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Date of Issuance: October 10, 2014

The next edition of this Standard is scheduled for publication in 2016. This Standard will become
effective 6 months after the Date of Issuance.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this
Ytandard. Periodically, certain actions of the ASME BPE Committee may be published as Cases.
(ases 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
h 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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FOREWORD

At the 1988 ASME Winter Annual Meeting (WAM), many individuals expressed interest in
developing standards for the design of equipment and components for use in the biopharmaceuti-
cal industry. As a result of this interest, the ASME Council on Codes and Standards (CCS) was

petitioned to approve this as a project. The initial scope was approved by the CCS on June 20,
1989, with a directive to the Board on Pressure Technology to initiate this project with the followinig
initial scope:

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

(a) At the 1989 WAM, an ad hoc committee was formed to assess the-need to develop furthg
the scope and action plan. The committee met in 1990 and there Was consensus concerning
the need to develop standards that would meet the requirements, of‘operational bioprocessing
including;:

(1) the need for equipment designs that are both cleanable and sterilizable

(2) the need for special emphasis on the quality of weld surfaces once the required strength
is present

(3) the need for standardized definitions that can‘be used by material suppliers, designers|
fabricators, and users

(4) the need to integrate existing standards* covering vessels, piping, appurtenances, and
other equipment necessary for the biopharmaceutical industry without infringing on the scopsg
of those standards

(b) The BPE Main Committee wag\structured with six functioning subcommittees and a
executive committee comprising theimain committee chair and the subcommittee chairs. TH
initial subcommittees were

(1) General Requirements

(2) Design Relating to-Sterility and Cleanability of Equipment
(3) Dimensions and Tolerances

(4) Material Joirfing

(5) Surface Fifishes

(6) Seals

(c) Throughout the development 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 weuld be distinctive, germane, and not in conflict with other industry standards. Wherev¢r
possible, the Committee strived to reference existing standards that are applicable to biopharmg-
cetitical equipment design and fabrication.

This Standard represents the work of the BPE Standards Committee, and this edition includgs

tha £o11 H
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thefollowinsParts:
(1) General Requirements
(2) Systems Design
(3) Dimensions and Tolerances for Process Components
(4) Materials 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
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The first edition of this Standard was approved as an American National Standard on
May 20, 1997. This edition was approved by ANSI on May 30, 2014.

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

ASME has established procedures to authorize qualified organizations to perform varioys
activities in accordance with the requirements of the ASME Codes and Standards. It is the ‘aifn
of the Society to provide recognition of organizations so authorized. An organization holdinlg
authorization to perform various activities in accordance with the requirements of the{Codes and
Standards may state this capability in its advertising literature.

Organizations that are authorized to use the Certification Mark for marking’items or construg-
tions that have been constructed and inspected in compliance with ASME.Codes and Standards
are issued Certificates of Authorization. It is the aim of the Society to maintain the standing ¢f
the Certification Mark for the benefit of the users, the enforcement jurisdictions, and the holdegs
of the Certification Mark who comply with all requirements.

Based on these objectives, the following policy has been establishied on the usage in advertising
of facsimiles of the symbols, Certificates of Authorization, and teferences to Codes or Standards
construction. The American Society of Mechanical Engineers does not “approve,” “certify,” “rate|”
or “endorse” any item, construction, or activity and there shall be no statements or implicatior]s
that might so indicate. An organization holding a Certification Mark and/or a Certificate ¢f
Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted, in accordance with the requirements of the
applicable ASME Code or Standard.” An ASME«orporate logo shall not be used by any organizz
tion other than ASME.

The Certification Mark shall be used orly-for stamping and nameplates as specifically providefd
in the Code or Standard. However, facsimiles may be used for the purpose of fostering the ude
a
d

” u

of such construction. Such usage-tiay be by an association or a society, or by a holder of
Certification Mark who may also“use the facsimile in advertising to show that clearly specifie
items will carry the Certification Mark. General usage is permitted only when all of a manufactuf-
er’s items are constructed(tinder the rules of the applicable Code or Standard.

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

The”"ASME Codes and Standards provide rules for the construction of various items. Thesg
include requirements for materials, design, fabrication, examination, inspection, and stampin
Ttems constructed in accordance with all of the applicable rules of ASME are identified with th
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.

§
"_
b

§
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ASME BPE-2014
SUMMARY OF CHANGES

Following approval by the ASME BPE Committee and ASME, and after public review,

CANME-RDRPE 2014 Jd 1 il A 3 NI oL A | T Lol oL N 20 2014
ASME-BRE20H4-was-approved-by—theAmericanNational-StandardsInstitute-onMay36,26044-
ASME BPE-2014 includes editorial changes, revisions, and corrections introduced-in
ASME BPE-2012, as well as the following changes identified by a margin note, (14).

Rage Location Change
1 GR-1 First paragraph revised
GR-2 First paragraph and subpara. (f) revised
GR-4.1 Subparagraph (a) revised
3 4 Table GR-4.2-1 Welder and/or Welding Operator title
and entry revised
3 GR-4.2.3 Subparagraph(d) revised
GR-4.3.1 Revised
6-16 GR-5 Reyised in its entirety
GR-6 Revised
GR-7 Revised
GR-8 (1) Definitions of biopharmaceuticals,
bioprocessing, buffing, heat-affected zone,
hygienic clamp joint, hygienic joint, and
product contact surface revised
(2) Definitions of bioprocess, expiration
date, luster, material manufacturer,
material test report, mechanical polishing,
process contact surface, shelf life,
significant change (polymeric), and
variance in luster added
(3) Definition of star burst deleted
17 SD-1 Revised
SD-2 Revised
SD-2.1 Revised
SD-2.3.1.1 Second paragraph revised
SD-2.4 First and third paragraphs revised
18 SD-2.4.2 Revised in its entirety
19, 20, 26 SD-2.4.3.2 Subparagraph (a) revised
SD-2.4.3.3 Revised
SD-2.4.4.3 Revised
SD-3.1.1 (1) Subparagraphs (c), (e), and (h) revised
(2) Subparagraph (i) added
SD-3.1.2.3 First word in subpara. (i) revised

XVi
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Page Location Change
21 Fig. SD-3.1.1-1 Revised
25 Fig. SD-3.1.2.2-1 (1) Notes added (2012 Errata)
(2) Revised
27 SD-3.2.1 Subparagraphs (a) and (b) revised
SD-3.2.2 Subparagraphs (a) and (b) revised
Sh3-324 Second—word—insubpara—{b)revised
28 Fig. SD-3.2.1-1 Revised
SD-3.3.2.4 Second word in subpara. (e) revised
29 Fig. SD-3.3.2.2-2 Revised
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31 Fig. SD-3.3.2.4-1 Revised
SD-3.4.1 Subparagraph (d)‘revised
32 Fig. SD-3.4.2-1 Revised
33 Fig. SD-3.4.2-2 Revised
Fig. SD-3.4.2-3 Revised
34 Fig. SD-3.4.2-4 Revised
35 Fig. SD-3.4.2-5 Revised
37 Fig. SD-3.4.2-7 Revised
SD-3.4.5 First word in subpara. (b) revised
38 Fig. SD-3.4.3:1 Revised
39 SD-3.5.1 Subparagraphs (a), (b), (f)(3), and (h)
revised
40 Fig~SD-3.5.1-1 Revised
41 Fig. SD-3.5.2-1 Revised
42 Fig. SD-3.5.2-2 Revised
43, 45, 47 Fig. SD-3.5.2-3 Revised
SD-3.6.1 Subparagraphs (b), (c)(1), (g)(1), (h)(2),
and (h)(3) revised
Fig. SD-3.5.5-2 Revised
SD-3.6.2 Second word in subpara. (a) revised
SD-3.7.1 Subparagraph (a) revised
49 Fig. SD-3.7.2-1 Revised
50 Fig. SD-3.7.4-1 Revised
51 SD-3.8 Added
53, 55 SD-3.9.2 First word in subpara. (j) revised
54 Fig. SD-3.9.1-2 Revised
56 Fig. SD-3.9.2.1-1 Revised
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59 SD-3.13 Revised in its entirety
SD-3.15 Revised in its entirety
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(14) GR-1

ASME BPE-2014

BIOPROCESSING EQUIPMENT

Part GR

INTRODUCTION

Thel ASME Bioprocessing Equipment Standard was
develpped to aid in the design and construction of new
fluid processing equipment used in the manufacture of
biophprmaceuticals, where a defined level of purity and
biobufden control is required.

The| Standard typically applies to

(a) fomponents 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, qnd intermediate product storage]

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

When operating under pressure conditions, sizstems
shall Be constructed in accordance with the ASME Boiler
and Pfessure Vessel Code (BPVC), Section VII, and/or
ASMH B31.3 Process Piping Code or applicable local,
natiohal, or international codesoxr standards. The
ownef/user may stipulate additional or alternative
specifjcations and requirements.

Thi$ Standard shall governythe design and construc-
tion of piping systems fof hiygienic service. For process
piping systems designediand constructed in accordance
with ASME B31.3,-it(is the owner’s responsibility to
select|a fluid setvice category for each fluid service.
Shoulfl any flaid service meet the definition of high
purity| fluidservice (ASME B31.3, Chapter X) it is recom-
mendjed that such fluid service be selected and the
requipements 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 components\that are subject tp cleaning
and sanitization and/érsterilization including systems
that are cleaned in place (CIP’d) and/or steamed in
place (SIP’d) and7'er other suitable processps used in
the manufacturihg of biopharmaceuticals. This Standard
also provides.requirements for single use systems and
components used in the above listed systemg and com-
ponents)This Standard may be used, in wholg or in part,
for pther systems and components where bioljurden risk
is‘a“concern.

This Standard applies to

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

(b) definition of system boundaries

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

(d) component dimensions and tolerances

(e) surface finishes

(f) materials 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 thip 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 afid require-
ments must be agreed to among the owner /juser, engi-

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.

Neer, mstallation contractor, and mspection contractor.

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

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,

(14)
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fabrication, assembly techniques, and examination/
inspection used in the manufacturing of bioprocessing
equipment.

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/us
engineer ¢nsuring that the systems and components
meet this ptandard.

GR-4.1 Inspector/Examiner

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

(a) Presgure Vessels. Authorized Inspector, as defined
in ASME BPVC, Section VIII.

(b) Piping, Tubing, and Non-Code Vessels. Owner’s
inspector, ps defined in ASME B31.3, paras. 340.4(a) and
(b). Inspedtor’s Delegate, as defined in GR-8, meets the
additional 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 Ipcal regulations require that pressure equip-
ment be designed and constructed in accordance with
standards other than ASME codes/standards, the
inspector|in this Standard is defined as one who is
acceptabldq to the relevant regulatory authority.

GR-4.2 Inspector’s Delegate

Inspectqr’s Delegate qualifications shall be in accor-
dance witlh the requirements listed herein. The employer
of the Inspector’s Delegate shall have documented train-
ing and qalification programs to(ensure the qualifica-
tions and fapabilities of personhe] are met.

The cdpabilities requitements are listed in
Table GR4.2-1. It is required that a capability listed
for a lower level of qualification is also required for
subsequer]t higher levels of qualification.

GR-4.2/1 Levels of Qualification. There are four lev-
els of qualffication for Inspector’s Delegate. Examination
personnel [qualifications are not covered in this section

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
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 a551gned respon51b111ty for on-the-job

ogy to establish techniqies and to assist in establishing
acceptance criterialwhen none are 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 tequirements listed herein shall be met pfior to
consideration for examination/certification.

(a) Trainee

(1) be a high school graduate or hold a stjate or
military approved high school equivalency diplgma

(2) receive a minimum of 8 hr of relevant|docu-
mented 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, perfonnel
shall meet the following;:

(1) be a trainee for a minimum of 6 mo of|docu-
mented relevant industry experience. Alternate m¢thods
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

I LIL T Lo o2 L L 1 leht

but shall be in accordance with ASME B31.3, para. 342.

(a) Trainee. An individual who is not yet certified to
any level shall be considered a trainee. Trainees shall
work under the direction of a certified Quality Inspector
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

Fevel- H-V-certificate~-or-international-equivale
(d) 2 yr of documented relevant experience in
inspection, examination, or testing activities
(2) receive a minimum of 16 additional hours of
relevant documented training (minimum total = 24 hr),

! 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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Table GR-4.2-1 Inspector’s Delegate Capabilities (14)

Capability Trainee QID-1 QID-2 QID-3

Materials
(a) Identify materials
(1) Fitting type X
(2) Tube/pipe X -
(3) Filler materials - X
(4) Elastomers C
(5) Process components - X
(b) Verifymaterial marking to standard X
(c) Measure material dimensions
(d) Megsure material surface finish X
(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 e ..
(h) Verify material storage/handling compliance e " X

>

>

X X X X X X

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

X X X X X X

Knowledge and Skills
Undersfand inspection fundamentals
(a) Effeftive oral and written communication .. X
(b) Qu4lity procedures
(1) Pfepare documentation control requirements R R ce X
(2) Develop inspection procedures - - - X
(c) Review of specifications - - X
(d) Codes and Standards (training)
(1) ASME BPE GR/DT/SF MJ/SD 3.12 X Ce
(2) ABME B31.3 - - Chapter VI X
(3) ABME BPVC Section)IX e e X
(e) Intefpret welding=-symbols and drawings
(1) Dptail drawings (mechanical) . . X
X

(3) S|ngle-line isometric drawings (weld maps) e X

(4) Idometric drawings (slope maps) e X ..

(5) General/fabrication arrangement drawings (details) ... e X

(6) Interpret welding symbols - - X
(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 - e X

X X X X
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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 package
(1) Assemble . . X .
(2) Review X
(h) Basic understanding of NDT/NDE
1 PT
@) urt
(B) RT
(4) Eddy current
(5) Pressufe/leak testing

X X K X X

Inspection
(@) Perform {isual inspection (other than weld inspection) . X
(b) Perform yveld inspection .. X
(c) Evaluate pveld inspection results .
(d) Perform $lope verification .. X
(e) Witness pressure tests
(f) Verify inspection compliance
(g) Review irfspection reports
(h) Verify nopconformance disposition
(i) Perform igstallation verification
(1) Installdtion per P&ID
(2) Check ffor cold spring .
(3) Hanget verification . X ..
(4) Compdnent installation per manufacturer's recommendations .. ... X

X X X X - X -

>x< X

Vessel Inspection (additional to above)

(@) Verify sufface finish e . - X
(b) Verify drginability ... ... X ...
(c) Cleanabilfty (CIP/riboflavin/sprayball testing) ... ... ... X
(d) Verify dirpensions and orientation .. .. .
(e) Compliarjce with ASME Code (U-1) R ... - X
() Documentation review .. L. X

>

Welding Progedure Qualification
Verify weldirlg procedures (WPS/PQR) compliance .. .. .. X

Welder and/pr Welding Operator Performance Qualification
Verify weldef and/or welding operator performance/qualification ... ... X
compliance

Project Planping

(@) Review cpntract requirements
(b) Prepare Weld inspection criteria
(c) Review specifications

(d) Prepare purchase specifications
(e) Develop |nspection plan

X X X X X

Training
(@) Provide dn-the=joktraining for Quality Inspectors e e X
(b) Maintain|records of training . .. X

Audit

(@) Perform vendor audits - .. L. X
(b) Perform fabricator audits
(c) Prepare audit and surveillance plan R e - X

>
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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

(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 experlence Alternate methods
for me
one of the followmg
(a) prior or current certification as a QID-2
(b) completion with a passing grade of at least
4 yr ¢f engineering or science study in a university,
collegp, or technical school
(c) possess an AWS CWI certificate' or ACCP
Level [T VT certificate?, or international equivalent
(d) 2 yr of documented relevant experience in
inspe¢tion, examination, or testing activities of high
purityl/hygienic systems
(3) receive a minimum of 16 additional hours of
relevapt 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
examination, including as a minimum the requirements
showIlin Table GR-4.2-1 for this level

(d) RID-3. To be considered as a QID-3, personnel
shall meet 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 requiremefit 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
purity)/hygienic systems
(3) receive a minimum -of 40 additional hours of
relevapt documented training, including as a minimum
the requirements shown in Table GR-4.2-1 (minimum
= 80 hr)
(3) pass a written test and practical performance
ination, including as a minimum the requirements
in‘Fable GR-4.2-1 for this level

minimum of a Jaeger Number 2 or equivalent type and
size letter at a distance designated on the chart but no
less than 12 in. (305 mm). This test shall be administered
initially and at least annually thereafter.

(2) Color Contrast. The individual shall demonstrate
the capability of distinguishing and differentiating con-
trast among colors. This test shall be administered ini-
tially and, thereafter, at intervals not exceeding 3 yr.

These exammatlons shall be admlmstered by an oph-
registered
nurse or nurse practitioner, cert1f1ed physidian assistant,
or by other ophthalmic medical persennel and shall
include the state or province (or applicable jurisdic-
tional) license number.

(e) certification documentation

The owner/user is responsible for ver}fying the
requirements of this section dre met.

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, proyided all of
the following‘fequirements are met:

(a) Thé.employee has proof of prior certiffcation.

(b) “THe employee was working in the chpacity to
which certified within 6 months of terminatjon.

{c) The employee is being recertified withipn 6 months
of termination.

If the employee does not meet the listed requirements,
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 GR-4.3.2.

GR-4.3.1 Pressure Vessels. The respongibilities of

the owner’s Inspector shall be the same as th¢ inspector
in ASME BPVC, Section VIII.

GR-4.3.2 Piping, Tubing, and Non-Code [Vessels.
The responsibilities of the owner/user’s insplector shall
be in accordance 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

i LI J.Ile EIIlPlUyEf lb fEbPUIlbl[)lE
for trammg, testing, and certification of employees. The
employer shall establish a written practice in accordance
with the guidelines of ASNT SNT-TC-1A including

(a) the requirements listed in Table GR-4.2-1

(b) training programs

(c) certification testing requirements

(d) eye examinations as follows:

(1) Near Vision Acuity. The individual shall have

natural or corrected near distance acuity in at least one
eye such that the individual is capable of reading a

authorized inspection personnel at all times while work
on the equipment or components is being performed.
The notification of an impending inspection should be
mutually agreed to by the manufacturer and the inspec-
tor. Access may be limited to the area of the manufactur-
er’s facility where assembly, fabrication, welding, and
testing of the specific equipment or components is being
performed. Inspectors shall have the right to audit any
examination, to inspect components using any examina-
tion method specified in the Design Specification
(including Purchase Order), and review all certifications

(1 4)
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and records necessary to satisfy the requirements of
GR-5. The manufacturer shall provide the inspector with
work progress updates.

(14) GR-5 DOCUMENTATION
GR-5.1 General

Documentation requirements shall be agreed to at the
beginning of a design project and shall be made available

(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 Documentation (as
applicable)

(1) paccivzation ranortc
¢ Passtvaton 5

upon reqyest or submitted at the agreed-upon tme to
support the requirements of this Standard, as agreed to
by the owper/user and manufacturer/contractor.

GR-5.2 D¢cument Requirements

Materia| Test Reports (MTRs) shall be verified to be
in complignce with the applicable specification for all
metallic pfocess components that will come in contact
with the groduct and ancillary equipment. Certificates
of Complifince (C of C) for all polymeric and other non-
metallic pfocess components that come in contact with
the produft and ancillary equipment shall be verified.
In additiop, the following documentation shall be pro-
vided to the owner/user or their designee.

GR-5.2J1 General List of Documents
GR-5.2.1.1 Metallic Materials

GR-5.p.1.1.1 Turn Over Package Documentation.
Documentjation required for cGMP-validated distribu-
tion systems, including the vessels, tubing systems on
modules, quper skids, skids, the shop or field fabrication
of tubing, |etc., includes the following;:

(a) Matdrials Documentation

(1) Material Test Reports (MTRs)

(2) Certificates of Compliance (C ¢f Cs)

(3) Mpaterial Examination Logs

(4) Identification of the filler metal or consumable
insert usedl for welding superaustenitic or duplex stain-
less steel process components\(see MM-5.1.2)

(b) Welding, Inspections/and Examination Qualification
Documentdtion (not reqdited for standard fittings, valves,
and components unless specifically required by the
owner/usfr)

(1) Welding-Procedure Specifications/Parameters
(WPS/P)

(2) Procedure Ou ation Record R

(3) Welder Performance Qualifications (WPQs)

(4) Welding Operator Performance Qualifications
(WOPQs)

(5) Examiner qualifications

(6) documentation of approval of the above by the
owner/user’s representative prior to welding

(7) Inspector qualifications

(8) documentation of the approval of
para. GR-5.2.1.1.1(b)(7) by the owner/user prior to
welding
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(2) spray device coverage testing

(3) pressure testing

(4) final slope check documentation

(5) calibration verification documéntation

(6) purge gas certifications

(7) signature logs

(8) number of welds — both ' manual and aut¢matic

(9) number of weldsdnspected expressefl as a
percentage (%)

(10) heat numbérs of components that mjist be
identified, documénted, and fully traceable fo the
installed system

(11) surface finish C of Cs

(12) NDE (nondestructive examination) repprts

(e) System/Equipment

(1) standard operating and maintenance proce-
dutes and manuals

(2) installation procedures

(3) piping and instrumentation diagrams

(4) detail mechanical drawings and layouts

(5) technical specification sheets of comp¢nents
and instrumentation

(6) original equipment manufacturer’s data

(7) manufacturer’s data and test reports

(8) any documentation that is specifically rjeeded
for the owner/user’s qualification of a system

GR-5.2.1.1.2  Technical support information to
support the design, operation, and maintenapce of
equipment may include, but is not limited to, the
following;:

(a) material handling procedures
(b) mechanical and electropolishing procedurgs
(c) shop passivation procedures

GR-5.3 Material Test Reports/Certificates of

ptiance

GR-5.3.1 Metallic Materials. The combination of
documents, including Certificates of Compliance (C of
Cs) and Material Test Reports (MTRs), for all valves and
fittings having process contact surfaces shall include the
following information, as a minimum:

(a) ASME BPE Standard, including year date
(b) material type

(c) heat number/code traceable to the MTR
(d) chemical composition

(e) AWS classification of filler metal, if used
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(f) alloy designation and material specification of
insert, if used

(g) postweld heat treatment documentation, if
applicable

(h) mechanical properties are not required, but if
included, must be accurate to the raw material
specification

MTRs for other components made to a material speci-
fication shall contain the minimum information speci-

fied

v the material specification incorpvorated by
7 T T

GR-5.3.3 Electropolishing. The electropolishing
vendor, if requested by the owner/user, shall provide a
Certificate of Compliance with each type of compo-
nent(s) that shall include, but is not limited to, the
following:

(a) vendor’s company
(b) owner/user’s name
(c) description of component(s)

(d) identification of the electropolishing procedure
wead

referefce.

GR{5.3.2 Polymeric and Other Nonmetallic Material
Components. The manufacturer of polymeric and other
nonmletallic components shall issue a Certificate of
Complliance that the components meet requirements as
show(lin Table PM-2.2.1-1.

-5.3.2.1 Seal Documentation. Seal manufactur-
ers shall provide, upon owner/user request, documenta-
tion ({est report) of the USP <88> Biological Reactivity
Test Ih Vivo, Class VI and the USP <87> Biological
Reactjvity Test In Vitro testing on final manufactured
seals.

A (ertificate of Compliance shall be issued by the
seal mjanufacturer to certify compliance to this Standard
when| required by the owner/user. Additional
agreements may be required; refer to SD-2.4.1.2(b). At
a min%lnum, seals exposed to process contact fluids and /
or thaf have a high probability of exposure will comply
to the United States Pharmacopeia USP <87 (or
ISO 1p993-5) and USP <88> Class VI (or ISO 10993-6,
ISO 14993-10, and ISO 10993-11) [see SG-3.3,1(a)}. Exam-
ples df seals coming in direct contact with/a product
strearp include gaskets, O-rings, valve diaphragms,
pinch|tubes, and valve stem seals.

The|Certificate of Compliance shallcontain the follow-
. ing information:

(a) manufacturer’s name;

(b) part number.

(c) |ot number.

(d) material of conSstruction.

(e) fompound-ntmmber or unique identifier.

(f) gure date/or date of manufacture.

(g) |lintpusion category (hygienic seals only; see
SG-4.2).

(h)
USP <88> Class VI (or ISO 10993-6, ISO 10993-10, and
ISO 10993-11).

(i) packaging and storage recommendation. (This
may be of another document and not a Certificate of
Compliance.) Marking on the seal package should
include items (a) through (h) above.

GR-5.3.2.2 Sealed Unions. The seal manufacturer
shall provide, upon request of the owner/user, a certifi-
cate of design conformance that the sealed union meets
the intrusion requirements of SG-4.2.

(e) final surface finish report (R, if requited by the
owner/user)

GR-5.3.4 Passivation. The passivation provider
shall supply a Certificate of Conipliance for ejch system
or set (type) of component(s) that shall inclugle, but not
be limited to, the following:

(a) owner/user’s name
(b) description of §ystem or component(s
(c) service provider’s company name
(d) qualified/passivation method used
(e) documientation of passivation process, ps follows:
(1) written qualified 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) postpassivation verification method(s) fused
(¢) for material manufacturers/suppliers jof compo-
nents whose surfaces have been electropolished and/or
passivated, a Certificate of Compliance for Fassivation
and/or Electropolishing stating that standard industry
practices, such as ASTM A967 or ASTM B912, ps applica-
ble, have been used. If required by the owne} /user, the
manufacturer or supplier may be required fo demon-
strate the effectiveness of their procedure byl a method
mutually agreed upon.

GR-5.4 Weld Log

The results of the welding, examination, and inspec-
tion shall be recorded on a Weld Log. The ifformation
required to be on the Weld Log may be in ahy format,
written or tabular, to fit the needs of the manjufacturer/
supplier, installing contractor, inspection conffractor, and
information is
included or referenced. Form WL-1 (see Nonmandatory
Appendix B) has been provided as a guide for the Weld
Log. This form includes the required data plus some
other information that is not required. The minimum
requirements are as follows:

(a) isometric drawing number (including revision
number)

(b) weld number

(c) date welded

(d) welder and/or welding operator identification
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(e) size

(f) examination
(1) date
(2) type of examination
(3) acceptance/rejection
(4) initials

(g) inspection
(1) date
(2) type of examination

AWS B2.4, Specification for Welding Procedure and
Performance Qualification for Thermoplastics
AWS G1.10M, Guide for the Evaluation of Hot Gas, Hot

Gas Extrusion, and Heated Tool Butt Thermoplastic
Welds

Publisher: American Welding Society (AWS), 8669 NW
36 Street, No. 130, Miami, FL 33166 (www.aws.org)

ASME B31.3, Process Piping
ASME B46.1, Surface Texture (Surface Roughness,

(3) aqreptarce/Tejection
(4) irItials

(h) identification of blind welds

(i) idenfification of manual welds

(j) basiq of rejection

In additjon, heat numbers (or other identification sys-
tem for mgterial traceability) and slope shall be recorded
on the Weld Log, an isometric drawing, or other owner/
user-appr¢ved document.

GR-5.5 Reécords Retention

GR-5|5.1 Vessel Documentation. For all
Bioprocesging ASME Code-stamped vessels, National
Board regjstration is recommended to maintain vessel
data on file. Manufacturing documentation shall be
maintainefl throughout the design and manufacture for
each component, assembly, part, or unit.

All docqimentation shall be retained by the owner/
user. As agreed to by the owner/user and manufacturer,
documentption from the manufacturer will be retained
for the agfeed-upon duration of time but not less thian
3 yr after manufacture.

GR-5.5)2 Welding Documentation

(a) Piping and Tubing. Records and retentien of records
associated|with piping and tubing shall bein accordance
with ASME B31.3.

(b) Pressure Vessels and Tanks. Records and retention

of records|for code vessels shall*be in accordance with
ASME BPNC, Section VIII.

GR-6 U.5. CUSTOMARY AND SI UNITS

This Stahdard.uses standard units listed in Mandatory
Appendix|Il. Nonmandatory Appendix T has been pro-
vided as|a_guide for U.S. Customary and SI unit

Waviness, and Lay)
ASME Boiler and Pressure Vessel Code,Sectfion V,
Nondestructive Examination
ASME Boiler and Pressure Vessel Cade, Sectiop VIII,
Rules for Construction of Pressure{Vessels
ASME Boiler and Pressure Vessel’Code, Sectipn IX,
Welding, Brazing, and Fusifig\Qualifications
ASME PTC 19.3 TW, Thermewell Design Standajrd

Publisher: The American Society of Mechfnical
Engineers (ASME), Two Park Avenue, New Yotk, NY
10016-5990; Ordef Department: 22 Law Drivg, Box
2900, Fairfield,"INJ 07007-2900 (www.asme.org

Material specifications for metallic materials arg listed
by product-form in Part MM.

ASTMA380, Practice for Cleaning, Descaling, and
Rassivation of Stainless Steel Parts, Equipmerft, and
Systems

ASTM A967, Standard Specification for Chgmical
Passivation Treatments for Stainless Steel Part:

ASTM B912, Standard Specification for Passivatfion of
Stainless Steels Using Electropolishing

ASTM D395, Standard Test Methods for Rubber
Property — Compression Set

ASTM D412, Standard Test Methods for Vulcgnized
Rubber and Thermoplastic Elastomers — Tendion

ASTM D471, Standard Test Method for Rubber
Property — Effect of Liquids

ASTM D624, Standard Test Method for Tear Strerjgth of
Conventional Vulcanized Rubber and Thermoplastic
Elastomers

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

ASTM D2657, Standard Practice for Heat Fusion Jpining
of Polyolefin Pipe and Fittings

conversion.

GR-7 REFERENCES

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

ANSI/AWS A3.0, Standard Welding Terms and
Definitions

ANSI/AWS QC1, Standard for AWS Certification of
Welding Inspectors

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

ASTM E112, Test Methods for Determining Average
Grain Size

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

ASTM E230/E230M, 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
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ASTM E2500, Standard Guide for Specification, Design,
and Verification of Pharmaceutical and
Biopharmaceutical Manufacturing Systems and
Equipment

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)

European Hygienic Engineering & Design Group

validation, and routine control of a sterilization pro-
cess for medical devices

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

(EHEDG), Document No. 18 — Passivation of
Staijnless Steel

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

DVS $202-1, Imperfections in Thermoplastic Welding
Joints; Features, Descriptions, Evaluation

Publisher: DVS-Verlag GmbH (German Welding
Socjety), Aachener Strasse 172, D-40223 Dusseldorf,
Germany (dnb.ddb.de)

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

GMP:|current Good Manufacturing Practices, Title 21 of
the [Food and Drug Administration

Publigher: U.S. Food and Drug Administration (U.S.
FDA), 5600 Fishers Lane, Rockville, MD 20857
(wyw.fda.gov)

IEC |60751, Industrial Platinum Resistdnce
Thermometers and Platinum Temperature Sensors

Publigher: International Electrotechnical Commission
(IEQ), 3, rue de Varembé, Case postale 181, CH-1211
Gerjeve 20, Switzerland /Suisse (www.iéc.ch)

ISO 3@4-1, Rubber, vulcanized orthermoplastic —
Detprmination of tear strength —Part 1: Trouser, angle
and| crescent test pieces

ISO 34-2, Rubber, vulcanized or thermoplastic —
Detprmination of tear stréngth — Part 2: Small (Delft)
test|pieces

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

ISO 48, Rubb¢ér, vulcanized or thermoplastic —
Deflermination of hardness (hardness between 10
IRHD\and 100 IRHD)

Engineering (ISPE), 3109 W. Dr. Martin Lither King,
Jr. Blvd., Tampa, FL 33607 (www.ispe.oOrg)

NIH (BL-1/BL-4), Biohazard Containiment Quidelines

Publisher: National Institutesof Health (INIH), 9000
Rockville Pike, Bethesda, MI)20892 (nih.gov)

Recommended Practice (RP) No. SNT-TC-1A] Personnel
Qualification and_Cettification in Nondestructive
Testing

Publisher: Ameridan Society for Nondestruct{ve Testing
(ASNT), #7211 Arlingate Lane, P.O. Bpx 28518,
Columbds, "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)

GR-8 TERMS AND DEFINITIONS

annealing: a treatment process for steel for redycing hard-
ness, improving machinability, facilitating coll working,
or producing a desired mechanical, physicdl, or other
property.
anomaly: a localized surface area that is out of specifica-
tions to the surrounding area, and is clgssified as
abnormal.

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

arc strike: a discontinuity consisting of anyf localized
remelted metal, heat-affected metal, or chapge in the
surface profile of any part of a weld or Hase metal
resulting from an arc, generated by the passagp of electri-
cal current between the surface of the weld or pase mate-

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

ISO 815-2, Rubber, vulcanized or thermoplastic —
Determination of compression set — Part 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 products —
Radiation — Part 1: Requirements for development,
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rial and a current source, such as a welding electrode,
magnetic particle prod, or electropolishing electrode.

aseptic: free of pathogenic (causing or capable of causing
disease) microorganisms.

aseptic processing: operating in a manner that prevents
contamination of the process.

audit: an on-site evaluation by an ASME-appointed team
to review and report evidence of compliance of the appli-
cant with regard to the requirements of the ASME BPE
Standard, “after” issuance of a certificate.
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autogenous weld: a weld made by fusion of the base mate-
rial without the addition of filler. (See also gas tungsten-
arc welding.)

automatic welding: welding with equipment that per-
forms the welding operation without adjustment of the
controls by a welding operator. The equipment may or
may not perform the loading and unloading of the work.
(See also machine welding.)

barrier fluid: a fluid used to separate environment from

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

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

cartridge seal: a self-contained seal assembly.

cavitation: a condition of liquid flow where, after vapor-
ization of the liquid, the subsequent collapse of vapor
bubbles can produce surface damage.

product quch as water or condensate in a double
mechanicgl seal.

bioburden:
nisms per

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

the number of viable contaminating orga-
product unit.

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

biopharmageuticals: pharmaceuticals manufactured by
biotechnology methods, with the products having bio-
logical soyrces, usually involving live organisms or their
active components. Biopharmaceuticals generally
include refombinant proteins, (monoclonal) antibodies,
vaccines, Blood /plasma-derived products, nonrecombi-
nant cultyre-derived proteins, and cultured cells and
tissues.

certificatea Certificate of Authorization iss

ASME.

Certificate of Authorization: a document issuned by
that authorizes the use of an ASME BRPE Symbol
for a specified time and for a specifiéd scope of a

ed by

ASME
Stamp
tivity.
certificate holder: an organization/holding a Certifiate of
Authorization issued by the Seciety upon satisflactory
completion of evaluation af-ability to comply with the
requirements of this Standard.

certification: documented testimony by qualified afithori-
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 thq phar-
macetitical industry to meet FDA requirements af pub-
lished in the Code of Federal Regulations, Chapter 1,
Title 21, Parts 210 and 211.

bioprocess: [technique or operation used in the manufae:(O  chromatography: the purification of substances baged on
ture and/ ¢r purification of biopharmaceuticals or other the chemical, physical, and biological properties|of the
biologicall materials, such as products derived:from molecules involved.

microbial fermentation (e.g., yeast, mold, bacterid), cell

culture (eJg., insect, mammalian, plant), tissue culture,

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

blood, or milk fractionation.
. . . cleaning: operations by which dirt, residues, detefgents,
bioprocessifig: see bioprocess. . [0
or other surface contaminants are removed to afhieve
bioprocessing equipment: equipment,'systems, or facilities ~ predetermined surface attributes.

used in the creation of products utilizing living
organisms

blind weld|(or closure weld): a weld joint by design that
cannot feasibly be visually inspected internally.

blister (polj
surface, cq

meric)alocalized imperfection on a polymer
ntaihing a pocket of fluid.

blistering (metallic): a localized delamination within the

clean-in-place (CIP): internally cleaning a piece of pquip-
ment without relocation or disassembly. The equipment
is cleaned but not necessarily sterilized. The cleafing is
normally done by acid, caustic, or a combination of both,
with water-for-injection (WFI) rinse.

clean steam: steam free from boiler additives thqt may
be purified, filtered, or separated. Usually used fqr inci-

metal that has an appearance of chipped or flaked-off
areas. Per SEMI F019-0304, section 4.2.1.

borescope: a device for indirect visual inspection of diffi-
cult access locations such as equipment and pipes.

break: a discontinuity in the face of a fitting.

buffing: a metal finishing process for smoothing the sur-
face using a grease-suspended abrasive.

burn-through: excessive melt-through or a hole through
the root bead of a weld.

10

dentat-heating i pharmeacenticat applicatiorns:

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

cloudiness: the appearance of a milky white hue across
some portion of a surface resulting from the
electropolish process.

cluster 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.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

compendial water: purported to comply with USP and/
or any other acknowledged body of work related to
the quality, manufacture, or distribution of high purity
water.

compression set: permanent deformation of rubber after
subscription in compression for a period of time, as
typically determined by ASTM D395.

concavity: a condition in which the surface of a welded
joint is depressed relative to the surface of the tube or

demarcation: a localized area that is dissimilar 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 adherent oxide
films resulting from hot-forming, heat-treatment, weld-
ing, and other high-temperature operations such as in
steam systems.

pipe. [Concavity is measured as a maximum distance  dirty: a relative term indicating the condition of being
from the outside or inside diameter surface of a welded contaminated.

]Olrllzl glong a line perpendicular to a line joining the  yic 1oation: any change in surface color frgm that of
weld foes. the base metal. Usually associated with pxidation

consutpable insert: a ring of metal placed between the
two elements to be welded that provides filler for the
weld, when performed with fusion welding equipment.
A consumable insert can also be used for the root pass
in a multiple pass weld with the addition of filler wire

(also ¢alled insert ring).

convedity: a condition in which the surface of a welded
joint if 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 foes.

corrosfon: a chemical or electrochemical interaction

occurring on the weld and heat-affected zqne on the
outside diameter and inside diameter of the|weld joint
as a result of heating the metal during welding. Colors
may range from pale bluish-gray to deep blug, and from
pale straw color to a\black crusty coating.

discontinuity: intefruption of the typical strycture of a
weldment, such(as a lack of homogeneity in the mechani-
cal, metallungical, or physical characteristics of the mate-
rial or weldment. A discontinuity is not nefessarily a
defect:

distiibution system: centralized system for tHe delivery
of fluids from point of generation or supply to point
of use.

betwepen a metal and its environment, which results in downslope: that part of an automatic orljital weld
changes in the property of the metal. This may lead)to  sequence during which the welding current i gradually
impaifment of the function of the metal, the envifon-  reduced prior to extinguishing of the weldirg arc. The
ment, (and/or the technical system involved. downslope portion of a welded joint is seen aga tapering
cracks fracture-type discontinuities charactefized by a  ©f the end of the weld bead with a reduction pf penetra-
sharpltip and high ratio of length and width to opening  tion from the beginning to the end of the doynslope so

displacement. A crack may not be detected with a stylus.
A linepr crack will produce a liquid penetrant indication
durinjg liquid penetration(inspection, X-ray, or

that the final weld bead is small withl minimal
penetration.

dross: a concentration of impurity formed if the weld

ultraspund. puddle. It floats to the surface when the metal solidifies.

crater:|a depression at the termination of a weld bead. (See also slag.)

crater |cracks: cracks-that form in the crater, or end, of dupley.c stainless St‘.ze.l - a group of stainless stgels whose
chemical composition is designed to produge a room-

the weld bead.

temperature microstructure that is a mixture df austenite

creep: [a timesd€pendent permanent deformation that and ferrite.
occurg undetstress levels below the yield stress. durometer: measurement of hardness related t¢ the resist-
dead ldg:\an area of entrapment in a vessel or piping run  ance to penetration of an indenter point in to[a material

that could Tead to contamination of the product.

defects: discontinuities that by nature or accumulated
effect (for example, total crack length) render a part or
product unable to meet minimum applicable acceptable
standards or specifications. This term designates reject-
ability. (See also discontinuity.)

deionized water: a grade of purified water produced by
the exchange of cations for hydrogen ions and anions
for hydroxyl ions.

delamination: separation into constituent layers.
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as typically determined by ASTM D2240.

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

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

elastomer: rubber or rubberlike material possessing elas-
ticity. (See also elastomeric material.)

elastomeric material: a material that can be stretched or
compressed repeatedly and, upon immediate release of
stress, will return to its approximate original size.
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electropolishing: 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 perpendicular to the rolling
direction of the material and appearing after
electropolishing.

etching: the process of removing a layer of metal from
its surface using a chemical and/or electrolytic process.

or gas mixture. (This process is sometimes called TIG
welding, a nonpreferred term.) GTAW may be per-
formed by adding filler material to the weld, or 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.

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

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

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“fftom growth media.

expiration fate: the date after which the shelf life has  This can be accomplished by filtration, precipitatjon, or
been excegded. centrifugation.

extractable (po.lymerjic): che@icals that can be removed  jgze: a localized diminished surface brightness| com-
from polymeric articles using appropriate solvents. monly produced by gassing or air pockets, during
fermentatign: the biochemical synthesis of organic com-  electropolishing.

pounds by microorganisms or cultivated cells. heat-affected zow?; that portion of the base metal of poly-

ferimentor| (fermenter): a vessel for carrying out
fermentatijon.

fixture matfks: an area on an electropolished component
where the|electrical connection was made for the pro-

mer that hasisnot been melted, but whose microstructure
or mechafieal properties have been altered by the heat
of welding or cutting.

heat,number: an alphanumeric identification of a|stated

cessing offthe component. tonnage of metal obtained from a continuous njelting
flash electrgpolish: an electrochemical process done for a ~\in a furnace.
very shorfl duration of time with a low current density, " jeat tint: coloration of a metal surface through oxiflation

which neiﬂt\er 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.

fluoropolyrer: polymer material having(a)carbon chain
either partially or completely bonded\to/fluorine atoms.

nsing): the flowing of water over the product
and/or sojution contact surfages-of system components
for the r¢moval of partictldtes or water soluble
contamingnts.

flushing (r

full penetrdtion: a weldjeint is said to be fully penetrated
when the [depth of the weld extends from its face into
the weld jpint se.that the joint is fully fused. For a tube-
to-tube wdld, nounfused portions of the weld joint shall
be visible jon(the inside diameter of a fully penetrated

by heating. (See also discoloration.)

higher alloy: a metal containing various alloying cpnstit-
uents formulated to provide enhanced corrosion |resist-
ance and possibly improved mechanical properties
beyond those that are typically observed in UNS $31603
stainless steel.

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

a ves-
drain.

hydrotest: a pressure test of piping, pressure vesgels, or
pressure-containing parts, usually performed by pres-
surizing the internal volume with water at a pressure
determined by the applicable code.

hygienic: of or pertaining to equipment and piping sys-
tems that by design, materials of construction, and oper-

weld.

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

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

guas tungsten-arc welding (GTAW): an arc welding process
that produces coalescence of metals by heating them
with an arc between a tungsten (nonconsumable) elec-
trode and the work. Shielding is obtained from a gas

12

ation provide for the maintenance of cleanliness so that
products produced by these systems will not adversely
affect human or animal health.

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

hygienic joint: a tube outside diameter union providing
a nonprotruding, recessless process contact surface.
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icicles: localized regions of excessive penetration, which
usually appear as long, narrow portions of weld metal
on the weld underbead. (See also convexity and excessive
penetration.)

inclusions: particles of foreign material in a metallic or
polymer matrix.

incomplete fusion (or lack of fusion): a weld discontinuity
in which fusion did not occur between weld metal and
faces or between adjoining weld beads. Also, in welding

manual welding: welding in which the entire welding
operation is performed and controlled by hand.

material manufacturer: the organization responsible for
the production of products meeting the requirements of
the material specification and accepting the responsibil-
ity for any statements or data in any required certificate
of compliance or material test report representing the
material.

material test report (mill test report or MTR): a document

of tubjng, when the weld fully penetrates the wall thick- in which the results of tests, examinations, [repairs, or
ness But misses the joint, leaving some portion of the  treatments required by the material specifiction to be
inner (inside diameter) weld joint with unfused edges.  reported are recorded. This document)includes those of
incomplete penetration (or lack of penetration): a groove Y sctllpplimen(’ciaryfreqﬁlrement§ ?rTc;;c.he(l:‘l requirements
weld n which the weld metal does not extend com- Ztate 1}r)1.t Zor.;r or t .?materfla. lls, oc ment.maly
pletelf through the joint thickness. e combined with a certificate'of compliancefas a single
R . . document. When preparing’a material tesf report, a
indicafion: a condition oran anqmaly ofa locahze.d area  material manufacturergnay transcribe data pfoduced by
that hps not been classified as being accepted or rejected.  pther organizations, provided he accepts responsibility
Inspecfor’s Delegate: a person who is delegated by an  for the accuracy and authenticity of the datg.

ownef’s inspector to perform inspection functions as  yaterial type: aG6mmercial designation for a gfven chem-
referenced in ASME B31.3, para. 340.4(c). istry range:

joint penetration: the depth that a weld extends from its .. o0 working pressure: the pressure at [which the

face imto 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-
sumedl, leaving the weld joint with unfused edges on
the inper surface.

lamellgr tears: terrace-like fractures in the base metal with

system.'is capable of operating for a sustaied period
oftime.

maximum working temperature: the temperatuie 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 that deviates

a basjc orientation parallel to the wrought'surface; (. ": 1010 side across the weld joint rdther than
causegl by the high stress in the thickness direction that - 1.1 g the joint precisely.
resulty from welding.

mechanical polishing: a process by which abragive media
lamindtions: elongated defects in a-finished metal prod- P &ap y

uct, rdsulting from the rolling of a-welded or other part

conteiﬁning a blowhole. Actually, the blowhole is
stretclied out in the direction’of rolling.

leachables (polymeric): Aypically a subset of extractables,
these themicals migrate from polymeric articles into the
produict or process fluid.

linear
Linea
inade

porositys porosity that occurs in a linear pattern.
porosity generally occurs in the root pass from
juate joint penetration.

is applied to a surface with intent to smootlen until a
desired and/or specified surface roughnpss (R,) is
achieved.

mechanical seal: a device used for sealing fluids with
rotating shafts. A mechanical seal is a prefapricated or
packaged assembly that forms a running segl between
flat surfaces.

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

liquid penetrant indication: refer to ASME BPVC,
Section V, Article 6, para. T-600, for testing an anomaly
or an indication.

luster: the state or quality of shining by reflecting light.
(See also variance in luster.)

machine welding: welding with equipment that performs
the welding operation under the constant observation
and control of a welding operator. The equipment may
or may not perform the loading and unloading of the
works. (See also automatic welding.)
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TSI TITe T (ISt T axiat offsetof
members.

the joint

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

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.

polishing peatte at-is-dissimilarto—thesurrounding ygiene

area. or cosmetic care.

off angle: af measurement of face-to-face squareness. PFA: perfluoroalkoxy, copolymer of perflugfoalkoky and
tetrafluoroethylene.

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

pharmaceutical: relating to the use afnd/6r manufacture
of medical drugs or compounds uséd to diagnose, treat,
or prevent a medical condition:

pickling: a chemical proces§Aor cleaning and degcaling
stainless steel and other\alloy parts, equipment, and
systems.

pipe: pipe size is~-determined by diameter and |either
schedule, series) or SDR. For bioprocessing equipment,
pipe does net. include tube.

pit: a smallsurface void resulting from a localizgd loss
of base.material.

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

slope.

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

by which fhe end of the weld bead overlaps the-begin- . . . .
! . . polymeric materials: a natural or synthetic material whose
ning of the weld bead (not including the ‘downslope) . . .
. molecules are linked in a chain.
on a single-pass weld. l | op | . 4 b
: teri -
owner/userf the body upon which-final possession or polypropylene (PP): polymer material composed pf car
h bon and hydrogen.
use rests.
e . . porosity: cavity-type discontinuities formed by gas
oxzda.tlon. i common form qf elect.rocherplcal reaction entrapment during solidification.
that is the|combining of oxygen with various elements . . . .
pressure rating: pressure at which a system is degigned

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

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,

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.

14

pumps_filter housings and instruments
I I (o]

process contact surface: a surface under design operating
conditions that is in contact with, or has the potential
tobe in contact with, raw materials, in-process materials,
APIs, clean utilities (e.g., WFI, CIP, pure steam, process
gases), or components (e.g., stoppers) and where there
is a potential for the surface to affect product safety,
quality, identity, strength, or purity.

product contact surface: a process contact surface that is
in contact with, or has the potential to be in contact
with, a product where product is defined by the
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owner /user. Examples of product contact surfaces may
include the interior surfaces of bioreactors, transfer tub-
ing, chromatography columns, vessels, and recirculating
segments of CIP systems.

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

of filler material. A sanitary weld must be completely
penetrated on the weld LD., with little or no discolor-
ation due to oxidation, and be otherwise without defects
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 sealis aclfieved.

seal point: location of process bodndary creat¢d by com-
ponents in contact (seal), haying sufficieht contact
stress/load to create mediar environmentall isolation.

purifi water (PW): a classification of water according 504/ weld: a weld used-to obtain fluid tightness as
to compendial standards. opposed to mechaniéal-strength.
PVDH polyvinylidene fluoride, homopolymer, and/or self-draining: the elimination of all fluid from fhe system
copolymer material composed of carbon, hydrogen,and  4.e to the forée of gravity alone.
fluori

Horpe SEM: scanfing electron microscope.
pyroggn: a fever-producing substance. . , . ) ) )

i ) ] semi-qutdmatic arc welding: arc welding with pquipment

R, log of the arithmetic mean of the surface profile. that controls only the filler metal feed. The fdvance of
R, mak.: the highest value of a series of R, readings. theswelding is manually controlled.
reflow] a second weld pass made to correct a lack of _wservice life: the life expectancy or number off cycles for

fusior] or missed joint.

reinforcement: see convexity.

which the unit will maintain its performanc

™

shelf life: the duration, under specified storfge condi-

. . . tions, from the date of manufacture to th¢ last date
rouge:[a general term used to describe a variety of!discol- . : . .
N AR . . . : the product can be placed in service without{having an
oratiops in high purity stainless steel biopharmaceutical
. . . IS unacceptable effect on performance.
systems. It is composed of metallic (primarily iron) o '
oxideg and/or hydroxides. Three types of rouge have  significant change (polymeric): a change that may affect
been ¢ategorized. form, fit, or function.
Clags I rouge: a rouge that is predomtinantly particulate  size classification: the size of surface deficits if classified

in natfire. It tends to migrate downstream from its origi-
natior] point. It is generally orange to red-orange in color.
Theselparticles can be wipedoff a surface and are evident
on a pipe. Surface cdmposition of the stainless steel
under| the rouge remains unchanged.

