.

PI-2.1.2 Exterior Design. Care should be giyen to
material selection to be compatible with all intended
uses to include expected facility /facilities general|clean-
ing proceduires. Sensors and transmitters shall be Housed
in an*énclosure with a suitable rating as agreed upon
by.the owner/user and shall comply with Part §D.

PI-2.2 Instrumentation Categories

Process instrumentation may be broadly categprized
by process installation type as in-line, insertion, 3t-line,
and off-line devices. Process instruments withir| these
categories share some basic installation recommnjenda-
tions for hygienic and in-process performance.

PI-2.2.1 In-Line Devices. In-line process instryments
are self-contained devices installed directly into thje pro-
cess tubing system similar to a standard fitting| Basic
installation requirements for hygienic operatjon as
found in Part SD pertain to in-line process instru

dations are defined later in this Part.

PI-2.2.2 Insertion Devices.

tubing system or process vessel to measure a parameter.
Insertion devices generally require proper immersion
into the process media for optimal performance. Installa-
tion of insertion devices must balance performance
requirements and hygienic operation. Refer to later sec-
tions of this Part and/or the manufacturer’s recom-
mended guidelines for specific recommendations (see
Fig. PI-2.2.2-1).

PI-2.2.3 At-Line Devices. At-line devices are instru-
ments that measure various parameters by the means

(
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Fig. PI-2.2.1-1

In-Line and At-Line Instrument Installation Examples

In-Line Instrument
Installed on by-pass
with isolation valves with
product reintroduced

At-
In
li

ine Instrument
talled on side-stream
e with product to drain

of a sile-stream sampling loop, which are generally not
reintrgduced back into the process. Connection of the
sampling stream shall be compliant with Part SD and
desigred to ensure continuous sampling flow to mains
tain hiygienic operation for optimal measurement {(see
Fig. P[-2.2.1-1).

In-Line Instrument
Installed directly in
product stream

valve

PIs3:3 Instrument Handling: Protection of H
Connections and Surface Finish

rocess

Care shall be taken to protect the process cofnection(s)
and surface finish of the instrument during| receiving,
handling, calibration, and storage.

PI-3.4 Instrument Storage

Pl42.2.4 Off-Line Devices. Off-line(devices are
instruents located away from the main, process and PI-3.4.1 Special Considerations. Specia] consider-
are ngt covered in this Part. ation for storage shall be made for certain ingtrumenta-
tion, such as analytical instruments, according to the
manufacturer’s recommendations.
PI-3 [INSTRUMENT RECEIVING, HANDLING, AND . .
STORAGE PI-3.4.2 Instrument Shelf Life and Environmental
Requirements. Instruments with limited shglf lives or
PI-3.1] Introduction environmental requirements (temperature,|humidity,
. . . etc.) shall be identified.
Material compatibility and environmental storage o . . . .
1. . .. Additional information regarding irstrument
condifions shalkbe considered when receiving, han- gy . . . .
. A . . 4 receiving, handling, and storage is corftained in
dling|and storing process instrumentation. All instru- 7~ 7 0 L 0
ments{shallhave markings such as labels, tags, barcodes, y App ’
or raflig=frequency identification (RFID) to ease
identification. P-4 FLOWMETERS

PI-3.2 Instrument Receiving

The instrument(s) shall be identified by part/model
numbers.

PI-3.2.1 Original Packaging. The integrity of the
original packaging of any component, with cleaning cer-
tifications such as passivated, cleaned for oxygen ser-
vice, or hydrocarbon free, shall be maintained during
inspection and storage.

183

Pl-4.1 Coriolis Flowmeter

Pl-4.1.1 General Considerations. This section pro-
vides the requirements for installation and operation of
Coriolis flowmeters specific to bioprocessing and phar-
maceutical industries as well as other applications with
hygienic requirements.

The design, construction, and fabrication of Coriolis
flowmeters are governed by other parts of this Standard.
PI-4.1.2 and PI-4.1.3 may be used as a general reference.

(
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Fig. PI-2.2.2-1 Accepted Insertion Device Installation Examples

[

L = per manufacturer recommendation

Insftrument Socket With Sidewall With Angled Angled Sidewall With
Beveled Interior Hygienic Ferrule Hygienic Ferrule

A = 15 deg.type/device dependent

Flush mount Top mount insertion

instrumentation with flush style

Pressure gauge with fitting hygienic ferrule
hygienic ferrule

Top mount insertion
with hygienic ferrule

S 1

Sight-glass with
hygienic ferrule

184
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Fig. PI-4.1.3.2-1 Manifold or Flow Splitter for Dual
Tube Construction Flowmeters and Potential for
Product Holdup

AT

construction flowmeter, with a tube inside diameter dif-
fering from the process line inside diameter, to be
mounted in horizontal piping. The geometry of process
connections, including reductions in flow area, shall be
considered when assessing drainability and determin-
ing installation requirements. The Coriolis flowmeter
shall use acceptable hygienic connections and fittings
as per Part SG.

Pl-4.1.4 Installation. The manufacturer shall pro-

Product holdup
not acceptable

PI-4.1.2 Essential Components. Improper design
and/qr installation of a flowmeter can affect the draina-
bility|and cleanability of the system to which it is
attaced. Three components of Coriolis flow meters
affect drainability and cleanability: the flow tube(s), the
manifpld or flow splitter, and the process connections
in combination with the installation angle.

The|Coriolis flowmeter shall meet the produét.contact
surfade requirements as specified in Part SF sfor all the
procegs wetted components including flow tube(s), man-
ifold /[flow splitter, and process connéction.

PI-.1.3 Components

P|-4.1.3.1 Flow Tube(s)~ Coriolis flowmeters are
either of single tube or«dual tube construction. The
tube(d) can be either straight or bent. The geometry of
tube Hends shall be €onsidered when assessing draina-
bility pnd determining installation requirements.

P|-4.1.3.2 (Manifold or Flow Splitter. The manifolds
or floy splitters for dual tube construction flowmeters
are the¢ interface between the sensor process connections

vide the owner/user with the mounting and dleanability
requirements necessary to maintain, operatej]and prop-
erly drain the flow meter.

Pl-4.1.4.1 Drainability. The-flow tube of tubes, the
manifold or flow splitter, and-the process cpnnections
shall be considered a systemr. If & design can He supplied
with different types of pteeess connectiond, then the
orientation shall considerthe worst case for drainability,
or each type of process connection shall be fonsidered
individually.

Coriolis flowimeters should be drainable wjth gravity.
Coriolis flowmeters that are not drainable wjith gravity
shall be indicated by the manufacturer and should be of
single ttibe or other system design to minimifze product
holdsup. An additional motive force (e.g., [air purge)
may be required to ensure complete drainaHfility.

Drainability requirements should be detefmined by
process requirement and shall be definpd by the
owner/user.

Pl-4.1.4.2 Cleanability. Coriolis flowmgters using

a dual tube construction with small diameter ffubes have
a potential for plugging and can adversely| affect the
cleanability of the flow meter. It is the respopsibility of
the owner/user to assess the risk of pluggifg and the
effectiveness of cleaning processes, based or| their pro-
cess and the information provided by the mahufacturer.
Requirements relating to cleanability, stqrility, and
drainability are addressed in Part SD.

Pl-4.1.4.3 Mounting Location. It is recqmmended
to install the Coriolis flowmeter vertically with the pro-
cess fluid flowing upward through the flownpeter (refer
to Fig. PI-4.1.4.3-1). If the Coriolis flowmetpr is to be
installed horizontally, then drainability shall[be consid-
ered (e.g., by gravity or air purge).

and the-senser—measuring—tubes—and—they—ean—create
product hold up as shown in Fig. PI-4.1.3.2-1. The geom-
etry of manifolds or flow splitters shall be considered
when assessing drainability and determining installa-
tion requirements.

PI-4.1.3.3 Process Connections. The interface
between the process connections and the sensor tube(s)
may result in product holdup, even with single straight
tube flowmeters. This is shown for concentrically reduc-
ing process connections in Fig. PI-4.1.3.3-1. Eccentrically
reducing process connections may allow a single tube

Pl-4.1.4.4 Orientation. The Coriolis flowmeter
will operate in any orientation as long as the flow tube(s)
remain full of process fluid.