Clags II rouge: avlecalized form of active corrosion. It

in two groups: macro, referring to indicatiofs that can
be seen in adequate lighting without magnifi¢ation, and
micro, referring to indications that can be seer} only with
the aid of magnification.

slag: a concentration of nonmetallic impurities (often

. oxides or nitrides) that forms in the weld pooljand solidi-
occurg in a spegtrm of colors (orange, red, blue, purple, 5o the underbead or weld top surface. pometimes
gray, plack)-It can be the result of chloride or other referred to as “dross.”

halidq attack on the surface of the stainless steel.

slope: an incline or deviation from the horizontal. A tube

Clads IIL rouge: a sl wface oxidation condition nrhnrring
in high temperature environments such as pure steam
systems. The system’s color transitions to gold, to blue,
to various shades of black, as the layer thickens. This
surface oxidation initiates as a stable layer and is rarely
particulate in nature. It is an extremely stable form of
magnetite (iron sesquioxide, Fe;Oy).

sanitary: see hygienic.

sanitary (hygienic) weld: generally considered to be a
groove weld in a square butt joint made by the GTAW (or
plasma) process as a fusion weld without the addition

or pipe installed in the horizontal plane is said to slope
if one end is positioned higher than the other.

sparger: a device used to agitate, oxygenate, or 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 electrochemical process
that is capable of producing the correct Cr to Fe ratios on
the surface of a material and meeting the requirements of
Table H-3.3-1.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

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

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

squareness: face-to-face perpendicularity.

static seal: a stationary sealing device.

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.

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

static spray
duce a fix

device: a stationary device, designed to pro-
bd 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: 3 seal element that is used on a shaft.

sterile: freq from living organisms.

sterility: the absence of all life forms.

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

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

super-austdnitic stainless steel: a subgroup of austenitic
stainless gteels having elevated levels of nickel, chro-
mium, angl molybdenum compared with standard aus-
tenitic stafnless steels (e.g., UNS 531603) and that may

transfer panel: a panel to which process and /or. ultilities
are piped that mechanically precludes erroneetis|cross-
connections.

tube: tube is sized by its nominal outside diametpr. For
bioprocessing equipment, tube doesfiot include |pipe.

tungsten inclusions: tungsten pdrticles transferred into
the weld deposit by occasional'totiching of the tupgsten
electrode used in the gas ‘“ttirigsten-arc process [to the
work or to the molten weld metal. These inclusigns are
often considered defects'that must be removed ahd the
weld repaired prioxto final acceptance. Tungsten|inclu-
sions may be invisible to the unaided eye, but are feadily
identified ina radiograph.
unacceptable-Jeakage: leakage level above which the sys-
tem performance is considered unacceptable by the sys-
tem tiser and applicable regulating body.

ysidercut: a groove melted into the base metal ag
to the weld toe or weld root and left unfilled by
metal.

jacent
weld

have othef additions (e.g., nitrogen and/or coppet)ito  underfill: a depression on the weld face or root gurface
increase strength and resistance to pitting corrosiontand  extending below the adjacent surface of the base metal.
stress corrpsion cracking in the presence of chlorides. (See also concavity.)

super duplex stainless steel: those duplex stainless steels ~ uniformly scattered porosity: porosity that is distrfbuted

whose chgmical composition is designéd to result in a
pitting resistance equivalent numbet (PREN) of at
least 40.

surface fintsh: all surfaces as_detined by Part SF of the
current AYME BPE Standard.and/or the owner/user or
manufacturer and referrédin R, inches or meters.

surface inclusion: partieles of foreign material in a metallic
matrix. The particles are usually compounds such as
oxides, sulfides,~or silicates, but may be a substance
foreign to|anid €essentially insoluble in the matrix.

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

validation: establishing documented evidence tHat the
system does what it purports to do.
variance in luster: the appearance of a different sHine or
reflectivity resulting from the examination or inspection
technique or from the preconditioning or conditjoning
of the electropolished surface.

waviness: undulations or rippling of the surfaces

weld joint design: the shape, dimensions, and configura-

surface residual: a foreign substance that adheres to a
surface by chemical reaction, adhesion, adsorption, or
ionic bonding (e.g., corrosion, rouging, and staining).

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

16

tion of the weld joint.

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

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

WEFI: water-for-injection, a classification of water
according to compendial standards.
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Part SD
Systems Design

(14) SD-1 PURPOSE AND SCOPE SD-2.3 Bioburden Reduction
The purpose of Part SD is to establish design guide- [Reserved for future content]
lines gpplicable to bioprocessing equipment. Wherever SD-2.3.1 Thermal Sanitization. [ReServed for future
“equipment” is stated in this Part, it shall mean all bio- content]
procepsing equipment, components, assemblies, and . .
systerhs. SD-2.3.1.1 Steam in Place.{/Equipmen{| parts and (14)
The purpose of this Part is to provide requirements components subjected to SIP should withstar|d continu-
for th¢ specification, design, fabrication, and verification =~ °U$ ﬂ(zw of szoiturated steagQ@t a minimum tgmperature
of process equipment and systems that are fit for of 266°F (130°C) for duration of 100 hr minimpum under
intenfled use and minimize risk to product quality. continuous steady-state-conditions. However} at the dis-
Part also provides design guidelines that should be cretion of the owner/ user, conditions that are more strin-
applidd at the discretion of the owner/user on the basis gent may bg 1mP,°S,ed~ The use 9f el3 stomers./
of asspssed risk to the product. Figures in this Part are ﬂuoroela.stomers (w1th1n a piece of equipment or certain
intended to illustrate accepted applications of general =~ PTO¢esS 1nstrumentatlon) that may thermally degrade
design principles and are not intended to limit alternate during S will need to be thoroughly ev: lgated by
desigps. the owner/user or manufacturer. The overall life of the
The| scope of Part SD encompasses requirements for eguipment may be shprtened 51gr}1f1cantly if the correct
equipjment, process systems, and utilities that could el.’i:tlcl)mer Of process mstrufment 18 kr)l ot se(}leci egﬂ? hall
potentially impact product quality. Specific guidance is h p}):'ocess .cogtact surtaces S:il )€ cteht L S la
provided for bioburden control in manufacturing pro+ reach the required temperatures during the plb cycle.
cesses, including design requirements for cleaningjsani- SD-2.3.1.2 Depyrogenation. [Reserved|for future
tizatiqn, and/or sterilization of bioprocess systems. content]
: SD-2.3.2 Chemical Sanitization. [Regerved for
(14) SD-2 | GENERAL GUIDELINES future content]

' Alllequipment and/or systems.shall be designed SD-2.4 Fabrication 4)
accordling to the bioprocessing application, require- Fabrication shall be performed in facilities| where the
ments, and specifications of\the owner/user. It shall  process contact surfaces are protected from dontamina-
be thg responsibility of thejowner/user to specify the  tion. During field welding and assembly, syrface con-
cleanihg and/or sanitization requirements of the equip-  tamination shall be prevented.
ment pnd/or systent. Systems, equipment, and components shall[be cleaned

with a suitable cleaning agent and covered for]protection
(14) SD-2.1 Containment before shipment. The use of preservative flyiids is not
The| containment level of the system or individual recommended, . .
pieceq of.equiipment should be specified and communi- Any process contact surfaces that requirq shipment
cated lbyithe owses ses with preservatives or coatings shall be

The owner/user shall determine the containment
level for the particular type of equipment or system, in
accordance with the Centers for Disease Control and
Prevention (CDC) and guidelines of the National
Institutes of Health (NIH) or directives of the European
Union and other applicable local codes or environmental
regulations.

SD-2.2 Bioburden Control

[Reserved for future content]
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(1) mutually agreed to, in advance, by the owner/
user and manufacturer

(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
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appropriate materials of construction for the specific
process. Metallic materials of construction are listed in
Part MM.

Table SD-2.4.3.1-1 Slope Designations for
Gravity-Drained Lines

. X . Minimum Minimum Minimum
When nonmetallic materials are used (e.g., polymeric Slope Slope, Slope, Minimum Slope,
materials or adhesives), the owner/user shall specify Designation in/ft mm/m Slope, % deg
which one of these materials shall carry a Certificate GSD1 Ui 5 05 0.29
of Compliance. The conformance of material shall be GSD2 1 10 1.0 0.57
explicitly stated (e.g., conforming to FDA 21CFR 177 GSD3 A 20 2.0 1.15
and USP Section <88> Class VI). Polymeric materials and GSDO Line slope not required

other nonmetallic materials of construction are listed in

Part PM.

SD-2.4.1.2 Process Compatibility
(a) Materials of construction shall be capable of with-
standing the temperature, pressure, and chemical corro-
siveness efsuring 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) Surfhces exposed to bioprocessing fluids, cleaning,
and SIP c¢nditions must be
(1) hgmogeneous in nature
(2) imppervious

(3) Fasteners or threads shall not be exposed| to the
process, steam, or cleaning fluids. The, use of threads
within the process requires owner/user agredment.
Bolted attachments should be eliminated whgnever
possible.

(4) No engraving or embossing of materials (for
identification or traceability“reasons) should bel made
on the process contact side: When markings are refjuired
on process contact surfaces, other methods of identifica-
tion shall be used:

(b) The followirg provisions are applicable to tubing,

(3) inert equipment, oi.systems intended to be cleaned in|place:

(4) ngnabsorbent (1) Internal horizontal surfaces should be

(5) ngntoxic minimized.

(6) inkoluble by process or cleaning fluids (2) The equipment shall be drainable and f{ree of

(7) repistant to corrosion, scratching, scoring, and areas where liquids may be retained and where poil or
distortion contaminants could collect. The equipment shall be free

(d) Matgrials that are in contact with bioprocessing
fluids shqll be identified by an industry recognized
standard (see para. MM-4).

SD-2.4+.1.3 Surface Coatings. Clad or electroplated
surface cogtings, plating, and surface preparatory chem-
icals may pe used provided approval from the owner/
user has b¢en obtained. All surface coatings shall remain
intact and|be tolerant to the process, SIP and CIP fluids,
and températures, without peeling or cracking.

SD-2.4.1.4 Transparent-Materials
(a) Tranjsparent materidls (e.g., glass, polymer) that
are used ir| viewing portsshall be rated for the applicable
pressure, femperature range, and thermal shock.
(b) Internallytecoated glass shall only be used if the
coating complies with FDA regulations or another regu-

of areas of low flow and velocity or impact where soil
or contaminants could collect.

(3) Design of corners and radii should mdet the
following requirements: All internal angles of 135 deg
or less on surfaces shall have the maximum radius|possi-
ble for ease of cleanability. Where possible, these syrfaces
shall have radii of not less than % in. (3.2 mm) except
where required for functional reasons, such as the bon-
net/body connection. For special cases, the rad}i may
be reduced to % in. (1.6 mm) when agreed to py the
owner/user. When the %4 in. (1.6 mm) radii canhot be
achieved for essential functional reasons such ps flat
sealing surfaces and flow control apertures, the syrfaces
of these internal angles shall be readily accessible for
cleaning and examination.

SD-2.4.3 Drainability

latory au
owner/user.

SD-2.4.2 Cleanability
(a) The following provisions are applicable to tubing,
equipment, or systems intended to be cleaned:

(1) All surfaces shall be cleanable. Surface imper-
fections (e.g., crevices, gouges, obvious pits) shall be
eliminated whenever feasible.

(2) All surfaces shall be accessible to the cleaning
solutions and shall be accessible to establish and deter-
mine efficacy of the cleaning protocol.

horitv’s reculations and approved by the
[e) I

18

SD-2.4.3.1 General. For sterility and cleaning,
gravity is an effective way to facilitate drainage. To
achieve gravity drainage, lines should be pitched to des-
ignated points at a specific slope. Refer to
Nonmandatory Appendix C for suggested method of
slope measurement. For gravity-drained piping/tubing
systems, the owner/user may define the system slope
in accordance with one of the designations listed 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
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10in. (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.

(a) Process contact lines exposed to liquid should be
sloped to minimize pooling in the system.

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
following:

(a) Materials of construction should be corrosion
resistant, easily maintained, cleaned, and sanitized with-
out flaking or shedding.

(b) Finishes shall be compatible with the area/room

classification as acreed to by the owner/user and
(b) [Cines that are steam sterilized in-place should be ”
| to facilitat itv drai f cond ¢ manufacturer.
Siopeq o factitate gravity dramage of condensate. (c) Components shall be capable of peing fhemically

(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
influepce drainability at a given slope and should also
be copsidered. The owner/user may apply additional
ip 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 gravity-

cleaned, steam cleaned, or pressure Washed.

(d) All burrs or weld marks shall be remdved.

(e) Hinges should be easily. removable and/or
cleanable.

(f) Equipment mounted\or' cabinets that afe exposed
to the environment shéuld be mounted flush.

(g) Skids should'‘iave no openings in the frame
allowing water retention. Supporting skid frame struc-
tures and modules should be constructed from fully
sealed tubes oy pipes, which are easily cleang¢d. Frames
should have rounded rather than sharp edggs.

(h) Megtors, gearboxes, and similar equipmient should
not zetain fluids or cleaning solutions on thdir external
stirfaces.

draingd process contact lines is GSD2. (i) Nameplates for tagging equipment shoyild be con-
SD-2.4.3.4 Drain Points structed from corr0510.n—re51stapt material su¢h as .stam—
i, . . . less steel or polymeric material, and have|minimum
(a) Piping and equipment should be installed_with .
desiohated drai ints t . lf-draini crevices. The nameplates should be attached pnd sealed
esigitated drain ponis to maximize se L Araiig prop= 1 attached with a corrosion-resistant wire 1 op.

erties|The number of drain points should be minimized.
The eguipment manufacturer shall indicate the proper
orientption to optimize drainability. The installer and
ownef /user shall ensure that propen orientation is
achieved.

(b) |Systems or equipment that’cannot be gravity-
draingd shall utilize forced expulsion with pressurized
gas where line drainabilitynis“required.

SD
SP-2.4.4.1 Lubricants

2.4.4 Miscellaneous Design Details

(j) There should be adequate clearancg 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 cleanirfg. In other
cases a minimum of 4 in. (100 mm) would bd adequate.

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

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

. (a) Grease and. Other lubri.c ating fluids that are 1.1sed (m) Painted surfaces shall be identified by the fabrica-
in gegr boxes, dfive assembhes', etc., shall be conta}ned tor and have the advance approval of the ofner/user.
to prgvernt-eakage of the lubricants or process, either

direct]y ‘ot indirectly (e.g., through seepage, seal leaks,

All paint systems shall be FDA compliant.

etc.). SD=2#-%.3—Surface Finistres.—Thefimishes of pro- (14)
(b) The equipment manufacturer shall specify the €SS contact surfaces shall be specified by the owner/

type of lubricants that are to be used for maintenance. ~ USeT in accordance with the definitions of Part SF in this

If the specified lubricant is not accepted by the owner/ ~ Standard.

user, the choice of an alternative shall be agreed to by

the owner/user and the equipment manufacturer. SD-3 PROCES? COM.P(.)NENTS .
(c) The owner/user shall give his approval for the SD-3.1 Connections, Fittings, and Piping

lubricants that could come in contact with the product. SD-3.1.1 General (14)

These lubricants shall be identified by name, manufac-
turer, and grade and shall conform to FDA or other
applicable regulatory codes.

19

(a) Design of equipment should minimize the number
of connections. Butt welded connections should be used
wherever practical.
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(b) Connections to equipment shall use acceptable
hygienic design connections, mutually agreeable to the
owner/user and manufacturer.

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

(d) Ferrules and ferrule connections should be as
short as pgssible to minimize dead legs > use of she
welding fdrrules should be incorporated into the design.

(e) All process contact fittings exposed to liquid
should be|self-draining when properly installed.

(f) Threpded fittings, exposed to process fluid, are not
recommeryded (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 stgam distribution systems).

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

(i) Piping systems described in Part SD refer to
hygienic tubing systems. Caution should be exercised
if using pipe (instead of tube) to ensure that the require-
ments of this Standard are met. The requirements of
hygienic fubing (e.g., surface finish, dimensions, and
tolerances) are not typically met by pipe.

SD-3.1)2 System Design

SD-3.1.2.1 General

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

(b) Biogrocessing piping and tubing designshould
have routjing and location priority over.process and
mechanicgl support systems.

(c) Piping and connections to in-liné valves should
be of all-welded construction wheére)feasible, practical,
and agreegl to by the owner/user and manufacturer. To
ensure thelhighest degree of hygienic design, the piping
systems should utilize welded connections except where
make-bregk connections are necessary.

SD-3.1.2.2 Deadlegs. Dead legs will be measured
by the terpn L/D, WHere L is the leg extension from the
L.D. wall normal to the flow pattern or direction, and D
is the LD.|of¢the extension or leg of a tubing fitting or

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 bioprocessing systems, such as purifi-
cation, filtration, and fermentation having cluster, block,
3 i a 2 D o is achievable.
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 recommendpd but
shall not be construed to be an absolute requir¢ment.
The system designer and manufacturer shall makg every
attempt to eliminate system branches with an L/D
greater than 2. It will be the re§pensibility of the gystem
manufacturer or designer to-jdentify where exceptions
exist or where the L/D ofi2-or less cannot be me}.

welded point<of-use valves, as show,
Fig. SD-3.1.2.2*1, illustrations (a), (d), (e), (f),
For the header and valve size combinations whgre the
L/D of 2 cannot be met using these configuratjons, a
specific” isolation valve design, as shown in
Figy SD-3.1.2.2-1, illustrations (b) and (c), njay 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 trap, con-
trol valves, etc.) is not recommended.
(d) The use of redundant in-line equipment |is not
recommended due to the potential creation of dead legs.

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

(g) 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
appropriate inspection techniques and procedures
(visual, borescope, sectioning, etc.) are used.
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Fig. SD-3.1.1-1 Flat Gasket Applications (14)
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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 <—I.I‘3.—>
R [ ——ee e A
R X
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
VA 0.065 0.620 2.07 3.33
1 0:065 0.870 2.19 2.52
1Y, 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 TFe, in. Branch Size, in. Thickness Thickness D Bfanch, L (Branch)

3J{8 Y 0.035 0.035 0.180 0.85 4.71
* 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
bA 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
114 Y 0.065 0.065 0.370 0.69 1.88
114 A 0.065 0.065 0.620 0.69 1.11
14 1 0.065 0.065 0.870 0.69 0.79
Y. 0.065 0.035 0.180 0.69 3.83

A 0.065 0.035 0.305 0.69 2.26

Y 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

2l Y 0.065 0.035 0.180 0.69 3.83
2l A 0.065 0.035 0.305 0.69 2.26
2 A 0.065 0.065 0.370 0.69 1.86
2l A 0.065 0.065 0.620 0.69 1.11
2l 1 0.065 0.065 0.870 0.69 0.79
p]7A 1Y%, 0.065 0.065 1.370 0.69 0.50
2l 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-2014

Nominal Nominal Tee Wall Branch Wall Branch 1.D., L/D
Size Tee, in. Branch Size, in. Thickness Thickness D Branch, L (Branch)
3 11/2 0.065 0.065 1.370 0.69 0.50
3 2 0.065 0.065 1.870 0.69 0.37
3 21/2 0.065 0.065 2.370 0.69 0.29
4 1/4 0.083 0.035 0.180 0.71 3.93
4 35 I‘\’I\O’.) (\.I\’DE f\.’.)f\E f\” 1 2.32
4 l/2 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
24
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Fig. SD-3.1.2.2-1 Accepted Point-of-Use Designs (14)
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Fig. SD-3.1.2.3-1 Double Block-and-Bleed Valve Assembly
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(h) Ballvalves are not recommended-in fluid hygienic ~ exposed threads, and have minimal potential for dollect-
piping sydtems. See SD-4.2.3(b) for-further comments. ing and trapping debris or liquids on the hanger. Nlateri-
(i) Progess contact surfacés'Of austenitic stainless  als of construction shall be corrosion resistaﬂ:t and
steel, except those coveredsby Section SD-4.3.1, should ~ compatible with the chemical, thermal, and plysical
be passivdted before befng-placed in service. Specific ~ performance requirements of the installed location. The
passivatioh requirements’ shall be defined in the engi- ~ materials shall have adequate strength and durpbility
neering design detiuments, and/or specifications and ~ to withstand the application of continuous and /oy cyclic
shall be infaccordance with SE-2.6. Passivation of electro- ~ thermal exposure that may be encountered [n the
polished surfaees is not required unless the surface has ~ designed service.

been altered((e.g., welded or mechanically polished)

(b) The piping should maintain proper continuous

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.

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, have no
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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
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) Thesupport systems shall provide for, and control,
the intended movement of the system. The designer
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should take into account system and equipment move-
ment when planning the design. Anchoring systems
should be designed to avoid piping motion in any of
the three Cartesian axes. Guiding systems should be
designed to allow piping axial motion due to thermal
or mechanical 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
cach cha . o - .

dations, 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
ic Piping. Metallic piping system hangers and
rts shall be installed in compliance with MSS
SP-58) MSS SP-69, MSS SP-89, and ASME B31.3 Stan-
dards| The metallic pipe or tube to be installed shall meet
the stpaightness criteria of ASTM A1016 to optimize
draingbility. The support spacing shall not exceed a dis-
tance|that will permit the piping to deflect under
operating conditions.

SD-3.1.2.4.2 Pipe Hangers and Supports-for
Nonmetallic Piping

(a) Nonmetallic piping system hangers and supports
shall be engineered based upon the specific taterials
select¢d. When properly installed, stress:concentration
pointd will be minimized. Considerations shall be made
to ensfire drainability and overcome\any deflection, such
that ppoling is minimized. Refer to’manufacturer’s rec-
ommgndations for spacing, which are based upon calcu-
lationp that take into consideration the piping material,
densifly, modulus of elastigity, diameter and wall thick-
ness ¢f the pipe, specific gravity of the fluids being
transported, operafing temperature, and thermal expan-
sion groperties.

(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: T v
“U” section and shall be manufactured with no sharp
edges that may embed or cause damage to the pipe
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 to be self-draining [see

Metal
supp
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Fig. SD-3.2.1-1, illustrations (a) and (b)]. In temporary
runs, hose assemblies may be manually drained after
disconnecting.

(b) Hose assemblies shall be installed to avoid strain
on end connections. Hose assemblies shall not be used
as a substitute for rigid tube fittings or as tension or
compression elements.

(c) Hose assembly length should be minimized and
fitted for purpose.

‘ o5e- b for exami-
nation and/or cleaning.
(e) Hose assembly shall be clearly ntarked or tagged
with the design allowable working pressute/vacuum
and design temperature range.
(f) Hose assemblies shall e inspected

tained on a scheduled basis,

SD-3.2.2 Flexible Element
(a) The flexible element of the hose assembly shall
be constructed of materials that permit the appropriate
degree of movément or drainable offset at ipstallation.
(b) The intetior surface of the flexible element shall
be cleanablé and drainable.
(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 myst also be
compatible with cleaning and/or SIP conditjons.

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 element, 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
with the process fluid, cleaning solutions, pnd steam
where applicable. Materials shall meet the requirements
of SD-2.4.1 or Part PM.
(c) End connections shall meet all surflace finish
requirements of Part SF or Part PM.

ind main-

(d) End connections shall be a hygienic ¢onnection
design per SG-3.3.2.
SD-3.3 Pumps
=331 bi : for future

content]
SD-3.3.2 Hygienic Pumps

SD-3.3.2.1 General
(a) Pumps 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 process contact connections to the pump shall
be of a hygienic design (see Figs. 5G-2.2.2-1, SG-2.2.2-2,
5G-2.2.2-3 and SG-2.2.2-4).
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Fig. SD-3.2.1-1 Flexible Hygienic Hose Design

Low point

Equipment

Drainable

(a) Accepted

Securing collar or ring
Flexiblg elemen

Substant]ally
fldsh

\— Hygienic fitting

with hose barbs

Uniform sealing force
(c) Accepted

SD-3.B.2.2 Centrifugal Pumps

(a) Hygfenic centrifugal pumps shall be capable;of
CIP.

(b) All process contact surfaces shall be drainable
without ppmp disassembly or removal.

(c) Shrguded/closed impellers should not be used.
Fig. SD-3.3.2.2-1 illustrates open, semi-open, and closed
impeller cpnfigurations.

(d) Impeller shall be attached-to shaft in a way that
all crevicgs and threads aré\not exposed to product.
Threads, sjich as in an impeller nut/bolt, shall be sealed
by an OQ-ring or (hygienic gasket. Refer to
Fig. SD-3.3.2.2-2. Th&use of O-rings or hygienic gaskets
shall be cgnsisterit.with Part SG.

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

Equipment

Flex hose in horizontal

(b) Not Accepted

Band type clamp
Flexible element

Gap

\Hygienic fiting

with hose barbs

Nonuniform sealing force

(d) Not Accepted

SD-3.3.2.3 Positive Displacement Pumps

(a) When possible, positive displacement qumps
should be configured with vertically mounted inlgts and
outlets to promote drainability and venting.
(b) When using internal bypass pressure|relief
devices, they shall be of a hygienic design. It is prdferred
that an external, piping mounted relief device (hygienic
rupture disc) rather than a pump mounted bypgass 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 compgonent
selection. Hygienic rotary lobe pumps are tempdrature
sensitive (e.g., rotor to casing contact due to thermal
expansion).

(f) Casing drains shall be at the lowest point of the
casing, to ensure drainage (see Fig. SD-3.3.2.2-3).

(g) The use of an elbow type casing drain is not recom-
mended without the use of an automatically controlled
drain. The casing drain connection shall be designed 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.
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(b) The pump should be designed and installed to
minimize 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
means of an O-ring or hygienic gasket.

(e) All process contact O-rings, gaskets, and shaft
seals shall comply with Part SG.
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Fig. SD-3.3.2.2-1 Pump Impeller Configurations

(a) Open

(b) Semi-Open

Fig. SD-3.3.2.2-2 Acceptable Impeller Attachments

(c) Shrouded/Closed

g region

(a) Impeller Nut With O-Ring
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Fig. SD-3.3.2.2-3 Casing Drain Configurations

(a) Horizontal (b) Vertical

(14) Fig. SD-3.3.2.2-4 Casing Drain>L/D Ratios

N
i

L
(a) Weir-Style (b) Radial-Style (c) Capped
Diaphragm Valve Diaphragm Valve
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“ices, pockets, and other surface irregularities. If more
- restrigtive tolerances are required, they shall be included
as pa
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Fig. SD-3.3.2.4-1 Rotary Lobe Pump Rotor

Attachment
Rotor
_\ Pump cover
-

Rotor fastener

(h) Test protocols for drainability shall be agreed upon
in advance, by all the parties (see SD-6.4). All vessels
should be checked for drainability during fabrication.

SD-3.4.2 Vessel Openings

(a) Nozzles that are designed to be cleaned by a spray
device should have the smallest L/D ratio possible. For
non-flow through nozzles, the L/D of 2 or less is recom-
mended (see Fig. SD-3.4.2-1).

(b) Bottom-mounted agitators, pads, etc., shall not

]

Nz

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

SD-3.4+ Vessels

SD{3.4.1 General

(a) pD-3.4.1 defines the requirements that are to be
met ir| the design, fabrication, and supply of biopharma-
ceuticpl vessels, tanks, bioreactors, fermentors, and col*
umns] This section will refer to all of the above as véssels
whetHer they are pressurized or not.

(b) [Design and fabrication of vessels and‘internal
bhall ensure that surfaces are free of ledges, crev-

t of the fabrication specifications for the project.
11 heat transfer surfaces should be drainable and

(c)

- ventable.

(d)

reastplates, reinforcing pads, doubler plates, poi-

“son pads, etc., which@re'required for welding dissimilar

materfal to the ve§sel, should be of the same material
as the vessel. Notelltale holes are allowed on process
contagt surfaeés’and those, which are outside, should
be clepnable:

(e) [Vessels that are to handle above 176°F (80°C)

mtertere with the drainability of the vessel.

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

(d) Blank covers shall have/thie same firfish as the
vessel internals.

(e) Drain valves shofild optimize draingbility and
minimize branch L/D.

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

(g) Sparger“and dip tubes shall be designed 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 cpnnections
should be minimized.

(i) Manways on the side shell of a vess¢l shall be
installed only by agreement of the owner/uger. If side-
shell manways are required, they shall be gloped for
drainage.

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

(k) Sample valves should not be located
heads.

(I) Dip tubes and spargers mounted in the rjozzle neck
should have an annular space between the Q.D. of the
dip tube or sparger and the 1.D. of the nozzle neck in
accordance with Table SD-3.4.2-1. An L/A of R 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 accpss for CIP
coverage shall be provided.

bn bottom

[e.g., Sll, hot water-tor-injection (WFI), hot
U.S. Pharmacopeia (USP) waters, and hot CIP solutions]
should be designed for full vacuum service.

(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.

(¢) All internal surfaces should be sloped or pitched
for drainability.
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(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. PI-9.1.3.3-1).

(n) Nozzle connections less than 1 in. (25 mm) in
diameter are not recommended unless agreed to by the
owner/user and manufacturer.

(0) 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).
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(14) Fig. SD-3.4.2-1 Nozzle Design

Minimum 1 in. between fittings I—— — Minimize
|

Vertical Nozzles Radial Nozzles

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

Same di

stanc

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

C

<

™

S

(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
| | \ |

Note (1) (a) Accepted

Note (2)

(b) Accepted (c) Not Accepted

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

Fig. SD-3.4.2-3 Sidewall Instrument Ports

0° or 15°

ot

Nondraining edg

Minimize ———I » dBE
landing

k?‘/—\— Minimize

(a) Accepted (b) Accepted

NOTE:
(1) May also be pitched similar to illustration (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
2 50.8 4 100
2Y, 63.5 4 100
3 76.2 6 150
4 101.6 6 150
a4) - Fig. SD-3.4.2-4 Accepted Nozzle Penetrations
‘ Mechanical seal grea
& Z
§ !f A L
&
\%_ L
(a) Dip Tube or Sparge
[Notes (1) - (3)] — 0
I
T

NOTES:
(1) Nozzle and dip tube size per Table SD-3.4.2-1.
(2) L/A less than 2:1.

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

(3) Requirements also apply to nozzles with instrument penetrations.

4) A =1in. (25 mm) minimum.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

34

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

Fig. SD-3.4.2-5 Vessel Design Tangential Nozzles (14)

el
T

17
AN

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 T T

L e = = INEN N ‘ =

(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
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Fig. SD-3.4.2-7 Typical Nozzle Detail

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

(p) Manway covers should be dished rather than a
flat d¢sign.

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

(r) All side-shell and vessel head nozzles should be
flush ith the interior of the vessel (see Fig. SD-3.4.2-7).
Additjonal ports may require a minimum projection to
ensur¢ additives are directed into the vessel fluid.

SD{3.4.3 Internal Components

(a) When expansion joints are used internally;.the sur-
face ifp 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 ¥isk of fatigue and
contamination problems (see Fig. 'SD-3.4.3-1).

(c) Mitered fittings for intexnal pipe work shall only
be fitted with the prior agréement between the owner/
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 hgve multiple draining points, unless agreed to
betwen _the owner/user and manufacturer.

(e) [[he number of components inside the vessel

‘ ‘ Outside groove design
w Inside groove deSM
! |

Radius

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

(c) Where it is inevitable and Class 150 slipjon flanges
are used, the bore side bevel weld shall be designed in
a way to eliminate potential CIP difficulties,

(d) During handling and transportation, vjessels and
their parts and piping assemblies shall be suftably pro-
tected ‘to prevent damage to polished surfacps.

SD-3.4.5 Finishes
(a) Surface finishes shall be specified and| measured
as required by Part SE. Surface finish coupops shall be
submitted when agreed to by the owner}user and
manufacturer.
(b) Process contact surface finish specifications shall
pertain to all the wetted or potentially wettgd surfaces
(e.g., vapor space, nozzle necks, agitators, thermowells,
dip tubes, baffles, etc.).
(c) The polishing of a connection face, bqdy flange,
etc., shall extend up to the first seal point.

SD-3.4.6 Sight Glasses

(1) When glass is used as the sight glas$ material,
the preferred method is glass fused-to-metdl hermetic
compression seal. The fused 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 at the glass surface are not accpptable.

should be minimized to ensure the proper drainability
and cleanability of the vessel, and when used, if possible,
should 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 their use shall
be minimized. The bore of weld neck flanges shall be
the same as the I.D. of the connected pipe or tubing to
prevent ledges and nondrainable areas.
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() The seal point of the glass fused-to-metal sight
glass is at the surface. The surface of the sight glass
shall be integral, continuous, and free of cracks, crevices,
and pits.

(d) Cracked glass shall not be used and is 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 glass type,
maximum pressure, and temperature rating per DT-11.1
and DT-11.1.1.
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(14) Fig. SD-3.4.3-1 Internal Support Members

v ~

5° ]

=t

/

’\Q‘f/'/H

Round
bar stock

(a) Hygienic Design (b) Nonhygienic Desigh
(Accepted: Sloped, Minimum Shadow, (Not Accepted: Flat Suifaces,
and Curved Surface) Ledges, and CIP Shadows)
Stitch weld:
/— Continuous weld not drainable
P

crevice
T~ Drainable
™ Welded pad or
doubler plate Doubler plate

Capable of CIP Not capable of

(no shadows) % CIP (shadow)

(c) Good Design (d) Poor Design
(Accepted) (Not Accepted)
Pooling
potential
CIP

»/ Thermowell cp B Thermowell
‘ = ‘3‘ rJ/ [

‘ ‘ Droplet formation ~
Cascading
>5°  action /
(e) Positive Slope in All Directions (f) Positive Slope in Only One Direction
(Accepted) (Accepted)
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(g) PartSG requirements shall be met when 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]

SD-3.4.8 Media Bulk Containers.
future content]

[Reserved for future

[Reserved for

.b Agitators and Mixers

SD{3.5.1 General

(a) Al process 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 n-place service (CIP; e.g., via spray, directed flow,
immersion, etc.).

(b) Process contact surfaces should be self-draining
and shall not inhibit drainage of the vessel.
(c) Machined transitions (shaft steps, coupling sur-

rench flats, etc.) should be smooth, with 15 deg

2 or less, or a minimum of 1 in. (25 mm) gap,
ver is larger, to facilitate CIP spray coverage [se¢
-3.4.2-4, illustration (b)].

leaning and sterilization parameters shall be'pro-

the clpanability of their equipment as specified and
agreedl 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
(©)]. The designer shall ensure that

(1) the use of O-rings or hygienic gaskets to seal
between mating surfdeés shall be consistent with the
curreht guidante) provided in Part SG (see

(3) the_selected mounting arrangement will sup-
port the agitator mounting design loads while achieving
an appropriate seal.

etc.) should be avoided to minimize potential cleanabil-
ity issues.

SD-3.5.2 In-Tank Shaft Couplings
(1) Welded in-tank shaft connections are preferred.
(b) The use of in-tank shaft couplings shall be agreed

to by the owner/user.
(c) In-tank couplings shall be of an accepted hygienic
design. See examples in Fig. SD-3.5.2-1.

It oUpling focattonsthoutd be driyen by pro-
cess and mechanical considerations.

(e) Threaded shaft connections are,‘adcepfed for in-
tank couplings [see Fig. SD-3.5.2-), illdstratipn (a)].

(1) Shaft rotation is limited<té & single dfrection for
threaded shaft connections to‘ensure that shdft sections
do not separate.

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

(3) Hygiefiic bolted coupling constructipn may be
used wherefappropriate for the particular dpplication
[see Fig..SB-3.5.2-1, illustration (b)].

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

(¢) The preferred location for fastener hfrdware is
on the underside of couplings. Accepted fastlener types
include

(1) hex-head cap screws

(2) acorn-head cap screws

(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 gaskets are pteferred to
seal coupling mating surfaces. Figure SD-3.5.2-2 presents
the following acceptable approaches| for seal
applications:

(1) O-ring located in a single groove inbpard of the
coupling outside diameter [see Fig. SD-3.5.212, illustra-
tion (a)]; O-ring compression, internal space| to accom-
modate compression, and outboard clearande space all
designed to minimize the intrusion of prdcess fluid
between the coupling faces and to facilitajte flow of
CIP fluid.

(3) the flange and nozzle construction is consistent
with requirements of other applicable codes and stan-
dards [e.g., ASME BPVC, Section VIII; ASME B31.3, etc.]

(g) Sockethead cap screws shall not be used in contact
with the product.

(h) The design of agitator process contact parts should
minimize the occurrence of void spaces. All voids should
be closed by either fabrication (welding) or approved
sealing techniques (O-ring seals, etc.).

(i) The use of in-tank non-welded connections (shaft
couplings, impeller hub-to-shaft, impeller blade-to-hub,
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(2) Alternate construction for O-Ting tocated in a
groove just inboard of the coupling outside diameter
[see Fig. SD-3.5.2-2, illustration (b)]; O-ring restrained
by lip at coupling circumference with clearance space
provided as above to insure cleanability of 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, illustration (c)];
outboard clearance space provided as above to ensure
cleanability of the coupling area.
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(14) Fig. SD-3.5.1-1 Agitator Mounting Flanges

\

\~
-

(a) Bolted Flange With O-Ring

!
a

bl
L

(b) Hygienic Union With Gasket

(4) O-ring with attached inboard flat segment
located befween coupling faces [see Fig. SD-3.5.2-2illuis-
tration (d)|; outboard clearance space provided ‘as/above
to ensure fleanability of the coupling area.

(j) Bolfed flanges shall be sealed~Examples of
accepted fastener seals are shown in/Fig/SD-3.5.2-3 as
follows:

(1) Ofring seal [illustration/(a)}

(2) Ofring seal alternate{illustration (b)]

(3) sell washer with _metal core [illustration (c)]

SD-3.5)3 Shafts and Keyways

(a) Onetpiece shaftconstruction, without mechanical
couplings) is preferréd.

(b) Solidl shafts are preferred over hollow shafts.

(c) Holltw shafts, if used, shall be of sealed (welded)

(c) Pad Flange

(¢) Permanent shaft hardware that may be refjuired
for routine maintenance (e.g., support colldrs for
mechanical seal installation and removal, lifting eyes
for shaft and/or impeller installation and remov4dl, etc.)
shall be fully drainable and cleanable as noted fof other

features in contact with the product.

SD-3.5.4 Hubs and Impellers
(a) All-welded impeller assemblies (e.g., hubs, Blades)
are preferred.
(b) Impeller hubs welded to the shaft are prgferred
over removable hubs.
(c) Removable, hygienic impellers may be used where
impeller adjustment or substitution is required f¢r pro-
cess reasons or where impeller removal is requir¢d due
to mechanical design and/or installation considergtions.
(1) Removable impellers may be one-piece gr split

construction, inspected for integrity, and accepted per
criteria given in Part MJ prior to installation.

(d) Keyways exposed to product are not
recommended.

(e) Keyways, where employed due to mechanical
design considerations, shall have edge radii as specified
by SD-2.4.2(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 adjusted spray coverage].
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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
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Fig. SD-3.5.2-1 Shaft Coupling Construction (14)

7

15° to 45°

i

Wrench flats

a) Threaded Coupling (b) Bolted Coupling
(Accepted) (Accepted)

— | Al

NOTE:
(1) Seq Fig. SP-3:5.2-3 for alternative bolt seals.
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(14) Fig. SD-3.5.2-2 Shaft Coupling Seal Arrangements

N\

(a)

T
il

(b)

O-ring groove detail

4.
%\

(c)

27

(d)

@ m sy

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

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

SD(3.5.5 Impeller and Shaft Support Bearings

(a) Normal operation of a shaft-steady (bearing or a
magnetically driven mixer with in-tank impeller or shaft
suppdrt bearings (see Figs. SD-3.5.551.\and SD-3.5.5-2)
genergte particulate debris. It is-thel responsibility of

‘the emd-user to establish compliance with applicable
standards (e.g., USP limits for_particulate material in
injectdbles) as appropriate:

(b) [Tank plates that.support bottom-mounted mag-

‘netically driven mixers-shall not interfere with drainage
of the|vessel.

(c) When an application mandates the use of shaft
steady/foaot bedrings, design features and/or proce-
dures|are’required to ensure cleanability (e.g., drain
holes,|spray ball and/or wand additions, increased CIP

——
7‘17 |
N— _
(a) Accepted (b) Accepted (c) Accepted

Alternate Bolting Designs

drain holes, spray ball and / or wand additiong, increased
CIP flow, operating the agitator with the magnetically
driven impeller immersed in CIP fluid).

(g) The arrangement of wear surfaces (bushing, shaft,
or shaft sleeve) shall facilitate drainage.

SD-3.5.6 Mechanical Seals
(1) Mechanical shaft seals shall incorporpte design
features for drainability, surface finish, matefial of con-
struction, etc., as outlined in Part SD, and shhll be suit-

able for the application (e.g., Process,|CIP, SIP,
Passivation).
(b) Normal operation of a mechanical sea] generates

particulate debris. It is the responsibility of tHe end-user
to establish compliance with applicable stanglards (e.g.,
USP limits for particulate material in inje¢tables) as
appropriate.

(c) Seal debris wells or traps (see Fig. S(:-2.3.2.3-2)
may be used to prevent ingress of seal face wegr particles
that could contaminate the process fluid.

flow, operating the steady bearing immersed in CIP
fluid).

(d) Shaft-steady bearings, where used, shall not inter-
fere with the drainage of the vessel.

(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.,
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{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.

SD-3.6.1 General

(a) Straight tube heat exchangers are easier to clean
and inspect. The tubes can be seamless or full-finish
welded, as specified by the owner/user or manufacturer.
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Fig. SD-3.5.5-1 Shaft Steady Bearing

Mixer shaft

into housing)

7/ /_ Bushing (press fit

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
g
N
I
Detail A
N
Detail A

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

Impeller (driven) magnet

Magnetic coupling
comprised of these parts

Weld plate

Bearing surface

Impeller

Impeller hub

\

Drive magnet

Gear reducer —\‘

Motpr

(b) [The heat exchanger process and nonprocess con-
tact syrface inspection shall be possible by conventional
meang.

(c) The technique used to form/U-bend tubes shall
ensur¢ the bending process-do€s not create structural
imperfections (e.g., cracks; weids, delaminations). The
technique should minimize surface imperfections (e.g.,
oranggp peel, rippling).If requested by the end-user, the
manufacturer shall supply a sectioned sample of the
bend hrea.

frpefier blades

Nominal Tube O.D. Minimum Hend Radius

in. mm in. mm
0.375 9.5 0.625 15.2
0.500 12.7 0.750 19.1
0.625 15.8 0.938 23.8
0.750 19.1 1.125 28.6
1.000 25.4 1.500 38.1

(g) Welded shell and tube heat exchangefs shall be
of a double tubesheet design to prevent prodyct contam-

(1) The sectioned sample should be from the same ir}ation in the case of a tube joint fajlure (see
tube Hatclor heat that will be used to fabricate the heat ~ Fig. SD-3.6.1-1).
exchanger: (1) During fabrication, when the tubeq are to be
(27 The sectioned sample shall be the smallest bend _exparded (o the fnner and outer tubesheets, the pro-

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.

(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:
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cess contact surface shall not be scored.

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

(3) The distance between inner and outer tube-
sheets 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 exchanger (i.e., horizontal or vertical), and the manu-
facturer shall ensure the complete product drainability,
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Fig. SD-3.6.1-1 Double Tubesheet Heat Exchanger Bonnet Design

Accepted

Outer tubesheet Inner tubesheet

Bonnet \ /
\

Pass

Full radius on
bonnet pockets _ 4

T AY 7

A/ 1 H (]

rib drain slot / Shell assel]

hbly

= Tl —

A

14 11

2t

Il ——

Inner’t
Duter tubesheet

\
A
Tube deformation from forming /i\ U-tube b

(typical on both tubesheets)

ubesheet __I
Leak detection slots

undle

Seal weld\| . - — ]
U j Tube bundle must slope towards bonnet
4\ U-tube bundle
WTUbe 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.

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

46

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

(14)

SD-3.

(4) -

- proce;
- other
~ conta
. other

ASME BPE-2014

other than the natural cohesive properties of the product,
at the specified orientation. If this hold-up is unaccept-
able, then the system needs to be designed with some
type of 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 condensers).

(2) Transverse baffles with notches should be pro-
vided, when necessary, to allow for proper draining of
the shell.

(:\ ThC hCG" axaehanacar baonn tslﬂn]] I‘C mat L

on the backside of panels will help reduce the number
of incorrect piping connections during field installation.

SD-3.7.2 Nozzles or Ports

(a) Nozzle construction shall accommodate a design
feature that will assist in the elimination of internal
surface anomalies caused in part by joining the nozzle
to the panel structure.

(b) The method of joining a nozzle into a panel struc-
ture shall be of hygienic design. Acceptance criteria for

Xt S e o oRhe oo ottt

markgdd with the outer tubesheet for proper orientation
to engure drainability or cleanability.

(i) Heat exchanger thermal and mechanical calcula-
tions ghall 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
pressyre of the utility side.

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

SD3.6.2 Cleaning and Steaming

(a) [The process contact surfaces shall be constructed
to withstand CIP and SIP or other cleaning/bioburden
contrdl methods specified by the owner/user.

(b) [T'he cleaning and steaming conditions shall be pro-
vided|by the owner/user prior to the design of the heat
exchapger.

SD}3.6.3 Gaskets and Seals

(a) [Gaskets that are in contact with produget-shall be
removable and self-positioning, and shall ‘have readily
cleangble grooves.

(b) [Channel/bonnet gaskets shallxbe of a cleanable
design.

y Transfer Panels

SD
(a)

3.7.1 General

The transfer pafiel'shall be constructed so that the
s contact surfages can be cleaned by a CIP fluid or
method specified by the owner/user. The process
t surfaces/shall be free of crevices, pockets, and
surface irregularities.

(b) [The-transfer panel nozzle elevation shall be prop-

these welds shall meet the requirenents of
Table M]J-8.5-1.

(c) Each front nozzle connection shall.be ofla hygienic
design and the horizontal projectioh minimized to opti-
mize drainability.

(d) To ensure proper panel fufictionality angl joint con-
nection integrity, panel noZzles shall not be gloped (see
Fig. SD-3.7.2-1).

(e) Nozzle-to-nozzle’clearance shall be|such that
jumper drain valve interference, if applicable, will not
occur when jumpers are connected in al| possible
operating and\cleaning configurations.

(f) Nozzles’shall be capable of being capjped. Caps
may include bleed valves or pressure indfcators for
safety‘or operating purposes.

(¢9’ Nozzle center-to-center and flatness tol¢rances are
extremely critical to proper panel functionalitfy and shall
be agreed upon by the manufacturer and end-user. Rec-
ommended tolerances are per Table DJ-7-2 and
Fig. SD-3.7.2-1.

SD-3.7.3 Headers or Pre-piped Manifolds

(1) When a looped header design is employed, the
branch length at capped or unused nozzles|should be
minimized. The dimension of the subheadey 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 unldoped sub-
header is not recommended.

(b) To optimize the drainability at all nozzles, regard-
less of use, subheaders and pre-piped manifolds shall
not be sloped. All-encompassing lines inclyding long
runs with the exception of subheaders, manjfolds, and
nozzles may be sloped as defined in SD-2.4.B.

SD-3.7.4 Jumpers or U-Bends
(a) Jumpers shall be constructed with hygienic con-
nections on both ends designed to mate witl} the panel

erly designed with respect to the connecting equipment
such as tank, pump, etc., to ensure drainability, clean-
ability, and bioburden control 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 be fully drained when properly installed. This
is not to imply that panel nozzles and/or subheaders
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). Tagging nozzles
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nozzles.

(b) Jumpers may have a low point drain to provide
both complete drainage and vacuum break after the
liquid transfer has been completed (see Fig. SD-3.7.4-1).
The branch L/D of a low-point drain connection should
be minimized. Zero static diaphragm valves are recom-
mended for low-point drains if available from the manu-
facturer [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. SD-3.7.4-1, illustrations (a), (b), and (c)]. This design
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FigSD-377.2- 5
(Reference Table DT-7-2)

Inspection

planes for
/_ reference x

Note (1)\

Note (2)

Center Center

to to

center center
K Note (1)

NOTES:

(1) Flafness-tolerance defines the maximum gap allowed across the entire sealing surface relative to the inspection planes sh

(2) Tolgrances applied to related nozzles (defined by jumper paths).
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(14) Fig. SD-3.7.4-1 Transfer Panel Jumpers

IE

L

(a) Accepted

d

L

=

(b) Accepted (c) Accepted (d) Accepted
[
(e) Not Accepted (f) Not Accepted (g) Not Accepted
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ensures that the drain valve is always at the true low
point of the assembled jumper connection in any speci-
fied orientation.

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

(d) The use of reducing jumpers is not recommended
due to drainability concerns based on jumper orienta-

the prfmary nozzle connection (behind panel structure),
thus alllowing all connections to be the same size on the
front ¢f the panel.

(e) The overall panel design shall be such that the
quantfity of unique jumper centerline dimensions is
mininjized.

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

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

SD{3.7.5 Drain or Drip Pans

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

(b) |Drain pans shall slope [preferred minimum ef
% in./[ft 21 mm/m)] to a low point and be piped td_the
procegs drain. The depth of the drain pan is detefmined
by calfulating the largest spill volume and accommodat-
ing it{with a sufficient pan holding volume./Consider-
ation|should be given to increasingithe drain port
conneftion size in lieu of increasing~pan depth. The
preferred drain port location is cefitral bottom draining
or cerftral back draining.

(c) [The elevation of the panyshould take into account
the cl¢arance required fof. the jumper drain valve posi-
tion when a connection-is made to the bottom row of
nozzl¢gs. The pan shoald extend horizontally to accom-
modate the furthést-eonnection and/or drain point from
the fafe of the_panel.

SD}3.7:6. Proximity Switches
(a) Proximity switches are used to detect the presence

magnetic material is required; however, it must be fully
encapsulated to ensure that the ferrous material does
not contaminate the classified manufacturing area. The
acceptance criteria for welds joining the sensor stem to
the jumper shall meet the requirements of Table MJ-8.5-1.

(d) The magnet should be of sufficient gauss rating
to properly activate the corresponding proximity switch.
In addition, the temperature rating of the magnet should
withstand the specified temperature ranges for process
P e compromising—the 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

SD-3.8.1 Code 7 Cartridge Lock Design. [The ASME
BPE Code 7 lock is designed to be used witl filter car-
tridges using an SAE AS 568-226 double O-rifg seal and
a two-locking“db design.

SD-3.8{1.1 Design Features.
of the fellowing features:

(a), asocket bore that is machined into a base or car-
tridge plate into which the filter cartridge O-rihg adapter
is‘inserted.

(b) locking tab retainer mechanism that cqptures the
cartridge locking tabs when the cartridge is inserted into
the socket bore.

(1) Fig. SD-3.8.1.1-1 shows a recessed tapered lock
retainer design in which the locking tab refainers are
machined into a plate and the machined reces$es capture
the cartridge locking tabs as the cartridge is rptated into
position.

(2) Fig. SD-3.8.1.1-2 shows an external tapered lock
retainer design in which a set of metal caggs captures
the cartridge locking tabs as the cartridge is rptated into
position.

(c) the locking tab retainers shall be desighed with a
taper to provide a secure lock for the cartfidge. The
cartridge tabs shall travel through the narfowing tab
retainers until a tight fit is achieved. The tapler shall be
on the upper portion of the tab retainer. Full{capture of
cartridge tabs by the locking tab retainers is npt required

This design consists

or absence of a jumper with a stem positioned between
selected nozzles.