For Coriolis flowmeters that are drainable with grav-
ity, the manufacturer shall provide the owner/user with
information on how the flowmeter is to be installed to
ensure effective drainability.

For flowmeters that are mounted in-plane with the
process line, the information should include the mini-
mum angle of inclination, a; and how to orient the flow-
meter in that plane (refer to Fig. PI-4.1.4.4-1 for definition
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Fig. PI-4.1.3.3-1 Concentrically Reducing Process Connection

B A
A = Customer ferrule
/ B = Sensor process connection
C = Customer pipe I.D.
D c D = Sensor process connection I.D.
E 1 E = Sensor measuring tube I.D.
ace—lolconnection)

Product holdup
not acceptable

Fig. PI-4.1.4.3-1 Vertical Installation

¢
=

Fig. PI-4.1.4.4-1 Minimum Angle of Inclination, «

a (for full drainability)
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of angle of inclination, «). It is recommended the infor-

mation be provided in pictorial format.
Manufacturer’s recommendation for installation and

support of Coriolis flowmeters should be followed.

Pl-4.1.4.5 Special Considerations for Passivation of
Coriolis Flowmeters. Coriolis flowmeter materials of
construction vary significantly between manufacturers.
Certain passivation procedures may damage Coriolis
flowmeter materials. If the Coriolis flowmeter is to be
passiyated, the complete passivation procedure should
be prqvided by the owner/user to the manufacturer for

it appllies (e.g., mass, volume, density, temperature, or
viscos

.ty).

P|-4.1.5.2 Process Influences. Coriolis flowmeters
deliver their best performance when completely filled
with @ uniformly distributed process fluid. Entrained
gas |should be eliminated or minimized.
Multiphase applications involving non-heniogeneous
mixtufes can cause measurement errors. The use of fil-
ters, dir and/or vapor eliminators,ef other protective
devicps to reduce errors in meastirement should be
placed upstream from the Coriolis’flowmeter.

P|-4.1.5.3 Ambient Influences. Large differences
in the|temperature between the measuring tube(s) and
the anpbient temperature can cause errors in the temper-
ature gompensatior (e'g., CIP/SIP). The use of insulation
materfals can reduce these effects.

PI-f.1.6 . Selection. The major consideration when
selecting and sizing a Coriolis flowmeter is the tradeoff
betwdenypressure drop and flowmeter performance

the manifold or flow splitter, the process connections],
and the process fluid and the cleaning fluid (e.g., process,
CIP, SIP, and passivation).

PI-4.1.7 Maintenance. There are no specific mainte-
nance requirements for a Coriolis mass flowmeter.

PI-4.1.7.1 Seals/Gaskets. The manufacturer shall
advise the owner/user if the process connections are
not fully welded to the sensor body and if use of a

a i iodic inspection

is needed.

PI-4.1.7.2 Recalibration/Verification Schedule. A
Coriolis flowmeter properly installed and operated
within the manufacturer’s guidelines on cJean, non-
corrosive and non-abrasive $luids is stabl¢. The fre-
quency of recalibration orVetification of the[flowmeter
is governed by the critiCality of the measurpment and
the nature of the operating conditions. The|frequency
of calibration verification shall be determirjed by the
owner/user.

As the Coriolis mass flowmeter is a mass fI
it is prefefablé to perform the calibration v
against a\xmass traceable reference. Calibrati
a voltiiné traceable reference combined witll a density
traééable reference may be used where applicable.
Master flowmeters may be used to verify calibration of
Coriolis flowmeters.

Calibration of the mass reference or a m
meter shall be traceable to nationally recogy
dards or other standard as agreed to by the o
and manufacturer.

Calibration procedures
ASME MEFC-11.

bw device,
erification
on against

hster flow-
jized stan-
jvner / user

can be flound in

PI-5 LEVEL INSTRUMENTS

[Reserved for future content]

PI-6 PRESSURE INSTRUMENTS

[Reserved for future content]

Pl-7 TEMPERATURE INSTRUMENTS

Refer to Nonmandatory Appendix P

(accuracy).

The necessary engineering data shall be supplied by
the owner/user to ensure correct sizing of the Coriolis
flowmeter. The manufacturer shall use this information
to provide all necessary calculations for minimum and
maximum velocities, accuracy, and pressure drop. This
will optimize the flowmeter performance over the flow
rate range with a pressure drop that is acceptable for
both CIP/SIP and normal operating conditions.

Chemical compatibility should be established
between process wetted materials [i.e., the flow tube(s),

187

PI-8 ANALYTICAL INSTRUMENTS
PI-8.1 Conductivity

PI-8.1.1 General. Conductivity measurements are
used to determine the level of ionic activity within an
aqueous media. They are used in hygienic applications
for in-line monitoring of process and water systems.
Compendial water, in part, requires conductivity mea-
surements of water for injection (WFI) and purified

(
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Fig. PI-8.1.2-1 Conductivity Type Examples

2-electrode
sensor

Sensor body

Inner elg¢ctrode

electrodes

water (PW) as an integral component of validated
systems.

There afe three basic types of condfictivity sensors
designed for specific measurement ranges; 2-electrode,
multi-elecfrode, and electrodeless. Sensor-type selection
is depend¢nt upon intended measuirement and installa-
tion requifements. The ownery/user should consult the
manufactyrer for final selection suitability based upon
the design criteria and™may use PI-8.1.5 as a general
reference.

Temperature impacts conductivity measurements by
increasing conductivity as temperature increases. All
conductiv
external tempera -for-eomp 6 press
the conductivity of the solution at a standard
temperature.

PI-8.1.2 Essential Components. An electrode type
sensor has wetted electrodes, between which an
AC voltage is applied and the amperage measured is
expressed as conductivity (see Fig. PI-8.1.2-1).

An electrodeless sensor consists of a non-conductive
body material encapsulating two non-wetted coils/
toroids. Measurements are made of the induced current
from the powered coil to the measurement coil by having

Dual coil(toroid) housing

Multi-electrode

sensor

Electrodeless
sensor

the process fluid pass through the center and ground
the outside of the non-wetted coils (see Fig. PI-81.2-1).

PI-8.1.2.1 Sensor Types. There are three {ypical
designs of conductivity sensors:
(a) 2-electrode. A 2-electrode type conductivity pensor
generally consists of an outer shaft/body and inngr elec-
trode. Conductivity measurements are made n this
interstitial space and require this area to be fully wetted.
(b) Multi-electrode. A multi-electrode type conductiv-
ity sensor consists of a wetted body with inn¢r and
outer electrodes generally arranged on the sameplane.
Conductivity measurements are made immediately in
front of and in between the electrodes and requife this
area to pbe fully wetted. A non-conductive material of
construction is required between the electrodes with the
sensor body generally used as the insulator.

(c) Electrodeless. An electrodeless type conductivity
sensor consists of two encapsulated coils. One coil gener-
ates a current and the second coil detects changes pro-
portionate to the conductivity of the process fluid. An
electrodeless sensor requires process fluid through and
around the coils for proper measurements.

P1-8.1.3 Installation. All conductivity sensors
require full immersion of their measurement electrodes
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Fig. PI-8.1.3-1 Accepted Installations for Conductivity Sensors

Rt

or coils into the process fluid for proper functionality.
Most [conductivity sensors are offered @sjinsertion
devices, with some manufacturers offering in-line
options.

Ele¢trode conductivity sensors.should be installed
with flow into the sensor while maintaining drainability.
Figurge PI-8.1.3-1 provides-examples of acceptable
installations.

P]-8.1.3.1 Drainability. Conductivity sensors shall
be ingtalled in aecordance with Part SD to ensure
draingbility.

P]-8.1.3.2. Cleanability. Conductivity sensors shall
be clepnable‘as required in Part SD.

Flow

insertions to avoid air pockets or bubbles nterfering
with the measurement.

PI-8.1.3.5 Immersion Length/Depth. The owner/
user shall follow manufacturer’s recommfendations
regarding immersion length/depth to allow for suffi-
cient clearance of electrodes or coil fields.