(b) The use of magnetic proximity switches, which
are mounted behind the panel structure avoiding the
need to penetrate the panel face, are preferred. This
elimination of structural penetration will remove any
unnecessary cracks, crevices, or threads at the point of
attachment, thus removing the risk of product entrap-
ment and/or contamination concerns.

(c) Jumpers will contain a magnetic stem to activate
the corresponding proximity switch. The use of a ferrous

51

to secure cartridges for operation.

(d) all surfaces of the cartridge socket shall meet the
required finish for the wetted surfaces as specified by
the owner/user.

(e) the cartridge O-ring(s) shall be completely con-
tained within the socket bore.

SD-3.8.1.2 Testing. The cartridge manufacturer
shall validate that its cartridge design fits, seals, and
remains in place with one of the housing designs shown
in Figs. SD-3.8.1.1-1 and SD-3.8.1.1-2.

(14)
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Fig. SD-3.8.1.1-1 Tapered Locking Tab Retainer — Recessed

— |
R1.43 £ 0.010 in. (36.3 = 0.25 mm) e
clearance for locking tabs x/
/ I
1.25/1.40 in. (31.8/35.6 mm) K
clearance for locking tabs A f _

)

L\
N )
0.125in. (3.18 mm)
. max. 0.134 + 0.004 in. 10 to 20.deg
(4.40 £ 0.10 mm) [ T I l / J/ / O-ring lead in chamfgr
: 1 ([ ) y [ 0.060n. (1.52 mm) njax.
V T '
! } | o
0.55{in. (14.0 mm) min. — %Z
——— (2.250 + 0,003/%0 in.
(@57.15 +.0.08/-0 mm)
Section A-A
GENERAL NQTES:
(@) Locking fab retainer options are shown as possible optidons and do not represent all possible designs.
(b) All surfafes shall meet the specified finish of wetted.surfaces, excluding the weld zones.
SD-3.9 Spray Devices (c) The spray pattern, as it exits the device, is|deter-

SD-3.91.1 General. SD-379 covers spray devices
intended for use in bioprogessing equipment, intended
to remain|in place or bé removed during production.

mined by the spray device design. Spray patterns are
typically streams/jets or fans.
(d) The impact pattern is determined by the interac-

Recommehdations in. this section are valid for water oM OVer time of the spray pattern and the geomptry of
. . the equipment.

based clegning solutions. The flow rate recommenda- . . . . .

tions in this sectionvare for metallic vessels. () During design, consideration should be giyen to

(a) Spray devices distribute rinse and cleaning solu-
tions to inferiOr surfaces of bioprocessing equipment by

the following in the selection of spray device(s):
(1) residue characteristics

direct spray and utilize sheeting action for remaining
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 device.

\A} equipuu—:ut sCUlICLY dlld dpPPpUurtendarices

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

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

(5) cleaning system capacity

(6) installation of screen/strainer to protect the
functionality of the spray device

(7) cleaning cycle time

(8) cleaning chemistry compatibility with materials
of construction
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Fig. SD-3.8.1.1-2 Tapered Locking Tab Retainer — External

R1.43 £ 0.010 in. (36.3 = 0.25 mm)

clearance for locking tabs

/m\
NI

?0.125 in. (3.18 mm) max.

Weld zone
0.173 = 0.004 in.

0.134 = 0.004 in.

(4.40 £ 0.10 mm)

10.t6.20 deg
(3.40 £ 0.10 mm)
N\ | O-ring lead in chamfer
Al 1 0.060in. (1.52 mm] max.

i r

.55 in. (14.0 mm) min.

GENERAL NOTES:

(@) Lodking tab retainer options are shown as possible options and do not represent all possible designs.
(b) All surfaces shall meet the specified finishiof wetted surfaces, excluding the weld zones.

(9) potential orifice erosion(e.g., from CIP and SIP)
(f) bpray devices are either’static or dynamic.

(1) Static spray devices continuously produce a
defindd impact pattetn-by stationary direct spray. Static
spray [devices have no moving parts. Examples of static
spray |devices incltide static spray balls, stationary noz-
zles, gnd sprayvwands.

(1) Dynamic spray devices are either single axis or
multifaxis: Both produce a defined impact pattern by

|=—— ©2.250.40.003/-0 in. ——=|
(@5715 + 0.08/-0 mm)

Section: B-B

R0.06 in. (1.5 mm)

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 inlexed pat-
tern. When motor driven, the body and npzzles are
turned mechanically by the motor.

(g) Spray devices can be designed as r¢gmovable,
retractable, or to remain in place.

(h) Spray device(s) are specific to the application and
equipment. Spray devices are generally not inferchange-

moving multidirectional spray(s). Dynamic spray device
rotation is rinse water/cleaning solution driven or
motor driven. Dynamic spray devices have moving
parts, which may include bearings, gears, and turbines

(a) Single axis dynamic spray devices (see
Fig. SD-3.9.1-1). 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

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.

(b) When installed, spray devices shall be drainable
and cleanable inside and outside or otherwise as agreed
upon with owner/user.
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Fig. SD-3.9.1-1 Dynamic Spray Device: Single Axis

A

GENERAL NOTE: Spray pattern is for illustration purposes.

(14) Fig. SD-3.9.1-2 Two Axes Dynamic Spray Device

4

GENERAL NOTE: Number of jets is for illustration purposes.
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(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 of 10% or otherwise agreed upon by
owner/user.

(f) Spray devices shall be accessible for functionality
verification, i i i

(g) [Removable spray device(s) shall be capable of
being|re-installed in a repeatable manner by unique
identifiers to ensure proper installation location.

(h) Ppray device selection, orientation, and location
shall e designed to ensure the equipment and the tar-
geted jsurfaces of its appurtenances (e.g., manways, dip-
tubes |baffles, nozzles, agitator shaft, and impellers) are
expospd to rinse water/cleaning solution.

(i) $pray device(s) shall be provided with a level of
docurhentation that is consistent with the equipment for
whicH it is to be installed and in accordance with GR-5
docurhentation requirements.

(j) Process contact surface finishes of spray devices
be consistent with the equipment for which it is
installed or otherwise specified by the owner/user and
in accprdance with the definitions of Part SE.

(k) ppray devices shall not utilize lubricants that may
or thaf will come in contact with the product. Dynamic
devicgs are typically lubricated by the rinse/cleaning
solutipn(s).

SPp-3.9.2.1 Static Spray Device Requirements

(a) Ptatic spray devices shall have a positiohing device
(prefefred) or mark to allow for proper orientation dur-
ing refinstallation, as static devices are arientation sensi-

cific appurtenances.

(d) [The flow rate-gtiideline for vertical cylindrical ves-
sels wjith dished heads is 2.5 gal/min/ft to 3 gal /min/ft
(31 L /jmin /m\to'37 L/min/m) of inner vessel circumfer-
ence. [Reference Fig. SD-3.9.2.1-2. The majority of the
flow ip directed toward the upper head to ensure cover-

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
be agreed upon with the owner/user.

(c) The flow rate guideline for vertical cylindrical ves-
sels with dished heads is 1.9 gal/min/ft to
- i - i in/m) of
inner vessel circumference. The majority of:fhe flow is
directed toward the upper head to enSure cpverage of
appurtenances and provide the sheeting actjon.

(d) The flow rate guideline foryNorizontal fylindrical
vessels with dished-heads)is 1.4 gal/min/ft to
2.1 gal/min/ft (17.4 L/min/m to 26.1 L/min/m) of
perimeter (2L + 2D). Thexmajority of the flow[is directed
toward the upper one-thitd of the vessel to engure cover-
age of appurtenances(and provide the sheetjng action.

(e) Flow requiféments for the specific application
should be confirmed with the spray devife and/or
equipmentmanufacturer or other subject matfer experts.

(f) High-velocity gas flow from air-blow§ or steam
passifigithrough liquid-driven spray devices| can result
in Wear to bearing surfaces. Consideration [should be
taken to restrict gas flow through the spiay device
according to the manufacturer’s recommendhation.

SD-3.9.2.3 Multi-Axis Dynamic Spr
Requirements
(a) Rotation and/or frequency verificatign shall be
agreed upon with the owner/end-user.
(b) The time to complete a full impact ppttern (see
Fig. SD-3.9.2.3-1) at a specified pressure o1f flow rate
shall be provided by the manufacturer.
(c) Weld-on or self-cleaning slip-joint/ clip-pn connec-
tions are acceptable. Other hygienic alterndtives shall
be agreed upon with the owner/user.
(d) The flow rate guideline for vertical cylir|drical ves-
sels with dished heads is 1.3 gal/min/ft to
1.5 gal/min/ft (16.1 L/min/m to 18.6 L/fin/m) of
inner vessel circumference to ensure coverage of appur-
tenances and provide the sheeting action.
(e) The flow rate guideline for horizontal gylindrical
vessels with dished-heads is 0.8 gal/min/ft to

y Device

age of appurtenances and provide the sheeting action.

(e) The flow rate guideline for horizontal cylindrical
vessels with dished heads is 2 gal/min/ft to
3 gal/min/ft (25L/min/m to 37 L/min/m) of perimeter
(2L + 2D). Reference Fig. SD-3.9.2.1-3. The majority of
the flow is directed toward the upper one-third of the
vessel 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.
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T.Z gal/min/It (9.9 L/min/m to 14.9 L/min/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.

(g) High velocity gas flow from air-blows or steam
passing through liquid-driven spray devices can result
in wear to bearing surfaces. Consideration should be
taken to restrict gas flow through the spray device
according to the manufacturer’s recommendation.
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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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Fig. SD-3.12-1 Steam Traps for Clean Steam Systems

Radius internal corners
(where practical)

@/— Sealed bellows &% L4
_r?'lw—

(a) Serviceable Trap

SD-3.10

isposables That Require Pre-Sterilization
r Post-Sterilization

[Reservé¢d for future content]

SD-3.11.1 General

(a) Sanjpling equipment in the biopharmaceutical
industry i$ used for the collection of samples that then
undergo dhemical or microbiological evaluation. Sam-
pling may| be either aseptic or non-aseptic.

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

(c) Aseptic sampling systems shall be steamable’ or
presterilizpd single-use.

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

(e) Aseptic sampling systems shall be closed to isolate
the process, protect the sample, sample container, and
sample transfer process from the)jeénvironment and to
obtain repyresentative samples.

SD-3.11.2 Aseptic Sampling Systems

SD-3.11.2.1 Basic Requirements
(a) Steamable sample systems shall meet the relevant
requiremepts ofisSD-2.3.1.1.
ling systems intended for multiple-use shall
be cleanable

Sloped for drainability
(b) Welded Trap

be given to ease of assembly and subsequent hahdling
of sample.

SD-3.11.2.3(Sample Collecting

(a) When usifig single-use collecting devices, donsid-
eration shall\be given to maximum pressure ratings of
valves, adaptors, and bags.
(b);Consideration should be given to the impact of
abserption and off-gassing that could lead to norfrepre-
sentative samples. Polymeric material requiremepts for
leachables and extractables are listed in Part PM,

SD-3.11.3 Non-Aseptic Sampling.
future content]

[Reserved for

SD-3.12 Steam Traps

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

(b) Where used in process systems, the traps shall be
capable of effectively venting air.

(c) Where installed on process systems, traps shall be
maintainable to allow easy examination and cléaning.

(c) Sample valves shall meet the requirement of
5G-3.3.2.3.
(d) In septum sample devices, the needles shall be
sterilized prior to insertion into the vessel or process line.
. (e) Collecting devices shall be designed, connected,
and disconnected in ways that maintain the integrity of
the sample.

. SD-3.11.2.2 Installation. The sampling device
shall be installed to maintain the aseptic barrier between
the product and the environment. Consideration should

Welded traps aie acceptable if agreed to by the
owner/user.

(d) The trap design and mode of operation shall be
such that the risk of soil attachment to the wetted sur-
faces is minimized, especially around the bellows 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 condensate into the
process equipment and clean steam system under
operating conditions. Operating conditions include
heat-up, hold, and cool down.
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(f) The trap shall be designed such that the normal
mode of mechanical failure will be in the open position.

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

(h) Trap operation/reactivity should be improved 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).

(e) Relief devices, including discharge piping, shall
be installed in compliance with applicable codes (e.g.,
flammable liquids and combustibles in accordance with
NEPA 30).

(f) Pressure relief valves that are used in product con-
tact applications shall be of hygienic design on both
sides of the valve seat. Crevices and hold-up volumes
should be minimized.

(g) Safety pressure relief valves that are used in prod-
uct-contact gpp]ihnfinnc shall be of hvginnin design up

SD-3.13 Check Valves

(a) ICheck valves that are used in product contact
applidations shall be of hygienic design. They shall be
desigmed for CIP. Crevices and hold-up volumes should
be mihimized.

(b) |Check valves in process contact applications
shouldl be installed in a manner that permits self-drain-
ing. ‘l{onself-draining valves may be used for liquid
streanps that flow continuously (e.g., a compendial water
loop)|or where valves are wetted with a sanitizing
mediym when not in use (e.g., chromatography system
that i§ filled with sodium hydroxide solution between
uses).

(c) The flow direction and required orientation for
draingbility should be clearly identified on the device.
Wherp the valve is integral to equipment (e.g., dia-
phragn pumps, homogenizers, etc.) indication of the
flow direction is not required.

(d) [The use of check valves with springs in produet
contag¢t should be avoided. The end-user should déter-
mine whether check valves that use a spring aré.accept-
able f¢r other process contact applications. Applications
wher¢ spring check valves are typically~acceptable
inclugle condensate removal lines and ‘dry process
gasseq.

(e) {Check valve design shall cgmply with SG-3.3.2.3.

SD-3.14 Orifice Plates

Orifice plates, when réquited and used in hygienic
piping systems, shall be:installed in a drainable position.
SD-3.

(a) Rupturesdiscs (or other hygienic pressure relief
devicgs approved by the owner/user) shall be installed
in a hygiénic:manner without compromising the safety
or efficiericy of the system.

L5 Relief Devices

to the valve seat.

(h) Pressure and safety pressure relief.valyles shall be
installed in a manner that permits selfidrainihg on both
the process and discharge sides of¢the valve|seat.

(i) Pressure relief valves thatafe used in pgoduct con-
tact applications shall be €IP ‘¢apable. If rdquired for
CIP or SIP, an override that” allows flow through the
valve shall be included-

(j) Pressure relief valves that are used in pgoduct con-
tact applications shall comply with SG-3.3.2{3.

SD-3.16 Liduid Pressure Regulators

(a) Regulators should be installed to be fullly draina-
ble threugh the outlet and/or inlet ports.

(9, There shall be no voids or crevices withfin the area
wetted by the fluid. Regulator designs, wher¢ a portion
of the valve stem penetrates the sensing diaphragm,
shall be avoided unless provisions are made to avoid
entrapment of foreign matter and any leakage through
the interface between stem and diaphragm,|especially
after SIP.

(c) Due to the inherent design characterisfics of self-
contained regulators, manual means of overr{de may be
required to allow full cleanability and draingbility.

SD-4 PROCESS UTILITIES
SD-4.1 Compendial Water Systems

(a) Compendial water systems, such as YSP Grade
Water-for-Injection (WFI), USP Grade Purified Water
(PW), and Highly Purified Water (HPW), shall be
designed as looped circulatory systems, rathef than non-
circulating, dead-ended, branched systems.

(b) Loops shall be designed to provide f]illy devel-

npor] turbulent flow in the r‘irmﬂnfing sectionls, and pre-

(b) The cleaning system design shall ensure that the
rupture disc (or other hygienic pressure relief devices
approved by the owner/user) will not be damaged by
the cleaning process (e.g., mechanical forces, chemical
compatibility, etc.).

(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) Rupture discs shall be installed in the manufactur-
er’s recommended holder to ensure proper functionality
and cleanability.
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vent stagnation in any branches.

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
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should be constructed in such a manner as to avoid dead
legs and crevices.

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

SD-4.1.2 Compendial Water Distribution Systems

SD-4.1.2.1 Point-of- Use Plplng Design for
Compendial Wate
defined asla location in a Compendlal water loop where
water is adcessed for processing and/or sampling. Typi-
cally, the point-of-use assemblies are composed of the
following lelements:

(a) pipipg associated with a compendial water loop
at the phyjsical POU

(b) POY valves, equipment, and instruments

Additiohal process components and equipment may
be added fo satisfy application and/or system require-
ments and will be discussed further in this Part (see
Fig. SD-4.1.2.1-1).

SD-4.1.2.2 Critical Design Criteria for Point-of-Use
Assemblief

(a) All
designed
valve.

(b) Ass¢mblies will be designed to promote the ability
to CIP, SIF, and/or purge with clean gasses.

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

(d) Samjple valves should be integral to the design of
the primagy valve to eliminate dead legs in‘the system.

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

(f) Sample valves should be installed where water is
utilized fqr the process to demenstrate water quality
compliande to compendial.merifographs.

(g) Any| valve used to{provide clean utility services
to the POY assembly: (e.g., steam or clean gas) should
be fabricated in suchva'manner as to achieve an L/D of
2 or less dpwnstream from the primary POU valve [see
Fig. SD-4.]1.2. =% illustrations (a) and (c)].

(h) Thellength of tubing from POU valves to process

point-of-use (POU) assemblies will be
to optimize drainability through the POU

[see Fig. SD-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 component leading to drains or sinks to avoid
backsiphoning into the POU assembly. The break shall
be at least 1 in. (25 mm) for hoses, drain valves, or other
components with internal diameters less than or equal
to % in. (13 mm) (see Fig. SD-4.1.2.2-1).

(l) Tubmg and other plpmg materlals should be a

Rinim % i o-facilitate free
dramage of water after use.

(m) POU assemblies shall be drainable @s indicated
in SD-2.4.3.

(n) A POU may include a venturj-of, orifice p
the restriction of water flow is reQuired. Where
the additions of these components will require a
down to ensure drainability:

(0) When compendial watér systems are constfucted
of 316L stainless steel or Other alloy steels, the qurface
finish should be less tHan or equal to 25 pin. R, or (.6 pm
(see Part SF) and.may be internally electropolished. All
internal surfaces shall be passivated.

(p) Whencompendial water systems are constfucted
of polymérmaterials, the surface finish should be less
than or€qual to 25 pin. R, or 0.6 pm.

ate, if
used,
blow-

SD:4.2 Clean/Pure Steam Systems

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

steam

SD-4.2.1 Clean/Pure Steam Generation

(a) All surfaces that come into direct contact w
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 steel 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 passivate the units are trapped pr not
easily flushed during rinsing operations.

th the

equipment should be minimized [see Fig. SD-4.1.2.1-1,
illustrations (a) and (b)].

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

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

(k) Physical breaks shall be employed between hoses,
drain valves, or any other component leading to drains
or sinks to avoid backsiphoning into the POU assembly
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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-4.1.2.1-1 Point-of-Use Piping
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Fig. SD-4.1.2.2-1 Physical Break in Point-of-Use Piping

‘

—»ld |<—

e

GENERAL NOTE:

(c) Adefjuate provision should be made to allow for
line expanpion and to prevent sagging of the distribution
lines, so that line drainage is not reduced.

(d) Disfribution systems shall not be directly con-
nected to [any nonhygienic steam systems (e.g., plant
steam sysfems).

(e) Trap|legs for the collection of condensate from the
steam distribution system should be of equal size to the
distributign line for sizes up to 4 in. (100 mm), and one
or two line sizes smaller for lines of 6 in. (150 mm)ler
larger. These shall be trapped at the bottom. The line
size reducfion can be made after the branch to'‘the trap
leg (see Filg. SD-4.2.2-2).

(f) Trap|legs should be installed at least-every 100 ft

(h) Whgre possible, all components within the distri-
bution sydtem.shotld be self-draining.
(i) Dead legs’/should be avoided by design of runs

and the use of steam. {-raﬁc toremove—condensate (Qoo

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

the steam system and are subject to continuous [steam
service.
(a) Valyes for steam service shall be designpd for
drainability and should have minimal fluid hqld-up
volumes:
(b) Ball valves are an acceptable industry standard for
isolation purposes on continuous steam service. [[hree-
piece-body ball valves should be used instead of $ingle-
body designs for both cleanability and maintaingbility.
The bore of the ball valve assembly shall matth the
inside diameter of the tube (see Fig. SG-2.3.1.3-1).
(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)] ¢an be
relaxed when agreed to by the owner/user.
(e) Secondary stem seals with telltale connectigns are
not required for steam service.
(f) Valves shall be accessible for maintenance.

SD-4.3 Process Gases

SD-4.3.1 Process Gas Distribution Systems. For this
section, a process gas distribution system is orje that

Figs. SD-4.2.2-1 and SD4222)

(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).

SD-4.2.3 Clean/Pure Steam Valves. SD-4.2.3 covers
isolation, regulation, and control valves that are part of
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extends from the bulk supply source (including cylin-
ders) to the points of use (POU) as defined by the owner/
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-
bution systems for use within the scope of this Standard
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.
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(14)

Fig. SD-4.2.2-2 Clean Steam Point-of-Use Design
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S
(b) For|materials of construction, the owner/user (¢) Gas systems testing and sampling shall cpmply
shall specify all materials. When copper is used, it should~, with 21 CFR 211 and ICH Q7 (International Conference
be hard drawn and installed in accordance with.the on Harmonization, Good Manufacturing Priactice
current edjition of NFPA 99, Chapter 5. When copper'is ~ Guidance for Active Pharmaceutical Ingredients).
specified in a clean room or area, the owner/user shall

confirm that all planned cleaning and sanitizing agents
are compafible with copper and all materjals.of construc-
tion. When stainless steel tubing is specified, the materi-
als of choife are alloys 316L or 304L. Orbital welding is
the recommended joining method:Inside clean rooms,
the piping|materials of choiceare-316L or 304L stainless
steel tubing and fittings. The'owner/user and manufac-
turer shalllagree on all joifiing methods, levels of inspec-
tion, and|acceptancelcriteria for all joints prior to
installatiof.

(c) Comjpression fittings may be used for valves, regu-
lators, mass flow controllers, and other instrumentation
systems af| the'source and /or within system boundaries.

SD-4.4 Process Waste Systems

SD-4.4.1 Bio-Kill Systems.
content]

[Reserved for future

SD-5 PROCESS SYSTEMS
SD-5.1 Upstream Systems
SD-5.1.1 Bioreactors and Fermentors

SD-5.1.1.1 General

(a) Scope. For this section, the terms “fermentors” and
“bioreactors” are interchangeable. A bioreactor pr fer-
mentor shall be defined as a vessel based system used

. (d) Gas systems are not designed or configured with
fhe intent or provisions to be cleaned, passivated, or
chemically treated after installation. Features such as
slope, high point vents, and low point drains need not
be incorporated into these systems.

- (e) There shall be no nonvolatile residue. The system
de51gn shall ensure that gas will remain pure throughout
its delivery.

(f) Itis important to select appropriate pre-filters and
final system filters. The final point-of-use gas purity
shall comply with the process requirements.

64
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in the growth of microorganisms, plant, mammalian, or
insect cells.

(b) The area within the bioreactor sterile envelope or
boundary shall be designed for cleanability and biobur-
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
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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
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

ecalin contactwith the pvn(‘]un{-

shall be capable of being steam sterilized without degra-
dation to any of the elastomers or polymers that make
up the components or assemblies.

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.

(5

) feed systems from the vessel to the seat of the

SD-5.1.1.2.1 Flow Control Devices

isolation valve nearest to the bioreactor vessel or if the (a) Flow control devices (e.g., rotanieters, [mass flow
feed sfream is being filter sterilized, the sterilizing grade controllers, and modulating controllvalves) shall be
filter ¢lement. installed outside of the sterile boundary; thefefore, pip-
(4) sampling system. ing requirements within thigs¢ction may pot apply.
(P product harvesting system from the vessel to  However, provisions shall b¢included within|the design
the sept of the isolation valve nearest to the bioreactor  to prevent instrumentation*damage due to BIP proce-
vessell dures and backflow.

(c) A bioreactor is made up of a number of subassem- (b) Flow controlidévices should be sized [to prevent
blies, [with those subassemblies potentially in contact a vacuum condition, or a provision to bypags the flow
with groduct, requiring special design consideration for  control devige §hall be provided to maintajn positive
cleanipg and bioburden control. pressure i thé vessel.

(d) [The bioreactor design for cleanability and sterility .
shall ake into consideration the biosafety level require- $D-5.1.1.2.2 Inlet Filter Assembly
ment for the system. A bioreactor shall be designed in (a),For this section, an inlet filter shall be [defined as

afilter element installed in a housing of suitpble mate-

accordance with a biosafety level requirement as defined

by the|National Institutes of Health or equivalent organi- _tial. The inlet filter assembly shall be defifed as the
zation| (e.g., BSL-1, BSL-2, BSL-3, or BSL-4). The biosafety'© filter(s) local to the bioreactor.

level tequirement should be determined based on.the (b) Inlet filter assemblies shall be designed for SIP
organjsm, the process, the product being produced, and/ with provisions to remove entrapped air and
or the|owner/user’s preferences. To meet a specific bio-  condensate.

safety|level requirement, special operationdl considera- (c) If multiple inlet filters are used in sgries, then
tions [(e.g., steam blocks) may have tobeaddressed  the filter assembly closest to the bioreactor|shall be a
withir) the bioreactors’ subassembly designs. If the biore-  sterilizing filter.

actor has been used to grow an organism that requires (d) Provisions shall be made for integrity| testing of

biohagard containment, provisioh shall be made to
deconfaminate all surfaces that may have come in con-
tact wlith product prior to,CIP/ or to contain and decon-
taminhte the fluids usedyfor CIP.

the filter assembly in situ or out of place.

(e) If the housings are included in a cleanjng circuit,
the filter elements shall be removed prior to introduction
of cleaning solutions.

(e) [he bioreactor gessel should be pressure/vacuum (f) Gas filters should be installed above thebioreactor
and tgmperature rated per the owner/user’s design cri-  Jiquid level.
teria. [[he vessel'shall be constructed, tested, inspected,
and sfampedtifi-dccordance with local ordinances, regu- SD-5.1.1.2.3 Gas Sparging Assemblies
lation, arid,eodes. (a) Spargers shall be defined as mechanigal devices

(f) The~area within the sterile envelope should be

normally located below an impeller used o disperse

designed for CIP. For components that cannot be CIP’d,
the design shall allow removal for manual cleaning out
of place or replacement.

(¢) 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

67

gases within a charged bioreactor. This section applies
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.
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(14) 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 (14)
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(14) 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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(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
should beg

1L tloaolos 4 £ & 1
TCITTO VU TTUTIT (ITC U TUTCAaCTOT TUT CATCTTITAar

steam jacketed, or electrically heated traced filter hous-
ings (Fig. SD-5.1.1.3.1-3). These items shall be designed
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.

cleaning and/or replacement when CIP is not feasible.
(g) All wetted surfaces shall be sloped to drain by
gravity info the vessel.
(h) If a|check valve is installed in the sparge line
within the sterile envelope, it shall be designed for CIP
and SIP.

SD-5.1.1.2.4 Inlet Gas Piping
(a) Ovetlay piping is defined as piping that directs
filtered galses to the vessel headspace.
(b) Inle{ gas assembly piping (sparge and overlay)
within the sterile envelope shall meet the requirements

e requirements as defined for GSD3 in

Table SD-2.4.3.1-1.

SD-5.1.1.3 Exhaust Gas Assembly. The exhaust
gas assembly is defined as a piping assembly that main-
tains the ihtegrity of the sterile boundary with respeet
to sterility and pressure. The assembly shall include
but is not|limited to the items in SD-5.1.1.3.1 throtigh
SD-5.1.1.383.

SD-5.1.1.3.1 Exhaust Filter
(a) For this section, an exhaust filter shall be defined
as a filter] element installed in achotising of suitable
material.
. (b) Exh
ings shall
collection

ust filters shall be designed for SIP. The hous-
be installed in stich' a way as to prevent the
of condensatein the elements due to SIP.

~ (c) If redundant stexilizing grade exhaust filters are
used in sefies, thendhe filter farthest from the bioreactor
shall havg a maximum rating of 0.2 wm absolute. In
addition, previsions shall be included for draining con-

(c) The design of exhaust gas piping from the bjoreac-
tor should ensure that there is no condensate accymula-
tion in the line downstream of the system.

SD-5.1.1.3.3 Backpressure Control Devices
(a) If required, backpressure control deviceg (e.g.,
modulating control valves of‘\fegulators) shotild be
installed outside of the sterile:boundary.
(b) Backpressure controb.dévices shall not hing
bioreactor’s capability of being SIP’d and CIP’d.
(c) If a vapor-liqtid separator is used in the exhaust
within the steril€ envelope, it shall be designed fpr CIP
and SIP.

er the

SD-5.1:1.4 Piping Systems

SD-5.1.1.4.1 Feed Lines. This section appjlies to
bioreactor piping systems used to feed liquid ingrddients
(esg., pH control reagents, antifoam reagents, thedia,
nutrient, and inoculum).

(a) Feed lines shall be designed with the apprdpriate
piping system to allow CIP and SIP of the biogeactor
vessel and the feed line itself. CIP and SIP of the feed
line may be done independently or simultaneously with
the bioreactor.

(b) If CIP of the ingredient feed system is perfprmed
during active culture operations, then the design ghould
include provisions to prevent cross contamination
between CIP solutions and product.

(c) Valve and piping orientation shall be desighed to
provide complete drainage during CIP and SIP.

SD-5.1.1.4.2 Dip Tubes. This section applies to
all bioreactor port tube-extensions within the vegsel.

(a) Bioreactor dip tubes shall meet the requirgments
of SD-3.4.2.

densate from-the-piping-between-the-filters 75y Removable dip tubes (see Fig. SD-3.4.2-4Jshall be

(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.

(¢) To prevent the exhaust filters from becoming
blinded by condensate saturation during operation, the

exhaust gas assembly may include exhaust condensers
(Fig. SD-5.1.1.3.1-1), exhaust heaters (Fig. SD-5.1.1.3.1-2),

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

72

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.
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Fig. SD-5.1.1.3.1-1 Exhaust Gas Condenser
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Fig. SD-5.1.1.3.1-3 Electrically Heat Traced Filter Housing
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(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 steam flow
through the dip tube into the vessel.

(f) Bioreactor dip tubes shall be designed for CIP or
COP.

(¢) If the dip tube is installed in the vessel during
CIP, both the inside and outside of the dip tube shall
be cleaned.

(b) Product-contact surfaces of internal coils require
provisions 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/Devices/Wands. This
section applies to sprayballs, wands, and other devices
(see Fig. SD-3.9.2.1-1) that may be mounted in the biore-
actor vessel for distributing cleaning solution during
CIP operations.

SD-5.1.1.4.3 Harvest Valves/Bottom Outlet
This section applies to all valves installed in the
bottom head.
Harvest valves shall meet the requirements of
SG-3.3.2.3.
(b) |Bottom outlet valves shall be drainable and
installed in such a way as to ensure complete drainage
of the|bioreactor contents.

(c) Bioreactor harvest valves shall be designed for SIP
and {IP or COP.

Valve.
vessell

(a)

SP-5.1.1.5 Miscellaneous Internal Components

SD-5.1.1.5.1 Agitation Assemblies. This section
appligs to mechanical agitator assemblies mounted in
the bipreactor for achieving one or more mixing-related
unit operations (e.g., blending, mass transfer, heat trans-
fer, arjd solids suspension).

(a) Agitators shall meet the requirements of SD-3.5:

(b) |[Agitators with double mechanical seals (see
Fig. 5¢:-2.3.2.3-2) or magnetic couplings (Fig. SD-3:5:6*2)
are reommended to isolate bioreactor contents from the
envirgnment.

(c) Agitator seal or magnetic coupling ‘eomponents
shall e designed for CIP and SIP.

(d) |Provisions shall be included ifi the design to clean
the pjoduct-contact surfaces of fmpellers. Additional
spray [elements may be required,to achieve coverage.

(e) Bottom-mounted agitators shall not interfere with
free apd complete drainage’ of bioreactor contents.

SD-5.1.1.5,2Mechanical Foam  Breaker
Assemblies. This section applies to mechanical foam
breaKer assemblies that may be mounted in the
bioregctor for\réducing or eliminating foam accumula-
tion in the-vapor space of the bioreactor.

(a) Eoam breaker assemblies shall meet the require-

(a) Spray device assemblies shall meetnthhe require-
ments of SD-3.4.2 and SD-3.9.
(b) If not removed during processing, spray device
assemblies shall be designed for SIP.
(1) The SIP operation shall‘direct or balgnce steam
distribution to establish and mfaintain steriliZation tem-
perature within the spray dévice during the sferilization
hold period.
(2) With the exception of a combinatiofn sparger/
spray device, interhal spray devices should [be located
above the bior€actor operating liquid level.
(3) If the bioreactor is sterilized with mgdia 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 fhe device
intothe vessel.

SD-5.1.1.6 Instrumentation

(a) Instruments installed within the steril
or boundary shall be designed for SIP. Cor
should be made in the design for instrume
for calibration.

(b) Instruments installed within the steril¢ 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 sygtem.

(c) Temperature sensing elements should He installed
in thermowells. Piping associated with infline ther-
mowells shall be sized to allow sufficient fteam and
condensate flow.

SD-5.1.2 Cell Disrupters

(a) Product contact material shall not affgct product
quality or integrity.

(b) The device shall be designed with thg
optimize drainability.

(c) The design shall incorporate non-shedding com-

e envelope
sideration
ht removal

ability to

ments of SD-3.5.

(b) Foam breakers with either double mechanical
seals (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) 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.
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ponents and parts.
(d) Safety rupture discs shall be oriented for draina-
bility while maintaining system integrity and safety.
(e) The disrupter shall be designed for ease 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.
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(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, chemistry).

(d) All crevices and corners, etc., should be accessible
for visual examination and cleaning.

(e) Hexagon socket head cap screws shall not be used
if they are-n—contactwith-the Pw‘.«hm{-

moisture accumulation in vent filters, such as vent heat-
ers or condensers, could be considered.

SD-5.2.1.1.1 Cleaning
(a) Filtration systems that are designed for cleaning
in place shall be designed in accordance with SD-2.4.2
unless otherwise agreed to by the owner/user and
manufacturer.
(b) Tangential flow filtration elements may be
designed for repeated use and cleaned along with the

(f) No gxposed lubricated bearings shall be allowed
in product contact zones.

(g) The|centrifuge manufacturer should minimize all
unwanted| areas where solids may accumulate. These
should in¢lude threads, gaps between parts, crevices,
etc. The cgntrifuge manufacturer shall identify all areas
of primary and incidental product contact that require
manual cleaning in addition to CIP.

SD-5/1.3.2 Process Contact Surface Finishes
(Wetted Surfaces)

(a) Sur]Tace finish specifications shall comply with
Parts SF apd M] of this Standard.

(b) The powner/user and manufacturer shall agree on
the required finishes for the various parts. The surface
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 nto larger assemblies of subcomponents and
parts. Provyisions shall be made to enhance the cleanabil-
ity of the machined surface by use of sloping, draining,
electropolishing of surface, or other means.

SD-5.2 Downstream Systems
SD-5.2]1 Filtration

SD-5.2.1.1 General

(a) All wetted surfaces should'be accessible for clean-
ing and examination.

- (b) Thelfilter housing Shall be designed to allow for
complete fenting and(draining. Liquid tee-type filter
housings $hould beinstalled vertically, and vent type
in-line filt¢r housings should be installed vertically with
the condensate//drain port directed downward (see
Fig. SD-5.2.1.1-1).

system. When multiple-use elements are cleafied in
place, system design shall ensure suitable eondlitions
(e.g., flow rates) to properly clean the filtration elements.

(c) Direct flow filtration elements dre typically not
reused and are not installed during the cleaning ptocess.

SD-5.2.1.1.2 Sanitizatiofi. The owner/{iser is
responsible for defining the.sanitization requirgments
based upon the level of biébutden control requifed for
the unit operation. All.components and filter elgments
shall be either compatible with the selected sanitization
agents and conditiens, or capable of being remoyed or
isolated prior te\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 dontact
between process contact surfaces and the sanitization
solution.

(b) Thermal Sanitization or Sterilization. Tempetature,
flow direction, and differential pressure of the thermal
sanitization or sterilization process shall be defined by
the owner/user. The properties of the filter elgments
shall be considered to confirm compatibility of the ele-
ment with the exposure conditions of a thermal sahitiza-
tion process.

SD-5.2.1.2 Micro/Ultrafiltration Systems

(a) Skid pumps designed for both process arjd CIP
shall be designed to provide turbulent flow for cldaning.
All process piping systems that include piping, tubing,
and fluidic components shall be sloped for ad¢quate
drainage. For all low points in the system, a drain port
shall be installed. A common drain port on the $kid is
preferred.
(b) Piping and equipment hold-up volume shall be
minimized.
(c) Ultrafiltration cartridge housings shhll be

(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
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designed with connections and covers that will allow
the unit to drain completely.

SD-5.2.1.3 Depth Filtration.
content]

[Reserved for future

SD-5.2.1.4 Tangential/Cross Flow Filtration.
[Reserved for future content]

SD-5.2.3 Chromatography. For this section, “sys-
tem” is intended to cover the chromatography piping
skid, not including the associated column.
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Fig. SD-5.2.1.1-1 Tank/Vessel Vent Filters

= T

(a) In-Line Design
(Accepted)

SP-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 redtice*bioburden. All
proceps contact surfaces of system _domponents shall
eitheq be compatible with the selected sanitization
agents or be capable of being.rethoved or isolated prior
to thq sanitization process.-Chromatography systems
are typically stored flooded with a sanitizing solution
to majntain bioburdeémn.control.

SD-5.2.3.2:2-Thermal Sanitization. Chromatog-
raphy|systemsimay be designed for thermal sanitization.
Howejver, because it is generally not possible to perform
thermplsanitization of columns, the requirement is often

Low point drain

(b) T-Type Design
(Accepted)

SD-5.3.2.1 General. For this section, hutoclaves
and steam sterilizers shall be used synonympusly. This
section describes the requirements of autoclayes that are
used in bioprocessing for the steam sterilizatipn of hard,
dry-wrapped, and liquid materials. Autoclave¢ chambers
are pressure vessels and shall be pressure angdl tempera-
ture rated per the owner/user’s design crit¢ria with a
minimum pressure rating of 25 psig at 266°F (1.7 barg
at 130°C). The chambers shall also be vacuum rated.

For systems used in the processing of matgrials used
in the European market, autoclaves may also lpe required
to comply with Pressure Equipment Direcfive (PED)
97/23/EC and/or EN-285. Special conditiofis such as
bio-seals may be required for autoclaves used in BSL-3
and BSL-4 applications. Please refer to the Biosafety in
Microbiological and Medical Labs (BMBL) afd Centers
for Disease Control (CDC) guidelines for these special
conditions.

This section does not pertain to pasteurjzers, ETO

waivdd for chromatography systems If a system is
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.

SD-5.3 Process Support Systems
SD-5.3.1 Washers.
SD-5.3.2 Steam Sterilizers/Autoclaves

[Reserved for future content]

(ethylene oxide), VHP (vaporized hydrogen peroxide),
or CIO; (chlorine dioxide) type sterilization equipment.

The Manufacturer shall define the sterile boundary
of the system.

SD-5.3.2.2 Cycle Types. Autoclaves should be
capable of multiple cycle types for various load condi-
tions. Autoclaves shall only be used to sterilize the types
of goods for which they are designed. The most common
load types are specified in SD-5.3.2.2.1 through
SD-5.3.2.2.3.
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SD-5.3.2.2.1 Hard Goods Cycles. Hard goods
refer to goods such as metallic instruments, containers,
and glassware. Effective removal of noncondensable
gases is required for effective autoclaving of hard goods.
Hard goods may be wrapped or unwrapped.
Unwrapped goods can often be effectively autoclaved
using either a single vacuum pull or gravity air displace-
ment. These goods can sometimes be autoclaved at
higher temperatures Multlple vacuum pulse precondi-
tioning is yegq 2
evacuation of noncondensable gases from both the auto-
clave chamber and autoclaved goods. Steam sterilizers
used for the processing of wrapped or porous goods
shall be gble to pull vacuum to levels below 1 psia
[69 mbar (§)] and maintain the vacuum with a maximum
leak rate ¢f 0.1 psi/5 min (6.9 mbar/5 min). Cooling,
drying (piilse, vacuum) is an optional cycle step used
to dry goqgds at the end of the autoclave cycle. Heated
pulse drylng is also recommended for the drying of
porous gdods such as rubber stoppers. Exhaust rates
and heatipg 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 noncopdensable gases from the autoclave chamber.
Liquid cog¢ling cycles should be provided to efficiently
cool the aytoclave chamber. Providing the chamber with
overpressiire helps prevent the liquid goods from boiling
over durinlg the cool down phase. Liquids can also be
cooled by|slow rate exhaust. Heating rates should be
adjustablelto 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 fllter steam in place sterilization (SIP) cycle
should be| provided for the in situ sterilization of the
chamber Yent filters ensuring supply of sterile air for
cool-dowr] phases of autoclave loads.

SD-5.3.2.3 Components

SD-5.3.2.3.1 General
(a) Matdrials of Contstruction. Materials in contact with
steam shall resist\eofrosion from steam and steam con-
densate. The materials shall not affect steam quality and
shall not felease any substances known to be toxic or

(b) Surface Finish. The surface finish within the sterile
boundary need not exceed 35 R, win. (0.89 wm). Electro-
polishing is not required for steam sterilization systems.

(c) Elastomers. Elastomers shall comply with SG-3.1.1
(Service Temperature), SG-3.1.2 (Service Pressure), and
SG-3.3 (Seal Construction). Elastomers shall be resistant
to corrosion and to chemical and thermal degradation.
Elastomers used in autoclave applications shall be capa-
ble of w1thstand1ng pressures of a minimum of 25 psig
S esting
requlrements spec1f1ed in SG- 4 2

(d) Insulation. External surfaces should be insjlated
to minimize heat transmission.

SD-5.3.2.3.2 Doors. Autoclave door(s) shall be
accessible, cleanable, and replaceable, and showild be
capable of undergoing inspectiofvwithout dismaptling.
The door seal shall be resistant to clean steam and clean
steam condensate. The dopr-on the non-sterile side shall
be capable of reopening.after closing without unflergo-
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 syptems,
the doors shall be interlocked to allow the operfing of
only oné-door at a time. The unloading (“sterileiside”)
door shall remain sealed in standby mode. Refer fo Part
SGfor specifications of seals used in bioprocessing.

SD-5.3.2.3.3 Sterile Air/Vent Filters. Whdre the
sterilization cycle requires admission of air infto the
chamber, the air should be filtered with a sterilizin filter
(0.22 pm or less). The filter element shall be replageable.
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

requirements of steam traps.

SD-5.3.2.3.5 Loading Carts/Trays. Carfs and
trays exposed to clean steam shall be construdted of
materials resistant to clean steam and clean steatfn 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

that could adulterate the product. Piping/tubing and
fittings shall be pressure and vacuum tight. The piping/
tubing layout should be designed to eliminate dead-legs
within the sterile boundary. Tubing within the sterile
boundary should be orbital-welded stainless steel tub-
ing where 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 autoclave shall be enclosed with paneling that is
resistant to corrosion and is cleanable.
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Wit 5G=3:32-3—Vatves witttim the sterite boundary are
typically only exposed to clean steam service and chemi-
cal(s) used during passivation. Exposure to these condi-
tions should be considered when selecting a valve type
for this application.

SD-5.3.2.3.7 Check Valves. Provisions to pre-
vent back-siphoning into the service feed systems should
be considered.

SD-5.3.2.3.8 Jacket. The jacket shall be con-
structed using materials that are resistant to corrosion
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and degradation from steam or clean steam and clean
steam condensate, as applicable.

SD-5.3.2.4 Other Features

SD-5.3.2.4.1 Drain Temperature. Waste to drain
temperature shall comply with owner/user specifica-
tions. The owner /user must specify discharge tempera-
ture requirements to the manufacturer.

ture element shall be accurate to +0.1°C (0.18°F) with a
sensof response time <5 sec. The element installation
shall ot affect the maximum leak rate. The temperature
elemepts shall be temperature and clean steam resistant.

(b) |Pressure/Vacuum. Pressure/vacuum instruments
shall he provided. The pressure instruments shall moni-
tor thle chamber and jacket pressures. Provisions for
recording chamber pressure during active autoclave
cycles| shall be included.

(c) Pate/Time. Provisions for recording the date and
time quring an autoclave cycle shall be included.

(d) Recording may be achieved by paper. or;21CFR

Part 1fl compliant electronic means.
SD}5.3.3 CIP Systems and Design
Sp-5.3.3.1 General

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
preparation, distribution; delivery, and subsequent
removal of cleaning olutions to soiled equipment.

(4) CIP cycle: 'the executed recipe of rinses, washes,
and ajr blowstised to clean soiled equipment.

(3) CIR ciretit: 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).

SD-5.3.3.1.2 CIP System Operating Capabilities

(a) The CIP system shall be capable of delivering and
subsequently removing cleaning solutions to soiled
equipment in a verifiable and reproducible manner.

(b) The CIP system shall be capable of removing pro-
cess soils to an owner/user determined acceptance
criteria.

(c) The CIP system shall be capable of removing clean-
ing chemicals to a verifiable amount characteristic of

SD-5.3.3.1.3 CIP System Functionality
(a) A CIP system is a distributed system ¢f properly
integrated components including the follow]ng:

(1) CIP skid (CIP preparation equipment) designed
to prepare the cleaning solution,/The CIP skid should be
designed to deliver feed wat€r; inject cleaningfchemicals,
heat, and supply the eleaning solution to |the soiled
equipment. The skidishdll also be designed [to remove
all residual cleaning chemicals added during the cycle.

(2) CIP distribution equipment designefl to trans-
port the cleafiing solution to and from the sofled equip-
ment. The\distribution equipment may also [return the
solutionte the CIP skid, if applicable.

(3)."Spray devices (if applicable) designed to deliver
theeleaning solutions throughout the soil¢d process
equipment.

(4) Instrumentation and controls architecture (if
applicable) designed to communicate, monitdr, and syn-
chronize the CIP cycle, and report CIP variaples.

(b) The following cleaning variables shouldbe consid-
ered in the design of the CIP system and CIP cycle:

(1) time of exposure (contact time) to[wash and
rinse solutions

(2) temperature of wash and rinse solutions

(3) chemical concentration of wash solytions

(4) fluid hydraulics

(c) A CIP system should include the capability to
control directly or indirectly (monitor and record if
applicable) the following CIP variables:

(1) timing of CIP cycle

(2) path being cleaned (e.g., valve positjon indica-
tion, pressure/flow verification, mantyial setup
verification)

(3) CIP supply temperature (or return if agpplicable)

(4) CIP path: the specific destination contacted
with cleaning solution/rinse water during a CIP cycle
(e.g., spray device path, inoculum line path, addition
line path). Multiple paths within a circuit may be cleaned
simultaneously.

(b) All in-circuit components of the CIP system (e.g.,
filter housings, pumps, vessels, heat exchangers, transfer
panels, instrumentation, valving, piping) shall be
designed to be cleanable, drainable, and of hygienic
design appropriate for use in contact with process fluids
per the applicable sections of this Standard.

(#)—comductivity, votune of tiearming chemical
added, or cleaning chemical concentration for wash
solutions

(5) final rinse conductivity or residual cleaning
chemical concentration

(6) CIP supply flow rate

(7) totalized flow (if timing not monitored)

(8) CIP supply pressure

(9) spray device rotation (if used)

(10) interruption or unacceptable decrease in flow
to a path
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(11) pressure of clean compressed air supply (if
used in air blow)

SD-5.3.3.2 CIP Skid Design

Table SD-5.3.3.3-1 Flow Rates to Achieve
5 ft/sec (1.52 m/s)

Sanitary Tube Size

(a) For this section, a CIP skid consists of a wash 0.D. 1.D. Flow Rate
and/or rinse tank with all requisite valves, pumps, and in. mm in. mm gpm Lpm
instrumentation. Provision for separation of feed waters
and wash solutions should be considered. CIP skids may 05 12.7 0.37 9.4 1.7 6.3
be located in a fixed, centralized location or may be 0.75 19.1 0.62 15.7 4.7 18

. . . 1.0 25.4 0.87 22.1 9.3 35
portable and used adjacent to the soiled equipment. 1 22 1 127 248 )2 87
(b) The|CIP skid design should consider the CIP cir- 50.8 1.87 47.5 42.8 162

cuit volunme for water consumption, location of skid in
facility (if fixed), chemical consumption, waste effluent,
and energly required to clean a given circuit.

(c) The wash/rinse tank(s) shall be designed and fab-
ricated pgr SD-3.4. The tank(s) shall be designed for
cleanability per SD-5.3.3.4 and shall be equipped with
a spray dgvice(s) per SD-3.9.

(d) If uded on wash/rinse tanks, a hydrophobic vent
filter shalll be designed to prevent moisture accumula-
tion in thie vent filters and shall be fabricated per

SD-5.3.3.4 Design Guidelines'for Cleaning Pyocess
Vessels
(a) Process vessels should-be cleaned via internal
spray device(s) designed to consistently expose all inter-

nal surfaces to the cleaning variables descrilped in
SD-5.3.3.

SD-5.2.1. (b) The use and‘application of a particular|spray
(e) Heaf exchange equipment shall be designed and device design{tovsatisfy these requirements i to be
fabricated|per SD-3.6.1. decided by:the owner/user. Spray devices shall be
(f) The [CIP skid should have flow control, either via designed<and fabricated per SD-3.9 (alsp see

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) Thel|design should consider hazardous operation
of cycle copsidering choice of cleaning chemicals. Chein-
ical segregation, spill control, addition handling; mate-
rial compatibility, secondary containment, and
personnel |safety should be considered.

SD-5.3.3.3 CIP Flow Rate Guidelines for Process

Fig. SIDZ3.9.2.1-1 for static spray device d
considerations).
(¢) Dished-head vertical vessels should have cl¢aning
solutions delivered with the majority of flow directed
toward the upper head and sidewall area at the jupper
knuckle radius. Cylindrical horizontal vessels ghould
have cleaning solutions delivered with the majoyity of
flow directed toward the upper one-third of the yessel.
(1) If a static sprayball is used, gravity proyjides a
solution sheeting over the side wall and botton head
(vertical vessels) or lower surfaces (horizontal vgssels).

esign

Lines (2) If a dynamic spray device is used, the Hevice
(a) Pipdline should be fully floeded and ensure turbu- ~ may directly spray areas throughout the vessel ¢r rely
lent flow ¢luring cleaning. on sheeting action.
(b) CIP [shall be performed-at a flow rate that main- (3) Figure SD-3.9.2-2 details ranges of flow jecom-

tains a fully 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 cafi-have a significant influence on the flow
rate requifled to fully flood a process line. Consequently,

mendations for static sprayballs on vertical proceps ves-
sels under typical cleaning loads. The recommendations
in Fig. SD-3.9.2-2 ensure sufficient coverage.
(4) The criteria to ensure sufficient covergge on
horizontal process vessels vary with geometry and size.
(5) Sufficient exposure shall be confirmed by|cover-

designers should take these into account when
determining suitable flow paths and CIP flow rates.

(d) CIP flow rate requirements should not be consid-
ered exclusively of other CIP process variables.

(e) Table SD-5.3.3.3-1 details flow rate recommenda-
tions that should ensure air removal in straight hori-
zontal and vertical lines for line sizes up to 2 in. These
flow rates correspond to a flow velocity of
5 ft/sec (1.52 m/s), which is characterized by turbulent
flow for all CIP solutions that are within the scope of
this section and all line sizes referenced in Part DT.

80

age testing per SD-6.1 at site of equipment manufacture
and/or installation.

(d) Spray device design and location shall ensure
appurtenances such as manways, baffles, dip tubes, agi-
tator impellers, and nozzles are contacted with cleaning
solution. Some appurtenances may require additional
provisions for cleaning.

(e) Spray devices only ensure coverage of the exterior
of installed appurtenances and equipment. If not
removed during CIP, cleaning solutions shall flow
through appurtenances to clean their interior.
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(f) The fluid level should be minimized in the process
vessel during CIP. Proper hydraulic balance (supply and
return flow) of the CIP circuit and sizing of the bottom
outlet valve should be considered to minimize fluid
level.

(g) Vortex formation during CIP may adversely affect
the operation. The installation of a vortex breaker may
be required.

(h) Vortex breaker de51gn is to be decided by the

elimit ate poohng durmg CIP and posmoned to not
adversely affect the hydraulic balance of the CIP circuit.

(1) For process vessels equipped with an agitator, the
impeller should be rotated at an appropriate speed dur-
ing the CIP cycle.

SP-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
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 designation GSD?2 is

installed zero-static valves.
(4) ‘Looped header connections should be oriented

(e) Zero-Static Chains (See Fig. SD-5.3.3.5.1-2)

(1) For this section, a CIP distribution zero-static
chain shall be defined as a manifold of circuit-specific
zero-static valves.

(2) Provision shall be made to flush the manifold
in a zero-static chain.

(f) Swing Elbows
Fig. $D-5.3.3.5.1-3)

(1 ) For thls section, a swmg elbow or plpmg spool
2 t 3 3 3 pipe used to
prov1cle a posmve break between two paths

(2) Swing elbows or piping spodls shd
nected to adequately supported pipingsto ma
slope and connection alignment:

SD-5.3.3.5.2 CIP Distribution Piping

(a) The distribution piping4and componentp in a recir-
culated CIP circuit shallbehygienic for desigr and fabri-
cation as per SD-3.1.27and SD-2.4.3.

(b) The distribytien piping and componen
through CIP circuit or path (not recirculate
hygienic for‘désign and fabrication as per SIj
SD-2.4.3 . upstream of the location of cleanin
ance yerification.

(c), CIP supply piping should be sized to ¢nsure that
thé\fluid flow meets or exceeds the guidelings stated in
sections SD-5.3.2.3 and SD-5.3.2.4.

(d) The distribution circuits shall be designed such
that fluid flow will maintain a positive pressyre relative
to the process drain, preventing backflow.

(e) CIP return piping shall be designed t
hydraulic balance (supply and return flow)
circuit.

and Piping Spools (See

11 be con-
intain line

S in a once
1) shall be
-3.1.2 and
b perform-

maintain
of the CIP

SD-5.3.3.5.3 CIP Return Pumps
(a) CIP return pumps (if required) shall bg designed
and fabricated per SD-3.3.2. Centrifugal pumjps are pre-
ferred for CIP return applications. If a gas/ljquid mix-
ture is 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 t¢ the vessel
bottom outlet and at the low point of the cifcuit.
(c) Provision shall be made to flush througH the casing
drain of CIP return pumps.
(d) CIP return pumps shall be designed to maintain

horizontally when used in CIP refurn applications.

(56) CIP supply header design should provide for
adequate velocity in parallel cleaning paths (e.g., line
size reduction in loop header).

(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 minimize dis-
tances and maximize drainability [see SG-3.3.2.3(a) for
details].
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hydraulic balance (supply and return flow) of the CIP
circuit.

SD-5.3.3.5.4 CIP Return Eductors. For this sec-
tion, a CIP return eductor shall be defined as a device
that uses a motive fluid to create a pressure differential
that returns the CIP solution.

(a) CIP return eductors shall be designed and
installed to be drainable.

(b) CIP return eductors shall be designed to be remov-
able for examination.
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(14) 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 _
< Minimum
e N
N\ T Y,
R .
Short-outlet tee (future) % Capped gergstatic

valve (future)
To/from CIP skid

Fig. SD-5.3.3.5.1-2 _ Zero-Static Chain

Minimum

-~
From CIP skid —3p 2| N> k'<;|r0 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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(c) Special design factors shall be considered when
using CIP return eductors (e.g., vapor pressure, return
line size).

SD-5.3.4 Ultra High Temperature Sterilizers.
[Reserved for future content]

SD-5.3.5 Media Prep. [Reserved for future content]

SD-5.4 Formulation Systems

synonlymously. This section describes the requirements
for cl¢anability and bioburden control of lyophilizers
that age used for biopharmaceutical processing. A lyoph-
ilizer comprises a number of interconnected compo-
nents.| Components with process contact surfaces and/
or prdduct contact surfaces shall be designed for clean-
ability and bioburden control.

Lyophilizer surfaces of components, piping, equip-
ment, [or systems that are isolated by design from both
produlct and process fluids are not process contact sur-
faces jnor required to be designed for cleanability or
biobufden control. Examples of surfaces that are not
procegs contact surfaces include the exterior surfaces
of eqyipment, drain lines, vacuum lines, and systems
containing hydronic or hydraulic fluids.

SP-5.4.1.2 Components. A lyophilizer is com-
prised of functional components/systems, as shown in
Fig. $.4.1.2-1, which are designed for isolation,
cleangpbility, and/or bioburden control. These compo-
nents fsystems have the potential to affect product qual-
ity anfl include the following:

(a) lyophilizer chamber

(b) fondenser vessel

(c) lyophilizer shelves

(d) acuum systems

(e) solation bellows

(f) Internal moving/ parts

(¢) ppray devices

(h) gas filter assemblies

(i) dloorssand’door seals

(j) Yalves

(k)

nstruments

SD-5.4.1.2.2 Lyophilizer Chamber

(a) The interior surfaces of the lyophilizer chamber
(chamber vessel) are considered process contact
surfaces.

(b) The lyophilizer chamber includes all necessary fit-
tings and closures (e.g., doors, bellows, isolation valves).
The chamber floor shall be self-draining.

(c) The surface finishes of the chamber internal sur-
faces (i.e., door, walls, ceiling, and floor) shall be speci-

SivENeAY - OW (ST y 24 S e LS ationsin
Table SF-2.4-1.
(d) Where the chamber interfaces with\the ¢glean room

or isolator, the surfaces shall meet the owner/user’s
specified requirements.

SD-5.4.1.2.3 Condenser Vessel
(a) The condenser vessel,”used to contaih the con-
denser heat exchangerfis)connected to the chgmber ves-
sel and may be separated by a main isolation valve.
(b) All surfaces(shall be self-draining.
(c) In systems$ designed with back-streamihg preven-
tion (i.e., prevention of reverse flow from the vacuum
pumps),nthe condenser vessel is downstrdam of the
chamber: The condenser vessel surfaces are fjot process
confact surfaces and do not have surfgce finish
requirements.
(d) In systems not designed with back-strepming pre-
vention, the condenser vessel surfaces are pfocess con-
tact surfaces. The surface finishes of the condepser vessel
shall be specified by the owner/user |ising the
designations in Table SF-2.4-1.

SD-5.4.1.2.4 Lyophilizer Shelves

(a) The flat surfaces of shelves supporting|containers
of product (e.g., vials containing product) are fonsidered
process contact surfaces.

(b) The flat surfaces of shelves are considerpd product
contact surfaces if product without containers is placed
directly on the shelves.

(c) Surfaces of the structural components of the
shelves are considered process contact surfages.

(d) The shelf heat transfer performance depends on
shelf flatness. The loading/unloading and initial con-
tainer closure performance requires the shdlves to be
level. Therefore, shelves are not required to [be sloped.

SD-5.4.1.2.1 General

(a) All components shall be rated for the applicable
pressure, vacuum, temperature range, thermal shock,
and exposure to sanitizing agents [e.g., VHP (Vaporized
Hydrogen Peroxide)] when applicable.

(b) Process contact surfaces made from metallic mate-
rial should comply with SD-2.4.1.1 through SD-2.4.1.3.

(c) Process contact surfaces made from nonmetallic
material should comply with SD-2.4.1.1, SD-2.4.1.2,
SD-2.4.1.4, and Part PM.
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Methods other than self-draining may be required to
remove residual CIP liquid (e.g., collapsible shelves may
be contracted to remove residual CIP liquid from shelf
surfaces followed by a process that facilitates drying,
such as SIP followed by a vacuum hold).

(e) The surface finishes of shelves shall be specified
by the owner/user using the designations in
Table SF-2.4-1. A rougher surface may be specified for
the bottom side of the shelves by the owner/user to
meet process requirements (e.g., stopper adhesion
prevention).
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Fig. SD-5.4.1.2-1 Typical Lyophilizer Component Assembly
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SD-5.4.1.2.5 Vacuum Systems
(a) The lyophilizer vacuum pumps and condenser
cooler establish a pressure gradient during lyophiliza-

tion from the chamber vessel through the condenser

vessel resulting in single direction flow toward the
lyophilizer vacuum pumps. To maintain an environment
appropriate for aseptic processing in the chamber vessel,
the vacuum system shall prevent reverse flow

SD-5.4.1.2.8 Spray Devices

(a) Spray devices are used in lyophilizers to facilitate
the cleaning of surfaces inside the chamber and con-
denser vessels. Spray devices in the condenser vessel
may also be used for directing spray at the condenser
cooler to facilitate defrosting of the condenser cooler.

(b) Spray devices designed for cleaning should pro-
vide sufficient flow and force to clean flat surfaces (e.g.,

(backstreaming). shelves) by direct spray. Cleaning the internal surfaces
(b) Fhredyophitizervacttmpumpsare nothygiente——ofatyophilizer by direetspraymayrequire a supply

compgnents and should be designed to be outside the ~ pressure and flow rate that are substantiallylfigher than

sterilg boundary. are typical for cleaning an empty vessel: The supply
(c) Where vacuum pumps for wet service (e.g., liquid pressure and flow rate should meet the manjifacturer’s

ring acuum pumps) are used to evacuate air/vapor recommendation for these spray-dévices.

from the chamber and condenser vessels, they should (c) Both static and dynamicspray devices pre accept-

be locpted outside the sterile boundary.

SD-5.4.1.2.6 Isolation Bellows

[solation bellows are employed to isolate nonhy-
moving components from the lyophilizer sterile
ary.

The surfaces of the bellows and its mounting con-
ns exposed to the inside of the lyophilizer are
lered process contact surfaces and should be
ed for cleanability. The bellows shall be extended
b the cleaning cycle to provide access to all exposed
s contact surfaces.

Che bellows shall be sealed at each end to isolate
side of the lyophilizer from external conditions.
s may be bolted or welded into place. A bellows
by a bolted flange connection with an Oring seal
| the chamber vessel facilitates replacement and
bnance. The inside of the bellows may be evacu-
vented, or pressurized to facilitate retraction or
ion of the bellows. The lyophilizer may be pro-
with a leak-test system to ensure the bellows are

(a)
gienig
boung

(b)
nectio
consi
assess
durin
proce

(c)
the in|
Belloyf
sealed
withir
maint|
ated,
exteng
vided
intact

(d)
sterili
steril
boung

When specified, the-bellows shall be suitable for
vation and shall allow for full penetration of the
zing agent af)all surfaces inside the sterile
ary.

SD-5.4.4.2.7 Internal Moving Parts. The follow-
ould-be‘considered in the design of moving parts
eraising and lowering of the shelves) within the

ing sh
(e.g.,
cham :

(a) Nonmetallic material may be used for moving
parts in order to reduce friction (e.g., PTFE, PEEK,
UHMWPE). The selection of the material should con-
sider minimizing particle generation.

(b) Contact surfaces between moving parts shall be
exposed to solutions used for cleaning and bioburden
control.

(c) A bellows may be used to isolate the chamber
and/or condenser from moving parts that are not of
hygienic design.
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lication of
reed upon
turer, and
Pvices may
ve during
bsigned to
opposing

able for use in lyophilizers¢/The use and apy
a particular spray device.design should be ag
among the owner/usér/ lyophilizer manufa
CIP system integratory The number of spray d
be reduced if the(shelves are allowed to m
cleaning. Spraying of shelves should be d
avoid the interference of spray streams of]
directions.

(d) <The use of threaded connections for sp1
shalbbe agreed upon by the owner/user.

(¢) Spray devices shall meet the provisions

(f) Spray device design, location, and orien
ensure appurtenances (e.g., nozzles, bellows
ports, and hoses) are exposed to compl
coverage.

ay devices

fSD-3.9.2.
ation shall
shelf sup-
ete spray

SD-5.4.1.2.9 Gas Filter Assemblies

(a) For the purpose of this paragraph, th¢ gas filter
assembly is defined as those filters installed fpr the pur-
pose of filtering process gases supplied to the lyophi-
lizer. The filter assembly includes the filter mpdia, seals,
housing, and connected tubing.

(b) The last filter in the path of the gas to
lizer (proximal filter) shall be part of the steril
and be designed for the chosen means of
reduction (e.g., SIP or VHP). This filter shall b
ing grade filter. If a redundant sterilizing filter
both filters shall be included within the sterilg

(c) Filter assemblies that are steamed in
be designed to

he lyophi-
boundary
bioburden
b a steriliz-
is utilized,
boundary.
blace shall

r to within
the manufacturer’s specifications in the specified flow
direction

(2) permit temperature monitoring in a location
representative of the coldest location

(3) accommodate the integrity testing of the proxi-
mal filter, either in situ or out of place

(d) If CIP of the gas filter assembly is specified, provi-

sions shall be made in the design for removal of the
filter element(s) prior to the CIP. Filter elements shall
be reinstalled prior to sterilization of the filter assembly.
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SD-5.4.1.2.10 Doors and Door Seals

(a) Lyophilizer doors and door seals shall be designed
to withstand vacuum, cleaning, and sterilization
conditions.

(b) Lyophilizer doors shall be accessible, cleanable,
and replaceable and should be capable of undergoing
inspection without dismantling.

(c) For multiple-door systems, the doors shall be
interlocked to allow the opening of only one door at a
time during-rermal-eperation-

SD-5.4.1.2.12 Instruments

(a) All instruments within the sterile boundary
should comply with all applicable sections of Part PI,
including PI-2.1, PI-2.1.1(c), PI-2.1.1(f), and PI-2.2.2.

(b) Instruments in process contact should be of
hygienic design.

(c) Instrument probe surfaces and side port penetra-
tions shall be oriented for self-drainage.

(d) Instruments installed within the sterile boundary
should—be-desiened—for-CHand—steritization—Instru-

(d) Doofs and locking hardware that interface with
the clean foom should not be retracted to uncontrolled
space.

(e) Both sliding and swing door designs are
acceptablg.

(f) Doof seals can be made with either static or inflat-
able seals.|Static seal grooves that hold the seal may be
either on the door or the chamber.

(g) Thepeal groove may be set back from the chamber
flange edge to keep the seal in position during vacuum
conditiong.
pression of a single static seal to achieve a
etal contact is preferred to avoid a gap
between door and chamber vessel.

(i) The dloor static-seal design shall provide access for
manual sanitization as the seal face under compression
does not permit penetration of sterilizing agents.

(j) A combination (static and inflatable) seal design
with the $tatic seal circumscribing the inflatable seal
provides fpr penetration of sterilizing agents across_the
sealing fage of the inflatable seal.

(k) Door seal lubricants shall not be used in aseptic
processing applications.

(I) Refef to Part SG for specifications ofiseals used in

(d) ButteTily 4 P
boundary when piping/tubing is larger than 2 in. in
diameter.

(e) Ball valves may be used outside the sterile bound-
ary to establish positive isolation.

(f) Pressure relief devices or rupture discs of hygienic
design may be used as part of the sterile boundary.

(g) If the lyophilizer is designed for isolation between
the chamber and condenser, the isolation valve may take
the form of a mushroom valve, butterfly valve, or other
proprietary valve design.

aestgheer

ments not designed for CIP should be removed for|clean-
ing and reinstalled for sterilization.

(e) Locations with product-sensing instrumentp (e.g.,
thermocouples and RTDs) and wite(lead-thrpughs
should be considered when designing for cleaninjg and
sterilization.

(f) Instrumentation with integral seals or diaphragm
seals is preferred within thesterile boundary. The risk
of using instrumentation ‘without integral seals ¢r dia-
phragm seals (e.g., Rirani gages) should be aspessed
based on the risk te’ product quality as determined by
the owner/user:

SD-5.4.1.3 Sterile Boundary. For the purpose of
identifying.areas that should be exposed to sterjlizing
agentsythe following area within the chamber and con-
denser'vessels define the sterile boundary as indicated
inFig. 5.4.1.3-1:

(a) The inside surfaces of the chamber vessel |to the
chamber door isolation seal.
(b) The inside surface of the condenser vessel|to the
condenser door isolation seal.
(¢) The chamber and condenser drains to thie first
isolation drain valve.
(d) The vacuum pump inlet connection in the con-
denser vessel to the first isolation vacuum valve ¢losest
to condenser vessel.
(e) The vacuum break/gas inlet line to the sterjle gas
filter. If redundant sterilizing filters in series arq used,
the sterile boundary ends at the membrane of the filter
farthest from the chamber vessel.
(f) The CIP/SIP inlet lines to the first CIP/SIN isola-
tion valve that is closed during the lyophilization
process.
(g) The sealing surface on all instruments confiected

o
(h) Thermocouple/RTD seals connected directly to
the chamber and condenser vessels.
(i) The exposed surface of the pressure relief valve or
rupture disk.

SD-5.4.1.4 Internal Connections and Fasteners
(a) Threads sealed by an O-ring or hygienic gasket
are acceptable. The use of exposed threads within the
lyophilizer sterile boundary should be avoided. If other
means of fastening are not practical, the use of exposed
threads may be permitted with the agreement of the
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Fig. SD-5.4.1.3-1 Lyophilizer Sterile Boundary

Instrument sealing surfaces
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; connected to chamber
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Inside<
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et line to sterile

5

Condensing Plates
or Coils

/ Inside condenser
|

gds filter

Chamber

ownet/user. The surfaces of exposed threads should be
among those assessed for cleaning and penettation of
steriliging agents.

(b) [For process contact surfaces, the tise of pins, clevis
rods, pnap rings, and clips may betequired to mount
hardware inside the sterile boundary but should be min-
imize¢l and agreed upon by the owner/user. The sur-
faces ¢f these fasteners should)be among those assessed
for clganing and penetration of sterilizing agents.

(c) pocket head cap,screws and counter bored holes
inside| the sterile boundary shall only be used with the
agreement of the ewner/user.

Sp-5.4,1'5CIP of Lyophilizers
(a) pystemis used to clean lyophilizers shall comply
with §D+5:3.3.1.2. Cleanability requirements of SD-2.4.2

Chamber and condenser drains up to

Condenser

first isolation valve

coverage shall be agreed to by the manufafturer and
owner/user. Nonmandatory Appendix L pfovides an
acceptable procedure for spray device coverdge testing.

(d) The process contact surfaces within the[condenser
vessel may be cleaned via internal spray devices to pro-
vide the coverage agreed upon between thd manufac-
turer and owner/user.

(e) Internal liquid distribution piping shal} be sloped
to meet the requirements of GSD2 to facilitpte gravity
draining.

(f) External liquid distribution piping shall be
designed with valve actions that facilitate grayvity drain-
ing. The pipe slope shall meet the requirements of GSD2.

(g) The liquid level in the chamber and |condenser
vessels should be minimized during once-through CIP

are applicable to Iyophilizers except for SD-2.4.2(b)(1),
which does not apply to lyophilizer shelves.

(b) It is accepted practice to use water as the CIP
fluid for cleaning water soluble compounds. Water for
injection shall be used for the final rinse in aseptic pro-
cessing applications.

(¢) The chamber vessel, which includes internal
shelves, should be cleaned via internal spray devices
designed to provide coverage of targeted surfaces. Risk
to product quality should be considered when determin-
ing the required coverage. The acceptance criteria for

1|J_y Torrect DiLills of-thedraimrardt Iu_y tﬂuvidi 1S slope to
the respective drain. A CIP drain pump may be used
to assist draining of the chamber and condenser vessels.
(h) When recirculated CIP is used, the following
requirements apply:
(1) Recirculated systems shall be drainable includ-
ing pump casing(s).
(2) Recirculated systems shall be capable of remov-
ing residual chemicals and debris during the final rinse.
(i) The chamber and condenser vessels shall be self-
drainable.
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(1) Process contact surfaces shall be sloped to meet
the requirements of GSD3 for drainage of CIP fluids
and to prevent the collection of condensate during the
steaming processes.

(2) Interior surfaces of nozzles penetrating the ver-
tical walls of the vessel shall be sloped to meet the
requirements of GSD3.

(3) The floor of the vessel shall be sloped toward
the drain connection to meet the requirements of GSD3,

SD-5.4.1.6.2 Hydrogen Peroxide Sterilization.
When designing lyophilizers for sterilization with
hydrogen peroxide gas under vacuum

(a) the system should be designed to be dried and
have a surface temperature that meets the supplier’s
specification for the hydrogen peroxide supply system
[typically 59°F (15°C) and 176°F (80°C)] prior to the start
of the sterilization process.

(b) the system should be designed to verify that the

Y‘DC;A11Q] hyr‘]rngan POT(\Y{AQ ]D‘ID]Q ale hﬁ]ﬁ‘/\7 l‘]‘\D Qstab-

unless ot

H d L +lo £l |
CIWISTdsICTCUTU Uy UTIC I TUT A TU I T eI e

owner / usr. lished thresholds, after the sterilization processhas been
completed. Threshold levels should be agreed upon by
SD-5.4.1.6 Bioburden Reduction in Lyophilizers. the owner /user for both operator s safety and the poten-

Lyophilizgrs designed for bioburden control should con-
sider the following;:

(a) Prespure or vacuum hold testing in preparation for
the bioburden reduction process. Refer to leak detection
para. SD-3.4.1.7.

(b) Evaquation of air from the chamber and condenser

tial impact on the product quality.

SD-5.4.1.7 Leak Rate

(a) Lyophilizers designed for/aseptic lyophilization
processes shall be designed“to meet leak-rate festing
criteria as agreed to bytthe owner/user. The $terile
boundary should be léak'tested before aseptic ppera-

vessels to| reduce the potential for air to be trapped . . : K
during th¢ bioburden reduction process. Effective air tions begin. The leak rate is calculated as followp:
evacuation may be achieved through the use of a liquid APV
ring vacuIm pump or similar. Q, mbar-L/sec = Ar
SD{5.4.1.6.1 Steam-in-Place (SIP). When where

designing|lyophilizers for steam-in-place (SIP) Q:="leak rate

(a) steap should enter the lyophilizer at only one V "= the lyophilizer system volume subject [to the
point at a[time to minimize the potential to trap air or vacuum, adjusted to exclude the volum¢ occu-
condensatp. If steam needs to enter through multiple pied by internal hardware, L
locations gimultaneously, the design should create flow AP = the absolute pressure rise during tHe test
paths thaf avoid air entrapment. The design should (mbar)
ensure thalt condensate will freely flow toward low peint At = the test duration, sec
drains.

(b) a dufl control design may be used to deliver high (b) Leak rate testing should be performed on ajclean,
steam flowy rates that are often required during the heat-  dry, and fully assembled and insulated system wjth the
ing phase |and to maintain tight contfol,;6f temperature ~ condenser cooler in operation to capture residual fvapor.

and pressfire during the exposure(phase. For example,
one regulgtor and/or control valvé may be used for the
heating plhase and a separaté\.regulator and/or control
valve may|be used for tight'control during the exposure
phase.

(c) a vafuum drying phase should be used to elimi-

Typically, leak rates less than 0.02 mbar-L/sec are dccept-
able for new installations. Leak rate testing is intended
to confirm vacuum integrity of the system.

(c) Leak rate tests are performed at high vacuuin con-
ditions with an absolute pressure typically on thg order
of 0.01 mbar.

(d) Sufficient stabilization time will avoid mipinter-

nate any cpndensaté remaining within the sterile bound-

ary followjing STP pretation of the vacuum leak rate due to virtual|leaks.
(d) if cdoling’and drying is accomplished with the Virtual leaks are identified by a leak rate that stapilizes

introductibrotaprotess gas withroperrdrairs, apositive—— 2L Lime

pressure differential shall be maintained to preserve the
sterile boundary during this operation.

(e) temperature monitored throughout the SIP cycle
should include coldest (worst case) locations. If routine
monitoring of worst-case locations is not practical, the
temperature of locations that have been correlated to the
actual worst-case locations may be monitored instead.

(f) to minimize cold locations during SIP, horizontal
penetrations should be sloped to allow condensate to
drain.
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(e) Individual component assemblies, which are sub-
jected to vacuum conditions, should be helium leak
tested prior to final installation.

SD-5.4.1.8 Branch Connections
(a) The provisions of SD-3.1.2.2 are applicable to
liquid-service process-contact piping leading to the
lyophilizer.
(b) Nozzles within the sterile boundary should be
designed to allow for full exposure to the sterilizing
agent.
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(c) Nozzles and other appurtenances that are cleaned
by liquid spraying should allow complete coverage.

(d) Lyophilizer internals should be designed to avoid
low points where fluid can be trapped.

SD-6 DESIGN CONFORMANCE TESTING

Design conformance testing shall not result in the
formation of any surface anomalies or contamination.
All design conformance tests and test results documen-

(a) Hydrostatic testing shall use clean purified or
deionized water filtered at 25 microns or better, unless
otherwise agreed to by owner/user.

(b) Pneumatic testing shall use oil-free clean dry air,
nitrogen, or inert gas filtered at 25 microns or better,
unless otherwise agreed to by owner/user.

SD-6.4 Vessel Drainability Test

Specific steps or operations in a bioprocess may

tation|shall have the date and time recorded. Each test
docurnent shall include a record of personnel who per-
formed and confirmed the test results.

SD-6.

An |acceptable spray device coverage test procedure
is proyided in Nonmandatory Appendix L. The purpose
of the|spray device coverage test is to demonstrate and
docurpent liquid coverage of the process contact sur-
faces. [The test provides information about liquid cover-
age and the conditions necessary to achieve this
covergge as a prerequisite for cleaning of the process
equipment. Effective coverage shall be visually deter-
mined using a fluorescent solution and an ultraviolet
lamp pr by other verification methods as agreed to by
the opvner/user and manufacturer. The minimum
accepfable water quality is noncompendial purified
water|(e.g., reverse osmosis or deionized). Acceptance
criterip and coverage test protocol should be agreed to
by th¢ owner/user and manufacturer.

Spryiy device coverage tests are not intended to dem-
onstrate system cleanability. System cleanability is
achieyed through the equipment design, the spray
design, knowledge of the soils, cleaning agent selection,
and clpaning process parameters. Cleanability is verified

| Spray Device Coverage Test

Cleaning, Steaming, and Bioburden Control
Testing

by thq owner/usetrand manufacturer, and in accordance

ccepted industry standards.

SD-6.8 Fluid Requirements for Leak Testing

89

require vessels to be self-draining. A drainpbility test
for such vessels shall be conducted as agréed to by all
parties. As a proposed test procedure, the| following
should be considered:

(a) The vessel shall be leveled fot drainab{lity per its
design (e.g., the bottom head ofthe vessel can|be leveled
with the outlet nozzle flangeface) and within p tolerance
agreed to by owner/user:

(b) The vessel shall~be filled approximafely to the
weld seam that joifis the shell to the bottom|head.

(c) The outlép valve shall be opened, the vessel shall
be vented to‘atimosphere, and the vessel shall pe allowed
to drain.by{gravity.

(d) [There shall be no puddles of water
bottem of the vessel greater than as agreed
owner/user and manufacturer.

It is generally understood that residual wafer may be
present in the form of droplets that typicajly do not
exceed a diameter of 5 mm. Residual watgr droplets
adhere to process surfaces due to surface tgnsion and
are not indicative of a vessel’s drainability| Observed
puddles that are displaced with a 1.0-in. (25-nhm) rubber
dowel applied perpendicular to the puddle gnd reform
at the point of displacement indicate a flat or ynintended
low point, and that area shall be repaired to the satisfac-
tion of the owner/user. Puddles that are dispjlaced with
a 1.0-in. (25-mm) diameter rubber dowel agplied per-
pendicular to the puddle and do not return tp the point
of displacement are considered to be large dijoplets and
do not constitute a test failure.

eft on the
to by the

NOTE: Filter housings are available in several designs. In some
cases, flat bottom filter housings are specified by theJowner/user
based on their risk-assessed process and equipment rgquirements.
Flat bottom cartridge mount filter housings, including those that
will be steamed in place, are exempt from this test, arjd the equip-

T c 9 acturer and

DT a v mrs CTO DY C arra

owner/user.
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Part DT
Dimensions and Tolerances for Process Components

DT-1 PURPOSE AND SCOPE

All sizes shown in these tables are nominal O.D.

The pugpose of this Part is to provide requirements
that ensurg process component fit-up and compatibility.

This Paft specifies dimensions, tolerances, and all
supplementary conditions for process components.

DT-2 PRESSURE RATING

Fittingsmanufactured to this Part shall meet or exceed
the pressyre ratings shown in Table DT-2-1, and shall
have an ambient temperature bursting strength of at
least three|times the 100°F rated internal working pres-
sure as shpwn in Table DT-2-1 (see also Fig. DT-2-1).

Fabricafed components employing welds shall be
rated at 100% of the above ratings.

Valves manufactured to this Part shall be rated per
the manufacturer’s marked pressure and temperature
recommerjdations.

DT-3 WALL THICKNESS

The nonpinal wall thickness of the fittings and process
componerts at the point of joining shall be the/same as
the tube t¢ which they are welded. The thickness of the
weld endq shall conform with the tolerances listed in
Tables DT33-1 and DT-3-2.

After fabrication and surface treatment, the wall thick-
ness in any formed part of the fittihig)or process compo-
nent, bey¢nd the control portion/as defined in DT-7,
shall be a thinimum of 65% oftthenominal wall thickness.
For guidelines regardingall'shop and field welds, refer
to Part M]J|. All welds shalt meet the provisions of MJ-8
and Fig. MJ-8.4-1.

DT-4 DIMENSIONS

Tube 5175,

All automatic weld end fittings shall havepmitfimum
tangent lengths per Table DT-4.1-1. The tangent length,
T, is defined as the straight length measured frqm the
welding end.

The categorized groups in DT-42+I* through D[[-4.1.5
designate specific fitting dimensions.

DT-4.1.1 Elbows/Bendss Refer to Tables DT-}#.1.1-1
through DT-4.1.1-8.

DT-4.1.2 Tees/Crosses.
through DT-4.1.2-1¥

DT-4.1.3_ Reducers.
through DT-4.1.3-3.

DT-4;1.4 Ferrules. Refer to Table DT-4{1.4-1.
Hygienic clamp ferrule dimensions are specified in
Table DT-7-1.

DT-4.1.5 Caps.
DT-4.1.5-2.

Refer to Tables DT-#.1.2-1

Refer to Tables DT-4.1.3-1

Refer to Tables DT-4.1.541 and

DT-4.2 Nonstandard Fitting Dimensions

Fittings not specifically described in Tables DT-}#.1.1-1
through DT-4.1.5-2 may be constructed using corbina-
tions of centerline-to-end dimensions from the tables.

For tees and crosses, use Tables DT-4.1.2-4 and
DT-4.1.2-8 for standard clamp leg Ilenpgths,
Tables DT-4.1.2-2 and DT-4.1.2-7 for short outlet pranch
clamp lengths, Table DT-4.1.2-3 for short outlpt run
clamp lengths, and Table DT-4.1.2-1 for weld end
lengths. Consideration shall be made for clamp]clear-
ances when fabricating fittings not depicfed 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 accofdance

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 (Ref. GR-6). 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.
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with all DT tables, with the exception of “O” (off angle)
in Table DT-3-1. Fittings furnished to this Standard shall
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.
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The categorized group in DT-4.4.1 designates specific
valve dimensions.

DT-4.4.1 Diaphragm
Table DT-4.4.1-1.

Valves. Refer to

DT-5 MATERIALS

Materials used in the manufacture of fittings and other
process components shall conform to one of the material

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
S5G-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

specifjcations listed in Part MM.

DT-6 | TESTS

Hyﬂiarostatic testing of each fitting is not required in
this Sfandard; however, fittings shall be capable of with-
standing a hydrostatic test pressure of 1.5 times the
pressyre rating shown in Table DT-2-1 at 100°F (38°C).

DT-7 | TOLERANCES

Tablles DT-3-1, DT-3-2, DT-4-1, and DT-7-1 list the
required tolerances for fittings and process components
depicfed by this Standard. For tubing tolerances, refer
to ASTM A270, Supplement 2. Table DT-7-2 lists the
requifed tolerances for transfer panel nozzles and
jumpdrs.

These tolerances shall apply after heat and surface
treatment.

The| control portion of the fitting or process compo-
nents |(refer to C in the Table DT-3-1 illustration)-is the
lengtl from the welding end over which toletances for
wall thickness and O.D. are maintained. The length of
the coptrol portion is fixed for all sizes at\0.75 in. (19 mm).
For ejceptions, see Table DT-4.1.4-1for" ferrule lengths
and Thble DT-4.1.5-1 for automaticttibe weld caps.

DT-8 | WELD ENDS

Where Type 316L isspecified, the material of the auto-
matic|weld end shall\conform to the requirements for
chemifal compesition as prescribed in MM-5.1.1. For
nonaytomati¢weld ends, the chemical composition shall
meet |the-Tequirements of the applicable ASTM
specif] cation.

Autem '
be furmshed with square-cut ends, free from burrs and
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 described in
SG-2.2.2.
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themmanufacturerGasketseatwidthrasishown in
Fig. SG-4.2-1, illustration (d) shall be a mfdximum of
0.085 in. in the uncompressed conditioph prior to
installation.

DT-9.3 Connections

Connections meeting all’dimensions of Taple DT-7-1
are considered interchangeable. Alternatiye sealing
designs are acceptable,~provided dimensior}s A, B, C,
and D of Table DT-7-1, as well as A |and B of
Table DT-9.3-1,are’met. All connections shall be made
in accordaneewith SG-3.3.2.

DT-9.4 Hygienic Clamps

Hygienic clamps shall be designed and mafufactured
threugh the entire range of all union compongnt dimen-
sional tolerances to accomplish the following:

(a) completely retain all components in a fjilly sealed
state to meet the requirements of DT-2

(b) maintain proper component alignm¢nt during
installation and operation per SG-3.3.2.1

(c) cause the ferrules to be aligned to meetla uniform
nominal gap per Fig. SG-2.2.2-1, illustration] (d) when
installed and tightened to the propgr design
specifications

(d) cause the gauging and contact diamet¢r between
the ferrules and the mating surfaces of the clarhp to occur
at the gauging diameter (A) specified in Table DT-9.3-1
when installed and tightened to achieve the nominal
gap per Fig. 5G-2.2.2-1, illustration (d).

NOTE: As this is a nominal design condition, mgnufacturing
tolerances of the components will cause some varfation in the
actual gauging and contact diameter at assembly.

(e) avoid any interference with any clamp ynion com-
assembly
when assembled w1th 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:

(1) manufacturer’s name, logo, or trademark

(b) alloy/material type

(c) description including size and configuration

(d) heat number/code

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

frce finich desi . : DT-11.1 Fitting Marking Information (14)

(€ process ¢o ntact sur ace tmis esignation [only Except as specified in DT-11.1.1, each fitting and pro-
one surface finish (SF) designation allowed]

‘ to ASME BPE cess component shall be permanently marked by any

(f) reference to suitable method not injniirions to the process contact sur-

(1) APME BPE Certificate of Authorization holders ¢, .o to show the follo:/ving: ;
shalll mark the re.fetren.ce to this Stz.mdard by aPplylng (a) heatnumber/code traceable to material testfreport
their ASME Certification Mark with BPE Designator. ¢ ..\ process contact surface componéht
Refer to F g CR'l'l (b) material type

(2) Njon-ASME BPE Certificate of Authorization (c) manufacturer’s name, logo, or frademark
holders sHall only mark “BPE.” (d) reference to this Standard’ (BPE)

(§) prespure rating for valves _ (1) ASME BPE Certificate ‘0f Authorization holders

(k) no damage or other noncompliances shall mark the reference té-this Standard by applying

their ASME Mark with/BPE Designator. Reffer to
DT-10.2 Documentation Verification Fig. CR-1-1.

Refer t¢ Part GR for documentation verification (2) Non-ASME BPE Certificate of Authoripation
requiremets. holders shall only,mark “BPE.”

(e) process.contact surface designation for the 4ppro-
DT-10.3 Rhysical Examination prie}te BPE specification [only one surface finish (SF)
. . o designation allowed]

For.thls. oaragraph,a ”lot.” shall.be definedasaspecific  yormlan marking of a process component should bg made
combinatipn of size, configuration, and heat number outside of the control portion to optimize welding fit-up and identi-
for fittingg and process components including, but not - fidation.
limited to} tubing, valves, pumps, filter housings, and DT-11.1.1 Exceptions
instrumentation in a single shipment. . ’p -

. (a) Where the size of the fitting or process component

If requifed by the owner/user, a percentage of gach - . . leati
lot may bp physically examined by the manufactuter does not permit complete marking, the identifjcation
. 2T . . / marks may be omitted in reverse of the order prepented
installing fcontractor, inspection contractor, or ‘ewner/ b H he h b d .
user for tHe following criteria: above. However, the heat number and materidl type

1l thick f ld. ds onl shall be marked on the fitting or process compohent.

(a) wall thic ness (for weld ends only) (b) Where the size of the fitting or process component

(b) outsyde c'hz?meter (O'D.‘). (for weld ends only) does not permit complete marking of the heat nfimber,

(c) surfgce finish (as specified) a manufacturer’s code number is acceptable undpr this

(d) visupl Standard.

When rpquired examination’reveals a defect(s), an ] ]
additionall 10% of that {ot-shall be examined for the DT-11.2 Valve Marking Information 4
specific defect(s). If this) examination reveals another Except as specified in DT-11.2.1, each valve shall be
defect, an |additionalk10% of that lot shall be examined  permanently marked by any suitable method notfinjuri-
for the spdcific défeef(s). If additional defects are found,  ous to the process contact surface to show the follpwing:
perform 1p0% examination or reject the balance of the (a) heatnumber/code traceable to material testjreport
lot. All exgmined and accepted material in this lot may  for all wetted metal component parts of the valve or

be retained and utilized

The completed Material Examination Log shall
describe all of the features listed above. The results of
the examination shall be recorded on a Material
Examination Log. This documentation may be one line
item for the total quantity of a particular size, configura-
tion, and heat number. The information required to be
on the Material Examination Log may be in any format,
written or tabular, to fit the needs of the manufacturer,
installing contractor, inspection contractor, and owner/
user as long as all information is included or referenced.

92

valve tabrication, if more than one heat 1s used
(b) valve pressure rating
(c) material type
(d) manufacturer’s name, logo, or trademark
(e) reference to this Standard (BPE)

(1) ASME BPE Certificate of Authorization holders
shall mark the reference to this Standard by applying
their ASME Mark with BPE Designator. Refer to
Fig. CR-1-1.

(2) Non-ASME BPE Certificate of Authorization
holders shall only mark “BPE.”
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(f) process contact surface designation for the appro-
priate BPE specification [only one surface finish (SF)
designation allowed]

NOTE: All marking of a process component should be made
outside of the control portion to optimize welding fit-up and identi-
fication.

DT-11.2.1 Exceptions

DT-11.3 Modified Surfaces

When the surface finish of a process component is
modified, the surface finish designation marking shall
be changed to match the final surface finish designation
according to Table SF-2.4-1. Only the final finish designa-
tion shall be indicated.

After removal of the original markings, all dimensions
and tolerances must comply with Tables DT-3-1 and, as
applicable, DT-3-2.

(a) Where the size of the valve does not permit com-
plete marking, the identification marks may be omitted =~ DT-12 PACKAGING
in reverse of the order presented above. However, the All end connections of fittings or pfocess cmponents
heat fjumber, valve pressure rating, and material type  shall be protected with end caps.Additionally, fittings
shall be marked on the valve. shall be sealed in transparent bags or shrind wrapped.
(b) Where the size of the valve does not permit com- ~ Additional packaging for procéss compongnts, other
plete fnarking of the heat number, a manufacturer’scode  than fittings, shall be as agréed to by the purfhaser and

numbkr is acceptable under this Standard.

manufacturer.

(14)
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Fig. DT-2-1 Clamp Conditions at Installation
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Table DT-2-1 Hygienic Unions: Rated Internal Working Pressure

Temhperature < 3 in. Clamp 3 in. Clamp 4 iny/Clamp 6 ih. Clamp
°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 NOTES:
(@) Thgse pressure ratings apply to the hygienic clamp and gasket. For inforndation on pressure ratings, see the manufacturer’d guidelines

for
(b) For

the components.

installation practices, refer to Fig. DT-2-1.
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ASME BPE-2014

Table DT-3-1 Final Tolerances for Mechanically Polished Fittings and Process Components

I
! L
! )
|
|
|
! []
|
|
i E
AL
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
3/3 +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
2% +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 £ is +0.050 in. (1.27 mm) for all fittings and process components depictefl. 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 (Tolerances) for C control portion lengths.

(d)
(e)
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Table

DT-3-2 Final Tolerances for Electropolished
Fittings and Process Components

Wall Thickness

Nomjinal
Size] in. in. mm
1 +0.003/-0.006 +0.08/-0.15 Table DT-4.1-1 .‘Tangent Length$
3 +0.003/-0.006 +0.08/-0.15 Nominal Tangent,|T
! +0.005/-0.010 +0.13/-0.25 0.D. Tube
g +0.005/-0.010 +0.13/-0.25 Size, in. in. mm
1 +0.005/-0.010 +0.13/-0.25 1/4 1.50 38.10
1Y, +0.005/-0.010 +0.13/-0.25 A 1.50 38.10
2 +0.005/-0.010 +0.13/-0.25 l/2 1.50 38.10
2%, +0.005/-0.010 +0.13/-0.25 3/4 1.50 38.10
1 1.50 38.10
3 +0.005/-0.010 +0.13/-0.25 v, 1.50 38.10
4 +0.008/-0.012 +0.20/-0.30 2 1.50 38.10
[¢ +0.015/-0.017 +0.38/-0.43 2Y, 1.50 38.10
3 1.75 44.45
4 2.00 50.80
Table DT-4-1 Nominal O.D. Tubing Sizes 6 220 6350
Tube-Wall GENERAL NOTES:
Tube O.D. Thickness (@ Minimum tangent lengths for ferrules do not apply See
Nomindl Table DT-4.1.4-1, dimensions B and C, for availabl¢ length
Size, in. in. mm in. mm options.
. (b) Minimum tangent length for Y/, in. to %, in. size aljtomatic
3/4 0.250 6.35 0.035 0.89 tube weld: 180 deg return bend does not conform|(see
1/8 0.375 9.53 0.035 0.89 Table DT-4.1.1-7, Dimension B).
3/2 0.500 ¥2.70 0.065 1.65 (¢) Minimum tangent lengths for Tables DT-4.1.2-2, DT4.1.2-3,
74 0.750 19:05 0.065 1.65 DT-4.1.2-7, DT-4.1.3-1, and DT-4.1.3-2 do not appl}.
1 1.000 25.40 0.065 1.65
11/2 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:

tolerances.
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Table DT-4.1.1-2 Automatic Tube Weld: Hygienic

€tampjoint,90-degEthow——

B
Table DT-4.1.1-1 Automatic Tube Weld: 90-deg
Elbow
A —
/ P [~ I
/
/
/
, i
/
/
/
A /
Il / A
I
|
: :'
: |
| |
| |
T |
| |
| |
|
|
|
A T
!
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 VA 2.625 66.7 1.625 41.3
1Y, 3.750 95.3 Y 3.000 76.2 1.625 41.3
2 4.750 120.7 VA 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
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45-deg

A I

A |

I

I

|

I

|

I

[ |

1

|

A

Nomindl Size, in. in. mm Nominal Size, in. in. mm
Y, 1.625 41.3 Y 2.000 50.8
A 1.625 413 % 2.000 50.8
A 1625 41.3 VA 2.250 57.2
/. 1.625 413 VA 2.250 57.2
1 2.000 50.8 1 2.250 57.2
A 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
% T0.500 7667 5 5250 158.8
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Table DT-4.1.1-5 Automatic Tube Weld: Hygienic

Clamp Joint, 45-deg Elbow

Table DT-4.1.1-6 Hygienic Clamp Joint: 45-deg
Elbow

P
45 deg
A
Nominal Size, in. in. mm
Y 1.000 25.4
VA 1.000 25.4
A 1.000 25.4
A 1.000 25.4
Nominal
Size, in. in. mm in. mm } 1.125 28.6
14 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
1Y, 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
100
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Table DT-4.1.1-7

ASME BPE-2014

Automatic Tube Weld: 180-deg

Return Bend

A

Table DT-4.1.1-8 Hygienic Clamp Joint: 180-deg

Return Bend

A

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 A 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 1148 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 2Y, 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 NOTE™ Y, in.—%/, in. sizes do not conform to Table DT-4.1-1.
101
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Table DT-4.1.2-1 Automatic Tube Weld: Straight
Tee and Cross

i
1
|
|
|
|
|
| A
|
|
|
I
| .
| Table DT-4.1.2-2 Automatic Tube Weld
B N B N Short Outlet Hygienic Clamp Joint Tee
|
| Y
|
i
|
B
: ni
T X ommdm e —-
|
|
|
|
| A
|
|
|
|
|
Shu il A : ------------------- o B
1 Nominal
: Size, in. in. mm in. mm
|
: Y 1.750 44.5 1.000 25.4
I A 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 Siz¢, 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
% 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
|
I
|
| A
I
|
I
I |
|
I
|
B I (Y . N 4 I
I
o . . . |
Table[DT-4.1.2-3 Hygienic Mechanical Joint: Short !
Outlet Run Tee i
I
1
| A
i
c
A
L
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 )
2 11625 413  2.875 73.0  2.875 73.0 {} g;?g g;;
2 1875 47.6  3.125 79.4  3.125 79.4 8 ‘ ‘
/2 A 2.250 57.2
3 2375 60.3
3 7125 540 3375 85.7  3.375 85.7 *
4 2.750 69.9 4125 104.8 4125 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
|
|
|
- |
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
%:L 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 A 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 1810 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 A 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
104
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Table DT-4.1.2-7 Automatic Tube Weld: Short
Outlet Hygienic Clamp, Joint Reducing Tee

N R R )

I A
Nominal Size,
in. A 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
1%, 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, 4, 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
2] 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 | '
|
I
|
|
X-Hp--———---o— ] H- —*
|
|
|
|
1
| i
|
I A
Nominal Size,
in. A B
X Y in. mm in. mm
A Y 2.250 57.2 2.250 57.2
P 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 7, 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
106
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Table DT-4.1.2-9 Hygienic Clamp Joint: Short Table DT-4.1.2-10 Automatic Tube Weld:
Outlet Reducing Tee Instrument Tee
Y
1
Bl T
I B
i i X -
x b bommmmmmmeeeen !
: |
I ' | i
I A 1
| A |
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 2375 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
%, A 2.500 63.5 1.000 25.4 ¥, ox 2 2.750 69.9 1.125 28.6
% Y 2.500 63.5 1.000 25.4 1 x 2 2.750 69.9 1.25 31.8
1 Y, 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
1Y%, 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 Y 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% 3.375 85.7 1.625 41.3 Y
2%, Y 3.625 92.1 1.875 47.6
2Y, A 3.625 92.1 1,875 47.6 T
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 % 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 A %.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 2 4.750 120.7 2.625 66.7 v x 1Y% 3.000 76.2 0.871 22.2
4 2, 4750 1207 2625 567 n 1% 37000 76.2 17000 25.4
4 13 4.750 120.7 2.625 66.7 1 x 1Y, 3.000 76.2 1.125 8.6
6 /2 7125 181.0 3.625 021 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% 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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(14) Table DT-4.1.3-1 Automatic Tube Weld: Concentric and Eccentric Reducer
|~—— [ 4
|<— L4——| 317 /— R2
- ’* — *‘ J 4
» &Q L1 —= L—
L= | ’<— L3
|<— 12 —w=]
X Y X—+—— /
T « |<— [2 —==]
a Y y
R1
R2
A A
Nominal Minimum Minimum Minimum Minimum
S_Om"_'a I.D Tangent, I.D. Tangent, O.D. Tangent, O.D. Tangent, Maximum Minimum Mininhum
2128 1N Hyerall Length, Large End, Small End, Small End, Large End, Internal Taper, Internal Radius, External Radius,
X Y A, in. L1, in. L2, in. L3, in. L4, int a, deg R1, in. R2, |n.
% Y 1.625 0.375 0.875 0.750 0.750 30 0.250 0.031
Yy Y 1.875 0.375 0.875 0.750 1.000 30 0.250 0.031
A 1.875 0.375 0.875 0.750 1.000 30 0.250 0.031
/A 2.000 0.375 0.875 0.750 1.000 30 0.250 0.031
/A 2.125 0.375 1.125 1.000 1.000 30 0.250 0.031
1Y 2.500 0.375 1.125 1,000 1.000 30 0.250 0.031
1%, 2.125 0.375 1.125 1:000 1.000 30 0.250 0.031
1Y% % 3.000 0.375 1.125 1.000 1.000 30 0.250 0.031
1Y% 1 2.500 0.375 1.125 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 1Y% 2.500 0.375 1.125 1.000 1.000 30 0.250 0.031
2% 1Y, 3.375 0.375 1.125 1.000 1.000 30 0.250 0.031
2% 2 2.500 0.375 1.125 1.000 1.000 30 0.250 0.031
3 1Y% 4.250 0.375 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 2% 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 2Y, 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 7250 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 Hygienic Clamp Joint: Tube Weld Concentric and Eccentric Reducer (14)
R1 — R2
;\\ a J
L1|—
X
Y
D
- -
( Minimum Minimum Minimum
g,om r]a I.D Tangent, L.D. Tangent,  0.D. Tangent, Maximum Minimum Minimum
_ >lze]in. 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
A A 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 Y 3.000 0.375 1:125 1.000 30 0.250 0.031
1 A 2.625 0.375 1.125 1.000 30 0.250 0.031
1Y, A 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
2% | 1Y 3.875 05375 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 2Y, 3(125 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

? /?1Z ; R2
Q ~o N /2 |
il I\ LT —f=—
L1 \ \ 4
— f
‘ X4+——— «
X f Y ‘ } s
M Y
' s
R1 y \
74 \ 4
| A A |
. R Minimum Minimum
Nomlr]al Sige, 1.D Tangent, I.D. Tangent, Maximum Minimum Mininmum
m._ ] Overall Length, Large End, Small End, Internal\Taper, Internal Radius, External Radius,
X y A, in. L1, in. L2, in. a,deg R1, in. R2, |n.
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
Yy v/ 2.875 0.375 0.875 30 0.250 0.031
% v/ 3.000 0.375 0.875 30 0.250 0.031
VA Y 3.125 0.375 1.425 30 0.250 0.031
1 Y 3.500 0.375 1.125 30 0.250 0.031
1 M 3.125 0.375 1.125 30 0.250 0.031
1Y, % 4.000 0.375 1.125 30 0.250 0.031
1Y%, 1 3.500 0.375 1.125 30 0.250 0.031
2 1 4.375 0.375 1.125 30 0.250 0.031
2 11> 3.500 0:375 1.125 30 0.250 0.031
2Y, 17> 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 17> 5.250 0.375 1.125 30 0.250 0.031
3 2 4.375 0.375 1.125 30 0.250 0.031
3 21> 3.625 0.375 1.125 30 0.250 0.031
4 2 6250 0.375 1.125 30 0.250 0.031
4 27> 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
A 1.750 44.5 1430 28.7 0.500 12.7
A 1.750 44.5 11130 28.7 0.500 12.7
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
1 1.750 4405 1.130 28.7 0.500 12.7
1Y, 1.750 45 1.130 28.7 0.500 12.7
2 2.250 57.2 1.130 28.7 0.500 12.7
2Y, 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
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Table DT-4.1.5-1 Automatic Tube Weld: Cap
' A

B
A, Min.