P1-8.1.3.6 Special Consideration. Sepnsor elec-
trodes mounted too close to tube or vessel [walls may
cause conductivity field distortions resultirfg in mea-
surement inaccuracies. The owner/user shhll consult

manufacturer’s clearance requirements and fecommen-
dations (see Fig. P1-8.1.3.6-1).

Conductivity sensors for purified water of WFI sys-
tems shall be installed in such a manner as to allow

Pi-8:1-3-3—Meuntingtecation—Insertion-electrode
sensors perform best with process fluid flow into the
sensor’s electrode(s) as shown in Fig. PI-8.1.3-1.

Electrodeless sensors shall be mounted with coils fully
immersed in the process.

In-line installations shall ensure continuous process
fluid flow around sensor electrodes or coils, to maximize
measurement accuracy.

PI-8.1.3.4 Orientation. Conductivity sensors shall
be oriented to ensure electrodes or coils are fully wetted.
Horizontal installations should not be top mounted

periodic calibration in accordance with compendial
water requirements.

PI-8.1.4 Performance. Conductivity devices are
generally required to be full of process liquid and free
of air pockets. Consult manufacturer for details.

PI-8.1.4.1 Accuracy. Compendial water guide-
lines establish a standard for the quality assessment of
water based on measurements of the electrolytic conduc-
tivity. Sensors used for WFI or PW systems shall comply
with this accuracy requirement.
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Fig. PI-8.1.3.6-1

Installation Clearance Requirements

R = per manufacturer
recommendation

PI-8.1.4.2 Response Time. Conductivity sensor
response ftimes are impacted predominately by the
response fime of the temperature sensing element. All
sensor types are responsive to changing conductivity
levels without changes in temperatures. Electrodeless
sensors ar¢ slower to respond in processes with changing
temperatures due to the non-conductive nature of the
coils’ encj;sulating material.

PI1-8.1.4.3 Process Influences. Temperature
changes impact conductivity measurements of a process
fluid. All |conductivity sensors shall utilize either an
internal of external temperature sensor for compensa-
tion as required.

PI-8.1.4.4 Ambient Influences. Not applicable.

PI-8.1.5 Selection. Sensor selection shall be based
upon the anticipated conductivity range of the process.
The following may be used as a general sglection
reference:

(a) 2-elgctrode sensors should be selected for WFI sys-
tems, PW pystems or other process fluids that have low
conductivity ranges. These sensors are most suitable for
systems from 0.02 pS/cm to 10 000 wS/cm.

(b) Multi-electrode (more thantwo) sensors should
be selected for process fluidsithat have medium to high
conductivities, such as those found on clean in place
(CIP) or dhromatography" systems. These sensors are
most suitgble for systems ranging from 0.01 pS/cm to
800 wS/cm.

(c) Elegtrodeless (inductive or toroidal) sensors
should be sélected for process fluids that have the high-

sensors specific to bioprocessing and pharmacgutical
industries as well as other applications with hygienic
requirements.

The design, construction;-and fabrication of pH sen-
sors are governed by other.parts of this Standargl.

PI-8.2.2 Components. Commonly used pH pensor
technologies incorpOrate four major components
(a) an ion selective electrode (measuring electfode)
(b) an electrolyte-filled reference electrode
(c) aliquid interface (reference junction)
(d) aw’internal or external temperature sensoi (tem-
peratire compensator)
Typical pH sensor construction combines all four of
these components into one body, referred to as a dombi-
nation pH sensor (see Fig. PI-8.2.2-1).
Other components that compose a complete pensor
assembly may include elastomeric seals and ggskets,
polymeric and/or metallic based components, hplders,
and hygienic clamp connections.

PI-8.2.3 Installation. All pH sensors require|inser-
tion of the measuring electrode and reference junction
into the process fluid for proper functionality. M¢st pH
sensors are offered as insertion devices. Figure PI-8.2.3-1
provides examples of acceptable installationg. The
owner/user should consult with the sensor mahufac-
turer to determine other installation options.

PI-8.2.3.1 Drainability. When installed, pH ensor
assemblies shall be drainable in accordance with Part SD.

PI-8.2.3.2 Cleanability. The owner/user ghould

consultwith the sensormanufacturer vognvt‘“ng Si itabil_

est conductivity THese Sensors are most suitable forsys-
tems ranging from 0.1 uS/cm to 2 000 pS/cm.

PI-8.1.6 Maintenance

PI-8.1.6.1 Calibration/Verification Schedule. Sen-
sors used in WFI or PW systems shall be calibrated in
accordance with compendial water requirements.

PI-8.2 pH — Glass Measuring Electrode

PI-8.2.1 General. This section provides the require-
ments for installation and operation of ion-selective pH

ity of sensor for intended use and sterilization/
sanitation methods.

PI-8.2.3.3 Mounting Location. Sensor mounting
location affects sensor performance. The following pro-
cess specific issues should be considered when speci-
fying the location and use of a pH sensor:

(a) The point of addition of acid and/or base to the
process solution should be considered when locating a
pH sensor. Sufficient distance and/or time is required
to ensure complete liquid mixing and reaction.
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Fig. PI-8.2.2-1 pH Sensor Components

equal to 0.25 in. (6.3 mm) as measured from the reference
junction (see Fig. PI1-8.2.3.5-1).

The owner/user should consult with the sensor man-
ufacturer for appropriate sensor design and sensor
holder selection.

PI-8.2.3.6 Special Considerations. The measuring
electrode and reference junction should be kept wet at
all times whether in service or in storage. Extended
periods without liquid contact will permanently affect

Temperature compensator
/—© Reference electrode
——2) Reference junction

/—® Measuring electrode

(b) [Locating sensors in areas prone to flashing, cavita-
tion, ¢r siphoning; or where sensor may not.beifi con-
stant ¢ontact with liquid should be avoided.

(c) Maintenance of pH sensors should-be considered
when selecting sensor location.

The| owner/user should consult with the sensor man-
ufactyrer for mounting recommendations.

P]-8.2.3.4 Orientation.) pH sensors should be
installed in horizontal tubing, up-flow tubing, appropri-
ately (lesigned flow célls, and vessels. Most pH sensor
technologies exhibit optimal performance when
installed at 15 deg-or more from the horizontal (see
Fig. P[-8.2.3.44D).

pH [sensorsican be sensitive to flow-profile. Orienta-
tion sl]:ould be kept consistent in order to produce repeat-
able résults

sensor performance.

pH sensors are consumable devices and réquire peri-
odic replacement. The owner/user should copsider sen-
sor accessibility during installatiori, pldnning.

The owner/user should consult'with sensof manufac-
turer for specific storage, handling, and fe-wetting
recommendations.

PI-8.2.4 Performance) " pH sensor performance will
degrade over time¢, The rate of degradation [is applica-
tion, maintenance, and installation dependeht. Critical
factors that afféct performance and the frdquency of
replacement ‘are

(a) changes in span and response (measjiring elec-
trodetfunction)

(B)ychanges in offset and stability (referencp electrode
function)

(c) temperature compensator response

(d) installation (insertion length, locqtion, and
orientation)

(e) maintenance schedules and methods

(f) post maintenance sensor recovery time

pH sensors are sensitive to coating and/of plugging
of the measuring electrode and reference jundtion. After
cleaning, sensors should be calibrated.

The owner/user should contact the sensof manufac-
turer for recommendations based on dofumented
owner/user performance requirements.

PI-8.2.4.1 Accuracy. Published pH sepsor accu-
racy can be affected by calibration (standardization)
methods, maintenance procedures and fr¢quencies,
cleaning methods, process conditions, sengor design,
installation, sensor age and condition, as Well as the
ambient conditions.

Pl-8.2 response

The owner/user should follow the sensor manufac-
turer’s installation orientation recommendations for
optimal measurement reliability.

PI-8.2.3.5 Insertion Length/Depth. The sensor
shall be inserted far enough into the tube or vessel so
that the sensor measuring electrode and reference junc-
tion are always in contact with the process fluid. Unpro-
tected sensor exposure should be limited to help prevent
inadvertent breakage. Maximum recommended inser-
tion of unprotected sensor from holder is less than or

time is affected by sensor design, sensor age and condi-
tion, and process temperature. As a sensor ages or pro-
cess fluid temperature decreases, sensor response time
will become slower.