Nominal Size, in. in. mm
Y 1.500 38.1
A 1.500 38.1
1 1.500 38.1
1Y, 1.500 38.1
2 1.500 38.1

2Y, 1.500 38.1
3 1.750 44.5
4 2.000 50.8
6 2.500 63.5

GENERAL NOTE:  Minimum I.D. control partion length, B, is 0.375 in.
(9.53 mm) for all sizes.

(14) Table DT-4.1.5-2 Hygienic Clamp Joint: Solid End Cap
r A
L 0000000
Type A Type B
A, min.
Nominal Size, in. Type in. mm
Y A 0.187 4.7
% A 0.187 4.7
A A 0.187 4.7
A A 0.187 4.7
1 A 0250 a4
1 B 0.250 6.4
1% B 0.250 6.4
2 B 0.250 6.4
2Y B 0.250 6.4
3 B 0.250 6.4
4 B 0.312 7.9
6 B 0.437 11.1
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Diaphragm Valve
I
& X S
I
I
]
i | \
I
I
I\
I
I
A - D 1 _
I
]
I
I
N
I
I
I
X!
T
I
A
Nominal Size,
in. in. mm
Y, Fractional 2.500 63.5
3% Fractional 2.500 63.5
Y, Fractional 2.500 63.5
Y 3.500 88.9
A 4.000 101.6
1 4.500 114.3
1Y, 5.500 139.7
2 6.250 158.8
2Y 7.630 193.8
3 8.750 222.3
4 11.500 292.1
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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

B, gauging width Clearance

per DT-9.4(e)

___%%___ S

Nominal design

N\
NN

4//

N
/=

%

NS

clamp to ferrule
contact point per
DT-9.4(d)

)
Q

Clearance

A, gauging diameter

—>| |<— 0.065/n.

per OT-9.4(e)

per DT-9.4(c)

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
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Part M]
Materials Joining

MJ-1 PURPOSE AND SCOPE

MJ-2.1.4 Other Metals. Other metals (e.g., titanium,

The puipose of this Part is to provide requirements
for the joinning of metallic and polymeric materials. This
includes jpining methods, welding procedure and per-
formance |qualifications, examination, inspection, test-
ing, and afcceptance criteria.

MJ-2 MATERIALS
M]-2.1 Bdse Metals

MJ-2.1.1 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.

Weld ends that are to be autogenously welded (with-
out filler metal or consumable inserts) shall meet the
requiremepts 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 uged in a welded connection, provided that;all
of the follpwing conditions are met:

(1) Use of the process component or tube is agreed
to by the pwner/user.

(2) A]l welds on the component, er.tube are inter-
nally inspgcted and meet the requirements of MJ-8.4.

(b) Supgraustenitic Stainless Steels. Only the super-
austenitic ptainless steel gradesiisted in Table MM-2.1-1
or Table MM-2.1-3 may be usedfor welded components,
except as permitted in MM-5.1.

The supjeraustenitic 'stainless steels are prone to the
precipitation of undesirable secondary intermetallic
phases sugh as sigmd and chi. The cautions of MM-5.2.2
must be cqnsidered when welding superaustenitic stain-
less steels

tantatum, paliadium, of goid, as used in institinenta-
tion) may be joined, when specified by the ownéy/ user.

MJ-2.2 Filler Metals

MJ-2.2.1 Stainless Steels. When filler metals are
used, the matching filler, metals listdd in
Table MM-5.1.2-1 and Table MMF?5.1.2-2 shall b¢ used
except that higher alloy filler-metals may be used when
specified by the owner/uger.

Austenitic stainlesssteel grades may be welde
or without filler métals.

Superaustenitic stainless steels shall be welded|either
with or withotit filler metals or consumable ipserts.
When welded-autogenously (without filler metal ¢r con-
sumable.inserts), postweld solution heat treatment in
accordarnce with the manufacturer’s recommendations
is reqired to minimize segregation.

Duplex stainless steels shall be welded eithef with
or without filler metals or consumable inserts. |When
welded autogenously, postweld solution heat tregtment
in accordance with the manufacturer’s recomnjenda-
tions is required. Welding of duplex stainless steels 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 augtenite
and ferrite in the weld metal shall be maintained $o that
there is no less than 30% of the lesser phase.

H with

MJ-2.2.2 Nickel Alloys. When filler metals arg used,
the matching filler metals listed in Table MM-5.1.2-1 and
Table MM-5.1.2-2 shall be used, except that highef alloy
filler metals may be used when specified Ry the
owner/user.

Nickel alloys shall be welded with or withou} filler
metals. Postweld solution heat treatment is not required.

(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.

MJ-2.1.2 Nickel Alloys. Only the nickel alloys listed
in Table MM-2.1-2 or Table MM-2.1-3 may be used for
welded components, except as permitted in MM-5.1.

MJ-2.1.3 Copper Alloys. Only the copper alloys
listed in Table MM-2.1-4 may be used for brazed systems.
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w2233 CUPPCI Mﬂmg’jﬂhﬁiﬂmterials
shall comply with ANSI/AWS A5.8. Copper-to-copper

joints shall be brazed using copper-phosphorus or cop-
per-phosphorus-silver brazing filler metal (BCuP series)
without flux.

MJ-2.3 Nonmetallics

Joining of polymers shall be performed in accordance
with MJ-9. Joining of other nonmetallic materials shall
be in accordance with procedures and processes recom-
mended by the material manufacturer, and approved
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by the owner/user, using materials or compounds that
are inert to the intended service.

MJ-3 JOINT DESIGN AND PREPARATION
MJ)-3.1 General

All butt joints in which one or both weld faces is a
process contact surface shall have continuous complete
weld joint penetration. This requirement exists for welds
made
weld j
surfad
of dis
(e.g.,
have
remoy

Wel
the w
a pipe
weld
joined
forcin|
(@), o
fillet
(b)]. A
edge
contaq
welds|
or tes
Telltal
proce
(c) de
than N
nary (
inside
the vel
notbe
surfad

Soc
syster]

pint. All weld joints must have the process contact
es properly purged or protected for the prevention
oloration or contamination. External attachments
ift lugs, dimple jackets, ladder clips, etc.) must
hiny discoloration of the process contact surface
ed.
ds attaching any connection that passes through
hll of a tank or vessel, or a branch connection on
or tube system, in which one or both sides of the
oint is a process contact surface, shall either be
with a full penetration groove weld with a rein-
b fillet weld [similar to Fig. SD-3.4.2-2, illustration
F have at least one telltale hole provided if double
velded only [similar to Fig. SD-3.4.2-2, illustration
telltale hole is required on all lap, tee, corner, or
oints that have one or both welds as a process
t surface and are not attached by full penetration
The telltale hole shall provide a path for product
media flow if the inner weld containment fails.
e holes are not required when all welds are“on
s contact surfaces [e.g., Fig. SD-3.4.3-1, illustration
ail or similar]. The telltale hole shall/be\no larger
(PS 7 in. (6 mm) and may be tapped fot a prelimi-
ompressed air and soapsuds test for tightness of
welds. These telltale holes may)be plugged when
ssel is in service. The plugging material used shall
capable of sustaining presstire between the lapped
es.
et welding is not permitted in process stream
hs or where CIP)or SIP requirements are defined.

) Pressure_Vessels and Tanks

t desighs‘shall be those permitted by ASME BPVC,
h Vil and shall comply with MJ-3.1.

MJ-3.]
Join
Sectio

PDining
T

surfaces prior to welding. Welding on tubing shall be
done using automatic (or machine) welding techniques
(such as orbital tube welding or lathe welding), except
where size or space will not permit. In that case, manual
welding can be performed, but must be agreed to by
the owner/user and contractor.

MJ-3.5 Tube-Attachment Welds

(a) Tube-attachment welds, as addressed in this

(1) make branch connections other than fhose used
to fabricate the fittings described in (Rart
Standard

(2) attach tubes to other proddet forms

(3) attach nozzles to transfer panels

ASME BPVC, Section VIII, in addition to fhe visual
inspection/requirements of Part SF and MJ{8.2 of this
Standard

Theserwelds may be performed 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-
erly cleaned within % in. (13 mm) on the |nside and
outside surfaces, where accessible, prior t¢ welding.
Either fillet welds, groove welds, or a combination of
both may be used.

MJ-3.6 Brazed Joints

Joint design shall comply with the latest
NFPA 99.

edition of

MJ-4 JOINING PROCESSES AND PROCEDI
MJ-4.1 Welds Finished After Welding

For pressure vessels, tanks, and piping 4
systems where the process contact surface 9
is to be finished after welding, the welding
used shall be limited to the arc or high enprgy beam
(electron beam and laser beam) processes as|defined in

URES

nd tubing
f the weld
processes

MJ'B.: Ll A LLESY

Joint designs shall be those permitted by ASME B31.3,
and shall comply with MJ-3.1.

MJ-3.4 Tubing

Joint designs for hygienic tubing and fittings shall be
square buttjoints. The tubing and fittings shall have ends
prepared by machining or facing to provide a square end
that meets the requirements of Tables DT-3-1 and DT-3-2.
The butt weld joints shall be properly cleaned within
% in. (13 mm) of the joint area on the inside and outside
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AWS A3.0. All welding procedures shall be qualified
per MJ-5. All welders and welding operators shall be
qualified per MJ-6. The owner/user and contractor shall
agree that the welding process selected will provide the
desired results.

MJ-4.2 Welds Used in the As-Welded Condition

For pressure vessels, tanks, and piping and tubing
systems where the process contact surface of the weld
is to be used as is, welding processes shall be limited
to the inert-gas arc processes (such as gas tungsten-arc
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welding and plasma arc welding) or the high energy
beam processes (such as electron beam or laser beam
welding), as defined in AWS A3.0. All welding proce-
dures shall be qualified per MJ-5. All welders and weld-
ing operators shall be qualified per MJ-6. Every effort
shall be made to use an automatic or machine welding
process. Autogenous welds, welds with filler wire, or
consumable inserts are acceptable for this Standard pro-
vided they meet the requirements for all applicable
codes. The_owner/user and contractor shall agree that

Table MJ-6.3-1 Tube/Pipe Diameter Limits for
Orbital GTAW Performance Qualification

Outside Diameter Qualified, in.

Outside Diameter of

Test Coupon, in. (mm)
(mm) Min. Max.
% (13) and less None Y, (13)
>Y, (13) to 3% (89) >, (13) 3Y, (89)
>3%; (89) >3Y, (89) Unlimited

the welding process selected will provide the desired
results.

MJ-4.3 Brazing
Joining
ing shall |

procedure
All brazer

bf copper and copper alloy materials by braz-
e in accordance with NFPA 99. All brazing
5 shall be qualified per MJ-5 of this Standard.
5 shall be qualified per MJ-6.

MJ-5 PROCEDURE QUALIFICATIONS
MJ-5.1 Pr

Welding procedures for pressure vessels and tanks
shall be qualified in accordance with ASME BPVC,
Section VIIL

pssure Vessels and Tanks

MJ-5.2 Pi

Welding
fied in acgq

bing

procedures for piping systems shall be quali-
ordance with ASME B31.3.

MJ-5.3 Tubing

Welding
be qualifi
following

(a) A ch
the backin

procedures for hygienic tubing systems shall
d in accordance with ASME B31.3, with the
additions:

ange in the type or nominal composition of
g (purge) gas shall require requalification.

(b) If filler metal is used,@ change from one AWS
classification of filler metal fo-another, or to a proprietary
filler metall, shall require tequalification.

This incJudes qualification of procedures for welding
of comporjents to Rart'DT but does not apply to longitu-
dinal welds on tubes made in accordance with a recog-
nized starjdard.

Table MJ-6.3-2 Weld Thickness Limits for Ofbital
GTAW Performance Qualification

Deposited“Weld Thick
Qualified, in. (mm

ness

Thickness of Test

Coupon, t, in. (mm) Min. Max.
<Y (1.5) t 2t
Y6 (1.5) <t < % (10) Vi (1.5) 2t
>% (10) 16 (5) Uflimited

MJ-6 PERFORMANCE QUALIFICATIONS

MJ-6.1 Pressure Vessels and Tanks

lifica-
accor-

Welder and welding operator performance quz
tions for pressure vessels and tanks shall be in
dance with ASME BPVC, Section VIII.

MJ-6.2 Piping

Welder and welding operator performance qus
tions for piping systems shall be in accordancg with
ASME B31.3. When the piping is to be used for hyjgienic
systems, the essential variables for welding operafors in
M]J-6.3 shall also apply.

lifica-

MJ-6.3 Tubing

Welder and welding operator performance qus
tions for hygienic tubing systems shall be in acco
with ASME B31.3. This includes qualification of w
and welding operators who fabricate compongnts in
accordance with Part DT but not to those who mapufac-
ture tubes in accordance with a recognized standlard.

For the qualification of welding operators, the fpllow-
ing essential variables also apply:

lifica-
dance
elders

MJ-5.4 Duplex Stainless Steels

In addition to the welding procedure specification test
requirements of ASME BPVC, Section IX, the weld metal
and heat-affected zones from qualification test coupons
of duplex stainless steels shall also meet the require-
ments of ASTM A923 Methods A and/or C.

MJ-5.5 Brazing

Brazing procedures for piping systems shall be quali-
fied in accordance with NFPA 99.
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{7y Welding of a JoIt USINg an edge preparation other
than a square groove.

(b) the addition or deletion of solid backing.

(c) a change in the fit-up gap from that qualified.

(d) a change in pipe/tube diameter. See
Table MJ-6.3-1.

(e) the addition or deletion of filler metal.

(f) the addition or deletion of consumable inserts.

(g) a change in the thickness of the deposited weld
metal. See Table MJ-6.3-2.

(h) the addition or deletion of backing gas (purge gas).
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(i) a change in the current type or polarity.

(j) a change in the weld head type from open 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, either the original ASME BPVC, Section
IX qualification coupon or another tube-to-tube weld
coupon made by that same welding operator shall be

visually examined and shall meet all the requirements
of Tahle ]\/[}T-R 4-1

MJ-7.2.3 Tubing. All examiners, inspectors, and
Inspectors’ Delegates shall be qualified in accordance
with GR-4.

MJ)-7.2.4 Tube Attachments. All examiners, inspec-
tors, and Inspectors’ Delegates shall be qualified in
accordance with GR-4.

MJ-7.2.5 Copper Tubing/Piping. All examiners,
inspectors, and Inspectors’” Delegates shall be qualified

. pu | R4
T aCCOTTaITCC VYV ITIT I 1.

Any change in the variables listed in MJ-6.3 requires
weldihg of a new test coupon, for which only visual
inspegtion in accordance with Table MJ-8.4-1 is required.
Compliance with the variables in MJ-6.3 shall be
docurhented.

MJ-6.4 Brazing

Bra
shall 1
under
penet

ver performance qualifications, for piping systems,
e in accordance with NFPA 99 and shall be made

an internal purge and exhibit full joint
ation.

M)-7

Ow]
shall 4
testin

EXAMINATION, INSPECTION, AND TESTING

her/user, inspection contractor, and/or engineer
gree to the types of examinations, inspections, and
b unless otherwise specified in the applicable code.

MJ-7.1 Examination Procedures

MJ{7.1.1 Pressure Vessels and Tanks. Examination
proceglures for pressure vessels and tanks shall-be in
accordance with ASME BPVC, Section VIIE

MJ-7.1.2 Piping. Examination procediires for piping
systeths shall be in accordance with. ASME B31.3.

M)
ing sy

M)
dures
dance

MJ;7.1.5 Brazing. Examination procedures for
brazedl systems’shall be in accordance with NFPA 99.

7.1.3 Tubing. Examinatidn jprocedures for tub-
stems shall be in accordance with ASME B31.3.

7.1.4 Tube Attachments. Examination proce-
for tubing systems\shall be performed in accor-
with ASME B&1-3.

MJ-7.2 Personnel Requirements

D 1
T CISOTIITCT

MJ-7.2.6 Examination Personnel Eye E){imination
Requirements. Personnel performing’examinations
shall have eye examinations as follows:

(a) Near Vision Acuity. The individual shall
ral or corrected near distanee acuity in at lea
such that the individual is éapdble of reading 3
of a Jaeger Number 2 gr-equivalent type and
at a distance designated on the chart but n
12 in. (305 mm). This test shall be administer
and at least anfually thereafter.

(b) ColorContrast. The individual shall dg
the capability of distinguishing and different
trast among colors. This test shall be admin{stered ini-
tially and, thereafter, at intervals not exceeding 3 yr.

These examinations shall be administdred by an
Ophthalmologist, Optometrist, Medicql Doctor,
Registered Nurse or Nurse Practitioner,|Certified
Physician Assistant, or by other ophthalmic medical per-
sonnel and shall include the state or province (or applica-
ble jurisdictional) license number.

have natu-
st one eye
minimum
size letter

less than
bd initially

monstrate
ating con-

MJ-7.3 Examination, Inspection, and Testing
Requirements

MJ-7.3.1 Pressure Vessels and Tanks

(a) Examination. Examinations shall be pefformed in
accordance with the provisions of ASME BPVC,
Section VIII. In addition, all welds having|a process
contact surface shall be visually examinfed by the
fabricator.

(b) Inspection. In addition to the inspection required
by ASME BPVC, Section VIII, the owner/usef or inspec-
tion contractor shall perform inspection(s) n¢cessary to
ensure compliance with this Standard as well as any
additional requirements of the ownler/user’s

M ]‘Hﬂ—Pfess&re—VeﬁS'e'l's-&ﬂ'd—Taul\a.
performing examinations of pressure vessels and tanks
designed to ASME BPVC, Section VIII, shall meet the
requirements of the appropriate section of that code.

All inspectors shall be qualified in accordance with
GR-4.1.

All Inspectors” Delegates shall meet the requirements
of GR-4.2.

M]J-7.2.2 Piping. All examiners, inspectors, and
Inspectors” Delegates shall be qualified in accordance
with GR-4.
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specification.

(c) Testing. In addition to the testing required by
ASME BPVC, Section VIII, the owner /user or inspection
contractor shall perform testing necessary to ensure
compliance with this Standard as well as any additional
requirements of the owner/user’s specification.

MJ-7.3.2 Piping

(a) Examination. Examinations shall be performed in
accordance with the provisions of the specified fluid
service in ASME B31.3.
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(b) Inspection. Owner/user, inspection contractor,
and/or engineer shall agree to the minimum percentage
of process 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 process con-
tact surfaces on at least 20% of the welds in each system
installed. A representative sample of each welder’sand /

service in ASME B31.3. The external surfaces of all welds
shall be visually examined.

(b) Inspection. Visual inspection shall be performed
on all process contact surfaces affected by the attachment
welding.

(c) Testing. Testing shall be performed in conjunction
with the system test.

MJ-7.3.5 Brazing
(a) Examination. Examinations shall be performed in

accordance with NFPA 99.

?;Clvlvlzlecg. operator’s work (as applicable) must be (b) Inspection. Owner/user, inspection ¢enttactor,
The exgmination required for compliance with and/or engineer shall agree to the minimuih percentage
ASME B3}.3 may be included in the minimum inspec- of brazed joints to be selected for direct ¥isudl inspgction,
tion perc¢ntage, provided those examinations were and they shall inform the installation‘contractdr. The
direct visyal or borescopic and of the process contact inspection cc?n.tractor shall submit'ey inspe.ctio'n plan t.o
surface. ensure that joints meet the acteptance criteria pf this
(c) Testifig. Leak testing of piping systems shall be Part. A representative sample 'of each brazer’s work
performed in accordance with the specified fluid service ml(ls) t }%e ;pcluiedk tost f " datt b
: ; c) Testing. Leak testing of copper systems shall be
requirements in .ASME BaL3. performed ﬁ’l accordanee vgvith thepsl;ecif}i]ed fluid gervice
M)-7.3.8 Tubing requirements in ASME B31.3.
(a) Exawpination. Examinations shall be performed in
accordancg with the provisions of the specified fluid MJ)-7.4 Records
service in ASME B31.3. The external surfaces of all welds See GRS
shall be visually examined.
If ASMK B31.3 High Purity Fluid Service (Chapter X)
is specifi¢d, radiographic, ultrasonic, or in-process M):8 ~ ACCEPTANCE CRITERIA
examination is not required unless specified by the MJ-8.1 General
owner/usr. . . . Welding for a sterile environment requires tHat the
(b) Ins ?tzon. Owner/user, 1nsPe.ct1on contractor, weld shall not result in a surface that will contribute to
and/or engineer shall agree to the minimum percentage microbiological growth and contamination of the prod-
of proces .contac.:t Weld.s to be selected for jborescopm uct. The weld shall not have any discontinuitiep such
or dlrecfc isual inspection, .and th.ey shall infofm the cracks, voids, porosity, or joint misalignment thiat will
mi;cal%atlo. COIItI‘(?CtOI‘. The inspection contractor shall promote contamination of the product. All weldirlg pro-
submit anlinspection plan to ensure that welds meet the 3. o shall be qualified to MJ-5.
acceptance criteria of this Part. This pldn shall include
borescopig or direct visual inspectioniof the process con- MJ-8.2 Pressure Vessel and Tank Welds
tact surfades on at least 20% of-the welds in each system Weld acceptance criteria for pressure vesse|s and
installed. A representative satiple of each welder’sand/ 1 o (1 -1 be in accordance with ASME BPVC,
or welding operator’s (3 ®pplicable) wgrk mu.st be Section VIII, with the additional requirements of
included. [There shall @lso be a plan for inspecting a Table MJ-8.2-1.
representative sample-of each welder’s and/or welding
operator’s| (as applieable) first shift of production. A MJ-8.3 Piping Welds
procedure|shall be'submitted for inspecting blind welds. Weld acceptance criteria for piping shall be infaccor-
The randomssel€ction of accessible welds to be inspected dance with the specified fluid service of ASME|B31.3.

shall be upTto theowrrer /’ TUSer’s illbytLlUl ‘sdiscretiorm:

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 process contact surface.

(c) Testing. Leak testing of tubing systems shall be
performed in accordance with the specified fluid service
requirements in ASME B31.3.

MJ-7.3.4 Tube Attachments
(a) Examination. Examinations shall be performed in
accordance with the provisions of the specified fluid

122

The additional requirements of Table M]-8.3-1 shall
apply. See SD-3.1.1 for cautionary information if using
pipe instead of tube for hygienic systems.

MJ-8.4 Tubing Welds

Weld acceptance criteria (including borescopic accept-
ance criteria) for tubing and components shall be in
accordance with Table MJ-8.4-1 (see Fig. MJ-8.4-1). This
includes welds on components but not longitudinal
welds on tubes manufactured in accordance with a rec-
ognized standard.
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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

bital tube weld head is changed).
sample welds described in the preceding para-
5, and any associated welding machine printed

tative| or the inspector.

M)i8.4.1 Sample Welds. Sample welds for tubing
shall meet all the acceptance criteria of Table M]-8.4-1.
An infernal bead width of 1.0 to 2.5 times the nominal
wall thickness is required.

MJ18.4.2 Rewelding. Rewelding (reflow) may be
attempted one time only for the following defects:

(a) fncomplete penetration (lack of penetratieh)

(b) fncomplete fusion (lack of fusion)

(c) pinconsumed tack welds that can be inspected on
the process contact side

All rewelds shall either totally consiime the original
weld pr overlap the original weld with no base metal
between the welds.

MJ)-8.% Tube-Attachment Welds

Thq acceptance criteria for tube-attachment welds
shall lpe in accordanceé with Table MJ-8.5-1.

MJ;8.5.1 Sample Welds. Sample welds are not
requined for tube-attachment welds or seal welds.

M);:8.5(2) Rewelding. Rewelding is allowed, except
for welds that are process contact surfaces, for which

materials, nor are all methods acceptable for all pro-
cesses. The selection of materials of construction and
joining techniques are based upon application
requirements.

MJ-9.2 Weld Joint Design and Preparation

The weld surfaces to be joined shall be properly
aligned. This may include planing or facing of the com-
ponents. The weld surfaces shall be protected against
excessive
m01sture, extreme temperature cond1t1ons excessive
drafts, and contamination sources (e.g, dir, dust, oil,
foreign material shavings).

MJ-9.2.1 Tubingand Piping. Joint designs|for tubing,
piping, and fittings shall be Square butt joirfts. Joining
surfaces shall have ends pfepared by moldir|g, cutting,
machining, or facing to-ptovide a square end[that meets
requirements for the,applicable Welding Procedure
Specification (WPS).

MJ-9.3 Joining{Processes and Procedures

Polymet\tube and pipe systems are joined Hy a variety
of heatfusion welding methods, including beadless
fusion, noncontact infrared (IR) fusion, cqntact butt
fusién, and socket fusion. Fusion does not rpquire sol-
vents or glue to join material, and nothing i$ added or
changed chemically between the two componjents being
joined. Other joining methods may be used when agreed
upon by the owner/user. Joining of polymefrs shall be
performed in accordance with a documented WPS that
is qualified in accordance with MJ-9.4. The oyvner/user,
contractor, and manufacturer shall agree that the weld-
ing process selected will provide the desired results.

MJ-9.3.1 Beadless Welding. Beadless welding (a
material-dependent process) shall be used|where in-
place drainage and bioburden control are reduired (see
Fig. MJ-9.7.1-1) (reference SD-2.4.3).

MJ-9.3.1.1 Records. Weld equipment sHould mon-
itor and record critical weld parameters su¢h as heat,
cool time, and temperature. If the equipmerft does not
have monitoring or recording capabilities, [weld data
shall be recorded in welding protocols dr on data
carriers.

M-932NencontacttRand-ContactButt Fusion

the rewelding restrictions of MJ-8.4.2 apply.
MJ-8.6 Brazed Joints

Brazed joint acceptance criteria shall be in accordance
with NFPA 99.

MJ-9 JOINING OF POLYMERIC MATERIALS
MJ-9.1 General

Polymeric materials are described in Part PM. All join-
ing techniques may not be available for all polymeric

Welding. Noncontact infrared (IR) and contact butt
fusion are not suitable joining processes for systems
requiring drainability and bioburden control. Either may
be acceptable for single use applications. Refer to the
WPS or manufacturer’s written procedures.

MJ-9.3.3 Socket Fusion Welding. Socket fusion is not
suitable for systems requiring drainability or bioburden
control. Socket fusion may be acceptable for single use
applications where approved by the owner/user for the
intended service.
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Refer to the WPS or manufacturer’s written
procedures.

MJ-9.4 Procedure Qualifications

Welding procedures shall be qualified in accordance
with AWS B2.4. A WPS shall be provided for each poly-
mer and process being used. Environmental condition
recommendations shall be included in the WPS.

MJ-9.5 Performance Qualifications

MJ-9.6.3 Examination, Inspection, and Testing
Requirements

MJ-9.6.3.1 Examination. Examinations shall be
performed in accordance with the provisions of the spec-
ified fluid service in ASME B31.3.

The external surfaces of all welds shall be visually
examined. If ASME B31.3, High Purity Fluid Service
(Chapter X) is specified, radiographic, ultrasonic, or in-
process examination is not rpr}nirpd unless cppriﬁed by

Welder pnd welding operator performance qualifica-  the owner/user.
tions shalllbe in accordance with AWS B2.4. The quality Preproduction sample welds, when required; shall be
of polymgric weld joints depends on the qualification  submitted by the contractor to the owner/ uiser tolestab-
of the welders and welding operators, the suitability ~ 1ish weld quality. The owner/usex, ‘¢ontractof, and
of the eqyipment used, environmental influences, and  jnspection contractor shall agree tothé number and type
adherence|to the applicable WPS. Welders and welding  of sample welds. During construction, sample [welds
operators phall be trained and possess a valid qualifica-  shall be made on a regular basi$td verify that the pquip-
tion certifjcate from the manufacturer for the process  ment is operating properlf-and that the setup i ade-
and matetial being welded. quate to prevent discoloration beyond the level agreed
MJ-9.6 Elmination, Inspection, and Testing upon by the owner/user and contractor. The opner/
N ) ] ) - user and contractotshall agree to the frequency of sam-
Examination, inspection, and testing criteria and  pje welds. It is stforigly recommended that these sample
methods pre dictated by mat?rlal type and joining  yyelds be made‘at the beginning of each work shift and
met.hod. Dwner /user, inspection con.trac.tor, a}nd/ or when changing the welder and/or welding operaftor (as
engineers 1all.agree to the types'of exanr.upatllons, Inspec- applicable) and welding equipment.
tions, and festing unless otherwise specified in the appli- TheSample welds described in the precedind para-
cable codq. P . e prececing p
graphs, and any associated welding machine grinted
MJ-9.6{1 Examination Procedures. Written visual [wé¢ords (e.g., welding parameter printouts directly from
examinatipn procedures shall be used. welding machine or downloaded from a wqlding
MJ-9.6.2 Personnel Requirements machine), if any, may be disposed of after written gccept-
ance of the coupons by the owner, the owner’s regresen-
Ml'9.‘).2.1 Personnel Qualiﬁcations. All examin- tative, or the inspector.
ers, inspedtors, and Inspectors’ Delegates shall be’quali-
fied in acdordance with GR-4 and shall be trained and MJ-9.6.3.2 Inspection. Owner/user, insppction
possess a palid qualification certificate from the manu-  contractor, and/or engineer shall agree to the mirjfimum
facturer fqr the process and material being welded. percentage of process contact welds to be selected for
MJ-9.6.2.2 Examination Personnel Eye Examination l?oreSCOp ic of direc’,[ visual inspection, .and thgy shall
Requiremnts. Personnel performing examinations inform the 1nstalla.t10n c.ontractlor. The inspectioh con-
shall have|eye examinations a8 follows: tractor shall submit an 1nsp.ect1.0n plar.l to ensufe that
(a) Nean|Vision Acuity, The individual shall have natu- welds. meet the accep tagce Crlt.erla of .thls P.art. Th SP lan
ral or corrpcted near distance acuity in at least one eye shall include borescopic or d1rect. v1sue.;11 mnspec on.of
such that the individual is capable of reading a minimum the process contact surfaces or visual inspectiop with
of a Jaegef Number2 or equivalent type and size letter light 111um1nat10n. of the weld cross sections on 4t least
at a distafjce designated on the chart but no less than 20% of the welds in each system installed. A reprgsenta-

12 in. (305{mm). This test shall be administered initially

tive sample of each welder’s and/or welding opefator’s

and at least annually thereafter.

(b) Color Contrast. The individual shall demonstrate
the capability of distinguishing and differentiating con-
trast among colors. This test shall be administered ini-
tially and, thereafter, at intervals not exceeding 3 yr.

These examinations shall be administered by an
Ophthalmologist, Optometrist, Medical Doctor,
Registered Nurse or Nurse Practitioner, Certified
Physician Assistant, or by other ophthalmic medical per-
sonnel and shall include the state or province (or applica-
ble jurisdictional) license number.
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(as applicable) work shall be included. Ihere shall also
be a plan for inspecting a representative sample of each
welder’s and/or welding operator’s (as applicable) first
shift of production. A procedure shall be submitted for
inspecting blind welds. The random selection of accessi-
ble 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 inspection percentage, provided those
examinations were visual or borescopic and of the pro-
cess contact surface.
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MJ-9.6.3.3 Testing. Hydrostatic leak testing shall
be performed in accordance with the specified fluid ser-
vice requirements in ASME B31.3. Hydrostatic leak test-
ing shall never exceed the manufacturer’s rating of the
system installed.

The use of pneumatic testing is not recommended on
these systems.

MJ-9.6.4 Records. See GR-5.
MJ-9.7_Weld Acceptance Criteria

(g) Concavity. Maximum inside diameter (I.D.) con-
cavity shall be limited to 10% of the nominal wall thick-
ness [see Fig. MJ-9.7.1-1, illustration (h)].

MJ-9.7.2 Acceptance Criteria for Nonbeadless
Welds. Acceptance criteria for nonbeadless welds in
piping shall be in accordance with AWS G1.10M or
DVS 2202-1.

MJ-9.7.3 Acceptance Criteria for Sample Welds.

Qc\mF]n walde chall oot 11 tha dnﬂn?l—ahr\n criteria of

Corhmon visual acceptance criteria include complete
bondihg of joining surface, straight and aligned joints,
and exclusion of dirt and foreign substances in the
weld Fone.

MJ;9.7.1 Acceptance Criteria for Beadless Welds.
An acfeptable beadless weld is shown in Fig. MJ-9.7.1-1,
illustrption (a). Weld acceptance criteria shall be in accor-
dance| with the following:

(a) Cracks and Crevices. Any crack or crevice would
generally indicate lack of full penetration welds. Internal
or extprnal cracks or crevices shall not be permitted in
the weld zone [see Fig. MJ-9.7.1-1, illustration (b)].

(b) PPits and Pores. Pits and pores shall not be present
in thp weld zone on the interior surface [see
Fig. MJ-9.7.1-1, illustration (c)].

(c) Voids. Voids or microbubbles in the weld zone are
the regult of molten material shrinking as it cools, leaving
small [voids, usually in the center of the weld, due to
volume displacement. They are not uncommonyin
beadlg¢ss welding, and their presence alone is notgeason
for rejection.

(1) Maximum single void diameter shallybe 10% of
nominjal wall thickness.

(1) Maximum total for all void diameters in a given
cross-pectional examination shall be'10% of nominal wall
thickrjess [see Fig. MJ-9.7.1-1, illustration (d)].

(d) |Fit-Up and Mismatch.~€omponents shall be
aligned so as to prevent hold=up that would contribute
to corfjtamination of the\product. The maximum mis-
alignment is 10% of-nominal wall thickness [see
Fig. MJ-9.7.1-1, illustration (e)]. It is not recommended to
join pplymer components of different wall thicknesses.

(e) Inclusions. Any dark, visible inclusion(s) or
speck(s) onrthe process contact surface of the weld zone
are copsidered foreign materials and are not acceptable

M]J-9.7.1.
MJ)-9.7.4 Rewelding. Reweldingds'not ajlowed.

MJ-9.8 Documentation Requirements

The following documentation shall be presented to
the owner/user or their_deSignee, as a minifum:

(a) Welding Docuntentation. Welding Procedure
Specifications (WPS) used, their Procedure Qyalification
Records (PQR), and"\Welder Performance Quilifications
(WPQ)/Perfarmance Qualification Tes{ Records
(PQTRs) afid/or Welding Operator Perfformance
Qualifications (WOPQ).

(b) Weld Maps. When required by the oyner/user,
weld maps of bioprocessing components, weld inspec-
tiehlogs of bioprocessing components (inclfiding type
and date of inspection), and welder and/qr welding
operator identification of each weld shall b¢ provided
either on the weld map or on the inspection| log.

Fusion equipment that electronically stor¢s welding
histories and serializes welds should be usedl. Welding
history shall be turned over, in printed or| electronic
format, to the owner/user upon completioh of work
and as part of the Installation Qualification (I{J) process.

(c) Materials. All molded fittings, molded yalves, and
extruded piping shall be intrinsically identiffed to pro-
vide, as a minimum, material of construction, lot num-
ber, and date of production to ensure trdceability.
Certificates of compliance shall be profided for
molded/extruded components not individually labeled.

(d) Testing Records. Other records (e.g., pr¢ssure test,
surface finish) shall be provided as requifed by the
owner/user.

MJ-10 DOCUMENTATION REQUIREMENTS

[see Fig. MJ-9.7.1-1, illustration (f)].

(f) Discoloration. Slight discoloration in the weld zone
is not uncommon in beadless welding. Slight discolor-
ation would include up to a light “straw” color in the
weld zone. Dark color on the surface or at the weld
interface could indicate improper cleaning or joint prep-
aration and is rejectable [see Fig. MJ-9.7.1-1,
illustration (g)].

The requirements for metallic materials and weld doc-
umentation are listed in GR-5. For polymeric materials,
see MJ-9.8.

MJ-11  PASSIVATION
Refer to SD-3.1.2.3(i).
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Table M)-8.2-1 Visual Examination Acceptance Criteria for Welds on Pressure Vessels and Tanks

Welds on Process Contact Surfaces Welds on Nonprocess Contact Surfaces
Welds Left in the As- Prior to Postweld Welds Left in the After Postweld

Discontinuities Welded Condition Finishing After Postweld Finishing | As-Welded Condition Finishing

Cracks None None None None None

Lack of fusion |[None None None None None

Incomplete None on process con- None on process con- |None on process See Notes (1) See Notes (1)
penetration tact side; otherwise, tact side; otherwise, | contact side; otherwise, and (2) and (2)

see-Note—{H see—-Mote—{ see—-Mote—{

Porosity None open to the sur- |See Note (1) None open to the surface; | None open to the sur- | None open to the sur-

face; otherwise, see otherwise, see Note (1) face; otherwise, see | face;(otherwise, see
Note (1) Note (1) Note (1)

Inclusions None open to the sur- | See Note (1) None open to the surface; | None open to the sur-/None open to fhe sur-
[metallic face; otherwise, see otherwise, see Note (1) face; otherwise, se€)[™ face; otherwise, see
(e.g., tung- Note (1) Note (1) Note (1)
sten) or nop-
metallic]

Undercut None See Note (1) None See Note\(1) See Note (1)

Groove weld See Note (1) See Note (1) Maximum of 10% of the See Note (1) See Note (1)
concavity nominal wall thickness of

thinner member

Fillet weld cdn- | Y46 in. (1.5 mm) max. Per applicable design | %, in. (0.8 mm) max, See Note (1) See Note (1)
vexity and fabrication code

Discoloration] Heat affected zone N/A Heat affected zone (HAZ) |Per customer specifi- | Per customer $pecifi-
(heat (HAZ) may be permit- may be permitted to cation cation
affected ted to have light straw have light\straw to light
zone) to light blue color (see blue color (see Figs.

Figs. MJ-8.4-2 and M):8.4-2 and MJ-8.4-3).
M)-8.4-3). Any discolor- Any discoloration present
ation present must be must be tightly adhering
tightly adhering to the to the surface such that
surface such that nor- normal operations will
mal operations will not not remove it. In any
remove it. In any case, case, the HAZ shall have
the HAZ shall have no no evidence of rust, free
evidence of rust, free iron, or sugaring. See
iron, or sugaring. See Note (3).

Note (3).

Discoloratior] | None allowed. For welds{N/A None allowed. For welds | Per customer specifi- | Per customer $pecifi-
(weld bead in nickel alloys, ahd in nickel alloys, and for cation cation

for welds in sUperaus- welds in superaustenitic
tenitic alloys\made alloys made with nickel
with nickel alloy alloy inserts or filler met-
inserts or filler metals, als, slag is permitted as
slag\is permitted as long as it is silver to
long as it is silver to light gray in color and
tight gray in color and adherent to the surface.
adnerent to the sur- S€€ Note (3).

face. See Note (3).
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Table MJ-8.2-1 Visual Examination Acceptance Criteria for Welds on Pressure Vessels and Tanks (Cont’d)

Welds on Process Contact Surfaces

Welds on Nonprocess Contact Surfaces

Discontinuities

Welds Left in the As-
Welded Condition

Prior to Postweld
Finishing

After Postweld Finishing

Welds Left in the
As-Welded Condition

After Postweld
Finishing

Reinforcement

See Note (1)

See Note (1)

Y, in. (0.8 mm) max.

See Note (1)

See Note (1)

Tack welds See Note (1) N/A N/A See Note (1) N/A
Arc strikes None N/A None None None
Overlap None None None None None
Weld bgad

width N/A N/A N/A N/A N/A
Minimym fillet

weld size See Note (1) See Note (1) See Note (1) See Note (1) See Notd (1)
Misalighment

(mismjatch) | See Note (1) See Note (1) See Note (1) See Note (1) See Notq (1)
NOTES:
(1) Th{ limits of ASME BPVC, Section VIII shall apply.
(2) Dogs not apply to insulation sheathing and similar welds.
(3) We|ds on pressure vessels or tanks that have been in service may require unique criteria.
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Table M}-8.3-1 Visual Examination Acceptance Criteria for Welds on Pipe

Welds on Process Contact Surfaces

Welds on Nonprocess Contact Surfaces

Welds Left in the As-

Prior to Postweld

After Postweld

Welds Left in the As-

After Postweld

Discontinuities Welded Condition Finishing Finishing Welded Condition Finishing
Cracks None None None None None
Lack of fusion None None None None None
Incomplete pene- | None None on process con- | None on process con- | See Notes (1) and (2) | See Notes (1) and (2)

tration tact side; otherwise, | tact side; otherwise,
see-Note—{H see-Note—{H

Porosity None open to the sur- |See Note (1) None open to the sur- | None open to the sur- | None open to'the sur-

face; otherwise, see face; otherwise, see face; otherwise, see | face;(otherwise, see
Note (1) Note (1) Note (1) Note! (1)

Inclusions [metallic | None open to the sur- | See Note (1) None open to the sur- | None open to the sur-{Non€ open to fhe sur-
(e.g., tungdten) or | face; otherwise, see face; otherwise, see face; otherwise, se€-|" face; otherwise, see
nonmetallig] Note (1) Note (1) Note (1) Note (1)

Undercut None See Note (1) None See Note (1) See Note (1)

Concavity See Note (1) See Note (1) See Note (1) See Note.(1) See Note (1)

Fillet weld Y46 in. (1.5 mm) max. See Note (1) Y, in. (0.8 mm) max. | See Néte ‘(1) See Note (1)
convexity

Discoloratior] (heat |Heat affected zone N/A, see Note (3) Heat affected zone Ber customer specifi- | Per customer $pecifi-
affected zope) (HAZ) may be permit- (HAZ) may be permit- |~ cation cation

ted to have light straw ted to have light
to light blue color (see straw to light blue
Figs. M)-8.4-2 and color (seecFigs.
MJ-8.4-3). Any discolor- MJ-8.4:2, and
ation present must be MJ-8:4-3). Any discol-
tightly adhering to the oration present must
surface such that nor- be tightly adhering
mal operations will not to the surface such
remove it. In any case, that normal opera-
the HAZ shall have no tions will not remove
evidence of rust, free it. In any case, the
iron, or sugaring. See HAZ shall have no
Note (3). evidence of rust,
free iron, or sug-
aring. See Note (3).
Discoloratior] (weld | None allowed. For welds {N/A, see Note (3) None allowed. For Per customer specifi- | Per customer $pecifi-

bead)
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Table MJ-8.3-1 Visual Examination Acceptance Criteria for Welds on Pipe (Cont’d)

Welds on Process Contact Surfaces

Welds on Nonprocess Contact Surfaces

Discontinuities

Welds Left in the As-
Welded Condition

Prior to Postweld
Finishing

After Postweld
Finishing

Welds Left in the As-
Welded Condition

After Postweld
Finishing

Reinforcement See Note (1) See Note (1) ¥4, in. (0.8 mm) max. | See Note (1) See Note (1)
Must be fully con- Must be fully con- Must be fully con-
sumed by final weld sumed by final weld | sumed by final weld | Per customer specifi- | Per customer specifi-

Tack welds bead bead bead cation cation
Arc strijees Note Nere Nere Nore Nore
Overlag None None None None None
Weld bgad width N/A N/A N/A N/A N/A
Minimym fillet

weld gize See Note (1) See Note (1) See Note (1) See Note (1) See Note (1)
Misalighment (mis-

match See Note (1) See Note (1) See Note (1) See Note (1) See Notg (1)
NOTES:
(1) Thq limits of ASME B31.3 shall apply.
(2) Dogs not apply to insulation sheathing and similar welds.
(3) Sp¢cial surface preparation may be needed to meet the criteria. Welds on piping that'has been in service may require unique criteria.
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Table MJ-8.4-1 Visual Examination Acceptance Criteria for Groove Welds on Tube-to-Tube Butt Joints

Discontinuities

Welds on Process Contact Surfaces

Welds on Nonprocess Contact Surfaces

Cracks

None

None

Lack of fusion

None

None

Incomplete penetration

None [see Fig. MJ-8.4-1, illustration ()]

None [see Fig. MJ-8.4-1, illustration (e)]

Porosity

None open to the surface; otherwise, see Note (1).

None open to the surface; otherwise, see Note (1).

Inclusions [metallic
(e.g., tungsten) or

None open to the surface; otherwise, see Note (1).

See Note (1)

nonmetalli¢]

Undercut None See Note (1)

Concavity 10% T, max. [see Fig. MJ-8.4-1, illustrations (c) and (d)]. 10% T,, max. [see Fig. MJ-8.4-1, illustrations|(c) and
However, 0.D. and I.D. concavity shall be such that the (d)] over entire circumferencedyith up to 1%% T,
wall thickness is not reduced below the minimum thick- permitted over a maximum<of 25% of the ¢ircum-
ness required in DT-3 [see Note (2)]. ference [see Note (2)].

Convexity 10% T,, max. [see Fig. MJ-8.4-1, illustration ()] [see 0.015 in. (0.38 mm) max/[see Fig. M)-8.4-1] illus-
Note (2)] tration (f)] [see Note~(2)].

Discoloratio Heat-affected zone (HAZ) may be permitted to have light Discoloration levelwill be agreed upon between

(heat-affecfed zone) straw to light blue color (see Figs. MJ-8.4-2 and the owner/tiser and contractor. Postweld céndi-
MJ-8.4-3). Any discoloration present must be tightly tioning’may’be allowed to meet discoloratipn
adhering to the surface such that normal operations requiréments at the discretion of the ownef/user.
will not remove it. In any case, the HAZ shall have no See‘Note (3).
evidence of rust, free iron, or sugaring. See Note (3).

Discoloration] None allowed. For welds in nickel alloys, and for welds Discoloration level will be agreed upon between

(weld bead in superaustenitic alloys made with nickel alloy inserts the owner/user and contractor. Postweld cndi-
or filler metals, slag is permitted as long as it is siluer tioning may be allowed to meet discoloratipn
to light gray in color and adherent to the surfacé. See requirements at the discretion of the ownef/user.
Note (3). See Note (3).

Reinforcemeft See Convexity See Convexity

Tack welds Must be fully consumed by final weld bead [see Note Same as process contact side.

(@)

Arc strikes None See Note (5)

Overlap None None

Weld bead Width No limit provided that-complete joint penetration is If process contact surface cannot be inspectpd
achieved. (such as I.D. of a tube beyond the reach o

remote vision equipment), then the nonprdcess
contact surface weld bead shall be straigh{ and
uniform around the entire weld circumfererce [see
Fig. MJ-8.4-4, illustration (a)]. The minimun} weld
bead width shall not be less than 50% of the
maximum weld bead width [see Fig. MJ-8.4-4,
illustration (b)]. The maximum weld bead mean-
der shall be 25% of the weld bead width, mea-
sured as a deviation from the weld centerline, as

defined in Fig. MJ-8.4-4, illustration (c).

Minimum thfoat

N/A

N/A

Misalignment (mis-
match) [Note (6)]
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15% T, max. [see Fig. MJ-8.4-1, illustration (b)], except
that 4 in. tube may have a maximum of 0.015 in.
(0.38 mm) misalignment on the 0.D. and 6 in. tube
may have a maximum of 0.030 in. (0.76 mm) misalign-
ment on the 0.D. Figure MJ-8.4-1, illustration (b) does
not apply to 4 in. and 6 in. tube [see Note (2)].
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Table M)-8.4-1 Visual Examination 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) T, is the nominal wall thickness of the thinner of the two members being joined. Weld metal must blend smoothly into base metal.

(3) Welds on tubing that has been in service may require unique criteria.

(4) Any weld that shows unconsumed tack welds on the nonprocess contact surface must be inspected on the process contact surface;
otherwise they are rejected. If the weld cannot be inspected on the process contact surface, rewelding per MJ-8.4.2 is not allowed.
Reweteins i 8 : ke Aact-surface-afterte e

(5) Arc|strikes on the nonprocess contact surface may be removed by mechanical polishing as long as the minimum design|wall thickness
is ot compromised.

(6) Nofe that misalignment is controlled on the O.D. and is based on allowable 0.D. dimensions and tolerances of fittings and|tubing. The
ownper/user is cautioned that this can result in greater I.D. misalignment because this also takes into consideration the wall thickness
dinjensions and tolerances of fittings and tubing. However, there are no specified I.D. misalignment acceptancecriteria.
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i

(a) Acceptable

10% Tw max

! M\\?’T

(c) 0.D. Concavity

P, NN

D Unacceptable

(e)Lack of Penetration

Fig. MJ-8.4-1 Acceptable and Unacceptable Weld Profiles for Tube Welds

15% T, max.

[for <4 in. (100 mm) 0.D7]

r

1.D.
(b) Misalignment (Mismatch)

10% Tw max. —

773\ |

(d) I.D. Concavity (Suckback)

0 015 in. (0.38 mm) max.

TWMNE

10% Tw max
(f) Convexity
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Fig. M)-8.4-2 Discoloration Acceptance Criteria for Weld Heat-Affected Zones on Electropolished 316L Tubing

T BTN s NG Y 1 g NP 41 X R T I T R R T
Sample #2 mple #3

Zz S e

wSIw T ] 3 T R
Qnmpln HA4 Qnmpln #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 NOTE: 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-2014.
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Fig. MJ)-8.4-3 Discoloration Acceptance Criteria for Weld Heat-Affected Zones on Mechanically
Polished 316L Tubing

Sample #2 Sample #3

Samnla #4
P L

Samanla HE
154 T

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 NOTE: 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-2014.
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Fig. MJ-8.4-4 Acceptable and Unacceptable Weld Bead Width and Meander

[ |
50% 50%
Acceptable when narrowest
part of weld bead = 50%
) . of widest part of weld bead Acceptable
Straight, uniform
weld bead ! P
@ |
I ]

Unacceptable when narrowest
part of weld bead < 50% of

oD
>75% Q <25%

widest part of weld bead Unacceptable
(a) Acceptable Weld Bead (b) Excessive Weld Bead (c) Excéssive Weld Bead Mepnder
Width Variation

GENERAL NOTE: Applies only to nonproduct contact surfaces and only if weld on product contact surface cannot be inspected.
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Table MJ-8.5-1 Visual Examination Acceptance Criteria for Tube-Attachment Welds

Groove Welds [Note (1)]

Fillet Welds

Welds on Process

Welds on Nonprocess

Welds on Process

Welds on Nonprocess

Discontinuities Contact Surfaces Contact Surfaces Contact Surfaces Contact Surfaces
Cracks None None None None
Lack of fusion None None None None
Incomplete pene- None None N/A [Note (2)] N/A
tration
Porosity None open to the sur- None open to the surface; None open to the sur- none open to the surface;
face; otherwise, see otherwise, see Note (3) face; otherwise, see otherwise, seepNote| (3)
Note (3) Note (3)
Inclusions None open to surface None open to surface None open to surface None open to”surface
[metallic | (e.g.,
tungsten) qr
nonmetalli¢]
Undercut None See Note (3) None, see Note (4) See Notes (3) and (5
Concavity 10% T, max. [see 10% T, [see Fig. MJ-8.4-1, 10% T, max. [see Fig. N/A, see Note (5)
Fig. M)-8.4-1, illustra- illustrations (c) and (d)] MJ-8.5-1, illustration
tions (c) and (d)]. How- over entire circumference (a) and Notes (4) and
ever, 0.D. and I.D. with up to 15% T, permit- (6)
concavity shall be ted over a maximum of
such that the wall 25% of the circumference
thickness is not [see Note (6)]
reduced below the
minimum thickness
required in DT-3 [see
Note (6)].
Convexity 10% T, max. 0.015 in. (0.38 mm) max. 10% T, max. [see Fig. N/A
and Note (3) MJ-8.5-1, illustration
(b) and Note (6)]
Discoloratior] (heat | Heat affected zone Discoloratign level will be Heat affected zone Discoloration level will be

affected zo|

he)

(HAZ) may be permit-
ted to have light straw
to light blue color (see
Figs. MJ-8.4-2 and
MJ-8.4-3). Any discolor-
ation present must.be
tightly adhering.to, the
surface such.that/nor-
mal operations will
not removesit. In any
casesthie HAZ shall
have_no evidence of
rust, free iron, or sug-
aring. See Note (7).

agreed- Upon between the
ownerjuser and contractor.
Rostweld conditioning may
be allowed to meet discol-
oration requirements at the
discretion of the
owner/user. See Note (7).

(HAZ) may be permit-
ted to have light straw
to light blue color (see
Figs. M)-8.4-2 and
MJ-8.4-3). Any discolor-
ation present must be
tightly adhering to the
surface such that nor-
mal operations will
not remove it. In any
case, the HAZ shall
have no evidence of
rust, free iron, or sug-
aring. See Note (7).

agreed upon betwegn the

owner/user and contractor.
Postweld conditionipg may
be allowed to meet|discol-
oration requirementp at the
discretion of the
owner/user. See Nofe (7).

Discoloratior

(wéld

bead)

None allowed. For
welds in nickel alloys,

Discoloration level will be
agreed upon between the

None allowed. For
welds in nickel alloys,

Discoloration level will be
agreed upon betwegn the
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and for welds 1n super-
austenitic alloys made
with nickel alloy
inserts or filler metals,
slag is permitted as
long as it is silver to
light gray in color and
adherent to the sur-
face. See Note (7).

OWNEr/UsSer and contractor.
Postweld conditioning may
be allowed to meet discol-
oration requirements at the
discretion of the
owner/user. See Note (7).
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Table MJ-8.5-1 Visual Examination Acceptance Criteria for Tube-Attachment Welds (Cont’d)

Groove Welds [Note (1)] Fillet Welds

Discontinuities

Welds on Process
Contact Surfaces

Welds on Nonprocess
Contact Surfaces

Welds on Process
Contact Surfaces

Welds on Nonprocess
Contact Surfaces

Reinforcement

See Convexity

See Convexity

N/A

N/A

Tack welds Must be fully consumed | Must be fully consumed by Must be fully consumed | Must be fully consumed by
by final weld bead; final weld bead; see Note by final weld bead; final weld bead; see Note
see Note (8) 9 see Note (8) )

Arc strijes Nore See-Note—{+6) Nore See-Note—+63

Overlag None None None None

Weld bgad width N/A N/A N/A N/A

Minimym fillet N/A N/A Per Client Spec. and Per Client Spec.|and Note

weld gize Note (4) (5)

Misalighment N/A as long as other N/A as long as other condi- N/A N/A

(mismatch) conditions are met tions are met

GENERAL NOTE: Tube attachment welds include groove welds and fillet welds in various joint cenfigtrations, such as proxinfity stems on

jumperg on transfer panels, transfer panel nozzles, and locator pins on sprayballs.

NOTES:

(1)  Apy weld where penetration is required into the joint.

(2) Pgnetration to the process contact surfaces is neither required nor prohibited. Welds'that penetrate through to the proce$s contact
sfirface may exhibit intermittent penetration. Weld penetration through to the\process contact surface must meet all othef process
cpntact surface requirements of this table.

(3)  The limits of ASME B31.3 shall apply.

(4) For welds designated by the owner/user as seal welds, there is no minimum fillet weld size or throat. Concavity requirements are not
applicable.

(5) For welds designated by the owner/user as seal welds, there is:ng minimum fillet weld size or throat. Concavity and undg¢rcut require-
nlents are not applicable.

(6) T} is the nominal thickness of the thinner of the two members being joined. Weld metal must blend smoothly into base metal.

(7)  Welds on tube attachments that have been in service may’require unique criteria.

(8 Rpwelding per MJ-8.5-2 is allowed.

(9)  Apy weld showing unconsumed tack weld(s) op-thenonprocess contact surface can be rewelded per MJ-8.5-2 if the procg¢ss contact
sfirface can be reinspected. Otherwise, it is rejected.

(10) Afc strikes on the nonprocess contact surfacesmay be removed by mechanical polishing as long as the minimum design yvall thick-
ngss is not compromised.
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Fig. M)-8.5-1 Acceptable Weld Profiles for Tube-Attachment Fillet Welds

10% Ly ‘'may.
(b) Fillet Weld Convexity >

(a) Fillet Weld Concavity
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wall Tw it | ) ( ).
thickness
I ) ( ).
Weld zone (b) Unacceptable Crack or Crevice on Inside or Outside
(a) Acceptable Beadless Weld

) ( g Twd | )

I ) ( I I ) I
(c) Unacceptable Pits or Pores on Wetted Surface (d) Voids (Microbubbles) in Weld Arep
[Notes (1)sand (2)]
R S

Twd | ) ( B ). (
) ( I ).( I
(e) Misalignment [Note (3)] (f) Unacceptable Inclusions in the Weld Zone

!
D D Tw | ) v L]
I L I I ) I
(g) Discoloration in Weld Area [Notes (4)'and (5)] (h) Inside Diameter Concavity [Note ()]
NOTES:
(1) Unacceptable if
) any single void diameter is > 10% Wwall*thickness, T,, or
b) the total for all void diameters.in_a/cross-sectional view is > 10% wall thickness, T,

(2) A few small voids are acceptable and_are usually localized in the center of the weld zone.

(3) Unagcceptable if misalignment is & 0% wall thickness, T,,. Note that misalignment is controlled on the 0.D. and is based oj allowable
0.0. dimensions and tolerances of fittings and piping. The owner/user is cautioned that this can result in greater I.D. misalignment
bedause this also takes infe _consideration the wall thickness dimensions and tolerances of fittings and piping. However, tl{ere are no
spdcified 1.D. misalignment acceptance criteria.

(4) Slight discoloration.is¢tormal and acceptable (straw color).

(5) Dark color is unacceptable (brownish).

(6) Unacceptable/if > 10% wall thickness, T,,.
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Fig. MJ-9.7.1-1 Acceptable and Unacceptable Weld Profiles for Beadless Welds
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Part SF
Process Contact Surface Finishes

SF-1 PURPOSE AND SCOPE

shown in Table SF-2.2-2 in addition to those shown in

The purpose of this Part is to provide process contact
surface firfish acceptance criteria for metallic and poly-
meric materials.

SF-2  MHTALLIC APPLICATIONS

SF-2.1 Applicable Systems

This Pait shall be applicable to all systems designated
by the owper/user or representative thereof.

Process [contact surface requirements shall apply to
all accessible and inaccessible areas of the systems that
directly orfindirectly come in contact with the designated
product.

These systems shall include, but are not limited to,
one or mqre of the following:

(a) USP| Water-for-Injection (WFI)

(b) USP|Purified Water

Tabte SF-2.2-1-

Visual examination shall be performed in aceoydance
with examination requirements in the'\BPV [Code,
Section V, Article 9, Visual Examination. Thé samg tech-
niques shall be used for eithers/eXaminatiqns or
inspections.

SF-2.4 Surface Condition

Process contact surfaces shall be finished Jusing
mechanical polishing, cold working, machining, passiv-
ation, or electropolishittg processes in conformande with
applicable sections)of this Part. When required py the
owner /uset, the'electropolishing or passivation cgntrac-
tors shall qualify their procedures in accordance with
the appropriate appendices as referenced in thig Part.
All surfaees shall be clean, and surface roughness values
shall be in accordance with Table SF-2.4-1. Cleanpliness
applies to finished components/equipment as prdduced

(c) USP|Pure Steam and packaged by the manufacturer. Subsequent ship-
() othgr product/process contact surface systems ping, storage, handling, and/or installation may| affect
SF-2.2 Ackeptance Criteria the cleanliness, and it will become a contractual issue
between owner/user and manufacturer/s¢rvice

Acceptance criteria, for common austenitic §tainless
steels as per Table MM-2.1-1, are listed in Tables SF-2.2-1
and SF-2.p-2. Acceptance criteria for other alloys as
described n Part MM may differ and should be mutually
agreed uppn by both the owner/user and supplier prior

provider.

SF-2.5 Electropolishing Procedure Qualification

Electropolishing service providers shall maintajn and

to orderinf material. Visual comparison charts or sam- ~ implement a quality assurance/control progrgm for
ples may He used to define acceptable and /or unaccept- their electropolishing procedures. They shall also qualify
able process contact surfaces; their electropolishing method(s) in accordance ith a

written procedure. This procedure shall speciffy the

ssification-of Process Contact Surface

SF-2.3 Ex’Fmination Techniques Employed in the
Cl
Finishes

Process |confact surface finish examinations shall be
made by ¢ne’or more of the following methods:

acceptable ranges of the electropolishing esdential
variables.
Nonmandatory Appendix H, Electropoljshing
Procedure Qualification, has been provided as a [guide.
Flash electropolishing shall not be acceptablg. Spot

(a) visual examination
(1) direct visual examination
(2) indirect visual examination (e.g., borescopes,
mirrors)
(b) liquid penetrant testing
(c) surface roughness
(profilometer)
Acceptance criteria for metallic process contact sur-
face finishes are shown in Table SF-2.2-1.
Acceptance criteria for electropolished metallic pro-
cess contact surface finishes shall meet requirements

measurement device
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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
components. Passivation shall be performed in accor-
dance with an approved quality assurance/control pro-
gram. The passivation method(s) including procedures
for initial water flushing, chemical cleaning and degreas-
ing, passivation, and final rinse(s) shall be qualified in
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Table SF-2.2-1 Acceptance Criteria for Metallic Process Contact Surface

Finishes

Anomaly or Indication

Acceptance Criteria

Pits

Cluster of pits

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 in.
(13 mm) inspection window. The cumulative total diameter
of all relevant pits shall not exceed 0.040 in. (1.02 mm)

Dents
Finishing marks

Welds

Nicks

Scratches

Surface cracks

Surface inclusions
Surface residuals
Surface roughness (Ry)

Weld slag

Porosity

Buffing

None accepted [Note (3)].
If Rg max. is met.

Welds used in the as-welded condition shall meet the
requirements of MJ-8.

Welds finished afterwelding shall be flush with the<base
metal, and concavity and convexity shall méet the
requirements of MJ-8. Such finishing shallm€et the
Rg 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/Ox 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.

For vessels, ifdength <0.50 in. (13 mm) at 0.003 in.

(0.08 mm) depth and if <3 per inspection
window~[Note (4)].

None-accepted.

[f\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.

None accepted.

NOTES:

GENERAL NOTE: This table covers surface finishes that are mechanically polished or any other finishing
meéthod that meets the R, max.

(1) Black bottom pit of any depth is not acceptable.

. . s — — ; . P . .
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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).

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

141

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT



https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

Table SF-2.2-2 Additional Acceptance Criteria for Electropolished Metallic
Process Contact Surface Finishes

Anomaly or Indication

Acceptance Criteria

Blistering
Buffing
Cloudiness

End grain effect
Fixture marks
Haze

Orange peel

None accepted
None accepted
None accepted
Acceptable if R, max. is met
Acceptable if electropolished
None accepted
Acceptable if R, max. is met

Stringer indication
Weld whitening
Variance in luster

Acceptable if R, max. is met
Acceptable if R, max. is met
Acceptable if R, max. is met

Table SF-2.4-1

R, Readings for Metallic Process
Contact Surfaces

Mechanically Polished [Note (1)]

Surface Rqa Max.
Designation pin. pm
SFO No finish requirement No finisk reqlirement
SF1 20 051
SF2 25 0.64
SF3 30 0.76
Mechanically Polished [Note (1)] and
Electropolished
Ry Max.
i pm
SF4 15 0.38
SF5 20 0.51
SF6 25 0.64

GENERAL NOTES:

(@ All R, réadings are to be in accordance with ASME B46.1.
(b) All R readings are taken across the lay, wherever possible.
(¢) No single R, reading shall exceed the R; max. value in this

table.

NOTE:

accordancg with'a written procedure and documenta-
tion packajgeyThis procedure shall specify the acceptable

(d)) 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.

to ensure the presence of a passive layer shall be agreed
to between the owner/user and contractor.

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.

For passivated process contact surfaces, the accept-
ance criteria in Table SF-2.6-1 apply in addition to
Table SF-2.2-1 and / or Table SF-2.2-2, as applicable. Tests

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)

Copyright ASME International
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Table SF-2.6-1 Acceptance Criteria for Metallic Passivated Process 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

None accepted

Visible oils or organic compounds

None accepted

GENERAL NOTES:

Qualification.

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York, NY
10016-5990; Order Department: 22 Law Drive, P.O.
Box] 2900, Fairfield, NJ 07007-2900 (www.asme.org)

ISO 3274, Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Nominal character-
isti¢s of contact (stylus) instruments

ISO 4987, Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Terms, definitions
and| surface texture parameters

ISO 4988, Geometrical Product Specifications (GPS).—
Surface texture: Profile method — Rules and proce-
durgs for the assessment of surface texture

ISO 11562, Geometrical Product Specifications:(GPS) —
Surface texture: Profile method — Metrological char-
actgristics of phase correct filters

Publisher: International Otrganization for
Stafpdardization (ISO) Central Se¢retariat, 1, ch. de la

i¢-Creuse, Case postale.56) CH-1211, Geneve 20,

Royge is a naturally occurring phenomenon in
existihg stainless'steel high purity process systems
(inclufling water or pure steam). The degree to which
it forrhs deépends upon

(a) fhestainless steel material used for each compo-

(@) 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 EvalGatieh of
Cleaned and/or Passivated Surfaces in Nonmandatory Appendix E, Passivation Procedufé

and/or long-termi»oOperation of the| system.
Nonmandatory Appendix D, Rouge and Staipless Steel,
provides the methods to measure rouge in & system in
both the process solution and on the actual pfocess con-
tact surfate. It also suggests various fabri¢ation and
operation practices to minimize rouge fornjation and
methods/techniques for its remediation. See definition
ofx6tge in GR-8.

For more information, refer to the ISPE Water and
Steam Systems Baseline® Pharmaceutical Ehgineering
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 qureof.

Process contact surface requirements shall apply to
all accessible and inaccessible areas of the systems that
directly or indirectly come in contact with the ¢lesignated
product.

These systems shall include process systemp and clean
utilities.

SF-3.2 Materials

The preferred materials of construction foy these sys-
tems shall be as described in PM-2, Materials.

nent within the system

(b) how the system was fabricated (e.g., welding, sur-
face finish, passivation treatment)

(c) what process conditions the system is exposed
to (e.g., water purity, process chemicals, temperatures,
pressures, mechanical stresses, flow velocities, and con-
centration of dissolved gases, such as oxygen or carbon
dioxide)

(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,

SF-3.3 Examination Techniques Employed in the
Classification of Process Contact Surface
Finishes

Process contact surface finish inspections shall be
made by one or more of the following methods:
(a) visual inspection
(1) direct visual examination (e.g., illumination
through pipe/tube wall)
(2) indirect visual examination (e.g., borescopes,
mirrors)
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Table SF-3.3-1

Acceptance Criteria for Polymeric Process

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 inclusions

Surface roughness, R,

None accepted

See Table SF-

3.4-1.

GENERAL NOTE:

All process 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
Process Contact Surfaces

Surface Ra max.
Designation win. ©rm
SFPO No finish requirement No finish«tequirement
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.

(b) surface roughness measuremert device: profilo-
meter or gther surface measurement devices
Acceptance criteria of polymetig process contact sur-

(@ No single R, reading shall exceed the R, max. value in this

(b) Other R, reading$ are available if agreed upon between owner/
user and supplier, not to exceed values in this table.

(1) as molded
(2) as extruded
(3) as machined

face finishes are shown in Table SF-3.3-1. (4) as fabricated from molded, extrud¢d, or
Visual ¢xamination shall:be performed under ade- machined components

quate roomn lighting. Additional lighting shall be used (b) sheet, rod, and block

when apptopriate to illurhinate blind or darkened areas (1) as molded

and to clafify questionable areas. (2) as extruded
The samje techniquies shall be used for either examina- (3) as machined after molding or extrusion

tions or irspecpons. These are generally utilized terms and may hot be

appheable—inal-eases—Fhefinal-eriteriashal-beldeter-
PP

SF-3.4 Surface Condition

The following surface finishes of polymeric materials
are available:
(a) piping/tubing and fittings
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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 th¢ sealing components of seals, valves, and fittings
used ih the bioprocessing industry. These sealing compo-
nents |create or maintain process boundaries between
systen components and/or subassemblies to ensure
procegs system integrity. This Part defines the design of
seals, valves, and fittings. This Part also enables equip-
ment [manufacturers, system designers, and owners/
users fo specify 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 tpchnologies.

SG-2| SEALING COMPONENT TYPES
SG-2.1 General

Sealing components used in bioprocessing equipment
take g variety of forms based on their function within
the system and the process boundaries to the atmo-
spher¢ and other systems, which they must maintain.
The fqllowing sections define the main types df sealing
comp¢nents and their acceptability for use in the bio-
procegsing industry. For this section, seals are divided
into sfatic and dynamic seals. All acceptable seals shall
meet fhe design criteria, materials,.and performance
charagteristics contained in this Standard.

SG-2.2 Static Seals

SGr2.2.1 General.~ A'static seal is characterized by
the absence of relativé.motion between sealing surfaces,
or befween the.sealing surface and a mating surface,
after jnitial installation. Small amounts of movement
that rIght be\caused by thermal expansion, vibration,

bolt sfretch/ or seal response to fluid pressure, do not
alter

estatic definition

(See Figs SG-2.2.2-3and 5G-2.2.27%))

Other hygienic unions and cross-sectional‘geometries
shall meet all of the requirements of this'Standhrd, except
for the ferrule dimensions.

Nonhygienic connections shown‘in Fig. SG}2.2.2-5 are
not recommended (e.g., threadedfittings expdsed to pro-
cess fluid).

S$G-2.2.3 0-Ring Seals:” An O-ring is a ring seal with
a circular cross sectionr(a toroid), designed t¢ be seated
in a groove and ¢cempressed during assembly. O-rings
are most oftendised as static seals. These are ysed exten-
sively in hygienic applications and can seal bdth radially
and axially©pposed faces. Common static Oing appli-
cations include sealing fasteners, shaft coupjlings, and
pump ‘and filtration components.

Qther ring seal geometries of varying crops sections
(e’g., manway gaskets) may be used in hygierjic applica-
tions. However, significant differences may exist in their
performance (e.g., pressure and cleanability) gnd should
be evaluated accordingly.

Examples of O-ring industry standards include
SAE AS568, Aerospace Size Standard for O{Rings and
ISO 3601, Fluid Power Systems — O-Rings.

For use in bioprocessing applications, Ofrings and
their mating surfaces shall meet the requirempnts of this
Standard.

S$G-2.2.4 Other Static Seals. Other static|seals used
in bioprocessing applications shall meet tHe require-
ments of this Standard (e.g., flat gaskets, L-cups, U-cups,
stoppers, septums, and bioseals).

Inflatable static seals are static seals where|gas is 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 compopents, and
in connections, to support structures.

S$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.

S$G-2.3.1 Valves

S$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. 5G-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

4 >

| &

(a) Typical Hygienic Clamp Union — (b) Typical Hygienic Clamip Union — (c) Typical Hygienic Clamp Union —
1in. anq 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-

(Accepted)

(Accepted) (Accepted)

Fig. SG-2.2.2-2 Hygienic Clamp Union per Table DT-7-1

Symmetrie\ferrules
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Fig. SG-2.2.2-3 Hygienic Union per DIN 11864

N
—H

(Accepted)

Fig. SG-2.2.2-4’ Hygienic Clamp Union per DIN 11864

Asymmetric ferrules

O-ring

Clamp

(Accepted)
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Fig. SG-2.2.2-5 Nonhygienic Connections

(Not Accepted For Hygienic Service)

Actual sealing point
Crevice area

/ @ 2 )7[/ /Tubing
Aﬁ

Fitting or Valve

(a) Roll-On Fitting
(b) Compression Fitting

Major crevice area

5

, e \

Rough intgrior
finish

<

(c) Threaded Joint Clearance at bolt % Gasket not positively
holes'may permit “““ IHH located may slip
misalignment =~ and cause large drevice

@ (d) Flanged Joint

(e) Bevel Seat \_ﬁ > ﬁ

Fitting7 /—Crevice area

Tubing or pipe

(V /k / I3 \- Difficult to clean
) = f] Nozzle Detail

\Lzzr

(g) Socket Joint
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Fig. $G-2.3.1.2-1 Weir Valves

(a) Weir Diaphragm Valve

SG-2.3.1.2 Diaphragm Valves

(a) Weir Diaphragm Valve, Weir Diaphragm Tank Bottom
Valve.| The diaphragm seal is a flexible membrane that
forms| positive closure when compressed against the
weir ($ee Fig. SG-2.3.1.2-1). The diaphragm is a product/
procegs contact seal creating both static (atmospheric)
and dynamic (differential) seals.

(b) Radial Diaphragm Valve, Radial Diaphragm Tank
Bottony Valve. The diaphragm seal is a flexible membrane
that fprms positive closure when compressed against
a radial seat (see Fig. 5G-2.3.1.2-2). The diaphragm’is
typicdlly a product/process contact seal creating-both
static|(atmospheric) and dynamic (differential) seals.
Howgver, in some designs static seals, may be used
between body components.

(c) Weirless Diaphragm Valve. The/diaphragm seal is a
flexible membrane that modulate$ flow across a weirless
valve|body and also forms(pesitive closure when
compfressed against the weirless valve body (see

(14)

ing or éiaphragm, or a metal-to-metal seal/seat.

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. 5G-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.
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(b) Weir Diaphragm Tank Bottom Valve

A dynamic seal\is used on a rotary
Fig. 5G-2.3.1.34).

SG-2.3:1 Rising Stem Single, Doubls
Proof, Needle Valves. Plug(s) are used to
againstseat(s). Dynamic seal(s) are used
sterfa(s). Static seals are used between body ¢
(see Fig. 5G-2.3.1.4-1).

SG-2.3.1.5 Butterfly Valves. The seat/5
a dynamic seal when the disc is rotated into
position (see Fig. 5G-2.3.1.5-1). The seat/seal
the primary stem seal to prevent leakage thr
journal.

SG-2.3.1.6 Thermostatic Steam Trap.
seat is closed by a plug attached to a dynany
seal. The body cavity for a serviceable ste
typically sealed by a static seal (see Fig. SDA

tem (see

e Seat Mix
close flow
on linear
mponents

eal creates
the closed
also forms
pugh stem

The valve
ic bellows
m trap is
3.1.2-1).

S$G-2.3.1.7 Back Pressure Control Valve.

A non-

sliding seal (such as a diaphragm) is used to spal a linear
stem. For closure, the valve may use a soft s¢al such as
an O-ring or diaphragm, or a metal-to-metall seal/seat
(see Fig. SG-2.3.1.7-1). To regulate the flow, th¢ operating
diaphragm responds to pressure to control the regulat-
ing plug and functions as a static seal qround its
perimeter.

318 alve: by se a flexible
tube or sleeve that forms a differential seal when closed
(see Fig. 5G-2.3.1.8-1).

SG-2.3.1.9 Check, Pressure Relief, and Safety
Pressure Relief Valves
(a) A check valve is a unidirectional flow device (see
Fig. 5G-2.3.1.9-1). When the application requires draina-
bility, a check valve may include provisions for drainage,
such as flats, drain holes, or a drain port.
(b) A pressure relief valve is a type of valve that
relieves pressure in a system in order to protect against
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Fig. SG-2.3.1.2-2 Radial Valves

=
o

(a

Radial Diaphragm Tank Bottom Valve

N

P A

(c) Bello

lvs Radial Diaphragm Tank Bettom Valve

—e .

(b) RadialyDiaphragm Valve

NPS_-

v

.

é Y

(d) In-Line Radial Diaphragm Valve

Fig. SG-2.3.1.2-3 Weirless Diaphragm Valve
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Fig. SG-2.3.1.2-4 Linear Control Valves
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(b) Linear Control Valve
With Elastomer Diaphragm Seal

& R

(c) Linear Control Valve
With Metallic Diaphragm Seal

Fig. SG-2.3(1.2-5 Regulator Valve
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Fig. SG-2.3.1.3-1 Ball Valves

____________ =, ENNT
e 78\5

(a) Ball Tank Bottom Valve (b) BallValve

Fig. SG-2.3.1.4-1 Rising Stem Single, Double Seat Mix Proof, and Needle Valves

|
7777 | (77777
I

0
|
| i

\ ' D
I

(a) Rising Stem Single Valve (b) Double Seat Mix Proof Valve (c) Needle Valve
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Fig. 5G-2.3.1.5-1 Butterfly Valve

Fig. SG-2.3.1.7-1 Back Pressure Control Valve

A\ \\

(a) Pinch Valve Open (b) Pinch Valve Closed
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(14) Fig. SG-2.3.1.9-1 Pressure Relief and Check Valves

ol

Open (Flow) Position Closed (Check) Position
(a) Spring-Type Check Valve

Flow

Open (Flow)-Pesition Closed (Check) Position
(b) Poppet-Type Check Valve (Vertical Configuration) [Note (1)]

Normal Flow Direction

& @

p . I
A /
%y e

Open (Flow) Position
(c) Poppet-Type Check Valve (Horizontal Configuration) [Note (1)]

Closed (Check) Position

NOTE:
(1) Grey color represents back flow blocked by the poppet.
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Fig. $G-2.3.1.10-1 Plug Valve

mechgnical damage of equipment. An override device
may he used to allow flow through the valve for the
purp¢se of cleaning. Pressure relief valves allow
bypasping of the over-pressured fluid back into the pro-
cess line or a safe location (e.g., from a pump discharge
back fo the pump suction).

(c) A safety pressure relief valve is a type of valve
used tp relieve the pressure in a system or vessel, caused
by a grocess upset, instrument or equipment failure, or
fire. Ifs purpose is to protect people and equipment
from p potential explosion or leaks. The flow is one-
directjonal. In case of over-pressure, the fluid is dis¢
chargled to a safe location outside the pressurized
systerh.

Sl-2.3.1.10 Plug Valves. The plug-bodj.valve or
plug-deal valve functions as a dynamic seal-against the
img plug (see Fig. 5G-2.3.1.10-1).

SG}2.3.2 Mechanical Seals

-2.3.2.1 General

(a) JAn end face mechanical)seal is a device that con-
. trols leakage of fluids along rotating shafts. Sealing is
" acconjplished by a stationary face bearing against the
- face of a rotating ring‘mounted to the shaft. The sealing
- faces gre perpendicular to the shaft axis. Axial mechani-
- cal forre and fluid pressure maintain the contact between
~ the wearing:seal faces.
Selection of the proper seal for the specific equip-

user. The owner/user shall consult the equipment
supplier/manufacturer.
S$G-2.3.2.2 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
observable leakage path to the atmosphere.

(c) Single mechanical seals weep fluid across the face
in the direction from high pressure to low pressure.
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Fig. SG-2.3.2.2-1_-Single Mechanical|Seal

Rotating face

ionary face

Process side

Atmospheric side

(d) Single Mechanical Seals for Pumps
(1) The process fluid provides lubricatioh and cool-
ing for the faces. A single seal operating in dlry or vac-
uum conditions will result in seal failure.
(2) Not all process fluids will providg adequate
lubrication and cooling. In this case an alterhative seal
design or flush plan shall be considered.
(3) A typical single seal for pumps is ill
Fig. 5G-2.3.2.2-1.
(e) Single Mechanical Seals for Top Mounted|Agitators
(1) Single mechanical seals for top moupted agita-
tors operate in the head space of the vessdl typically
~ a idl.

istrated in

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. 5G-2.3.2.2-2.

SG-2.3.2.3 Dual Mechanical Seals

(a) Dual Pressurized Mechanical Seals
(1) Dual pressurized mechanical seals consist of an
inboard mechanical seal and an outboard mechanical
seal. Pressurized barrier fluid is injected between these
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Fig. SG-2.3.2.2-2 Single Seal for Top Entry Agitator

Atmospheric side

Rotating face

| Stationary face

Fig. $G-2.3.2.3-2 Dual Pressurized Mechanical Seal
for Top Entry Agitator

Atmospheric side

] Stationary face
o =

N‘\Debris well

Process side

Fig. SG-2{3.2.3-1 Dual Pressurized Mechanical Seal
for Pumps

Barrier outlet

Rotating face
Process side

Atmospheric side

Stationary side

Barrier inlet

two seals. [The inboard mechanical seal has pro¢ess con-
tact, and the outboard mechanical seal has atmospheric
contact.

essurized barrier fluid means'the barrier fluid

(3) Dpal pressurized mechanical seals offer abso-
lute separption of process andatmosphere.

(4) The pressurized bastier fluid will weep into the
process arld will weeplinto the atmosphere.

(5) Tle owney/user shall arrange for a pressurized
barrier flujid to bevintroduced between the inboard seal
and the oytboarg'seal to ensure a positive barrier exists
between the\process and the atmosphere. A liquid bar-

Bartier outlet

R
g R

Rotating|face

Debris well

\/

Process side

Barrier iplet

(b) Dunl Unpressurized Mechanical Seals
¢1)."Dual unpressurized mechanical seals corfsist of
aninboard mechanical seal and an outboard mechanical
séal. Buffer fluid is injected between these two| seals.
The inboard mechanical seal has process contadt, and
the outboard mechanical seal has atmospheric c¢ntact.
(2) Unpressurized buffer fluid means the puffer
fluid pressure is lower than the process pressure facting
on the inboard mechanical seal. The highest presgure in
the sealing system is the process pressure on the ifjboard
side of the inboard seal. The lowest pressure of the sys-
tem is the atmosphere pressure on the outboard|seal.
(3) Dual unpressurized mechanical seals offef abso-
lute separation of the atmosphere from the proceps, but
do not provide absolute separation of the procesp from
the atmosphere.
(4) Process fluid will weep into the unpresspirized
buffer fluid, and the buffer fluid will in turn wedp into
the atmosphere along with dilute process fluid.
(5) The owner/user shall arrange for an unpgessur-
ized bulffer fluid to be introduced between the inboard

rier fluid such as water also cools and lubricates the dual
mechanical seal. Gas barrier fluid such as air provides a
barrier between the atmosphere and process only and
does not provide cooling or lubrication to the seal faces.

(6) Providing barrier fluid flow and pressure at an
appropriate temperature is the responsibility of the
owner/user and shall be based on the recommendation
of the equipment manufacturer.

(7) A typical dual pressurized mechanical seal
is illustrated in Fig. 5G-2.3.2.3-1 for pumps and
Fig. SG-2.3.2.3-2 for top entry agitators.

seal and the outboard seal to ensure a bulfer between the
product and the atmosphere. The process will penetrate
between the inboard seal faces. The buffer fluid with
traces of process fluid will penetrate the outboard seal
faces.

(6) Providing buffer fluid flow and pressure at an
appropriate temperature is the responsibility of the
owner/user and shall be based on the recommendation
of the equipment manufacturer.

(7) A typical dual unpressurized mechanical seal
is illustrated in Fig. SG-2.3.2.3-3.
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Fig. $G-2.3.2.3-3 Dual Unpressurized Mechanical
Seal for Pumps

Buffer outlet

Process side Rotating face

Atmospheric side

[P

Fig. SG-2.3.2.4-2 Flush Plan 02

£
--------- y-race

WBUHGF inlet

Fig. SG-2.3.2.4-1 Flush Plan 01

Inlet

Seal chamber

SG-2.3.2.4 Flush Plans. ~A flush plan describes
how the end face mechanjcal-seal is lubricated and
cooled. The flush plan ntimbers directly reflect plans
that were developed.by ' The American Petroleum
Institute (API 682)5subsequently approved by the
Amerjican National/Standards Institute (ASME B73
series), and are global standard shorthand for seal sup-
port gystems:Nf properly implemented to the require-
mentd| of this Standard, all of the following flush plans
are acfeptable for use in the bioprocessing industry. The

% 5

Fig.)$G-2.3.2.4-3 Flush Plan 03

Seal chamber
(with circulation tp pump)

(b) Flush Plan 02. Dead-ended seal chamber with no
other sources of flush for single seal. The ambjient 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 03. Dead-ended seal chamb¢r with cir-

culation between the seal chamber and the pupnp created
by the design of the sealing chamber. The flow]of product
cools and lubricates the seal faces and may grevent 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 associ-
ated with FSA). ISO 21049, API 682, and ISO 13709 also
contain important information about support systems
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. SG-2.3.2.4-1.

accumulation of solids in the seal chamber. See
Fig. 5G-2.3.2.4-3.

(d) 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
of product cools and lubricates the seal faces. See
Fig. 5G-2.3.2.4-4.

(e) Flush Plan 32. Seal flush from external source. This
plan is used for single seals. A fluid that is compatible
with the process is injected into the seal cavity to cool
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Fig. $G-2.3.2.4-4 Flush Plan 11

Pump discharge

Fig. SG-2.3.2.4-6 Flush Plan 52 for Pump

Reservoir

% F__——Buffer outlet

Fig. SG-2.3.2.4-5 Flush Plan 32

External source

Flush

and lubridate”the seal. Plan 32 flush fluid will go into

: ) /Buffer inlet

N

Fig. $G-2.3.2,4:7 Flush Plan 52 for Top En{ry
Agitator

oir

outlet

inlet

The seal cavity is vented to a low pressure poinf. This
flush plan is used exclusively for dual unpressprized
seals. See Fig. 5G-2.3.2.4-8.

(h) Flush Plan 53. This plan is for pressurizedl dual
seals only. Pressurized barrier fluid is circulated through
a reservoir where the barrier fluid is cooled then

the process. See Fig. SG-2.3.2.4-5.

(f) Flush Plan 52. This plan is for unpressurized dual
seals only. Unpressurized buffer fluid circulates through
a reservoir. The buffer fluid is at a pressure less than
the product side of the inboard seal. This plan offers
protection from product entering the atmosphere, and
when used under vacuum conditions, from the atmo-
sphere entering the seal chamber. See Figs. 5G-2.3.2.4-6
and 5G-2.3.2.4-7.

(g) Flush Plan BPE52. Flow and pressure is taken from
the pump discharge and injected between the dual seals.

returned to the seal cavity. Circulation must be provided
by a pumping device located in the dual seal design.
This arrangement ensures that the atmosphere and
pumped product cannot cross-contaminate. The barrier
fluid shall be compatible with the product. See
Figs. 5G-2.3.2.4-9 and SG-2.3.2.4-10.

(i) Flush Plan 54. This plan is for dual pressurized
seals only. Pressurized barrier fluid is circulated through
the dual seal cavity from an external source. The source
of flow and pressure is undefined in this flush plan. The
barrier fluid pressure between the inboard and outboard
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Fig. SG-2.3.2.4-8 Flush Plan BPE52 for Pump

Pump discharge

T D= n.- . .
e == Hygienic pressure and
l'\@ \ flow control device

.¢

’ 7

12,

Fig. $G-2.3.2.4-10 Flush Plan 53 for Top Entry
Agitator

%Resewor

——butrer outlet

|

| —Buffer inlet

Ky

]
I
<y
>
|

N

N\,

Fig. $G-2.3.2.4-9 Flush Plan 53 for Pump

;\[\r\
\v\v

seal slall be higher than the process pressure acting on
the inpoard seal’\The barrier fluid shall be compatible
with |the product. See Figs. SG-2.3.2.4-11 and
5G-2.3.2.432:

() Flush Plan 55. This plan is for unpressurized dual

)

I Barrier'outler

Barrier inlet

(

[ T—
N
Bprrier outlet
Bprrier inlet
)

Fig. SG-2:3.2:4-11 Flush Plan 54 for Pump

Barrier outlet

o

hrrier inlet

inboard and outboard seal shall be higher thgn the pro-
cess pressure acting on the 1nb0ard seal. The barrier

seals only. Unpressurized buffer fluid is circulated
through the dual seal cavity from an external source.
The source of flow and pressure is undefined in this
flush plan. The buffer fluid is at a pressure less than
the product side of the inboard seal. This plan offers
protection from product entering the atmosphere and,
when used under vacuum conditions, from the atmo-
sphere entering the seal chamber. See Figs. SG-2.3.2.4-13
and 5G-2.3.2.4-14.

(k) Flush Plan 74. This plan is for gas pressurized dual
seals only. The barrier fluid pressure between the

flaid—mustbe—ecom duct. See
Figs. 5G-2.3.2.4-15 and 5G-2.3.2.4-16.
S$G-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
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Fig. $G-2.3.2.4-12 Flush Plan 54 for Top Entry

Agitator
Fig. SG-2.3.2.4-15 Flush Plan 74 for Pump
< Barrier outlet J m
@/ Vent valve|
N Gas’barrief outlet
2 I— Barrier inlet I
Gas barrief inlet
(14) Fig. $G-2.3.2.4-13 Flush Plan 55 for Pump

Buffer outlet

Fig. SG-2.3.2.4-16 Flush Plan 74 for Top Entry

Buffer inlet Agitator
Barrief outlet
p
(14) Fig. S6-2.3.2.4-14 Flush Plan 55 for Top Entry < Vent valve
Agitator
=
\_) Buffer outlet N
A N
Barrier inlet
Buffer inlet
\)
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inner and outer elements, and has limited or no longitu-
dinal movement.

SG-3 SEALING COMPONENTS GENERAL DESIGN
REQUIREMENTS (GENERAL PROVISIONS)

SG-3.1 Seal Design Conditions

The equipment supplier/manufacturer shall be
informed of all the conditions under which the seal may

SG-3.2.1 Cleaning Systems

(a) Clean-in-Place (CIP). The process contact sur-
face(s) part of a seal shall be designed so that accumula-
tion of system media can be removed through the action
of a cleaning solution. The seal should be placed to allow
for best drainability.

(b) Clean-out-of-Place (COP). Disassembly for
cleaning.

$G-3.2.2 Sterilizing Systems. Seal requirements

be exy ectedto operate: Theseshattrctude raddition
to the ervice temperature and pressure, any parameters
that mjay 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
servicp life expectancy and the methods that will ensure
that tlhe seal operates within its design specification.

SGf3.1.1 Service Temperature. Seals shall be capa-
ble of preventing unacceptable leakage when thermally
cycled between the rated upper and lower temperature
limits] The number of allowable thermal cycles shall be
stated by the manufacturer.

SG[3.1.2 Service Pressure. The service pressure is
the mpaximum permissible usage pressure for which the
seal njeets the maximum permissible leakage rate. The
servicp pressure and acceptance level for pressure rating
shall e furnished by the seal supplier/manufacturer.

SG43.1.3 Bioburden. Bioburden is the concentration
of migrobial matter per unit volume. Microbial matter
includes viruses, bacteria, yeast, mold, and parts.thereof.

$G-3.1.4 Cavitation Resistance. The seal‘shall be
placed so as to minimize damage by cavitation.

S$G-3.1.5 Sterilization. The complete sterilization
procedlure shall be supplied by the-owner/user. This
shall |nclude the methods, frequéncy, and length of
operation.

$G-3.1.6 Cleaning. «The complete cleaning proce-
dure ghall be supplied“by the owner/user to the sup-
plier fmanufacturer for evaluation and selection of
compitible material. This shall include the methods,
frequgncy, anddength of operation.

SGf3.1.7,*Passivation. The complete passivation
procedluxé-shall be supplied by the owner/user. The

shall be based on the sterilization method, u}ilized. All
process contact seal surfaces shall be desighgd to mini-
mize cracks and crevices. When cracks,and crpvices can-
not be avoided, sterilization testing,shall be performed
to validate sterility within the §ystém bounfdaries. All
seals and seal contact surfates shall be d¢signed to
accommodate expansion afd,contraction dufing steril-
ization and cooling-dowitstages. Seal materipls that are
corrosion-resistant to-saturated steam and gure steam
shall be used. Thekseal should be placed td allow for
drainage of fluid\The following are typical|sterilizing
systems:

(a) Stear?in“Place (SIP). Allseals and their
shall have a minimum temperature rating
requirements of SD-2.3.1.1.

(b)) Chemical sterilization.

{c) Hot air sterilization at 160°C (320°F).

(d) Irradiation.

hssemblies
eeting the

$G-3.2.3 Passivation Systems. The following 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 gn the seal.
See Nonmandatory Appendix D: Rouge angl Stainless
Steel; and Nonmandatory Appendix E: Phssivation
Procedure Qualification.

SG-3.3 Seal Construction

$G-3.3.1 Materials
(a) Biocompatibility. Biocompatibility testinng 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 produg¢t group as
long as the materials used and the manufacquring pro-

equipment supplier/manufacturer shall inform the
owner/user whether the seal will be able to perform as
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.
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cess are representative of the entire group. Biocompati-
bility testing must be repeated for significant changes
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
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when the exposure is at elevated temperature. Material
selection shall be governed by Part PM and reference
Form R-1, Application Data Sheet. It is unlikely that any
single seal material can withstand all conditions present
in the facility. Material selection should be done in con-
cert with the seal supplier/manufacturer to ensure that
seal performance is maximized for each location within
a process. However, material selection remains the
responsibility of the owner/user.

(c¢) Permeation Resi 2 2 2
included in seal leakage criteria and not addressed as
an individual topic.

auce £ perme Qn 2 ars

(1) Sdals shall be free of molding imperfections or
burrs within the system boundary and on sealing
surfaces.

(2) Sdals shall be free of foreign matter on surfaces
within thg system boundary and on sealing surfaces.

(3) Surfaces to be sealed shall meet specifications
provided by seal supplier/manufacturer based on per-
formance pnd the requirements in Part SE.

(4) Molded seals and components shall have mold-
ing flash gemoved to prevent contact with the product
stream.

(e) Particle Generation. Seal designs should minimize
wear that generates particles that could enter the
product.

(f) Lubrjcation. When required to facilitate installa-
tion, seals may be lubricated with an acceptable lubricant
that is copatible with the seal material and process:
The supplier/manufacturer shall advise the owner /aser
of special|lubrication requirements. The selection of
accepted|lubricant is the responsibility “of the
owner / usr.

SG-3.3j2 Design

O-ring connections. Figure 5G-2.2.2-5 illustrates not
accepted connections. In addition, the following general
requirements apply to all hygienic static seals:

(1) Gaskets and O-ring seals shall seal and meet
the cleanability and bioburden control requirements of
the application. Fittings should be selected or designed
to consider the gasket or O-ring geometry, materials
of construction, and seal performance under operating
conditions.

and

i p
self-positioning.

(b) Hygienic Unions. Most common hygienic [union
geometries used in bioprocessing are listedin SG-2.2.2.
All hygienic unions shall comply with_general flesign
requirements in this Part, material requiremgnts of
Part PM and Part MM, and surfacefinish requirgments
of Part SE. Intrusion categaories’of hygienic sedls are
defined in SG-4.2 and illustrated in Fig. SG-4.2-1.

(c) O-Ring Seals

(1) General O-Ring)und Gland Design Criterfa. An
O-ring is a seal with a circular cross section (a tproid),
designed to beseated in a groove and compressed dur-
ing assembly:, These are most often used in statiq seals.
O-rings ate sed extensively in hygienic applidations
and cangseal by applying compression (squeeze) pn the
radially*and/or axially opposed faces. In addiIon to
sealing performance during bioprocessing prodiiction,
performance during other processes, typically C]P and
bioburden control processes, shall be considered|in the
design of a hygienic O-ring seal. The following flesign
criteria should be evaluated:

(-a) seal performance under all pfocess
conditions

(-b) proximity of the sealing point to the bulk
fluid flow for CIP and bioburden control procesges

(-c) consistent location of the sealing poifit and

(14) SG-3.8.2.1 General exposed surfaces under all relevant process conditions
(a) Crevjces. A smooth, contotired, pocketless interior (-d) ability to handle the effects of thermal ¢xpan-
surface shpll be created when'seals are placed between  gion and chemical swell
the seal c@ntact surfaces, All*recessed seal contact sur- (-e) drainability
faces shalll avoid sharp/cerners, and be easily cleanable Often designs that target specific criteria safrifice
with seal fremoved,<All seal and seal contact surfaces others. For example, installation of O-rings ir] tight
sh.all be designed o minimize cracks or crevices that grooves to improve cleanability often causes prdblems
might harpor system media. . due to the thermal expansion of elastomers being gignifi-
(b) ) Deaq Spacts. DeLadLspafes z/ar\e deLf}ned ck}fre Las a cantly greater than the thermal expansion of stainless
void in the'proeesseontact surfacets)portiorrofthestree SteeT or other nonmetallic haterals.
ture pot completely occupied by a s.eal, and are usually The end user/owner should consult with the seal
required to allow for thermal expansion of the seal mate- designer to optimize the design for an application. The
rial. These should be avoided. All seal and seal contact 4" \cer Jowner should determine whether an O-ring
surf'acles shall be designed so tha.t the system is self- o) provides adequate overall performance for a specific
draining when seals are properly installed. application
(14) S$G-3.3.2.2 Static Seals Examples of O-ring groove designs are shown in

(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

Fig. 5G-3.3.2.2-1.

(2) O-Ring/Gland Sizing (Fill). Proper gland design
and appropriate O-ring selection are critical for proper
sealing. O-ring selection includes the proper sizing and
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Fig. SG-3.3.2.2-1 Static O-Ring

(7) O-rings Fabricated From Molded or Extruded
Section Using Vulcanized Molded Joints

(-a) O-Rings. Fully molded O-rings should be
used, wherever possible.

(-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.

propef material selection for the process environment.
An Oqring gland shall include sufficient room for ther-
mal expansion and chemical swell to prevent seal mate-
rial ejjtrusion and damage. Seal designs that compress
in mulltiple directions require extra caution.

(3) O-Ring Stretch (Elastomeric O-Rings). It is sug-
gested that O-ring stretch during installation be limited.
The dpsigner should consider the maximum amount of
allowgble stretch to prevent O-ring breakage during part

ould not be too large for a groove, which would
cause [the ring to buckle. Overstretching or oversizing
an O-fing can lead to premature seal failure.

(4) O-Ring Compression (Squeeze). Proper O-ring

=AY Al e Al 1l 1 h > J . 1
(=17 IVInTermis. ZX1I DOITUET JOIITr sed materials

shall be compliant with SG-3.3.1 and anytfadditional

where this gives an improvedjjoint. In both| cases, the
joining material shall meet the same requirenjents as the
seal material.

(-2) Joint Integtity. The joint integrity shall
meet the strengthfrequirements of the application. A
vulcanized O-ring-should only contain one jdint. Where
tooling availability limits seal diameter, extrd joints can
be included’by prior arrangement with the oyner/user.

(:3) Excessive Material and Toolmarks.| All exces-
sive joint material shall be removed. The sugface finish
and<dny residual material, tool marks, or reductions in
cross-sectional tolerances should not be at { level that

compfession is critical to proper sealing. At ambient 5~ compromises seal performance and cleanability.

tempgrature, O-ring compression is frequently in the (-c) Adhesive-Bonded Joints. Adhesiye-bonded
range|of 10% to 25%; however, this can vary greatly  joints should be avoided and their use must{ be agreed
deperyding on materials, conditions, and applications  to between the supplier/manufacturef and the

(e.g., dtatic vs. dynamic). O-ring compressions.over 30%
shoulgl generally be avoided. Relative O-ring compres-
sion cpn increase during heating due to_thermal expan-
sion. Factors to consider for O-ring cofpression include
chemical swell, temperature change, elastomer hard-
ness, ptc. Caution should be takert when substituting
elastomeric seals for nonelastomeric seals or vice versa.

owner/user.
(d) Other Static Seals
(1) Flat Gaskets. All flat gaskets shall comply with
general design requirements in this Part}f material
requirements of Part PM, and surface finigh require-
ments of Parts SF and SD.

A norjelastomeric seal may-require a crush groove, and 'th(Z) Infl Ttgbl? Seals. I.nﬂatai)le ?et;l.s (Sih“u con;ply
direct|substitution of an\'elastomer into such a groove With general desigh requurements ol this dogument.
may rpsult in premature seal failure. $G-3.3.2.3 Valves 14)
(] ). O—'Ring Thermal Expansim?. O-ring thermal (2) General
expangion is dependent on the particular material and (1) Process flow valves should optimizd drainabil-
formylation.\The O-ring supplier/manufacturer can . . . . .
ity and prevent pooling when installed in thjeir proper

provide information on the material’s coefficient of ther-
mal ekpafision (CTE) characteristics.

drain orientation.

2 YA -1

(6) Hygienic O-ring connections are available (see
Figs. 5G-2.2.2-3 and 5G-2.2.2-4) in threaded, flanged, or
clamped styles. The O-ring connections shall be manu-
factured to a hygienic standard (e.g., DIN 11864 parts
1 to 3) or shall be accepted as a hygienic connection by
a recognized independent organization (e.g.,, EHEDG:
European Hygienic Engineering and Design Group).
O-ring connections shall comply with SG-3.3.2.2(c)(6)
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.