PI-8.2.4.3 Process Influences. pH sensors are sen-
sitive to process influences that include, but are not
limited to, process fluid velocity, process fluid tempera-
ture, high pH, and high ionic strength.

Process fluid velocity in excess of 8 ft/sec (2.4 m/s)
can cause excessive signal noise and physical damage.
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Fig. PI-8.2.3-1 Accepted pH Sensor Installations

g

fee———8

BB / |

: : 2

/ 8&e————=5 \ )
(a) Horizontal Flow (b) Upward Flow

(c) Vessel Installation
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Fig. PI-8.2.3.4-1 Accepted Mounting Orientations

150 deg

15 deg

15 deg or greater
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Fig. PI-8.2.3.5-1

Insertion Length or Depth

As process fluid temperature increases, response time
becomes faster but sensor life may be adversely affected.

High pHl (over 12 pH) will tend to decrease sensor life.

High iohic strength chemicals such as those used in
CIP systerns can decrease sensor life.

The owper/user should discuss process conditions
with sensqr manufacturer to minimize potentially\nega-
tive proceps influences.

PI-8.2.4.4 Ambient Influences. pHsensors, in
combinatipn with other loop componénts (electronics
and cableg), can be affected by electrical’noise, EMI/RFI
interferenge, ground loops, close\coupling of sensors
with othgr instruments or equiipment, and external
washdown environments.

The owjer /user should consult with sensor manufac-

turer to match complefe Joop with ambient conditions.
PI-8.2.§ Selection: The owner/user should consult
with the manufactufer to determine sensor applicability

and loop fomponent (mounting hardware, cable, and
electronicq) compatibility.

L =0.25in. (6.3 mm)

standardization, only adjusts the sensor offset.

pk sensor span, offset, response time, and stabiljty can
Isejaffected by coating and/or plugging of the meapuring
electrode and reference junction. Operators should per-
form a calibration or standardization after each cl¢aning
or sterilization cycle.

The owner /user should consult with sensor mahufac-
turer to establish procedures based on sensor design,
owner/user expectations, instrument historicgl per-
formance, and process design.

PI-9 OPTICAL
PI-9.1 Optical Devices

PI-9.1.1 General. Optical devices are used t¢ mea-
sure various process characteristics including; colgr, tur-
bidity, concentration, percent solids, optical dénsity,
particle and cell size/shape, cell density, and cell yiabil-
ity. They are used in filtration, chromatography, fgrmen-
tation, and water systems. They provide critical dontrol

PI-8.2.6 Maintenance. Maintenance schedules and
methods shall be established by the owner/user based
on owner/user historical experience and sensor manu-
facturer recommendations.

PI-8.2.6.1 Calibration/Verification Schedule. pH
sensors should be calibrated using multi-point and/or
single-point methods.

A multi-point calibration adjusts both the sensor span
(measuring electrode) and sensor offset (reference elec-
trode). A single-point calibration, often referred to as

information and process safeguards.
P1-9.1.2 Components

PI-9.1.2.1 Light Source. Optical devices involve a
light source such as visible (VIS), ultraviolet (UV), near
infrared (NIR), or infrared (IR), which is transmitted or
reflected into the process fluid.

PI-9.1.2.2 Sensor. Sensor types include photo
detectors, photomultipliers, and CCD (charge-coupled
device) imaging chips. The system can involve various
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optical components to focus, filter, and enhance the light ~ the optical device at the maximum operating wattage
beam either one-dimensionally or two-dimensionally. of the probe or probes should not result in still water
within 0.5 in. (13 mm) of the probe rising more than 2°F
(1°C) in 1 hr.

For light sources used for viewing only, a thermal
switch, timer, momentary switch, IR filter, or some other
suitable means should be considered to control over-
heating.

PI-9.1.2.3 Sight Glass. Sight glasses are one of the
key components of an optical device. One acceptable
method for mounting glass is to fuse it to metal. Wetted
components of the sight glass assembly shall comply
with Parts MM and PM.

PI- 9 1.3 Installatlon It is recommended to install PI-9.1.4 Performance. In-line optical devices gener-
ally require e of excess
air pockets. Certain optical devices can tolerate the pres-
ence of some air bubbles. The owner/user should con-
sult with the optical device manufactufer foq guidance.

the

PI-9.1.4.1 Accuracy. Optical devices are|linherently
of optical devices shall be cleanable as required per  accurate and repeatable but dépendent uppn device-
Part SD. Additional cleaning devices or device removal  specific calibration. The ownér/user should [follow the
manufacturer’s recommended calibration prdcedures to
cleanipg devices shall be designed to the same require-  maximize performance:

P1-9.1.4.2, Response Time. Optical sgnsing ele-
P]-9.1.3.3 Mounting Location. Optical devices  ments provide instantaneous readings with|no delays

shall e mounted in a pipe or vessel where a representa-  due to process’ conditions such as temperature or flow.
tive njeasurement can be made. Refresh:tates are often a function of transmifter or sys-
A light or combined light and sight glass for viewing  tem eléctronic settings. The owner/user shotld consult

be mounted as shown in Fig. PI-9.1.3.3-1. the manufacturer if a specific response time[is desired.

P]-9.1.3.4 Orientation. The preferred mounting of PI-9.1.4.3 Process Influences. Velocity and partic-
in-ling optical devices is in the vertical section of tubing (7, ulate content in the process fluid may impac{ the clean-
to avgid product or particle segregation. The probe = ing frequency requirement of the optical deyice.

P1-9.1.4.4 Ambient Influences. Some optical sens-
P]-9.1.3.5 Insertion Length. For tube diameters  ing electronics have limited process and a
less than 1 in. (25 mm), experimental test(data should  perature ranges for optimal performance. The owner/
be us¢d to measure performance. user should consult the manufacturer to ensufe selection
Forlin-line installation of tube diameters ranging from  is compatible with the temperature conditiohs.
1 in. (25 mm) to 4 in. (100 mm), eptical probes should
be mqunted a minimum (Ly;,). 0f-0.3 in. (8 mm) away
from gny interior tube wall (reference Fig. PI1-9.1.3.5-1).
For|vessels and tubing-in-excess of 4 in. (100 mm)
diamdter, optical probes'should be mounted where the
glass measurement sdrface is a minimum (L) of 1.5 in.
(38 mm) from any interior tube wall (reference
Fig. P[-9.1.3.5-2): PI-9.1.6 Maintenance. Optical devices offen require
periodic maintenance that includes cleaning df glass and
replacement of light source. Installations should con-
sider manufacturer’s maintenance recommendations
and allow for appropriate Services.

before selecting optical device and
technology.

PJ-9.1.3.6' Special Considerations. Special care
should.bétaken for processes that are adversely
impa ed by temperature to avoid ]'110]'\ temperatures
on the process side of the sight glass or opt1cal window
caused by the optical devices. Heat generated by the PI-9.1.6.1 Calibration/Verification. [Reserved for
optical device should be kept to a minimum. Testing of ~ future content]
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Fig. PI-9.1.3.3-1 Vessel Light Glass Design and Mounting

(Accepted) 7

§z .

%N‘/ = k
(a) Hygienic Full Flange Light Glass (b) Hygienic Clamp Light
on Hygienic Clamp Pad on Hygienic Clamp Pad (c) Hygienic Clamp Light

= -

S S S

(d) Fiber Optic Light on Hygienic Clamp

(e) Typical Vessel Light Glass Mounting Tangent to Tank Head
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Fig. PI-9.1.3.5-1 In-Line Insertion Length

Fig. PI-9.1.3.5-2 Insertion Probe Length

Lonin = Minimum recommended
distance from interior tube wall

i
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MANDATORY APPENDIX |
SUBMITTAL OF TECHNICAL INQUIRIES TO THE
BIOPROCESSING EQUIPMENT (BPE) COMMITTEE

I-1 INTRODUCTION

(a) [This Mandatory Appendix provides guidance to
BPE Standard users for submitting technical inquiries
to the| Committee. Technical inquiries include requests
for reyisions or additions to the rules of the Standard,
requests for Code Cases, and requests for interpretations
of the|Standard, as described in the following:

(1) Revisions. Revisions are considered to accom-
modate technological developments, address adminis-
trative requirements, incorporate Code Cases, or to
clarifyf the intent of the Standard.