{Z/—VVvITeIT FUDDIU‘IC, vvc}diué va}vco iutu he PI'OC@SS
line is the preferred method of installation to minimize
the use of seals.

(3) All process contact surfaces of components
designed for CIP/SIP shall be easily accessible by CIP
fluids and SIP steam.

(4) Valve surfaces that may become process 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.
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(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.

(8) The internal volume of the valve should be kept
to a minimum while meeting other requirements of the
process design.

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 nonsliding seals (see
Fig. 5G-3.3.2.3-1). Suitable designs are available for fluid
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.

(9) Ap evices—{e-gbetween mating parts of 3 Sealsfor rising stem es—areclassified as
valve) should be minimized in areas in contact with the follows:
process. (-a) Primary Rising Stem Seals. Primary [rising

(10) Any guiding of valve trim and operating mech-
anisms shpuld be minimized in areas in contact with
the process.

(11) Valves intended for CIP/SIP/sanitization shall
be capable of opening as required during those
processes.

:(12) VYalves not capable of CIP shall be able to be
disassemblled for cleaning/steaming.

(13) The valve design should enable immediate
leakage detection between product side and environ-

stem seals serve as pressure barriers for process ffluids.
Such seals shall be exposed for cleaning,meet th¢ pres-
sure and temperature requirements of the spqcified
materials as outlined in this Standard and the g4septic
and bioburden control requirements specified by the
owner/user. In addition, they'shall meet all of the gen-
eral requirements for seals outlined in this section. Pri-
mary sealing can be provided in different ways.

(-1) Nonsliding seals such as bellows arfd dia-
phragms elimipatecontamination risk by preventing the

ment at apy seal when possible. The area between a  product/praeess contact surface(s) portion of the stem
primary ahd secondary stem seal should be fitted with ~ from contacting the atmosphere. When the primarf stem
aleakage detection port to indicate primary seal leakage. ~ seal is @nonsliding seal, a secondary stem seal|is not
(14) Pneumatically controlled valves shall be  required.
designed fo prevent air transfer from actuator to the (-2) Sliding seals such as lip-seals and (}-rings
process. ¢an be used for the reciprocating stem between grocess
(15) Al seats and seals shall comply with the . ~fluid and atmosphere. Single sliding stem seals fan be
requirempnts of this Standard, or as agreed upon-” used for fluid utility applications such as clean|steam
between the supplier/manufacturer and owner/user. and CIP. If sliding seals are to be used as the pfimary
(16) The owner/user should refer to Fofm'R-1,  seal for product contact applications, there should be a
Applicatiqn Data Sheet, when communicating process ~ secondary stem seal to facilitate cleaning and sahitiza-
conditiond to the supplier/manufacturer. Thewalve sup-  tion behind the primary sliding seal.
plier/manufacturer shall recommend_material for the (-b) Secondary Rising Stem Seals. Secondar} seals
intended service and pressure, and comply with the URS ~ serve as the sealing between atmosphere and 4 stem
(User Requirement Specification), but material selection ~ disinfection chamber (e.g., steam barrier or disinfection
is the responsibility of the owner/user. means barrier). These seals shall be designed tq serve
(b) Diaghragm Valves as pressure barriers for sanitizing fluid. Such seals shall
(1) Djaphragm valvég-itilize nonsliding seals and ~ meet the pressure and temperature requirements|of the
are the preferred valye for bioprocessing fluid  specified material outlined in Part SG of this Stapdard.
applicatiofs. Secondary stem seals are typically sliding seal§ (e.g.,
(2) Tyvo-wayweir-style diaphragm valve bodies ~ O-rings or lip-seals).
shall be p¢grmdnently marked on both sides of the body (2) Wherever elastomeric or polymeric seals are
to show optittum drain position. Orientation of welded  retained under static compression, adjoining metpl sur-

and machimed multiple port bodies shall be included
on submittal drawings. Other type diaphragm valves
should be installed to the manufacturer’s
recommendations.

(3) Point-of-use (POU) valves should be designed
with the seal at or below the lowest point in the tube
to facilitate draining.

(4) Diaphragms should be marked in accordance
with Section 12.3 of MSS-SP-88.

(5) Weirless diaphragm valves utilize nonsliding
seals. The installation angle is not critical due to the

164

faces shall be machined to a roughness specified by the
seal manufacturer to ensure required performance, and
shall meet the requirements of Part SF, if surface can
become exposed to the system fluid under the normal
course of system operation.

(3) Primary stem O-ring seals shall be fitted in
grooves located as close to the valve body cavity as
possible to meet bioburden control requirements.

(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.
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Fig. SG-3.3.2.3-1 Seals for Rising Stem Valves

(a) Rising Stem Valve
With Elastomeric Diaphragm

(d) Regulator Valves. When using regulator valves, a
meang 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) are not
recommended for product contact streams/The owner/
user should determine whether a ball valve iS'acceptable
for other process contact applicationss Applications
wherq ball valves are typically acceptable include liquid
and gps utility and process support applications, such
as cleqan steam. The valve bore I.D., including ball and
body, |shall match the I.D.~of the connecting tubing to
allow [self-draining. Cavityfillers shall not be used.

(f) Butterfly Valves))Butterfly valves utilize sliding
seals. [Butterfly valves are commonly used for powder
and vacuum applications. The valve should be installed
per manufactdrer’s recommendations to allow
self-dfaining:.

(g) |Steam Traps (Thermostatic). A thermostatic steam

(b) Rising Stem Valve
With O-Ring Seal

(c) Rising Stem Valve
With Molded Seal

(i) Pinch Valves. When using pinch valves| care must
be taken to prevent permanent deformation qf the flexi-
ble tube or sleeve that restricts the flow|or affects
drainability.

(j) Check Valves. Check valves may utilize sliding
and/or nonsliding seals. A check valve, clack valve,
nonreturn valve or one-way valve is a valve that allows
fluid flow in one direction. Check valves uftilizing an
exposed coil spring shall be of a design to grevent the
coil spring from full compression creating an|enclosure.

(k) Plug Valves. Rotating plug valves utilfze sliding
seals and are not preferred in product contaft applica-
tions. Plug valves are suitable for liquid and|gas utility
applications such as clean steam and CIP. The[plug valve
uses a 7-turn cylindrical plug with O-rirlg seals to
provide straight-through flow. The plug 1.J. does not
always match the I.D. of the tubing; therdfore, self-
drainability of the valve is limited.

trap shall be designed to minimize the risk ot soil attach-
ment to the process fluid surfaces. The bellows should
have a low sub-cool to prevent the backup of condensate
into the process equipment and clean steam system.
Steam traps shall be installed with an uninsulated sec-
tion upstream of the trap to facilitate proper steam trap
function (see Fig. SD-3.12-1).

(h) Back Pressure Control Valves. Back pressure control
valves shall be designed to allow free draining through
the outlet or inlet port. Crevices created by a pierced
diaphragm or soft seat plug shall be minimized.

$G-3.3.2.4 End Face Mechanical Seal General

Design Requirements
(a) General

(1) Mechanical seal hardware used to mount the
mechanical seal to equipment shall be consistent with
nonpooling and drainability requirements of Part SD.

(2) Springs and drive mechanisms (e.g., pins) shall
not be located in the process fluid.

(3) When applicable, the seal should be designed
in accordance with this Standard for CIP and/or SIP.
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(4) Surface requirements for the process side of the
mechanical seal shall be consistent with the require-
ments of Part SF.

(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
accommogates-motiorrduring-operation-and FECOve

metal conjponents. The owner/user is responsible for
selection ¢f appropriate materials in consultation with
the equipment supplier/manufacturer.

(9) Fgrm R-1, Application Data Sheet, should be
filled out With appropriate information to make a correct
seal selectjon.

(10) Assembly lubrication will be specified by the
owner/uspr in consultation with the equipment manu-
facturer. The owner/user will determine compatibility
of the lubticant with the process. The equipment sup-
plier/manufacturer will determine the compatibilityof
the lubricant with the seal components.

(b) Singfe Mechanical Seal

(1) Single mechanical seals are applied for their
simplicity,| observable leakage path to the atmosphere,
and no requirement for a seal support syStem.

(2) S
boundary
primary fa

(3) When operating inpressurized process fluid,
single medhanical seals'will weep process fluid to atmo-
sphere. If 4 process upsetoccurs that creates a temporary
vacuum infthe equipinent, the seal will weep atmosphere
into proceps fluid:

(4) Sipgleliquid mechanical seals are applied when
the processtiui t teatt tsti
to support the rubbing of the primary seal faces.

(-a) Fluids that have desirable lubricating charac-
teristics do NOT include fluids that change state, are in
gaseous phase, precipitate solids, and cause thin film
bonding, congealing, solidification, or crystallization
between the seal faces.

(-b) An example of a possible desirable lubricant
is pure steam condensate at 100°F (38°C).

(5) Single dry contacting gas seals will operate in

© a gaseous phase environment.

ngle mechanical seals(protect the process
at the seal’s secondary seals and at the seal’s
ce.

Copyright ASME 'Ihternatlonal
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

166

(c) Dual Pressurized Mechanical Seal

(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.
D i a a igned for
liquid or gas barrier fluid. Dual pressurized seals:¢annot
be designed for gas and liquid lubricationg

(56) Dual pressurized gas barrier seals, can be
tacting or noncontacting face designs

(6) Abarrier fluid compatibleith the process fluid
and atmosphere shall be specified by the owneq/user.
The owner/user should consultwith the equipment sup-
plier/manufacturer to detérmine suitability of the bar-
rier fluid for the dual pressurized mechanical sefl.

(7) The owner/aser should provide Forp R-1,
Application Data-Sheet, so the supplier/manufdcturer
can recommengipressure, flow rate, and temperagure of
the barrier fluid-

(d) Dual-Unpressurized Mechanical Seal

(1) Pual unpressurized mechanical seals age pre-
ferred \to prevent dilution of the process fluid py the
buffer fluid weeping across the inboard faces. The[buffer
fliiid will prevent atmosphere from entering the grocess
fluid. The process fluid will weep into the buffef fluid
that may weep to the atmosphere.

(2) Dual unpressurized mechanical seals
the process boundary with an unpressurized
fluid.

(3) Dual unpressurized seals are used when
fluid has desirable lubricating characteristics.

(4) Dual unpressurized seals shall be design
liquid or gas buffer fluid. Dual unpressurized sea
not be designed for gas and liquid lubrication.

(5) Dual unpressurized gas buffer seals can 1
tacting or noncontacting face design.

(6) A buffer fluid compatible with the proces
and atmosphere should be specified by the ownei/ user.
The owner/user should consult with the equipment ven-
dor to determine suitability of the buffer fluid for the
dual unpressurized mechanical seal.
provide Form R-1,
Application Data Sheet, so the supplier/manufacturer
can recommend pressure, flow rate, and temperature of
the buffer fluid.

V|

con-

rotect
buffer

rocess

ed for

S can-

e con-

5 fluid

SG-3.4 Compliance Requirements for Sealing
Elements

SG-3.4.1 General Requirements. A Certificate of
Compliance shall be issued by the seal manufacturer to
certify compliance to this Standard when required by
the owner/user. Additional agreements may be
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required; refer to SD-2.4.1. At a minimum, seals exposed
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

and continuous modes of operation. Upon exposure to
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

stem seals pprfm‘man(‘p criteria shall be established by the owner/
SGr3.4.2 Certificate of Compliance. See PM-2.2.1. user in consultation V.Vith. the seal suppligr|/manufac-
turer. Form R-1, Application Data Sheet,"mgy be used
SGi3.4.3 Test Requirements. Conformance testing  to communicate expected process conditiong.
is done upon initial qualification of the hygienic union. Any given seal is not designed t6perform ih all possi-
Testing is intended to show design conformance and is  ble operating conditions.
not refjuired on every seal. Testing must be repeated for Parameters for evaluating the performande of a seal
signifjcant changes in raw materials or processes used  include leak rate, sealing location, dimensionfl stability,
to fabficate seals. The seal manufacturer shall provide, = material stability (including shedding), and serviceabil-
upon frequest of the owner/user, a certificate of design  ity. The requirements\for each of the parametg¢rs depend
confofmance that the sealed union meets the intrusion = on the seal type and application. To predict how a seal
requitements of SG-4.2. The intrusion value is defined  will perform in{service it shall be evaluated (e|g., testing,
as the measured quantity that provides the maximum  past performance). Standardized performande test con-
radial|distance from the fitting I.D. to the point of maxi-  ditions and, methods permit a consistent approach to
mum [ntrusion under the manufacturer’s specified con-  gathering'data used to evaluate seal performiqce. When
ditiong (e.g., torque, fitting design, clamp design, etc.).  evaluating performance test data, the owner/user
The ppint of maximum intrusion/recess shall be mea-  shotild consider if the test parameters are felevant to
sured |using a method that does not cause deformation _\the conditions expected in the application. Pqrformance
of the|components being measured. data should be considered when determining|the appro-
S6-3.4.4 Additional Requirements. [Reserved for priate service interval for the desired applicption.
futurd content] SG-4.2 Static Seal Performance
$G-3.5 Seal Identification Stgtic seals shall meet the general pegformance
) ) ) requirements of SG-4.1.
Marking on the seal package should include all items Upon initial installation, a hygienic statiq seal shall
listed [in SG-3.4.2. provide a substantially flush interface with the hygienic
Manufacturer’s name and lot number shall be marked clamp ferrules. Hygienic seals shall meet andl be desig-
on either the seal itself or the seal)package containing  pated by one of the following intrusion categpries when
the segl. The lot number should enable the manufacturer  togted by the seal manufacturers:
to ideptify the raw matgrial and processing conditions (a) Intrusion Category I. Seals having a fnaximum
used fo fabricate the art.lcle. Manufa.cturers are encour- intrusion /recess of 0.025 in. (0.6 mm).
aged to mark the sealjtself to avoid potential loss of (b) Intrusion Category II. Seals having a pnaximum
traceapility and to(aid'in positive identification of se.als intrusion/recess of 0.008 in. (0.2 mm).
after femoval ffom a process stream. When marking The purpose of a flush interface is to mifiimize the
diaphfagms, \afty’ marking shall be done on those por-  entrapment of the material in a dead spade that can
tions ¢f the diaphragm that are not exposed beyond the  1,,4 to microbial growth and contaminjtion (see
sealing peortion of the housing.

Fig. SG-4.2-1). Excessive intrusion into thje process

SG-3.6 Other Seal Requirements

[Reserved for future content]

SG-4 SEAL PERFORMANCE REQUIREMENTS

SG-4.1 General Requirements

Seals form an integral part of process systems and
maintain static and/or dynamic system boundaries
while being exposed to chemical, thermal, and mechani-
cal (hydraulic and pneumatic) conditions in both cyclic
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stream may lead to erosion of elastomeric seals, thereby
contaminating the process stream. The amount of
intrusion depends upon the dimensional control of the
seal, the hygienic clamp ferrule dimensions [see
Table DT-7-1 and Fig. SG-2.2.2-1, illustrations (a)
through (c)], the amount of torque applied to the flange,
the material properties of the seal, the application of
steam, and the surface of the seal (wet or dry) during
installation.

Testing parameters used to identify the desired per-
formance should be based on the intended operating
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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)

Positive intrusion
, r
[

of seals in simulated process conditions. For valve seal
testing, the method identified in Nonmandatory
Appendix ] requires modification to reflect a specific use
mode and intended operation of a valve seal. Form R-1,
Application Data Sheet, identifies a number of opera-
tional conditions (e.g., chemistry, temperature, pressure)
to consider when developing nonstandard perform-
ance tests.

SG-4.3.1.1 New Valve Seal Performance. The valve

~/_
—

conditior}s. Nonmandatory Appendix J identifies
Standard 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 inter=
val is intefided to provide data for short duration (e'g.,

the production process or shall validate the design and
manufacturing process. One-hundred pereent leak test-
ing is not required for validated manufacturing pro-
cesses. Testing shall include integrity ‘tésting, beyond
the sealing portion of the housing.

For diaphragm valves, the following requirements
apply:

(a) Leakage rates shall_.comply with MSS-SP-88 or
ANSI/FCI Standard 70-2,'as applicable, and shall meet
the User Requirement-Specification.

(b) The integrity~of the pressure boundary dlesign
shall be capable’of passing a test as required by
MSS-SP-88;category C or applicable regional
specifications.

manutacturer shall test each valve assembly as ijﬁrt of

S$G=4:3.2 Mechanical Seal Performance. Mechanical
seal\performance may be characterized by leakage rate,
gervice life, cleanability, particle shedding, suitability for
application, and heat generation. Acceptable valies for
each of these characteristics may vary widely, go it is
strongly advised that the mechanical seal’s varioup char-
acteristics and the ramifications of each to the gervice

single useor inspect between use applications)({The 100

and 500 cycle intervals are intended to provide data for @ understood. . o

service lif¢ (e.g., multiple use applications).that are not . Nonm(:mdatory Appendl.x J,J-2.1 provides imgortant
routinely fnspected. information about mechanical seal performance. [[t pro-

SG-4.3 Dynamic Seal Performance

S$G-4.3|1 Valve Seal Perfofmance. Valve seal per-
formance {s acceptable whenthe seal maintains the sys-
tem bounjdaries and désign flow characteristics for
which it was intended\(elg., static and/or dynamic). A
valve seal| shall opetate through the desired range of
motion agpinst diffefential pressure. It shall be hygienic
and mee{ the-gleanability requirements stated in
5G-3.3.2.3] Acvalve seal shall meet these performance

vides exceptions to normal seal performance tHat are
commonly found in the industry. Familiarity with these
items will help the reader understand the impaft that
design, installation, and operation can have on mechani-
cal seal performance. Also included in Nonmanglatory
Appendix ], J-2.1 are outlines for various methpds of
testing seal integrity.

There are four key points between procuremenmt and

$G-4.3.2.1 New Mechanical Seal Performance.
operation of a new mechanical seal where the sea;}:might

conditions following exposure to operating conditions
in both cyclic and continuous modes of operation.

Performance data shall be collected at intervals that
reflect the use mode (e.g., discrete/open/closed or mod-
ulating), operation (e.g., continuous or cyclic), and
intended service life (e.g., continuous hours of exposure
or number of cycles) of the valve seal.

Testing parameters shall be based on the operating
conditions of the intended application. Nonmandatory
Appendix ] identifies Standard Process Test Conditions
(SPTC) and a method for conducting performance tests
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be evaluated for performance. The four key points are
manufacturing, installation, assembly, and use.

(a) Point of Manufacture. Mechanical seal manufactur-
ers have performance requirements for new seals. The
manufacturer’s tests should be accepted. If special per-
formance requirements are necessary, those special
requirements shall be specified.

If the mechanical seal manufacturer alters the design,
material, or manufacturing technique of a mechanical
seal in service, it is the responsibility of the mechanical
seal manufacturer to inform all relevant parties that

(14)
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changes have occurred. Specific information may be
requested from the seal manufacturer to support the
premise that seal performance has not been altered.
(b) Point of Seal Installation. The mechanical seal will
be installed in a piece of equipment. An 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
shoul i i i

for seql performance issues and questions.

Corftractors may install a new seal in a piece of equip-

ment.|The seal performance test may be reviewed with ~ 5G-5.2 Process Systems

the inptallation contractor. [Reserved for future content]
If uhique conditions exist where special performance

requirements are necessary, it is the customer’s responsi-
bility to specify the additional requirements. An accept-
able performance test may be developed.

If tHe OEM alters the design, material, or manufactur-
ing tdchnique of a mechanical seal in service, or is
informed by the seal manufacturer that the design, mate-
rial, of manufacturing technique has been altered, it is

S$G-4.3.2.2 Installed Seals. Original point-of-use
performance requirements shall be used to determine if
the seal is suitable for continued use. Refurbished seals
shall be held to the original point-of-use performance
requirements. It is the owner’s/user’s responsibility to
monitor equipment for failure.

SG-5 SEAL APPLICATIONS

[Reserved for future content]

SG-5.3 Compendial Water,/Systems

SG-5.3.1 Seals for-Centrifugal Compengial Water
Pumps

(a) Mechanical Seql*Configuration. Single mnechanical
seals are preferred-for their simplicity, obseryable leak-
age path tocthe atmosphere, and lack of need for an

additionakgedl support system. When applicable, the

the regponsibility of the OEM to inform all relevant par- seal should be designed in accordance |with this
ties th at'changes have occurred. ' Standatd to withstand CIP and/or SIP.
(c) Point of Systems Assembly. The equipment that con- (b)) Process Contact of Primary Faces and Secofydary Seals.

tains the seal is installed in a system. The systems sup-
plier /manufacturer will have standard test procedures
for tegting the system integrity. The test procedures of

Springs and pins shall be located on the afmospheric
side of the seal faces and secondary seals.
(c) Secondary Seals Shall Be Drainable. Secondary seal

the sybtem’s supplier/manufacturer should be accepted.  cavities shall be located and designed so that fhe process
A revlew of the test procedure may be requested.“The  side is accessible to fluid flow and it is Irainable.
systern assembler should consult with their QEM sup-  Figure SG-3.3.2.2-1 illustrates possible designs used for
plier /manufacturer for seal performance issues and  an O-ring secondary seal in a groove.

questions. (d) Mechanical Seal Mounting Hardware Dyrainability.

If the System Assembler alters théidesign, material,

Auxiliary components used to mount the fnechanical

or maphufacturing technique of a mechanical seal in ser-  seal to the pump shall be consistent with ngn-pooling
vice, dris informed by the OEM.thatthe design, material, and drainability requirements of Part SD.

or manufacturing technique-has been altered, it is the (e) Materials of Construction. Materials of cqnstruction
respopsibility of the Systegr’Assembler to inform all  shall meet this Standard for polymers and fgr seal face

relevant parties that changes have occurred.

(d) |Point-of-Use. Orice the system is delivered to the
ownet/user, it is\the owner’s/user’s responsibility to
determine if thesmechanical seals meet performance
requitements)The owner/user should consult with their
systeth désigner /manufacturer vendor for seal perform-
ance ipstles and questions.

materials.

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
The pugpose of this Part is to provide the basis for

selecting
materials.

This Pa
nonmetall

Some thermoplastics, such as thermoplastic elasto-

and using polymer and other nonmetallic

t describes the types of polymers and other
¢ materials, identifies different ways to char-

acterize njaterials, and describes various applications
and their gequirements. This Part includes requirements

for both s

PM-2 M

ngle-use and multi-use components.

ATERIALS

Polymet and nonmetallic materials have found wide-
spread us¢ in bioprocessing equipment because of their

broad ran:

be of physical and chemical properties, their

ability to Be formed into complex shapes, and their bio-

compatibi

ity. Polymers may be used in a range of appli-

cations irfjcluding static and dynamic seals, hoses,
pumps, tybing, barrier coatings, diaphragms, valves,

filters, etc

The choice of material class depends upon

the design|requirements and material performance, both

as installel

H and during use.

For in-depth discussion and guidance on pelymrers

and non
Appendix

metallic materials, see Nonmandatory
N.

PM-2.1 Materials of Construction

Materia
the purity
the owner
materials
rials shou

s of construction shall bé selected to maintain
hnd integrity of the produict/ process fluid. It is

user’s responsibility to select the appropriate
f construction forithe conditions of use. Mate-
d be compatible with the stated processing

conditiong, cleaningssoltitions (where appropriate), and

sterilizing
fied by th
major clas
their requ

conditidns(where appropriate), etc., as speci-
e owniery user. The sections below outline the
bes-of polymers and nonmetallic materials and

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
Thermo

and/or pressure.
plastic 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.
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TNEeTs, COMDITE an elastomer such as B DM with a
such as polypropylene giving the resulting therm
tic compound properties of flex endurance and se

plastic
oplas-
hlabil-

ity and can be used for tubing, seals, diaphrag
Thermoplastic elastomers (TPE) combine the feat
melt processability and flexibility:

Many polymers are describedin ASTM standar
detail their composition andvmechanical proper
is the owner /user’s responsibility to select materi
are appropriate for their applications.

Filler materials may'be used to enhance the pro
of thermoplastic pelymers. Fillers may be carbon
inorganic, metalli¢, organometallic, etc., as nee
performance.

Additives may be used in the bulk of the poly:
well as the surface, as required.

PM-2.1.2 Thermoset Polymers. Thermose

s, etc.
res of

s that
ies. It

Is that

erties
ased,

ts are

polymers that, in their final state after processing, are

rendered substantially insoluble and infusible
processed thermosets cannot be re-softened or re-f
by exposure to heat. Exposure to excessive he
cause polymer degradation.

Thermoset polymers are processed from a liq|

Fully
brmed
nt will

Lid or

malleable state and are converted to the solid s
irreversible curing with heat, catalysis, or other
Chemical cross-links are formed between po|
chains during the curing process. This results in a
connected polymer network with the crosslink ju
restricting flow of the polymer when exposed to t
or mechanical stresses.

Thermoset polymers can be classified into eith
moset elastomers or thermoset resins, wi

ymer
inter-
ctions
ermal

ther-

e elasto-

mers being more common. Thermoset elastomers are
often elastic and soft materials and are used for seals,
gaskets, tubing, diaphragms, hoses, etc. Examples of
thermoset 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)

Thermoplastic fluoropolymers
Perfluoroalkoxy (PFA)

Thermoplastic elastomers
(TPE)

Low density polyethylene (LDPE)
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
Styrene-isobutylene-styrene block polymers
Copolymers of ethylene and octane
Ethylene-vinyl acetate copolymer (EVA)

bags

Fittings, piping and tubi
hoséAfilter media and
diaphragms, pumps,

g, flexible
capsules,
essel liners

Tubing, bags

Table PM-2.1.2-1 Common Thermoset’Polymers and Applications

Type of Polymer

Example Polymers

Example Applications

Thermofset elastomers

Silicone (VMQ)
Fluoroelastomers.(EKM)
Perfluoroelastomer (FFKM)

Rigid tHermosets

Ethylene propylene diene\(EPDM)
Ethylene propylene rubber (EPR)

Fiber reinforced polymer (FRP/GRP) composites

Tubing, seals, gaskets, diaphragms,
and hoses

Tanks and pipes

PM-2.1.3 Other Nonmetallic. Materials. Solid single
phase|nonmetallic materials-can’be divided into amor-
phoug nonmetallic materials(€.g., glass, amorphous car-
bon) dnd crystalline nonmetallic materials (e.g., sintered
silicon) carbide, graphite).

If manufactured\by heating and subsequent cooling,
these naterials are often referred to as ceramics. Materi-

responsible for the qualification of materipls for the
intended use. The requirements for compliange are sum-
marized in PM-2.2.1. The requirements relate [to identifi-
cation, traceability, biocompatibility, and| marking.
Methods for characterizing material perforfnance are
discussed in PM-3. Application-specific pefformance
requirements are detailed within section PM-4.
ids and/

als maiy consist’of a mixture of an amorphous and a Polymeric materials exposed to process
crystallinéphase (98-1 glass-fieramiCS)- To improve per-  or that have a high probability of exposure shiall comply
ce;nonmetallic materials may be combined with to the USP directive with regard to USH <87> (or

form.

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.

(14) PM-2.2 General Requirements

Materials shall be selected to not affect the purity
or integrity of the drug product. The owner/user is
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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
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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(14) Table PM-2.1.3-1 Examples of Nonmetallics
Examples of Nonmetallics Types of Nonmetallic Example Applications
Glass Amorphous inorganic nonmetallic material Sight glasses, vessel lights,
Borosilicate optical sensors, glass
Soda-lime electrodes
Sintered materials Crystalline inorganic nonmetallic material Mechanical seals, bearings,
Aluminum oxide process sensors
Silicon carbide
Silicon nitgde
Tungsten garbide
Zirconium |dioxide
Reaction borjded materials Multiphase mixture of crystalline silicon Mechanical, sedls
Silicon cafbide carbide or nitride and silicon
Silicon nitfide
Siliconized darbon graphite Multiphase mixture of crystalline silicon Mechanical seals
carbide, carbon, and graphite
Resin impregnated carbon-graphite Multiphase mixture of carbon, graphite, Mechanical seals
organic resin, and potential inorganic
nonmetallic additives
Cemented mpterials Crystalline inorganic nonmetallic in a Mechanical seals, beafings
Tungsten ¢arbide with alloyed binder metallic matrix
Tungsten g¢arbide with nickel binder
Tungsten g¢arbide with colbalt binder
be requirefl. The Certificate of Compliance shall contain”  such as bacteria or mammalian cells without inteffering
the information summarized in Table PM-2.2.1-1: in any way with its metabolism or ability to liye and
PM-2.2.2 Labeling and Marking. Manufaeturers procreate. Polymer.matenals shall be biocomp at1b.1e
- with the system fluid to ensure that the system fluid
shall mar} the package containing polymer ‘components . .
. . , is not adversely affected by the polymer materidl. The
or assemblies with the manufacturer’s nahie, part num- . e . .
. . s biocompatibility and the proper material selectioh shall
ber, and|lot number or unique( identifier (See be th ilitv of th A
Table PM{2.2.1-1) to enable the mianufacturer to trace ¢ the responsibiiity of the system user.
. ) " Biocompatibility testing of candidate componehts for
back to the raw material(s) and processing conditions RN 4 . . .
. qualification requires both in vivo (animal testinf) and
used to fabricate the component/assembly. Manufactur- 177, L . S .
. - in vitro (testing in glass) tests. In vivo testing is described
ers should/mark the compenent/assembly itself to avoid . . . .
otential Ipss of traceabilify and to aid in positive identi- in the United States Pharmacopeia (USP) in
poter . Chapter <88> (or ISO 10993-6, -10, and -11) and injvolves
fication of| components/assemblies after use. ) . . . .
intramuscular implantation, intracutaneous inj¢ction,
and systemic toxicity testing. In vitro testing is described
PM-3  PROPERTIES AND PERFORMANCE in the United States Pharmacopeia in Chapter <§7> (or
Materials should be selected to retain their functional SO 10993-5) and is used to place extract from canfidate
properties and to minimize their impact on the process ~ Polymers in direct contact Wl'd} hvmg cells (typically
fluid. Materials should be selected to not affect the purity ~ mouse cells) for a prescribed period of time. The amount
and integrity of the drug product. This section outlines  Of cell lysing (death) shall be recorded and reported for
the requirements for biocompatibility, extractables/  the particular polymer material.
leachables, physical properties, and chemical compati- Material manufacturers shall provide, upon customer
bility. Each of the sections below should be considered ~ request, documentation (test report) of the in vivo
for the application. USP Class VI <88> and in vitro USP <87> testing on
. o final manufactured parts. Failure of either test indicates
(1) PM-3.1 Biocompatibility unacceptable biocompatibility of candidate material.

Biocompatibility is defined here as the ability of a
substance or material to be in contact with living matter

Such failures are often attributed to leachables from
cured elastomeric seals extractables and may include
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Table PM-2.2.1-1 Content Required on the Certificate of Compliance

Applications
Single-Use
Hygienic Components Steam-to/
Polymeric  Union and Other Through
Label/Mark Seals Seals Diaphragms Hoses Tubing Assemblies Filters Columns Nonmetallics Connections
Compliance to ASME BPE X X X X X X X X X X
Manufacturer’s name X X X X X X X X X X
Manufacturer’s contact X X X X X X X X X X
inforpation
Part number X X X X X X X X X X
Lot number or unique iden- X X X X X X X X X X
tifier|or serial number
Materigl(s) of construction X X X X X X X X
(progess contact)
Compotind number or X X X X X
unigdie identifier
Cure ddte or date of X X X X X X X
manyfacture
USP <8Y> or ISO 10993-5 X X X X X X X X X X
USP <88> or ISO 10993-6, X X X X X X X X X
-10, 111
Intrusidn category (5G-4.2) . X

catalyst residues, cross-linking agents, process, aids,
plastigizers, etc.

PM-3.2 Extractables and Leachables

PM-3.2.1 General. Extractable testing of process
equipment/components that come info-contact with the
procegs fluids should be done to jdentify (and quantify,
if necpssary) potential leachables-that could alter the
produict. Examples of potentialNeachables include oligo-
mers,  monomers, Curing agents, metal components, anti-
oxidapts, initiators, dyes,"pigments, plasticizers, and
mold [release agents:

PM-3.2.2 Terminology. Extractables are chemicals
that cgn be remdoved from final articles using appropriate
solverts (e.g: polar and nonpolar) for identification and
quantification of potential leachables.

Leathables are chemicals that migra’rp from the final

The size of the sample should be determirjed in con-
sideration of the material, test equipment, anglytical 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 pxposed to
the same pretreatment process as intended fpr the pro-
cess equipment. For example, test articlgs that are
intended to be sterilized (e.g., gamma irradigtion, elec-
tron-beam, and steam) and/or cleaned (e.g.|WFI flush
and CIP), should be sterilized and/or clean¢d prior to
testing. Nonmandatory Appendix O, section O-2 identi-
fies recommended conditions for an extractaples study.

PM-3.2.3.2 Extract Analysis. Extraction] fluid test-
ing may include the analysis of nonvolatile, semi-
volatile, and volatile organic compounds. If may also

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.

PM-3.2.3 Extractables

PM-3.2.3.1 Sample Preparation. Extraction stud-
ies shall include careful sample preparation appropriate
to the test article and analytical techniques to be used.
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include mnorganic compounds.

The extent of characterization required should be
determined by the intended use of the material/
component.

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), surface area to vol-
ume ratio (or sample weight), and extraction time and
temperature.
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PM-3.2.3.3 Risk Assessment. The owner/user
should consider relevant standards, regulatory guid-
ance, and industry recommendations as listed in
Nonmandatory Appendix O, when performing a risk
assessment.

The results of the risk assessment should determine
if further leachable testing is required and probable com-
pounds to look for.

PM-3.2.4 Leachables

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

PM-312.4.1 Sample Preparation. Samples for
leachable festing should be prepared as described in the
relevant s¢ctions of PM-3.2.3.1.

PM-312.4.2 Leachable Fluid Analysis. When leach-
able fluid pnalysis is necessary to identify and quantify
leachable gompounds, it should be conducted using the
same analytical methods used for the extraction analysis.

Additiohal process or product-specific testing may be

temperature.

PM-3.5 Physical and Mechanical Properties of
Thermoset Polymers

Physical and mechanical propertiés'can be chafacter-
ized using many different standards (e.g., ASTM, ISO,
DIN, and JIS). Typical properties.include hardneds, ten-
sile strength, elongation tg break, modulus, and tear

required |(e.g., cell growth testing, drug-product S’Frength. In sqme Cases., abrasion resistance, compres-
stability). §1on set, specific grawty, transparency, etc., ay'be
important. Propertiés may be affected by manufadturing

PM-3{2.4.3 Risk Assessment. The owner/user  and use conditiofis (e.g., temperature, pressure, plysical
should copsider relevant standards, regulatory guid-  stress). Common tests for evaluating physicgl and
ance, anq industry recommendations as listed in  mechanical\properties are listed in Nonmandatory
Nonmandatory Appendix O, when performing a risk  AppendixK: Property requirements should be dis¢ussed

assessmernt.
The restilts of the risk assessment should determine
the appropriateness of the material for its intended use.

PM-312.4.4 Bracketed Leachable Testing. Process
equipment/components may also be tested witha
bracketed [study intended to represent a range of pto-
cessing copditions. This study may be done as inptit to
the owner|’s risk assessment. See recommended.model
process fonditions for a bracketedy study in
Nonmandptory Appendix O, section O/3:

PM-3.3 Physical and Mechanical Properties of
Thermoplastic Polymers

The physical and mechanical properties of thermo-
plastics age important to bettetr understand how fluid
exposure ¢ould affect thépolymer’s strength, stiffness,
inertness, flurability, barrier properties, etc. Physical and
mechanicgl properties can be characterized using many
different sfandards\(€.g., ASTM, ISO, DIN, and JIS). Typi-
cal propetties-imclude tensile strength, elongation to
break, moglultis, and in some cases, seam strength, weld

between’the owner/user and the supplier, aId the
ownet7/user shall be responsible for determinifng the
sditability of the material for the application.

PM-3.6 Chemical Compatibility of Thermoset
Elastomers

Chemical concentration, temperature, and duration of
exposure can all affect the property retention of tHermo-
set elastomers. When selecting a thermoset elagtomer
for chemical contact, the user should consult the sypplier
for case histories and test data, where available. If flurther
testing is required, specific fluids should be uped to
expose test samples for the necessary time and terhpera-
ture. Chemical compatibility is particularly impgortant
for materials that are re-used. Chemical compafibility
testing should be done to screen candidate materjals for
applications involving cleaning, storage, or expogure to
potentially harsh chemicals.

Dther

PM-3.7 Physical and Mechanical Properties of

N HEA P

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.

174

™ L4

Physical and mechanical properties of other nonme-
tallic materials, such as those listed in Table PM-2.1.3-1,
may be characterized using many different standards
(e.g., ASTM, ISO, DIN, and JIS). Typical properties may
include, but are not limited to, hardness, strength, self-
lubrication, and transparency. In some cases, low friction
between sliding surfaces may be important. Properties
may be affected by use conditions. Material selection
should be discussed between the owner/user and sup-
plier, and the owner/user shall be responsible for

(14)
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determining the suitability of the material for the
application.

PM-3.8 Chemical Compatibility of Nonmetallic

Additional information can be included in the
Certificate of Compliance upon agreement between
manufacturer and end-user.

Materials PM-4.1.2 Inspection and Packaging. The packaging (14)
. . . of single-use components and assemblies shall be per-
Chemical composition, temperature, and duration of ¢ 04 ¢4 help control the potential introduction of bio-
exposure may all affect th.e properties Of. other ngnmetal— burden, particulate, or other contaminants to the
lic materials. When selecting nonmetallic materials, such ponent, assembly, or the end-user’s system (see
aslttklose hsted in Table PM-2.1.3-1, the user should con- Nonmandatory Append1x N, section N—2) Inspection
sult the i he packag-
testing is requlred sp ec1f1c fluids should be used to ing and that the contents meet the specifipd Izrlter%a
expo e test samples for the necessary time and | [ooon supplier and end-user.
tempgrature
PM-4.1.2.1 Inspection. Single-use cqmponents
PM-3/9 Polymeric Surface Finish and assemblies shall be inspected for the gresence of
Polymer material contact surface classifications are ~ particulates or other contaminants before priary pack-
found| in Part SF, Product Contact Surface Finishes aging as agreed upon byymanufacturer and end-user.
This inspection shall takeplace in a controllgd environ-
ment in accordance with the intended use ¢f the final
PM-4| APPLICATIONS component or assembly.
PM-4.1 Single-Use Components and Assemblies PM-4.1.2.2/Packaging. The purpose of|packaging
Thip subsection defines the requirements that are  of single-use.components and assemblies is| to control
applidable and unique to the use and manufacturing of  the potential introduction of bioburden, partfculates, or
singletuse components and assemblies. These products  otherontaminants. The packaging shall not|adulterate
are infended for one-time use and may be referred to  the ecomponent and assembly. Primary packaging shall
as digposables. In this subsection, “component” is  takePplace in a controlled environment at a leyel suitable
defindd as an individual unit, and “assembly” is defined . \or the final use of the component or assgmbly. The
as thel combination of two or more individual compo- 7, packaging of single-use components and gssemblies
nents.|This subsection will address the methods foridens = shall be labeled according to PM-4.1.1.1.
tifying i.n.spe.cting, pgckaging, ]:oining, biocompatibility, PM-4.1.3 Joining Methods. The joining of polymers
and sterilization applicable to single-use polymers;com- may be performed in many ways for single-ufe applica-
ponerjts, and assemblies tions. Examples of these joining techniques ificlude, but
PM{4.1.1 Identification. Single-usecomponents and are not limited to, welding, heat sealing, ovef-molding,
assemlies shall be designed and pagkaged to provide  solvent bonding, mechanical connections, pnd adhe-
lot trafeability. The traceability shallenable the end-user sives. With any of these methods, the procedure for the
to idgntify the raw material(s), processing conditions  joining of polymers, components, or assembljes shall be
criticdl to support the manufactuter’s specifications,and ~ controlled to ensure repeatable results. Thefjoint shall
the ddte of manufacture. not leak, shall meet the pressure requiremehts for the
PM-4.1.1.1 Labeling. The primary packaging of intended 1;se, and SE?H/ mair‘[\taitn thfe integfity of the
singlefuse componentfs and assemblies shall be labeled COMPONENT OF assembly's contact suriace.
with the following information: PM-4.1.4 Biocompatibility. The biocompatibility of (14)
(a) manufactarer single-use components and assemblies must[be consid-
(b) part identifier ered carefully due to the potential for large product

(c) lotadentifier
Additional information can be included -on the label

contact areas and long contact times. Manfy of these
components and assemblies are composed ¢f multiple

upon agreement between manufacturer and end-user.

PM-4.1.1.2 Certificate of Compliance. The single-

use component or assembly manufacturer shall issue a
Certificate of Compliance that contains the following
information:

(a) manufacturer

(b) part identifier

(c) lot identifier

(d) date of manufacturing and/or expiration date

(e) compliance information

materials or multilayer structures, and the primary con-
cern is how the process interacts with the contact sur-
faces. The design of the component and assembly shall
not compromise the integrity, safety, or efficacy of the
process fluid. The focus of evaluations should be on the
material of construction of the process contact surface,
but it is preferred to evaluate the complete component
and assembly. At a minimum, the process contact surface
shall comply with the following tests:

(a) biological reactivity, in vitro (cytotoxicity, i.e.,
USP <87>)
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(b) biological reactivity, in vivo (i.e., USP <88>) or
equivalent per recognized compendia agreed to by end-
user and manufacturer.

Additionally, the user should consider protein adsorp-
tion, preservative absorption, leaching of low molecular
weight compounds, endotoxins, and presence of animal-
derived compounds in single-use components and
assemblies.

PM-4.1.5 Sterilization (Bioburden Control). Single-

standards when performing system sizing calculations
to enhance dimensional alignment of pipe/tube inner
diameters 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 and sizing standards. Valves and mechanical
connections such as sanitary adapters, flanges, or

use assemlplies and components shall be compatibie with
the intendgd sterilization method. Common sterilization
methods include autoclaving and gamma irradiation.
Autoclaving is generally performed by the end-user.
Gamma ifradiation is generally contracted to a third
party by the manufacturer. The end-user shall determine
the appropriate method and level of documentation
required fpr the given application.

threads may carry pressure ratings independent ¢f pipe
and fittings. Elevated operating temperaturgs will
decrease overall system rating. Consult material jnanu-
facturers for specific details.

PM-4.2.3 Thermal Expansion./Polymer magerials
will expand and contract with/changing tempdrature
conditions. The effect of thermahlexpansion must e con-
sidered and designed for irfeach and every thermoplas-

(14) PM-4/1.5.1 Gamma Irradiation. Single-use assem- ¢ system.
blies that will be gamma irradiated shall be manufac- To compensate forthermal expansion, it is fecom-
tured in g controlled environment. The supplier shall  mended to use loops, offsets, and changes in dirgction.
provide lof specific certification of processing to the end- By using the pipe.ifself to relieve the stress, the infegrity
user. The flegrees of validation are the following: of the pipe system is maintained. The use of bellpws or
(a) validated sterility assurance level per a recognized pistons is niot recommended due to the formation of
standard (e.g., ISO 11137). pockets and gaps where liquids may be held up. The
(b) gamma irradiated to the specified dose range. No  amount-of thermal expansion growth in a pipe dystem
validation|of the effectiveness is conducted. is genérally calculated by the following formula
(14) PM-4.1]6 Shelf Life, Storage, and Expiration Date. )
The shelf Jife of a single-use component or assembly is (LS. Customary Units)
the duration under specified storage conditions from AL = 12 X L X @ X AT
the date ¢f manufacture to the last date the produict
can be us¢d without having an unacceptable effect on where
performarjce. The expiration date is the date after'which L = length of the pipe run, ft
the shelf life has been exceeded. a = coefficient of thermal expansion, in./fn./°F
(a) Nongterilized Components and Assemblies. The man- material and temperature dependent
ufacturer phall provide an expiration_date (preferred) AL = change in length, in.
or the mahufacturing date and shelf ‘life, plus storage AT = temperature change, °F
requiremepts and any special-handling requirements.
Shelf life $hall be based on‘taw material, component, (SI Units)
and/or aspembly data. AL = L X o % AT
(b) Sterflized Components and Assemblies. The manu- B
facturer shall provide expiration dates, storage require- .,
ments, andl any special handling requirements. Package L = leneth of the pipe run. mm
integrity testing shall be performed per a relevant stan- _ %f' . fPhP 1 ’ . oC
dard (e.g.| 189:-11607). a = coe 1c.1er1t of thermal expansion, mm/m/
& material and temperature dependent
PM-4.2 Piping AL = change in length, mm
AT = temperature change, °C

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-
“sions of these standards. It is important to consider these

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
PP 8.33 x 107°, in./in./°F

(14)
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(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) temperature minus
the installation temperature. If the installation tempera-
ture or time of year is unknown, it is practical to increase
the AT by 15% for safety. It is not necessary or practical
to use the maximum temperature minus the minimum

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
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

temperatufe Tniess it wilt truly be instaited i one of
those condlitions.

PM-4.2{4 System Support Criteria

.2.4.1 Support Distances. Supports shall be
placed baged on the spacing requirements provided by

are attached to the tlexible element by mechanicall com-
pression. The design shall ensure a seal is maintained
at the end of the barb [see Fig. SD-3.2.1-1}illus{ration
(d)]. Band style hose clamps are not recommendgd [see
Fig. SD-3.2.1-1, illustration (c)]. The fitting shotild be
designed to minimize entrapment\of liquid in the hose

system mgnufacturers. Hanging distances are based on = 555embly. Dimensions and tolerénices of the procegs con-
system mgterial as well as the specific gravity and tem- | o tion shall be consistent with* Table DT-7-1.

perature of the process media. Operating conditions of

all app]ic ble processes, including CIP and SIP, must PM-4.3.2.3 Flare-Throtgh End Connections. |Flare-

also be copsidered. Hanging criteria generally increase
with systgm operating temperatures. The placement of
hangers, puides, and anchors is critical in systems
exposed t¢ thermal cycling. Hanger locations should be
identified py the system engineer and laid out to allow
for expangion and contraction of the pipe over its life
of operatipn.

PM-412.4.2 Hanger and Clamp Types. Avoid 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 rgcommended over metal clamps, as (they are
less likely [to scratch the pipe in the event of movement.
Clamps sHould be evaluated to avoid rough‘edges that
could damnjage the pipe. Ideally, if a metal clamp is being
used, an elastomer material should.be-used in between
the pipe gnd the clamp. Refer te;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 wijth SI2-3.1, Connections, Fittings, and Piping.

PM-4.3 Hpse Assemblies

through end connections are connections in which the
inner contact layer of the flexible element eXtends
through the fitting and is formed into the end confector.
Flare-through énd connections may have integral gas-
kets or provisions for standard gaskets.

PM<4.3.2.4 Molded-in-Place End Connectigns.
Molded-in-place end connections are secured to tHe flex-
ible element by a thermal or chemical bond. Mplded-
in-place end connections utilizing nonrigid materials
may require additional stiffening reinforce

and PM-2.1.

(a) Biocompatibility. The biocompatibility and
material selection shall be the responsibility of t
user. Biocompatibility testing of candidate hose

and USP Class VI USP <88> (or ISO 10p93-6,
ISO 10993-10, and ISO 10993-11) tests on all pol i
process contact materials. End-users may request di
testing on noncontact layers that may come in
with the process fluid if the inner liner fails. Hose
bly suppliers shall provide, upon customer requedt, doc-

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
flexible, polymeric element with at least one end connec-
tion securely affixed and capable of containing fluids
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

178

Tmentation of the biocompatibility testing on final
manufactured hose assembly materials. Failure of either
test indicates unacceptable biocompatibility of the can-
didate hose assembly.

(b) Surface Finish. Surface finish of metallic end fit-
tings shall comply with the requirements of Part SF.

(c) Particle Generation. Hose assembly designs should
minimize wear that generates particles that could enter
the process.

(d) Extractables. Hose assembly materials shall con-
form to the requirements of PM-3.2.

(14)
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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,
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

PM-4.3.5.2 Certificate of Compliance. The
Certificate of Compliance shall contain the following
information:

(a) manufacturer’s name

(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

operafes within its design specification (e.g., routine
maintpnance).

PM-4.3.3.1 Service Temperatures and Pressures.
Hose pssemblies shall be capable of withstanding ther-
mal and pressure cycling between the rated upper and
lower|temperature and pressure limits.

PM-4.3.3.2 Nonroutine Events. The complete pro-
ceduj‘en for nonroutine events such as passivation,
derouging, and postconstruction cleaning should be
supplled by the end-user. The supplier should inform
the erjd-user whether the hose assembly will perform
as spgcified during these events. The end-user should
perfoym a risk assessment to determine if a new hose
asseuibwly is required after nonroutine events.
P

-4.3.3.3 Cleaning Systems

(a) |Clean-in-Place (CIP). Hose assemblies shall be
designed in accordance with SD-3.1. The hose assembly
shall Jpe installed to allow for drainability (see SD-3:2).

(b) [Clean-out-of-Place (COP). External surfaces of hose
assenjblies subject to COP shall be compatible with
cleanipg agents and be nonabsorbent. Hose assemblies
shall pe designed to allow effective removal of cleaning
agentg from external surfaces.

PM-4.3.3.4 Sterilizing Systems. Hose assembly
requitements shall be based on the sterilization method
utilizgd. All process contact surfaces should be designed
to minjimize crevices. When/crevices cannot be avoided,
sterilifation testing shall:be performed to validate steril-
ity within the systemiboundaries. All hose assemblies
and {ose assembly process contact surfaces shall be
desigied to de¢commodate expansion and contraction
during sterilization and cool-down stage.

PM-4.3:4 Hose Assembly Installation. Hose assem-

IS{'\ 10993, 11)

(f) packaging and storage recommenda
may be in another document)

Supplier’s name and unique identifiérshallpe marked
on either the hose assembly itself<or the pafkage con-
taining the hose assembly. The tinique idenftifier shall
enable the supplier to identify” the raw mgterial and
processing conditions used\t6 fabricate the afticle. Sup-
pliers shall mark the hdsejassembly itself to ayjoid poten-
tial loss of traceability and to aid in[ positive
identification of hose assemblies.

ions (this

PM-4.3,5:3" Test Requirements. Conformance test-
ing is don€ tipon initial qualification of the hpse assem-
bly. Testing is intended to show design copformance
and isqiet required on every hose assembly. Tgsting shall
be.fepeated for significant changes in raw mjaterials or
processes used to fabricate hose assemblies.

PM-4.4 Chromatography Columns

PM-4.4.1 General. This section definfes typical
design elements related to large-scale chromjatography
columns and includes columns that are infended for
repeated use in processing. Although chromfatography
processes are not typically aseptic, design features for
cleaning and/or sanitization should be c¢nsidered.
More information on chromatography columns can be
found in Nonmandatory Appendix S.