() Code Cases. Code Cases represent alternatives
or addlitions to existing rules. Code Cases are written
as a gpestion and reply, and are usually intended to be
incorgorated into the Standard at a later date. When
used, [Code Cases prescribe mandatory requirements in
the same sense as the text of the Standard. However)
users pre cautioned that not all jurisdictions or owners
autonjatically accept Code Cases. The most common
applidations for Code Cases are

(a) to permit early implementation of an
approped revision based on an urgentneed

(b) to permit the use of a-new material for
construction

(c) to gain experience with new materials or
alternhtive rules prior to in€ofporation directly into the
Standprd

3) Interpretations, \Interpretations provide clarifi-
cation| of the meafing of existing rules and are also
presented in question and reply format. Interpretations
do ngt introddce new requirements. In cases where
existing textdoes not fully convey the meaning that was
intended;and revision of the rules is required to support

—

sufficient information for the Committee’s 1Iull under-
standing may result in the request beingretufned to the
inquirer with no action.

-2 INQUIRY FORMAT

Submittals to the Committée shall include
(a) Purpose. Specify©ne of the following:
(1) revision of present rules
(2) new or additional rules
(3) Code Case
(4) Interpretation
(b) Background. Provide the information mpeeded for
the Committee’s understanding of the inqfiiry, being
sure,to include reference to the applicable Edition,
Addenda, paragraphs, figures, and tables. [Preferably,
provide a copy of the specific referenced portions of the
Standard.
(c) Presentations. The inquirer may desire qr be asked
to attend a meeting of the Committee to malfe a formal
presentation or to answer questions from the Committee
members with regard to the inquiry. Attenflance at a
Committee meeting shall be at the expefse of the
inquirer. The inquirer’s attendance or lack of fattendance
at a meeting shall not be a basis for acceptange or rejec-
tion of the inquiry by the Committee.

I-3 REVISIONS OR ADDITIONS

Requests for revisions or additions shall frovide the
following:

(a) Proposed Revisions or Additions. For revidions, iden-
tify the rules of the Standard that require refision and
submit a copy of the appropriate rules as they appear
in the Standard, marked up with the proposed revision.
For additions, provide the recommended wording refer-

an interpretatiomn,amintentInterpretation wittbetssted
and the Standard will be revised.

(b) The rules, Code Cases, and Interpretations estab-
lished by the Committee 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 rules of the Standard.

(c) Inquiries that do not comply with the provisions
of this Mandatory Appendix or that do not provide

enced to the existing rules.

(b) Statement of Need. Provide a brief explanation of
the need for the revision or addition.

(c) Background Information. Provide background
information to support the revision or addition, includ-
ing any data or changes in technology that form the
basis for the request that will allow the Committee to
adequately evaluate the proposed revision or addition.
Sketches, tables, figures, and graphs should be submit-
ted as appropriate. When applicable, identify any perti-
nent paragraph in the Standard that would be affected
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by the revision or addition and identify paragraphs in
the Standard that reference the paragraphs that are to
be revised or added.

I-4 CODE CASES

Requests for Code Cases shall provide a Statement
of Need and Background Information similar to that
defined in I-3(b) and I-3(c), respectively, for revisions or

(b) Requests for Interpretations must be limited to an
interpretation of a particular requirement in the
Standard or a Code Case. The Committee cannot con-
sider consulting type requests such as the following;:

(1) areview of calculations, design drawings, weld-
ing qualifications, or descriptions of equipment or parts
to determine compliance with requirements in the
Standard

(2) a request for assistance in performing any

Qfgndaw‘]_prparrihoﬂ functions rp]nh'ng to but not lim-

additions.Fhe UTGETCY of-the-CodeCase tegproject
underway| or imminent, new procedure, etc.) must be
defined arjd it must be confirmed that the request is in
connection with equipment that will be governed by the
ASME BPE Standard. The proposed Code Case should
identify the part, paragraph, table, and/or figure and
be writtenfas a Question and a Reply in the same format
as existing Code Cases. Requests for Code Cases should
also indicgte the applicable Editions and Addenda to

which the|proposed Code Case applies.

I-5 INTERPRETATIONS

(a) Reqpuests for Interpretations shall provide the
following;:
(1) Inguiry. Provide a condensed and precise ques-
tion, omitting superfluous background information and,
when posgible, composed in such a way that a “yes” or
a “no” Reply, with brief provisos if needed, is acceptable.
The quesfion should be technically and editorially,
correct.
(2) R
and conci
the Reply
if needed
(3) B
ground in
understan|

ply. Provide a proposed Reply that will cléarly
sely answer the Inquiry question. Prefetably,
thould be “yes” or “no,” with brief provisos

ickground Information. Provide any back-
formation that will assist the Committee in
ding the proposed Inguiry’and Reply.

ited to, material selection, designs, calculations,)fabrica-
tion, inspection, pressure testing, or installation

(3) arequest seeking the rationale for require
in the Standard

ments

I-6 SUBMITTALS

Submittals to and responsesfrom the Committe
meet the following:

(a) Submittal. Inquiries from BPE Standard useys shall
be in English and preferably be submitted in typewritten
form. However, degible handwritten inquiries will also
be considered™They shall include the name, address,
telephone nuinber, fax number, and e-mail addfess, if
available, of the inquirer and be mailed to the following
address:

e shall

Secretary

ASME BPE Committee

The American Society of Mechanical Engines
Three Park Avenue

New York, NY 10016-5990

(b) Response. The Secretary of the ASME BPE
Committee or of the appropriate Subcommitte¢ shall
acknowledge receipt of each properly prepared inquiry
and shall provide a written response to the inquiref upon
completion of the requested action by the Stapdards
Committee.
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NONMANDATORY APPENDIX A
COMMENTARY: SLAG

A-1 GENERAL

(d) Slag may also result from melting base metals of

(a) [nert-gas welding processes do not introduce slag.

(b) ptainless steels, especially type 316L, typically pro-
duce 4 small, round, black spot at the termination of the
weld lpead, on the O.D., I.D., or both. This spot is gener-
ally uhavoidable and has been found to be acceptable
in mopt process applications.

(c) plag in or on welds may be the result of faulty
weld preparation, such as contamination, poor cleaning,
or faullty tacking procedures.

Certaiircompositions that inciude elements
reported on Material Test Reports. Thes

gt normally
d elements

include, but are not limited to, aluminum|, calcium,

cerium, and zirconium.
(e) The owner/user and contrastor'should

nvestigate

the origin of any slag found duzing weld exhpmination,
determine its acceptability,&nd agree on any| corrective

action.

(f) The inert-gas welding processes themse|ves do not
introduce a slag because no fluxing materials are used

(see GR-8 and AWS*3.0).
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NONMANDATORY APPENDIX B
MATERIAL EXAMINATION LOG
AND WELD LOG

(See Fotlms beginning on next page.)
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Form MEL-2 Material Examination Log

Item

Customer company name,

address, contact names,

and numbekx

Page: of

Aroject Information:

Material Specification:

P.O. Number:
Packing List #:
Lot #:

Exanjiner’s Information:

Manufacturer:
Nlaterial/Alloy Type:

Material Description:
Heat lNumber/Heat Code:

Wall Thickness:

0.D. Tolerance:®
Sun‘ac§:~

isual @wation:

?\%TR Verified:

Quantity Received:

Qty. Accepted:

Qty. Rejected:

Date Inspected:

Comments:
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Instructions for Completing the Material Examination Log

Item

Typical Entry

Project Information:
Material Specification:

Top Right Section (Suggested)

Customer company name, address, contact names, and number

Top Center Section (Suggested)

Specifications, Codes and Standards
ASTM specification, customer specification

Page:____ of

Manufacturer:
Material/Alloy Type:
Material Description:
Heat Number/Heat Code:
Wall Thickness:

0O.D. Tolerance:
Surface RA:

Visual Examination:
DT-11 Compliant:
MTR Verified:
Quantity Received:
Quantity Examined:
Qty. Accepted:

Qty. Rejected:
Examiner’s Initialgs:
Date Inspegted:

NCR Number:
Comments:

P.O. Number:
Packing List #:
Lot #:

Examiner’s Information:

Top Left Section (Suggested)

Sequential identifying number and total pages in package
Purchase order number which the material was ordered under
Packing list identifying number

Lot number issued from the Material Receiving Log

The name of the examiner, company of examiner, etc.

Bottom Section (Required)

Name of manufacturer

Type or grade of material (316L, AL6XN, etC.)

Size, material product form (tubing, 90,45,)TEE, ferrule, valve, etc.)
Record heat number(s) for the sample

Record Accept or Reject after physiecal examination of the lot. (if required)
Record Accept or Reject after physical examination of the lot. (if required)
Record Accept or Reject after physical examination of the lot. (if required)
Record Accept or Rejectafter physical examination

Record Accept or Réject after markings verification

Record Accept.ot Reject for MTR compliance with specifications

Total quantity-of material received in the shipment or lot

Total quantity of material physically inspected (if required)

Record guantity accepted

Record quantity rejected

Initials of examiner who performed the work

Date the examination(s) were performed for the samples listed

The NCR report number if needed

Record any notes for inspection area(s) requiring more description
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NONMANDATORY APPENDIX C
SLOPE MEASUREMENT

GENERAL

(d) For piping or tubing systems, slope measurements

(a)
level
be cay
in./ft

(b)
dure {
be pet

(c)
follow
(1
(]
install

J

—

liquid
steam|
(4

tempd

Slope measurement shall be made with a digital
r a digital protractor. The instrument used should
able of displaying slope in degrees, percent, and
(mm/m).

Refer to the owner’s manual for the proper proce-
o perform the self-calibration routine. This must
formed immediately prior to use.

blope measurements shall only be made under the
ing conditions:

) before insulation has been installed

) after hangers/pipe supports have been
ed, adjusted, and fixed in-place

) before the introduction of any fluids, such as

Is or process gases (pure oxygen, nitrogen,
etc.)
) when the system is at ambient pressure and
rature

shalt be made at the following tocations:

(1) between hangers/pipe supports

(2) at each change in direction

(3) at any other location deemied ‘hecess
inspector, such as between weldsor any appar
in slope

(e) Slope should be measfired only on ru
approximately horizontak

(f) Slope measurements may be made on
top or bottom of thie tubing/piping.

(¢) For slop€ measurements made on skig
ules, ensure€hat the base is level in all direct
make surethat all slope measurements are mg
to the base.

(h), Slope shall be verified after the fabricatq
pleted, or corrected, the piping installation,
slope.

ary by the
ent change

hs that are
either the
s or mod-
ons. Then,

de relative

r has com-
ind set the
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NONMANDATORY APPENDIX D
ROUGE AND STAINLESS STEEL

D-1 GENERAL

D-2.2 System Operation

Rouge |s a naturally occurring phenomenon in
existing stainless steel high purity process systems
(including] water or pure steam). The degree to which
it forms dppends upon

(a) the gtainless steel material used for each compo-
nent within the system

(b) how]the system was fabricated (e.g., welding, sur-
face finish}, passivation treatment)

(c) whdt process service conditions the system is
exposed tp (e.g., water purity, process chemicals, tem-
peratures,| pressures, mechanical stresses, flow veloci-
ties, and gxygen exposure)

(d) how the system is maintained

The prepence of rouge in a system needs to be evalu-
ated agair|st its potential to affect the product process
and/or lopg-term operation of the system.

This Appendix provides the methods to measure
rouge in a pystem in both the process solution and on the
actual product contact surface. It also suggests various
fabricatior) and operation practices to minimize rouge
formation) and methods/techniques for its remediation.

For the [definition of rouge and its classification into
Classes I, [I, and III, see Section GR-8 of this‘Standard.

D-2 CONSIDERATIONS FOR REDUCING ROUGE
FORMATION

Tables I-2-1 and D-2-2 provide guidance on different
variables gnd how they mdy-contribute to the presence
of rouge if a high purity.§ystem. They are listed in the
following [categories:

(a) Catefory 1: Little'Influence on the Formation of Rouge.
There are |theories that suggest other factors that may

have a role in"the formation of rouge. These variables
are nOt liSQA 'iY‘I Tnh]oc n—7—1 91’\!4 n—?—’)

See Table D-2-2 for a discussion of operationvatiables
that affect the amount of rouge formation.

D-3 EVALUATION METHODS TO MEASURE RQUGE

Rouge can be measured by either/its presence(in the
process fluid, and/or its presénce on the product/
solution contact surface.

D-3.1 Process Fluid Analyses

Fluid analyses provide a means of identifyipg the
mobile constituénts within a subject process system.
They representithé current quality status of the media,
and the result of rouging.

Table D=3:1-1 provides description, pros, and dons of
various.tests for the identification of mobile constifuents.

D-3:2 Solid Surface Analyses

Surface analyses provide information on the pature,
microstructure, and composition of surface layerd. They
may represent the future status of the media, apd the
possible threat of rouging to the water quality.

Table D-3.2-1 provides description, pros, and dons of
various tests for the identification of surface Jayers’
composition.

D-4 METHODS TO REMEDIATE THE PRESENCE OF
ROUGE IN A SYSTEM

Remediation (derouging) processes are desighed to
remove iron oxide and other surface constitugnts of
rouge while minimizing damage to the surface [finish.
Rouge occurs on the surface, from corrosion, or pfecipi-
tates onto the surface after migrating from othe} loca-
tions. These conditions are easily categorized by| using
the standard Classes I, II, and III rouge. The following

(b) Category 2: Moderate Influence on the Formation of
Rouge. There is industry data supporting these vari-
ables, and they should be considered.

(c) Category 3: Strong Influence on the Formation of
Rouge. There is well established industry data support-
ing these variables, and they should be considered.

D-2.1 System Fabrication

See Table D-2-1 for a discussion of fabrication vari-
ables that affect the amount of rouge formation.

sections describe these remediation processes and the
conditions under which they are performed.

D-4.1 Class | Rouge Remediation

Class I rouges are weakly attached to the surface and
relatively easily removed and dissolved. This rouge is
generally hematite or red ferric iron oxide with low
levels of other oxides or carbon content. Phosphoric acid
is useful to remove light accumulations and can be
blended with other acids and compounds including cit-
ric, nitric, formic, or other organic acids and surfactants
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System

Considerations That Affect the Amount of Rouge Formation During the Fabrication of a

Variables

Considerations

Category 3 — Strong Influence on the Formation of Rouge [Note (1)]

Alloy selection

Selection of the proper alloy [e.g., 316L stainless steel (531603), 6 moly (N08367), etc.] should

address the corrosive effects of the process conditions. For example, low carbon
steel (316L) has better corrosion resistance versus the higher carbon stainless st

stainless
eels (316).

Beneficial alloys can mitigate premature or accelerated corrosion. Higher nickel content will

Mechar]

Electro

Passival

Alloy ¢

Weldin
purgi

Produc
meth

ical polishing/buffing

olishing

tion

mposition

, welding conditions,
ng, etc.

form and fabrication
ods

. . e
THTance CoTToSToIT reststartce:

Striations from cold working techniques may include residual grinding/polishing dé
lapping inclusions. Cumulative increase of interior area due to surface finish inco
proportionally exposes more alloy to the mechanisms of corrosion apd bufden of

Minimizes the exposure area of the native alloy to oxidizing fluids_ot/halides, and 1
the origins for micropitting by various mechanisms including halide attack and tH
corrosion. Surface occlusion from passivation fluids is minifaized by the smooth,
finish.

Impedes or retards corrosive developments of stainlessssteel surfaces. The effective
passivation methods in terms of depth and enhancement of surface alloy ratios
to iron) determine the eventual propensity of,an\alloy to corrode and the rates o

(% molybdenum, chromium, nickel, etc.)
The microstructure quality affects precipitation of impurities at grain boundaries.
impurities to the alloy surface can ejther support corrosion cells or seed downstr
corrosion. Weld joints on tubing agd/or components with dissimilar sulfur concef
may result in lack of penetratiof*,due to weld pool shift. The resulting crevice ma
corrosion initiation site.

Improper welds can result~in“chromium depleted heat affected zones (HAZs) and of
tions that reduce corrgsion resistance. Weld discontinuities create opportunities {
borne impurities,.Cracks resulting from poor welds will create breaches in passiv
form active corfgsion cells. Proper purging prevents weld contamination by heat
and the coneurrent loss of corrosion resistance. Passivation cannot reverse the e
improper purging.

The ferrité "content can be greatly affected by the forming process (e.g., a forging w
have much lower ferrite percentages than a casting). Barstock endgrain voids at
can enhance the potential of the alloy to pit and corrode. Minimization of differe
sulfur content will enhance the potential for successful welding.

bris in
nsistency
passivation.
hinimizes
ermal stress
more even

ness of
.e., chrome
corrosion.

Migration of

bam

trations
become a

her condi-
o trap fluid
b layer and
int oxides
fects of

Il typically
he surface
hces in

Category 2 — Moderate Influence on the Formation of Rouge [Note (1)]

Installa
envir

Expans
to an

ion/storage
bnment

on and modifications
established system

Unidentified corrosion due to the storage or installation environment, including carl
contamination, scratching, exposure to chemical contaminants, stagnated conder
liquids, etc., may warrant a derouging step prior to passivation. Failure to detect
corrosion will marginalize the effect of a normal passivation.

Oxide formations in newly commissioned systems can form at different rates than g
tems and initially generate migratory Class | rouge. Where oxide films exist in est
systems, they are likely to be more stable, producing less migratory iron or chrorf

on steel
sation or
instances of

|der sys-
Bblished
he oxides.

Because the newer system can generate and distribute lightly held Class | migrat

pry hematite

forms throughout the system, the corrosion origin and cause can be difficult to identify.

NOTE:

(1) There is well established industry data supporting this, and it needs to be considered.
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Table D-2-2 Considerations That Affect the Amount of Rouge Formation During

the Operation of a System

Variables

Considerations

Category 3 — Strong Influence on the Formation of Rouge [Note (1)]

Corrosive process fluid
(bleach, halides, etc.)

Corrosion cell inceptions at breaches in the passive layer, as in chloride corrosion cells, will pro-

gressively catalyze the corrosion mechanism. This has a very strong influence for appli

such as high salt buffer tanks, etc.

cations

High shear/velocity Erosive forces deplete or erode the passive laver and introduce base metal composition parti-
environmgnt (pump - cles to the remainder of the system. Severe instances can cause pitting on the tips~of|[pump
impeller, 4prayball, tees, impellers, or fluid impingement spots on vessel walls. In pure steam systems, high véjocity
etc.) sections can scour tubing walls either preventing sustained buildup of stable~-magnetife lay-

ers or sloughing off fragments from developing oxide formations that are thenitranspofted
downstream for possible corrosion seeding.

Operating temperature and Operating temperature and temperature gradients will affect the eventudlnature of oxidg forma-
temperatufe gradients tions (e.g., Class | hematite versus Class |l magnetite), the ease‘of removal, the propgnsity to

become stationary, stable, or lightly held and migratory. The nature of restoration by gassiv-
ation and derouging may be largely determined by the opefating temperature of the system.
Established magnetite formations in pure steam systems may require a derouging steg prior
to the passivation steps.

Gaseous phgse composition, For monographed fluids (WFI and pure steam), the-cénstituency of dissolved gases are gener-
including flissolved gases ally believed to have a minor influence on rouge formation when within established cqnduc-
(05, CO,, N, etc.) tivity and total organic carbon (TOC) limits\in“systems that have an adequate passive [ayer. It

is possible for impurities to migrate acrossidistillation and pure steam generation prog¢esses
as dissolved gases. A variety of analytic\Spectrometry methods are available to identify these
species. (Refer to Tables D-3.1-1 and(D-3.2-1.)

Application, [process media The nature of the oxide formations, potential for corrosion, remedial methods, and periofl of
(pure steajm, WFI, buffer, formation are greatly influeneed by the application as noted in the other impact descr|ptions
media, CIR, etc.), (temperature, corrosive process, etc.). In steam-in-place (SIP) systems, velocity, tempefature,
frequency |of operation and trapping can have“impacts on the composition and locations of rouge formations fand

migratory deposits.

Adequately designed systems can minimize this impact. Poorly trapped pure steam headers,
regularly exposed to pressure gradients, can introduce corrosion mechanisms and proflucts
through steam condensate. Long hold periods in high salt buffer tanks and the effectiveness
of the tank agitation can promote or accelerate rouge formation. SIP following inadeqgyate CIP
can~créate corrosion mechanisms and further aggravate removal methods.

System CIP, fleaning Exposure to CIP cycles and the specific chemical cleaning solutions strongly affect the pptential
methods for rouge occurrence. System sections exposed to a cyclic CIP regime will be less likely to

form or collect rouge. Significant factors include whether there is an acid or hot acid ¢IP
cycle in the CIP recipe. The duration and temperature of the acid cycle can be importgnt.
Acid cycles with mild concentrations (e.g., 2% to 20% phosphoric acid) have been sh¢wn to
maintain and restore passive layers.

Redox potential The use of ozone to sanitize purified water or WFI systems has also demonstrated benefjcial

effects in impeding alloy corrosion.
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Table D-2-2 Considerations That Affect the Amount of Rouge Formation During

the Operation of a System (Cont’d)

Variables

Considerations

Category 2 — Moderate Influence on the Formation of Rouge [Note (1)]

Maintenance of the system

Stagnant flow areas

System components such as worn pure steam regulator plug seats, improper or misaligned
gaskets, worn regulator and valve diaphragms, pump impellers (with worn tips), and eroded
or cracked heat exchanger tube returns are believed to be sources of Class | rouge.

A moving oxidizing fluid can maintain the passive layer. (Studies with nitrogen bla

eted WFI

Pressure gradients

System|age

storage tanks have shown negative effects on passive layers as a result of minin
in the fluid.)

Liquid condensate that is not immediately removed from a pure steam copduit or t
from improper valve sequencing can concentrate and transport surface oxidation
steam contained solubles. These can concentrate and deposit at a~branch termin
vessel sprayball, dip tube, etc. These deposits are typically lightly held forms of
Though easily removed, they can be difficult to remove in large v€ssels and app4g
against the common stipulation of “visually clean.”

Pure steam systems only. Pressure changes in the distribution system will affect th
steam condensate as well as affect the quality of ,the/steam. If system sections &
to pressure ranges, condensate that is not effectively removed from horizontal sqg
be re-vaporized at higher pressures, which will lower the steam quality and trans
impurities borne in the steam condensate!

This depends on how the system has been.maintained in regard to frequency of pg
derouging, CIP exposure, and formation of stable oxide layers. New systems havg
observed to generate disproportionate amounts of Class | rouge formations in co

izing oxygen

hat collects
products or
us such as a
hematite.

ar to go

amount of
re exposed
ctions can
port any

ssivation or
been
htrast to

incipient corrosion.

established systems. In pure,stéam systems, although oxide formations become ftable with
age, they can also thicken and be prone to particle sloughing in high velocity seftions. It
should be noted that system time in use can have both beneficial and negative ¢ffects in
regard to rouge formatioh and that regular system monitoring is important in identification of

NOTE:

(1) Thgre is well established industry data supporting.this) and it needs to be considered.

to assist in its derouging effectiveness! Citric acid-based
chemitries with additional organic acids are effective
at rouge removal. The use of'sedium hydrosulfite (i.e.,
sodium dithionite) is alse fast and effective at removal
of Cldss I rouge.

These chemistries are-processed at elevated tempera-
tures [from 104°FE. (40°C) to 176°F (80°C) for between
2 hr ahd 12 hr/The process time and temperatures may
depentd upenithe severity of rouge accumulation, the
systeth cémponent’s material of construction, and the
conceptration of chemistries. The concentration of each

For specific Class I rouge remediation procgsses, refer
to Table D-4.1-1.

D-4.2 Class Il Rouge Remediation

Class II rouge is removed with chemistrips that are
very similar to the above listed processes with the addi-
tion of oxalic acid, which improves the effecfiveness in
removal of this type of rouge. This rouge consjsts mostly
of hematite or ferric iron oxide with some pmount of

chemistry is based upon proprietary testing and process
design criteria.

Electrochemical cleaning is an alternative method of
rouge removal that uses phosphoric acid and applied
direct current where the product contact surface is
anodic. As a cathode is moved over the product contact
surface to be cleaned, rouge is readily removed. This
process is very effective in removing all three classes of
rouge but is limited to accessible parts of a system and
is primarily performed on the product contact surfaces
in vessels.

chromium and nickel oxides as well as small carbon
content. All of the above chemistries remove the rouge
without damage to the surface finish with the exception
of oxalic acid, which may etch the surface depending
on conditions and concentration processed. Class II
rouges are more difficult to remove than Class I, and may
require additional time, even though these processes are
often run at slightly higher temperatures and increased
concentrations.

For specific Class I rouge remediation processes, refer
to Table D-4.1-1.
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Table D-3.1-1 Process Fluid Analyses for the Identification of Mobile Constituents of Rouge

Type of Test Test Description

Test Criteria

Pros Cons

Ultra trace inorganic
analysis (ICP/MS)

Concentrations of trace metals in process
solutions including pure water/steam
are directly analyzed by inductively
coupled plasma mass spectrometry
(ICP/MS).

Standard papti
analysis (ia
light)

light, which scatters upon contact with
particles. The scattered light is col-
lected, processed, segregated by chan-
nel, and displayed as a specific count
for each size range analyzed.

Fluids are filtered via vacuum filtration,
and particles are collected on a fine
pore filter medium. The particles are
then analyzed by scanning electron
microscopy for size, composition, and
topographical features.

Ultra trace irforganic
analysis (y
SEM/EDX)

Fourier transform Organic analysis of liquid samples or

infrared extracts from wipe samples. Used to
spectroscqpy identify possible organic films or
(FTIR) deposits.

Baseline must be determined
for each system analyzed.

Noninvasive sample acquisition.
Highly quantitative informa-
tion. Provides strong ability
to trend data.

2 ined
for each system analyzed.

klll.‘ .lll‘.ll
Highly quantitative informa-
tion. Provides strong ability
to trend data.

Provides highly detailed physi-
cal observation and elemen-
tal composition data for
mobile particulates.

Limited<with respect to qrganic
pdrticulate identificatipn.

Organic contaminants mpist be
profiled in a specific thrget
compound library.

Potentially noninvasive-sample
acquisition. Allows)for
organic identification of elas-
tomers or alterpate organic
contaminants.

D-4.3 Clags Il Rouge Remediation

Class II] rouge is much more difficult to temove com-
pared to {Class I and Class II rouge; beth due to its
chemical composition difference and itsstructural differ-
ence. Thege high temperature deposits form magnetite
iron oxidelwith some substitution of chromium, nickel,
or silica in|the compound strueture. Significant amounts
of carbon|are generally present in these deposits due
to reductipn of organics' present in the water, which
sometimeg producés'the “smut” or black film that may
form during dexotiging. The chemistries used to remove
this rougelarevery aggressive and will affect the surface
finish to s¢me degree. Phosphoric acid-based derouging

roughness is dependent upon process conditions, ¢ghemi-
cal concentration, and variability of the rouge thifkness
and level of surface finish roughness initially. The fondi-
tion of use for these processes is highly variablg both
in temperature and time required to effectively rgmove
all of the rouge and leave the surface prepared for|clean-
ing and passivation. The less aggressive chemistrjes are
used at higher temperatures [140°F (60°C) to
176°F (80°C)] and require longer contact time (§ hr to
48-plus hours); the nitric acid-based fluoride solutions
are often used at lower temperatures [ambipent to
104°F (40°C)], while the citric acid-based fluorid¢ solu-
tions are used at the higher temperatures and ghorter

systems are generally only effective on very light accu-
mulation of the rouge. The strong organic acid blends
with formic and oxalic acid are effective on some of
these high temperature rouges, and being less aggres-
sive, produce much less potential for etching of the sur-
face finish.

The citric and nitric blends with hydrofluoric acid or
ammonium bifluoride will remove these Class III rouges
more quickly, but will definitely etch the surface wher-
ever the base metal is subjected to the derouging fluid.
The amount of etching or increase in surface finish

contacttimes (2 hrto24hr):
For specific Class III rouge remediation processes,
refer to Table D-4.1-1.

D-4.4 Remediation Variables

The times and temperatures given above are in direct
relation to the percent by weight of the base reactant(s).
A change in a formulation will change those correspond-
ing requirements. Different application methods include
fluid circulation, gelled applications for welds or sur-
faces, and spraying methods for vessels and equipment.
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Table D-3.2-1 Solid Surface Analyses for the Identification of Surface Layers Composition

Type of Test

Test Description

Test Criteria

Pros

Cons

Microscopic and
human visual
analysis

Visual analysis via polarized light micros-

copy (PLM), scanning electron micros-
copy (SEM), or alternative microscopy
instrumentation.

Good test for morphology deter-
mination. Can be coupled
with energy dispersive X-ray
(spectroscopy) (EDX) analysis
for elemental composition
information.

Invasive test. Requires the
periodic removal of solid
samples (e.g., coupons)

Scanning auger
micr@analysis
(SAM) or auger
electfon spec-
troscppy (auger)

Small ppot electron
specfroscopy for
chenfical analy-
sis (§SCA) or
X-ray| photoelec-
tron ppectroscopy
(XPS,

Reflectipn grade
ellipjometry

Electro¢ghemical
impedance
specfrometry

Surface metal elemental composition
analysis. Provides for detailed qualita-
tive elemental composition data on
both the surface itself and the
sub-surface (or base metal).

The sample is subjected to a probe

beam of X-rays of a single energy. Elec-

trons are emitted from the surface and
measured to provide elemental analy-
sis of the top surface layers.

Multicolor interferometry utilizing light
and its diffractive properties to assess
surface conditions.

The analysis of electrochendical hoise in
order to quantify state.of corrosion of
a metallic surface,

Highly accurate method for posi-
tive identification and qualifi-
cation of the surface metal
composition. Utilized to deter-
mine the depth and elemen-
tal composition of the
surface including the passive
layer itself.

Highly accurate method for_ thé
qualification and quantifica-

tion of the surface metat com-

position. Utilized(te
determine the{depth and
compositional analysis of the
passive layer. Provides excel-
lent elemental analysis of the
top(surface layers, including
which oxide(s) are present.

Nondestructive analysis. Known
diffractive characteristics of
elements could provide for
qualitative analysis of surface
chemistry properties.

Noninvasive, real time quantifi-
cation of metallic corrosion.
Provides strong ability to
trend data.

Invasive and destryctive test.
Requires the“petiodic
removal-of.solid pamples
(e.g.s coupons)

Invasive and destryctive test.
Requires the perijodic
removal of solid pamples
(e.g., coupons)

Invasive test. Requires the
periodic removal|of solid
samples (e.g., coupons).
Field qualificatiop of this
method is still opgoing.

Field qualification df this
method is still opgoing.

Rinsin
waste
cess. ]
be cla
or hea

Roy
tact sy

g of the surface after processing as well as proper
disposal planningus.ctitical to the derouging pro-
'he waste fluidsigenerated by these processes can
bsified as hazardous due to chemical constituents
vy metalsccontent.

ge canyeffectively be removed from product con-
rfacesito reduce the potential for oxide particulate

generation into the process fluids. These dero
cesses are required prior to proper cleaning 3
ation of the stainless steel surface for restoraftion of the
passive layer after corrosion. Analytical testin
fluids can be useful in identifying the level of
generation and levels of metal oxides contain
fluids as corrosion degrades the surface.

uging pro-
nd passiv-

g of utility
barticulate
ed in these
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