PM-4.4.2 Pressure-Retaining Parts. The column
tube is both a product contact surface and 4 pressure-
retaining component. Chromatography columns are
vessels operating under pressure and shouldl meet the
requirements of ASME BPVC, Section VIII, s referred
to in GR-1, as applicable. If the column tubq is acrylic,
it shall comply with ASME PVHO-1 Case 1# Low UV.
The owner/user is responsible for informing|the manu-
facturer of the normal and abnormal operating condi-

blies shall be installed per SD-3.2 and used in accordance
with the supplier’s guidelines (e.g., bend radius).
Change in hose assembly length due to pressure and
temperature cycling and the potential effect on draina-
bility should be considered by the end-user.

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.
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tions to which the column may be exposed. The
manufacturer is responsible for ensuring the column
will operate safely under said conditions.

PM-4.4.3 Design for Cleaning and Sanitization

PM-4.4.3.1 Cleaning. Columns should be
designed in accordance with SD-2.4.2 with the exception
of the bed supports and flow distributor. Cleaning of
chromatography columns is achieved by control of con-
tact time and concentration of the appropriate cleaning
agents.

(14)
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PM-4.4.3.1.1 Seals. All seals shall conform to

Part SG.

PM-4.4.3.1.2 Exterior Surfaces. Exterior sur-
faces of columns shall be nonabsorbent and compatible
with cleaning agents. Columns shall be designed to
allow effective removal of cleaning agents from surfaces.

PM-4.4.3.1.3 Hygienic Connections. Hygienic
connections shall conform to other Parts of this
Standard.

(c) material of construction of process contact items

(d) compliance to USP Class VI [USP <87> (or ISO
10993-5) and USP <88> (or 1S0O10993-6, I1SO10993-10,
and ISO-10993-11)]

Also see Table PM-2.2.1-1.

PM-4.5 Filtration Elements and Components

[Reserved for future content]

PM-4.6 Polymeric Hygienic Unions

PM-4J4.3.2 Sanitization

PM14.4.3.2.1 Chemical Sanitization. All product
contact suffaces within the system shall be compatible
with the spnitization agents selected.

PM14.4.3.2.2 Thermal Sanitization. When ther-
mal sanitization is used, all column product contact sur-
faces shalllbe designed to accommodate expansion and
contractiof during exposure and cool-down stages.

PM-4.44 Column Materials. Column materials for
all produgt contact surface wetted parts shall conform
to applicaple sections of SD, PM, and SE.

PM-4.4.5 Column Performance. The owner/user
shall be rgsponsible for informing the manufacturer of
the conditjons under which the column may be expected
to operatd. This shall include the methods, frequency,
and’ duratjon of cleaning and sanitization procedures.
In additign to the service temperature and pressure,
any'paranfeters that may affect the column performance
shall be ptovided.

PM-4]4.5.1 Service Temperature and Pressure.
Columns ghall be capable of withstanding thermal and
pressure dycling between the rated upper*and lower
and pressure limits.

temperatv.lze

PM-4}4.5.2 Routine Maintenance. To ensure con-
tinued column performance, consideration must be
made to the accessibility of all.¢olumn components for
routine mpintenance.

6 Compliance/Requirements

the supplier to identify the raw material and processing
conditions used to fabricate the article.

PM-4.4.6.2 Certificate of Compliance. A Certificate
of Compliance shall be issued by the column manufac-
turer to certify compliance to this Standard when
required by the owner/user.

The Certificate of Compliance shall contain the follow-
ing information:

(1) manufacturer’s name

(b) unique identifier of the column
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When utilizing polymeric hygienic unionsjseveral
application variables should be considered, to ¢nsure
optimum performance. Some variables‘includ¢ fluid
type, process temperature, system préssure, vibtation,
materials of construction, sterilization method (where
appropriate), cleaning methods (where appropridte), as
well as duration of use.

PM-4.6.1 Multi-Use

PM-4.6.1.1 Installation. The manufacturef shall
provide installatior procedures.

PM-4.6.1.2Performance. Ferrules and clamps
should be desighed and manufactured to maintain com-
ponent alignment, ensure proper assembly, and|avoid
leakageFerrules should meet the nominal dimehsions
of Table DT-7-1, except for Dimension A, whicl shall
achieve clearance as per DT-9.4(e). Pressure and tgmper-
ature ratings of polymeric hygienic unions shopld be
provided by the manufacturer.

PM-4.6.1.3 Cleaning. Ferrules and clamps ghould
be cleanable as per SD-2.4.2 and SD-3.1.2.2.

PM-4.6.1.4 Bioburden Control [Reserv
future content]

PM-4.6.1.5 Seals

PM-4.6.2 Single-Use.
requirements, see PM-4.1.

PM-4.6.2.1 Installation. See PM-4.6.1.1.
PM-4.6.2.2 Performance. See PM-4.6.1.2.
PM-4.6.2.3 Seals. See PM-4.6.1.5.

bd for

[Reserved for future confent]

For general single-use

PM-4.7 Steam-Through and Steam-to Connecti

PM-4.7.1 General Requirements. Steam-t
and steam-to connectors are designed to connect single-
use systems to multi-use (metallic) systems. Steam-
through and steam-to connections shall

(a) form a hygienic clamp union, meeting the require-
ments of Parts DT and SG

(b) maintain a seal (Part SG-4)

(c) be self-draining (Part SD)

(d) be sterilizable per PM-4.1.5

(e) be compatible with SIP, poststerilization (e.g.,
gamma irradiation), at 266°F (130°C) for 1 hr (exposed
surfaces)
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(f) meet the biocompatibility requirements of PM-3.1

(¢) meet the Certificate of Compliance requirements
of Table PM-2.2.1-1

Owners/users shall review the manufacturer’s pres-
sure/temperature ratings against the design conditions
for all applicable processing conditions (e.g., SIP, prod-
uct transfer, etc.).
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Part CR
Certification

CR-1 PURPOSE AND SCOPE

used at various facilities that operate under the same

Part CH and ASME CA-1, Conformity Assessment
Requireménts, together establish requirements for orga-
nizations providing components in accordance with the

CoMmpany name, Of each 1acility may operate unpler its
own QMS Manual. Should a corporate progrhm be
developed and used at various facilities,,‘a\Corporate
Certificate of Authorization will be issued to’the ldcation

BPE Standard to obtain a Certificate of Authorization .
and the A$ME Certification Mark (see Fig. CR-1-1). This wh.e re .the corporate QMS 'S controlled, established,
is a volun maintained, and approved for issuance and use. Fgr each

ary certification program.

NOTE: Afministrative requirements pertaining to the
obtainment pf an ASME Certificate of Authorization for the appli-
cation of the ASME Certification Mark on BPE components in
Part CR havle been relocated to ASME CA-1.

facility where the corporate QMS%is being implemented,
surveys and audits will be conducted, and a Cerfificate
of Authorization will be iSsued at each facilitly. The
Corporate Certificate of Authorization will be issued a
certificate number. The Certificate of Authorizatign will

In Part [CR, the term “components” shall be limited  have the same cerfificate number as the Cormorate
to tubing pnd fittings. Certificate of Atithorization; however, it will be followed
by a dash number. Each Certificate of Authorizatign will
CR-2 GEHNERAL be issued‘ih-sequential numerical order.
(a) An ¢rganization providing components meeting ~ EXAMPLE: » o
the requir¢gments of this Standard is issued a Certificate CorP prate Certlﬁcate‘ of Authon.zéhon number: BPE-100
of Authorifzation and the ASME Certification Mark upon ~_ ertificate of Authorization, Facility #1: BPE-100-1
: Certificate of Authorization, Facility #2: BPE-100-2
successfull completion of a survey and approval by Cortifi ¢ Authorization. Facilitv #3 BPE-100.3
ASME. Cprtificate Holders maintain certificatipn ertificate of Authorization, Facility #3: BPE-100-
through ajdits and renew certification of an existing A Certificate of Authorization authorizes the Juse of

certificate humber through a renewal survey. All'surveys
and auditp are performed by ASME to determine the
adequacy pf the quality management systemyand to ver-
ify the organization’s knowledge, understanding, and
capabilities of providing a component.in conformance
with the BPE Standard under the organization’s Quality
Management System (QMS).

(b) Figure CR-2-1providesiagraphic of several accept-
able certifjcation methodglogies for companies with one
or more fpcilities. A dorporate QMS Manual may be

Fig. CR-1-1_ASME Certification Mark With BPE
Designator

the ASME Certification Mark. A Corporate Cerfificate
of Authorization does not authorize the use pf the
Certification Mark; therefore, the ASME Certification
Mark will not be issued with a Corporate Certififate of
Authorization.

(c) ASME BPE certification means that the cappbility
to fulfill requirements of this Standard by the organiza-
tion has been reviewed and accepted by ASME. The
organization is responsible for ensuring that the| prod-
ucts stamped with the ASME Certification Magk and
BPE Designator meet the requirements on whith the
certification is based.

CR-2.1 _ASME BPE Certificate Holders

BPE

182

(1) An ASME BPE Certificate Holder has a Quality
Management System that has been reviewed and
accepted by ASME and has demonstrated its capability
to fulfill the requirements of this Standard for the scope
of work identified on the Certificate of Authorization.
The Certificate Holder is authorized under a valid
Certificate of Authorization to mark components, and/
or documentation traceable to the components, in con-
formity with this Standard with the ASME Certification
Mark.
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Fig. CR-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.

f 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)

(b) Certificate Holders are issued a certifieate number
to be psed to attest to the validity of their eértification
on dafa reports and/or certificates of cenformance.

(c) Written references indicating that an organization
is a Certificate Holder are not valid without reference
to the|certificate number.

CR-2.2 ASME BPE Certificate Holder’s
Responsibilitiés

The responsibilities of the Certificate Holder include
the following:

(a) pbtaining.d BPE Certificate of Authorization.

(b) fompliance with the latest edition of ASME CA-1
as ap]flicable to the BPE Certification Program.

(g) preparing procedures, work instructigns, forms,
and other implementing documents used junder the
Quality Management System.

(h) ensuring that the BPE designator is uded in con-
junction with the ASME Certification Mark.

(i) qualifying suppliers of subcontracted work.

(j) qualifying and certifying a Certified Individual.

CR-2.3 Certification Designator

The BPE Certification Designator shall be the respon-
sibility of the Certificate Holder. The Cegtification
Designator shall consist of the uppercase letfers “BPE”
and shall be of a design having similar proportions to
that shown in Fig. CR-1-1. The Certification Pesignator

(c) compliance with all requirements of this Standard,
as applicable, for the scope of work identified on the
BPE Certificate of Authorization.

(d) establishing and maintaining a Quality
Management System under Part CR of this Standard.

(e) documenting a Quality Management System.

(f) filing a control copy of the Quality Management
System Manual with ASME. The QMS Manual shall
provide a detailed description of the items and services
that are being provided under the company’s ASME
BPE Certificate of Authorization.

shall be legible and located immediately underneath the
ASME Certification Mark.

CR-2.4 Subcontracting

The ASME BPE Certificate Holder providing any com-
ponent 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
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affiliates or work provided by nonaffiliated independent
contractors. Figure CR-2-1 provides a graphic of several
acceptable certification methodologies for
subcontracting.

Work provided by others who are not in possession
of a valid BPE Certificate of Authorization shall be veri-
fied as meeting the requirements of the Standard by
the Certificate Holder through surveys and audits. The
experience and knowledge requirements of auditors
shall be d

umentedinthe nn:\]if} Man ngamon{- chi—om

(f) company organization chart identifying the chain
of management with regard to internal audit and quality
control personnel.

(¢) the further requirements of CR-2.5.

CR-2.5.1.2 The QMS shall include provisions to
ensure compliance of the product with

(a) the general and design requirements of Parts GR
and SD

(b) the ﬁh‘lQI(‘Q] attributes rnnnn‘nmn‘ni—c of Parts DT,

nual. The BPE Certificate Holder shall have
vidence that qualified auditors meet the expe-
knowledge requirements as specified in their
[he BPE Certificate Holder shall have objec-
hce of the surveys and audits performed. As
m, the frequency of surveys and audits shall
nsurate with surveys and audits performed

(QMS) M4
objective &
rience and
program.
tive evide
a minimu
be commg
by ASME|

A Certi
veys or ay
BPE Certi

icate Holder is not required to conduct sur-
dits of subcontractors holding a valid ASME
icate of Authorization.

CR-2.5 Qgality Management System

The Applicant shall establish and maintain an effec-
tive QMS fhat addresses all of their processes to ensure
that all applicable requirements of the current
ASME BPE Standard are met. The current Standard shall
be adoptefl and conformed to by the Applicant within

6 mo of the date of issuance.

CR-2.5
Quality M|
ity assura
discretion.
compiled
and auth
Program.

1 Quality Management System Controls A
hnagement System is a formalized setof'qual-
hce guidelines, procedures, forms, and other
1y documentation specific to eachrapplicant,
nto a manual providing guidance, structure,
rity to an Applicant’s Quality Assurance

CR-2.5.1.1 In complying with the ASME BPE
Standard|it shall include,"but not be limited to, the
following:

(a) amgd
ability of

(b) amg
and servid

ans to verify:proper documentation and trace-
inished product and raw material.

anstowverify compliance of outsourced goods
es;such as electropohshlng or passwatlon

cation including that of testing, examlnatlon repair, and
handling of the product.

(d) evaluation, 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 control and proper segregation of outsourced
product from receipt through final integration of fin-
ished product.
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SE, SG, PM MM and PI as approprlate to the 'pfoduct

(c) materials requirements of Part MM for metals,
Part PM for polymeric materials, and Part,6G fof seals
and gaskets

(d) materials joining requiremen(s,of Part MJ fq
als and for polymeric materials ityboth componen|
ufacture and assembly/installation

Unless otherwise specifiediin this Standard, exdmina-
tion/testing shall be condiicted at the frequencies|speci-
fied in the applicable réferenced product specificatfion(s),
or else at a minimm of 10%. Such examination/{esting
may be performed by the Certificate Holder’s quality
department 0t by a qualified third party.

T met-
I man-

CR-2.5.2 Requirements for Designated Oversight.
Theytse of the ASME Certification Mark and
BPE\Designator shall be documented with data feports
ot certificates of conformance, or both, that are gigned
by a responsible representative of the Certificate I{older
who is authorized to perform the designated ov¢rsight
activities (i.e., Certified Individual). The data repprts or
certificates of conformance, or both, shall be refained
for a period of not less than 5 yr.

CR-2.5.2.1 Duties of the Certified Individual
Certified Individual shall
(a) verify that each item, or lot of items, to wh
ASME Certification Mark and BPE Designator i
applied conforms with the applicable requiremgq
the ASME BPE Standard
(b) sign the appropriate data report or certifi
conformance or both prior to release of control
item

The

ch the
to be
nts of

ate of
of the

CR-2.5.2. 2 Reqmrements for the Certified Indiyi

the Certificate Holder and shall be quahfled and certlﬁed
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
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(b) The Certificate Holder shall maintain a record of
the qualifications and training of the Certified
Individual.

CR-2.5.3 Evaluation of the Quality Management
System. The QMS Manual shall include provisions for
a system performance review and evaluation by man-
agement at least annually. This review may be conducted
by internal personnel or by a qualified third party (e.g.,
an ANAB or CEOC recognized organization) with evalu-
ation
by mgnagement.

CR32.5.4 Applicant’s Facilities and Equipment. The
Applitant shall have, as appropriate to the scope of work
perfomed by the organization, demonstrated controls
of, or [procedures for

(a) Hesign

(b) pffective material control, including
(1) segregation of noncompatible materials
(4) segregation of nonconforming material
(3) product marking/identification
(4) packaging
(4) finished product storage

(c) manufacturing processes

(d) |procedures requiring special environmental
conditions

(e) maintenance of equipment and tooling

(f) safe storage of nonactive equipment and tooling

(¢) lexamination/inspection

(h) document control and storage

Thd Applicant’s organization shall have, use; and
mainthin in good working order, the appropriate equip-
ment, |fixtures, machinery, and tooling that-will ensure
compliance of final product with this Standard.

CRt2.5.5 Personnel. The Applicant’s organization
shall include specific personnel designated for each of
the following functions as appropriate to the scope of
work jperformed by the organization:

(a) Pesign. As an alternative or as an extension of in-
house|staff, this function may be performed by outside
qualiffed engineering personnel.

(b) Purchasing

(c) [ontrackReéview

(d) Document Control

(e) Material Control. Management of incoming, in pro-

or service processes. Examination personnel may be
responsible to production management, only if an inde-
pendent inspection department is operating within the
facility.

(i) Maintenance of Equipment

CR-2.5.6 Monitoring of Quality Control Measuring
and Testing Devices
(a) Procedures shall be in effect to ensure that tools,
ages, instruments, and other measuring and testing
devices used to verify compliance with the appropriate
requirements are calibrated and properly” ddjusted at
specific periods or use intervals to maintaih accuracy
within necessary limits. Periodic chiecks on these devices
shall be performed to determfine’that calibration is
maintained.
(b) Calibration shall bewthade against cerfified sam-
ples having known valid.relationships and d¢cumented
traceability to nationally recognized standatds, where
such standards exist. If no known nationally fecognized
standard exists, the basis for calibration shall be
documented.
(c) Control measures shall include provisiofs for mea-
suring and testing equipment identificatign and for
determining calibration status by equipmerjt marking
ox_en records traceable to the equipment.

CR-2.5.7 Discrepancies With Measuring and Testing
Devices
(a) When discrepancies beyond an accepfable toler-
ance range for measuring and testing deviceq are found
during calibration, appropriate corrective aftion shall
be taken, and material measured or tested since the
previous calibration shall be reviewed to detdrmine that
all applicable requirements have been met.
(b) When periodic checks on equipmerjt are per-
formed to determine that calibration is mpintained,
potential product or source material discrepancies need
only be resolved to the previous check, proyided
(1) the methods used and frequency q¢f periodic
checking are described in calibration procedpres
(2) the calibration discrepancy was fourpd by peri-
odic check

CR-2.5.8 Internal Audits. Internal audifs shall be
performed in accordance with the following

cess, finished, and discrepant materials must be pro-
vided for.

(f) Manufacturing

(g) Quality Control. Quality control personnel shall be
independent of all other departments responsible for
production or service processes.

(h) Examination/Inspection. An Applicant may per-
form either examination functions or examination and
inspection functions. In any case, the individuals per-
forming the final product assessment must be indepen-
dent of all other departments responsible for production

Tequirements:

(a) Audits shall be performed at least annually in
accordance with written procedures or checklists by per-
sonnel not having direct responsibility in the areas being
audited.

(b) Audit results shall be documented by auditing
personnel for review by management having responsi-
bility in the area being audited.

(c) Procedures shall include provisions for documen-
tation of corrective action taken in response to
deficiencies. Follow-up action, including re-audit of
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deficient areas where indicated, shall be taken to verify
implementation of such corrective actions.

In addition to ASME audits of the applicant or
Certificate Holder, a comprehensive system of planned
and periodic internal audits shall be carried out to ensure
ongoing compliance with all aspects of the QMS and to
reaffirm the effectiveness of the program.

CR-2.5.9 Corrective Action. Measures shall be estab-
lished to ensure that conditions not meeting quality

and reported to appropriate levels of management.
These measures shall also assure that the cause of
conditions adverse to established quality levels be deter-
mined and corrected.

The identification of significant or recurring condi-
tions not meeting quality requirements, the cause of
these conditions, and the corrective action taken shall
be documented and reported to appropriate levels of
management.

i form-

ltD DUL} L dS fai} UuIrcsS, 11 lalful lLtiUl 1S5, dc v ;Clt..lUl 1S5,
material and equipment, nonconformances,
y system deficiencies, are promptly identified

requirem
defective
and qualit]

Tl £ 1 £ d 4o il
TTHESCFeqHtH e tRtSShtarSo— S ehaTothnt—Pe

ance of the approved supplier’s corrective
measures.

hction
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Part MM
Metallic Materials

MM-1 PURPOSE AND SCOPE

conform to a specification listed in the above para-

Thelpurpose of this Part is to identify metallic materi-
als copsidered acceptable for use in hygienic service.
It identifies material specifications, grades and alloys,
matching filler metals, fabrication guidelines, and other
attriblites necessary for this service. It also specifies the
data that must be submitted to the MM Subcommittee
for anly new or unlisted alloy that is proposed for inclu-
sion ifto Part MM.

MM-2
MM-2

This Part identifies for use those metallic materials of
construction that have demonstrated the ability to meet
weldihg and surface finish criteria as set forth in other
parts [of this Standard. It is the responsibility of the
ownefr/user to ensure that any metallic materials
select¢d for use from those listed in Tables MM-2.1<1
through MM-2.1-3 are appropriate for its intended appli-
cation, Copper materials are listed in Table MM-2.1-4.
The guidelines and criteria listed in this RPak’ of the
standgrd indicate a general acceptability for uise and do
not address the specifics of fabricationior requirements
of any given service.

ALLOY DESIGNATIONS

1 General

MM-3 USES OF SPECIFICATIONS

MM-3|1 General

Theldocuments listéd.in MM-4.2 through MM-4.6 may
contain references (to)codes, standards, or specifications
not ligted in this~Part of this Standard. Such unlisted
codes) standards, or specifications are to be used only
in the|context of the listed documents in which they are
referencéds Where documents listed in MM-4.2 through

graphs, except as provided in MV=3.3:

MM-3.3 Unlisted Specifications

Alloys in specifications not listed,in MM-4.2 through
MM-4.6 may be used for applications goverjed by this
Standard provided they corform to a publisied specifi-
cation covering composition, physical and mechanical
properties, method andJprocess of manufafture, heat
treatment and qualityl control, and otherwisg meet the
chemical composition requirements of one of fhe specifi-
cations listed~it MM-4.2 through MM-4.6. Alloys not
listed in Tables MM-2.1-1 through MM-2.1f3 may be
used forhapplications governed by this Stapdard pro-
vided:the following requirements are met:

(4))The applicable requirements of MM-8 jare met.

{b) The specific written permission of the opner/user
is obtained.

Materials listed in MM-5.1.5 are exemp
requirements of MM-3.3.

from the

MM-3.4 Unknown Materials

Materials of unknown origin or specificatign shall not
be used in hygienic service.

MM-3.5 Reclaimed Materials

Reclaimed pipe/tube and other piping c¢mponents
may be used, provided they are properly identified as
conforming to a published specificatior] listed in
MM-4.2, MM-4.3, MM-4.4, MM-4.5, or MM+.6 or to a
published specification not listed in those garagraphs
and otherwise meeting the minimum requifements of
MM-8. Sufficient cleaning and inspection shdlll be made
to determine minimum wall thickness and fridom from

MM-476 contain design rules that are i conilict with
this Standard, the design rules of this Standard shall
govern.

MM-3.2 Listed Specifications

Materials purchased to specifications listed in the
appropriate sections of MM-4.2 through MM-4.6 may be
used for applications governed by this Standard. Fittings
must be purchased to the requirements of Part DT.
Valves must meet the requirements of SG-3.3.2.3. Materi-
als used in applications governed by this Standard shall
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imperfections that would be unacceptable in the
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
process contact surface. The user is also responsible for
identifying the appropriate fluid service category for
piping or tubing, in accordance with the definitions in
the current edition of ASME B31.3, Process Piping.
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(14) Table MM-2.1-1 Wrought Stainless Steels: Nominal Compositions (wt. %)
UNS
Number EN
[Note (1)] Designation C Mn N Cr Ni Mo Cu
Austenitic Stainless Steels
$30400 . 0.07 2.00 0.10 17.5-19.5 8.0-10.5
1.4301 0.07 2.00 0.11 17.5-19.5 8.0-10.5
S30403 . 0.030 2.00 0.10 17.5-19.5 8.0-12.0
1.4307 0.030 2.00 0.11 17.5-19.5 8.0-10;5
1.4306 0.030 2.00 0.11 18.0-20.0 10.0413.0
S$31600 e 0.08 2.00 0.10 16.0-18.0 10.0~14.0 2.00-3.00
1.4401 0.07 2.00 0.11 16.5-18.5 10.0-13.0 2.00-2.50
S$31603 . 0.030 2.00 0.10 16.0-18.0 10.0-14.0 2.00-3.00
1.4404 0.030 2.00 0.11 16.5-18.5 10.0-14.5 2.00-2.50
1.4435 0.030 2.00 0.11 17.0-19.0 12.5-15.0 2.50-3.00
Superaustenitic Stainless Stééls
S$31703 R 0.030 2.00 0.10 18:0-20.0 11.0-15.0 3.0-4.0
1.4438 0.030 2.00 0.11 17.5-19.5 13.0-17.0 3.0-4.0
N08904 - 0.020 2.00 0.10 19.0-23.0 23.0-28.0 4.0-5.0 1{0-2.0
1.4539 0.020 2.00 0.15 19.0-21.0 24.0-26.0 4.0-5.0 1.20-2.00
N08367 0.030 2.00 0.18~0.25 20.0-22.0 23.5-25.5 6.0-7.0 0.75
S$31254 A 0.020 1.00 0,18-0.22 19.5-20.5 17.5-18.5 6.0-6.5 0.40-1.00
1.4547 0.020 1.00 0.18-0.25 19.5-20.5 17.5-18.5 6.0-7.0 0.30-1.00
N08926 . 0.020 2.00 0.15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0}5-1.5
1.4529 0.020 1.00 0.15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0.40-1.50
Duplex Stainless Steels
$32205 . 0.030 2.00 0.14-0.20 22.0-23.0 4.5-6.5 3.0-3.5
1.4462 0030 2.00 0.10-0.22 21.0-23.0 4.5-6.5 2.50-3.5

GENERAL NQTES:

(@ Maximum, unless rangesox,minimum is indicated.

(b) Values listed in this Jable“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 cross-referencing of the UNS numbers listed above to common alloy names, refer to SAE Metals and Alloys in the Unified

Numberi
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Table MM-2.1-2 Wrought Nickel Alloys: Nominal Compositions (Wt; %)

UN;
Designgtion
[Note [1)] EN Number C Cr Ni Me. Cu Qther
NO6625 0.10 20.0-23.0 58.0 min 8/00~10.0 Fe: 3.0 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: 0J40 max.
N102f76 0.01 14.5-16.5 Balance 15.0-17.0 W: B.0-4.5
2.4819 0.01 14.5-16.5 Balance 15.0-17.0 0.5 W: B.0-4.5
Co: 2.5 njax., Mn: 1.0
nax.
NO60pR2 0.015 2070-22.5 Balance 12.5-14.5 W: p.5-3.5
2.4602 0.01 20.0-22.5 Balance 12.5-14.5 W: p.5-3.5
Fe: 2.0-4.0, Co: 2.5
hax.

GENERAL NOTES:

(@ Makimum, unless range or minimum is\indicated.

(b) Valpes listed in this Table are primary_élements only and are not complete chemical compositions as listed in specific proquct type
mafgerial specifications. Alloy comipasition is typically at the low end of the ranges indicated above. Refer to appropriate prpduct type
majerial specification for complete material composition requirements.

() Allgys listed between horiZontal lines are not equivalent, but comparable.

NOTE:

(1) For|cross-referencing.of the UNS numbers listed above to common alloy names, refer to SAE Metals and Alloys in the Unifigd
Numbering System.latest edition.
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(14) Table MM-2.1-3 Stainless Steel and Nickel Alloy Table MM-2.1-4 Wrought Copper: Nominal (14)
Cast Designations Compositions (wt. %) (Cleaned for Oxygen Service)
Approximate Wrought Cu P
Equivalent UNS Number EN Designation [Note (1)] [Note (2)]
UNS Al EN UNS N 10200 99.95 .
Designation Designation Designation Designation Designation €12000 99.90 0.008
Austenitic Stainless Steels 12200 t 99.90 0.008
CWO024A 99.90 0.015-0.040
192600 CF8 . $30400 . [Note (3)]
1.4308 1.4301
192500 CF3 e $30403 . GENERAL NOTES:
1.4309 1.4307 (@) Values listed in this table are for primary elements. The|table
1.4306 does not provide complete chemical compositions:
192900 CFsM - 531600 “. O] g:];ipbelztgcrzgqesal:tt)elz: between horizontal lines are not efuiva-
1.4408 1.4401 P :
NOTES:
192800 CF3M . S$31603 - (1) Minimum.
1.4409 1'4404 (2) Nominal, unless range is indicated:
4435 (3) Cu + Ag
Superaustenitic Stainless Steels
192999 CG3M S$31703 .
14412 1.4438 respects conforms to this Standard will be consjdered
194651 CN3MN NO8367 to be in conformance with this Standard.
193254 CK3MCuN S31254 e The ASME\Boiler and Pressure Vessel Code (BPVC)
1.4557 1.4547 has adopted many of the listed ASTM material spdcifica-
Duplex Stainless Steels tions: Mate'rl'als furmshed to the !atest ed1t1or'1 of these
192205 D3N 532205 ASME- specifications are also considered to be in qonfor-
14470 14462 mance with this Standard.
Nickel-Based Alloys MM-4.2 Tubing/Piping (14)
N26625 CW6eMC N06625 Co Tubing and piping manufactured in accordance with
2:4€55 the following specifications are acceptable.
N30002 CW12MW N10276 o . .
2.4819 ASTM A213/A213M, Specification for Seamless Herritic
A itic Alloy — 1 Boil h
N26455 wam N1OEA and Austenitic Alloy — Steel Boiler Superheat¢r, and
2.4610 Heat-Exchanger Tubes
2.4819 ASTM A249/A249M, Specification for Welded
N30107 WeM 210276 - Austenitic Steel Boiler, Superheater, Heat-ExcHanger,
2.4819 and Condenser Tubes
N26002 MW N26022 ASTM A269, Specification for Seamless and Welded
9.4602 Austenitic Stainless Steel Tubing for General Jervice
: ASTM A270/A270M, Specification for Seamlegs and
GENERALNOJE:  Alloys listed between horizontal lines are not equiv- Welded Austenitic and Ferritic/Austenitic Stainless
alent, but cdmparable; Steel Sanitary Tubing
ASTM A312/312M, Specification for Seamless, Welded,
and Heavily Cold Worked Austenitic Stainlesp Steel

MM-4 REFERENCED SPECIFICATIONS
MM-4.1 General

Standards and specifications adopted by reference in
this Standard are listed by application category in this
Part. It is not considered practical to identify the specific
edition of each standard and specification listed in the
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

Pipes

ASTM A511, Standard Specification for Seamless
Stainless Steel Mechanical Tubing

ASTM A789/A789M, Standard Specification for
Seamless and Welded Ferritic/ Austenitic Stainless
Steel Tubing for General Service

ASTM A790/A790M, Standard Specification for
Seamless and Welded Ferritic/Austenitic Stainless
Pipe

ASTM B619, Specification for Welded Nickel and
Nickel-Cobalt Alloy Pipe
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ASTM B622, Standard Specification for Seamless Nickel
and Nickel-Cobalt Alloy Pipe and Tube

ASTM B626, Specification for Welded Nickel and
Nickel-Cobalt Alloy Tube

ASTM B675, Specification for UNS N08367 Welded Pipe

ASTM B676, Specification for UNS N08367 Welded Tube

ASTM B690, Specification for Iron-Nickel-Chromium-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Seamless Pipe and Tube

ASTM.B819.Standard QPpriﬁmHnn for Seamless Cnpppr

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)

EN 10213, Steel Castings for Pressure Purposes

EN 10283, Corrosion Resistant Steel Castings

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

Tube for Medical Gas Systems

Publidher: American Society for Testing and Materials
(A9TM 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

Publidher: DIN Deutsches Institut fiir Normung e.V.,,
Burggrafenstraie 6, 10787 Berlin, Germany

EN 1j0216-5, Seamless Steel Tubes for Pressure
Purposes — Technical Delivery Conditions — Part 5:
Stainless Steel Tubes

EN 10217-7, Welded Steel Tubes for Pressure
Purposes — Technical Delivery Conditions — Part 7:
Stainless Steel Tubes

EN 1P312, Welded Stainless Steel Tubes for the
Corveyance of Water and Other Aqueous Liquids =
Tedhnical Delivery Conditions

EN 13348, Copper and Copper Alloys — Seamless,
Rouynd Copper Tubes for Medical Gasses-0ot~Vacuum

Publisher: European Committee for Standardization

MM-4.4 Forgings

Forgings manufactured in accordancewith
ing specifications are acceptable.

the follow-

ASTM A182/A182M, Specification for Forgedl or Rolled
Alloy and Stainless Steel Pipe Flanges, Forged
Fittings, and Valves and*Parts for High-Tgmperature
Service

ASTM B462, Spécification for Forged pr Rolled
UNS NO06030” UNS NO06022, UNS| N06035,
UNS N06200, UNS NO06059, UNS| N06686,
UNS NO08020, UNS NO08024, UNS| N08026,
UNSNINO08367, UNS N10276, UNS| N10665,
UNSY' N10675, UNS N10629, UNS| N08031,
UNS N06045, UNS N06025, and UNS R2¢033 Alloy
Pipe Flanges, Forged Fittings, and Valves| and Parts

for Corrosive High-Temperature Service
ASTM B564, Specification for Nickel Alloy J
Publisher: American Society for Testing and
(ASTM International), 100 Barr Harb|
P.O. Box C700, West Conshohocken, PA
(www.astm.org)

orgings
Materials

or Drive,
| 9428-2959

EN 10222-5, Steel Forgings for Pressure Pyirposes —
Part 5: Martensitic, Austenitic, and Austenitic-Ferritic
Stainless Steels

EN 10250-4, Open Die Steel Forgings fof General
Casfings manufactured in‘accordance with the follow- Engineering Purposes — Part 4: Stainless $teels
ing spjecifications are aceeptable. Publisher: European Committee for Standprdization
A351/A351WVE; Specification for Castings, (CEN), Avenue Marnix 17, B-1000 Brusselp, Belgium
Audtenitic, for Pressure-Containing Parts (www.cen.eu)
A494/A494M, Standard Specification for
Castings,Nickel and Nickel Alloy MM-4.5 Plate, Sheet, and Strip
ASTM A7437A743M, Specification for Castings, Iron- Plate, sheet, and strip manufactured in gccordance
Chjomium, Iron-Chromium-Nickel, Corrosion with the following specifications are acceptable.

Resistant, for General Application

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
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ASTM A240/A240M, Specification for Chromium and
Chromium-Nickel Stainless Steel Plate, Sheet, and
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 NO06219) Plate, Sheet, and Strip
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ASTM B575, Specification for Low-Carbon Nickel-
Chromium-Molybdenum, Low-Carbon Nickel-
Chromium-Molybdenum-Copper, Low-Carbon
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

DIN 17744, Wrought nickel alloys with molybdenum
and chromium — Chemical composition

DIN 17752, Wrought nickel and nickel alloy rods and
bars — Requirements and testing

Publisher: DIN Deutsches Institut fiir 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

ading

DSes

Publishel. Alllcli\,ﬂll. SU\,iCi.y fUL TCD‘Lillé Cllld }V{C{lcl:icllb Delivery Conditions
(ASTMf International), 100 Barr Harbor Drive, g\ 1026335, Steel Rod, Bars and Wire for Cold, F
PO. Bo [ C700, West Conshohocken, PA 19428-2959 and Cold Extrusion — Part 5: Technical Delivery
(www.aptm.org) Conditions for Stainless Steels

DIN 1774§, Wrought nickel alloys with molybdenum EN 10272, Stainless Steel Bars for Pfesstre Purp

and chrpmium — Chemical composition
DIN 17750, Strip and sheet of nickel and wrought nickel
alloys — Properties

Publisher:| DIN Deutsches Institut fiir Normung e.V.,
Burggrafenstrafie 6, 10787 Berlin, Germany

EN 1002841, Flat Products Made of Steels for Pressure
Purposds — Part 1 — General Requirements

EN 1002847, Flat Products Made of Steels for Pressure
Purposds — Part 7: Stainless Steels

EN 10088-R, Stainless Steels — Part 2: Technical Delivery
Conditipns for Sheet/Plate and Strip of Corrosion
Resisting Steels for General Purposes

EN 10095, Heat resistant steels and nickel alloys

Publisher
(CEN),

(www.c

European Committee for Standardization
Avenue Marnix 17, B-1000 Brussels, Belgittm
bn.eu)

MM-4.6 K

Hollow [products, rod, and bar stock-manufactured in
accordanfe with the following.specifications are
acceptablg.

ollow Products, Rod, and Bar Stock

ASTM A2)6, Standard Specification for Stainless Steel
Bars angl Shapes

ASTM A479/A479M, (Specification for Stainless Steel
Bars and Shapes for-Use in Boilers and Other Pressure
Vessels

ASTM B5[/4, Specification for Low-Carbon Nickel-

EN 10088-3, Stainless Steels — Part3;Technical D¢
Conditions for Semi-Finished/Products, Bars,
Wire, Sections and Bright-Products of Cor1
Resisting Steels for General Purposes

livery
Rods,
osion

Publisher: European Committee for Standardifation
(CEN), Avenue Marriix 17, B-1000 Brussels, Bglgium
(www.cen.eu)

For austenitic stainless steels, hollow products and
bar stock.areé acceptable for nozzles and clamping
mechanjsms.

MM-4.7 Copper Alloy Fittings

Fittings manufactured in accordance with the fpllow-
ing specifications are acceptable.

ASME B16.22, Wrought Copper and Copper
Solder-Joint Pressure Fittings

ASME B16.50, Wrought Copper and Copper
Braze-Joint Pressure Fittings

Alloy

Alloy

Publisher: The American Society of Mechfnical
Engineers (ASME), Two Park Ave, New York, NY
10016-5990; Order Department: 22 Law Drive, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asmel.org)

MM-5 FABRICATION
MM-5.1 General

This Part provides fabrication requiremen{s and
guidelines for metallic components, equipmerit, and

2.1-1

Chrom{um<Molybdenum, Low-Carbon Nickel-  distribution systems fabricated from the stainless steel
Molybdermum=Chromitm=Tamtatumn, tow-Carbon grades—andnickel-atoystisted—inTFablesiviv

Nickel-Chromium-Molybdenum-Copper, and Low-
Carbon Nickel-Chromium-Molybdenum-Tungsten
Alloy Rod

ASTM B691, Specification for Iron-Nickel-Chromium-
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)

through MM-2.1-3. Fabrication with metallic materials
other than those listed in this Part is permitted with the
owner’s written approval (see MM-3.3). Such fabrication
shall be performed in accordance with the material man-
ufacturer’s recommendations.

MM-5.1.1 Austenitic Stainless Steel Weld Ends.
Weld ends that are to be autogenously welded shall have
a sulfur content between 0.005 wt. % and 0.017 wt. %
[see also MJ-2.1.1(a)]. This requirement applies to the
austenitic stainless steels listed in Table MM-2.1-1. This
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requirement does not apply to materials used in the
construction of process components, only to the weld
ends of process components in their final form.

Table MM-5.1.2-2 lists the recommended materials
from which inserts may be made for use in welding the
listed superaustenitic and duplex stainless steels.

Filler materials other than those listed in

(14) MM-5.1.2 Superaustenitic and Duplex Stainless
Steels. If a filler metal or consumable insert is used ~ lables MM-5.1.2-1 and MM-5.1.2-2 may be used with
during process component fabrication, it must be in the prior approval of the owner/user provided that:
accordance with the required filler metals or consumable (a) they produce weld metal having corrosion resist-
inserts listed in Table MM-5.1.2-1 or Table MM-5.1.2-2,  ance equal to or greater than that of the base metal
respectively. The fabricator must also supply proof of (b) the welding procedure is qualified in accordance
filler mretat-or-comstmrablte-insertcompttarce—asparto h-Section-lX-of-the-ASMEB
the ddcumentation. Proprietary filler materials may be used wigh the prior
MMN-5.1.3 Castings. When cast alloys discussed in ~ 2&feement of the owner/user, provided all|procedure
this sqction solidify, microsegregation of chromium and and performance quahﬁcat.lon requirements jof Part M]
molybdenum occurs. Segregation reduces corrosion of this Standard and Section [ the ASME BPVC
resistnce and is corrected in castings by a full solution '€ met.
anneal as specified by the material specification or as MM-5.2.1 Austenitic Staitless Steels. Only the low-
recommended by the material manufacturer. All cast  carbon grades of stainlesSsteel filler metals may be used
materjals shall be supplied in the solution annealed con- 5 weld these alloys.
dition} and the solution anneal procedure shall meet
the tifne and temperature requirements of the product MM-5.2.2 Superaustenitic Stainless Stgels. The
speciffcation. Any weld repair by the casting manufac- ~ superausteniticstainless steels in Tables MM-2.1-1 and
turer $hall meet the requirements of the specification or ~ MM-2.1-3 aré.prone to the precipitation of yndesirable
shall e as specified by the owner. secondaty intermetallic phases such as signfa and chi.
() MM-5.1.4 Ferrite. If specific ferrite levelsin316and  1PiS Precipitation typically occurs i the rangg of 1,000°F
other laustenitic stainless steel equipment are deemed (54Q ,C) to 1,900°F (1 040°C). Thls, 15 @ concgrn .durmg
necesgary to maintain certain properties, the owner/ Weldmg e.and other t.hermolmechamcal procesges, includ-
user shall specify required ferrite ranges separately for 5118 solut1on.annea1.1ng.. It is, therefore, desirable to keep
base metal, for welds in the solution annealed conditior,~~ €XPOStre time within this temperature jange to a
and fqr welds left in the as-welded condition. As a gen- ~ Hmum. . )
eral ryile, material with high ratios of Ni to €x_show Owners/users are Cautlone.d that any service temper-
lower|ferrite levels in the base metal and subsequent ature, heat treatment, or welding procedure that exposes
to welding. See Table MM-5.1.4-1 for predicted ferrite this material to these temperatures should be mini-
numbgr ranges for various 316 stainless steel product mized. "l."l}e .matena.l manufactgrer should bg consulted
forms| These are not acceptance criteria:The listed ferrite  fOr specific instructions regarding heat treatment.
numbgrs refer to as-solidified 316 ‘stainless steels and MM-5.2.3 Consumable Inserts for Orbitallj\lelding of
therefpre indicate predicted ferri'te levels of the respec- | isted Alloys. Table MM-5.1.2-2 lists the mo§t common
fcive a 1tog.er'10us erlds, we.lds with ﬁ}ler metfﬂ' or cast- alloys from which consumable inserts are mdchined for
ings. pdditional informatign”regarding ferrite can be  yq¢in welding specific superaustenitic and dufplex stain-
found) in Nonmandatory Appendix G. less steels. Other nickel-chromium-molybdenum
(14) MM-5.1.5 SpecialMaterials. When specified by the inserts may be used as long as the corrosion| resistance
ownef/user, metals-listed in Table MM-5.1.5-1 may be  of the final weldment meets or exceeds that {f the base
used flor process contact surfaces in unique applications, metal.
such 4s OEM\process instrumentation, pump internals, . .
etc. Thesetietals, when serving as process contact sur- _MM'S -2.4 Duplex _Stamless St_eels' Thq corrpsmn
faces, Imist meet all applicable surface finish require-  tesistance and mechanical properties of duplgx stainless
ments of this Standard. . steels are based on having roughly equal amounts of
18 MM-5.1.6 Copper Alloy Tubing Systems. Tn applica- ferrite and austenite in the microstructure at room

tions allowed in Part SD and/or approved by the
owner/uset, copper tubing may be used for process gas
distribution systems.
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.
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temperature.

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
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(14) 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 [Note (1)] Insert Alloy [Note (2)]

UNS ACI EN UNS EN
Designation Designation Designation Designation Designation

Superaustenitic Stainless Steels

N08904 o R N06625

Product Form Expected FN

Wrought product forms with sulfur FN = 0.5 to 4

Wrought product forms with a FN

levels less than 0.005%
1.0to 6

sulfur range of 0.005% to

0.017%
N06022 GMAW/GTAW using ER316L FN = 4 to 12 [Note (2)]
N10276 fNote—)]
1.4539 e 2.4856 SMAW using ER316L [Notes (3), FN = 4 to 10\ Note (5)]
2.4602 @]
2.4819 CF8M and CF3M castings FN = 5)to-15
N08367 A Ce N06625
N06022 GENERAL NOTE: FN ranges determined fromi D.V. Kotecki apd T. A.
N10276 Siewart, “WRC-1992 Constitution Diagrand_for* Stainless Steel Weld
" P NOGE Metals: A Modification of the WRE-1988 Diagram,” Welding
0892 e e 06625 Journal 71(5), p. 171-s, 1992.
N06022
N10276 NOTES: o _ .
(1) SFA 5.9/5.9M, Specification/for Bare Stainless Steel Welding
1.4529 R 2.4856 Electrodes and Rods
2.4602 (2) Nitrogen pickup orgveld metal dilution could result in a3 FN
2.4819 to 4 FN loss in the\as deposited weld metal.
S31254 . . N06625 (3) SFA 5.4/5.4M Spécification for Stainless Steel Electrodps for
N06022 Shielded Metal Arc Welding
N10276 (4) Electrodes.with a restricted FN usually require a special| order,
with the exception of 2 FN maximum product for cryogepic ser-
1.4547 . 2.4856 vice temperatures.
2.4602 (5) FN in the as-deposited weld is influenced by welding tech-
2.4819 nique and is lowered by nitrogen pickup or weld metal
194651 CN3MN o N06625 dilution.
N06022
N10276
193254 CK3MCuN e N06625
N06022
N10276 o o
Table MM-5.1.5-1 Materials for OEM Equipment
1.4557 off 2.4856 S b N N C
2.4602 UNS Number EN Designation ommon Nanje
2.4819 Platinum (coating)
Duplex Stainless (Steels
Ld Gold (coating)
532205 Ce Lo N06022
N10276 Silver (coating)
14462 . 2.4602 R50250 3.7025 Ti — Grade 1
i R50400 3.7026 Ti — Grade 2
192205 CD3VN ce N06022 . q
N10276 R56400 3.7164 Ti — Grade 5
1.4470 o 2.4602 R52400 . Ti — Grade 7
2.4819 R56320 .. Ti — Grade 9
GENERAL NOTES: The use of UNS consumable inserts is recom- R53400 Ti — Grade 12
fnendec! for welding of UNS base' metal; the use of EN consumable N06200 o Hastelloy C-2000 [Note (1)]
inserts is recommended for welding of EN base metal.
NOTE: N06600 e Inconel 600 [Note (2)]
(1) Alloys listed between horizontal lines are not equivalent but S17400 1.4542 17-4 PH
comparable.
(2) See MM-4 for listed rod, bar, or plate specifications from NOTES:
which these consumable inserts may be manufactured. (1) Hastelloy C-2000 is a registered trademark of Haynes
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(2) Inconel is a registered trademark of Special Metals Corp.
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Table MM-5.2.5-1 Brazing Filler Metals for Copper

Base Metal [Note (1)]

Filler Metal

UNS Number EN Designation AWS Classification SFA Specification UNS Designation EN Designation
C10200 BCuP-3 5.8 (55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 (55280
BCuP-7 C55282
C12000 BCuP-3 5.8 C55281
BCuP-4 (55283
BCuP-5 C55284
BCuP-6 C55280
BCuP-7 C55282
C12400 BCuP-3 5.8 C55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 C55280
BCuP-7 €55282

CWO024A

GENERAL NOTE:
for brajing of EN base metal.

NOTE:

(1) Copper grades listed between horizontal lines are not equivalent but comparabte.

be copsulted for specific instructions regarding heat
treatnjent.

MM-5.2.5 Copper Alloys. Table MM-5.2.5-1 lists-the
filler fnetals to be used for brazing copper tubing.

MM-5/3 Field Bending of Tubing

Field bending of tubing is permitted ‘for diameters
up toland including % in. (13 mm).<Postbending heat
treatnjent is not required. Bending of.tubing of any diam-
eter r¢quires prior written permission from the owner/
user. [Consult the material-mahufacturer for recom-
mended minimum bend radii.

MM-5\4 Heat Treatment

Hedt treatment.8f process components made from the
austepitic stainless steels in Table MM-2.1-1 is not
addrepsed by this Standard. For other alloys and/or
fabridatioh-processes, components may require heat
treatnént. The material manufacturer should be

The use of AWS/UNS filler metal is recommended for brazing of UNS basesmetal; the use of EN filler metal is r¢commended

of(atstenitic materials, or grain boundary attack of
nickel-based alloys are among those items requiring
attention.

MM-6.2 Tubing/Piping

All tube or pipe used for process contact syrfaces and
nonprocess contact surfaces shall meet the mechanical
property requirements of the specification to Wwhich they
are manufactured.

MM-6.3 Fittings and Valves

Refer to DT-2 for strength requirements
and valves.

MTRs for fittings are not required to list nechanical
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 produgts, such as
fittings, can be expected to deviate from that of the

or fittings

consulted.

MM-6 MECHANICAL PROPERTIES
MM-6.1 General

The specific service environment for which the alloys
in Tables MM-2.1-1 through MM-2.1-3 may be used is
not within the scope of this Standard. The possibility of
material deterioration in service should be considered
by the owner/user. Carbide phase degradation of corro-
sion resistance, susceptibility to intergranular corrosion

nvigina] hcml-, orfrom-the nvigina] MIR 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 (-7°C). It
is the responsibility of the owner/user to ensure that
such testing is performed and that the requirements of
all applicable codes are met.
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MM-6.5 Testing

DT-6 for the testing requirements for fittings

and SG-4.3.1.1 for the testing requirements for valves.

MM-7 CORROSION RESISTANCE REQUIREMENTS
MM-7.1 General

Resistance to corrosion is an essential characteristic
of the materials used to fabricate the systems governed

method to evaluate the effect of the various parameters.
Standard ASTM corrosion tests commonly used are dis-
cussed in Nonmandatory Appendix F, Corrosion

Testing.

MM-8 ADDITION OF NEW ALLOYS TO PART MM

MM-8.1 General

Unlisted alloys may be submitted for consid

ration

by this St
whenever
tics must 4
final respd

MM-7.2 (

Corrosi
reasons:
(a) toc
dard envii
(b) to d
specific us
Once aj
cation, mdg
testing m4
ber of pro
variables i
perature ¢
sive agen

LT lddl \.1 CUI lubiul L ILCD 'Lil 15 ib ITCCUIILIIICT lL‘lCL‘l
specific production performance characteris-
e determined. The owner/user shall have the
nsibility for proper material selection.

orrosion Testing

n testing may be performed for the following

mpare a number of alloys in a specific stan-
onment, or

etermine the compatibility of an alloy in a
er defined environment

articular alloy has been selected for an appli-
re extensive testing may be appropriate. This
y involve the evaluation of any one of a num-
ess variables on material performance. These
hclude, but may not be limited to, upset tem-
bnditions, varying concentrations of the corro-
or condition, cleaning chemical type and

concentraI':)n, various surface finishes, welding process,

and filler
trochemic

etal alloy. It may be appropriate to use elecs
1l test methods or a standard immersion-test

for inclusion into Table MM-2.1-1, Table MM3%2.
Table MM-2.1-3 of this Part of the Standard wh
following information is submitted to and found
able by the MM Subcommittee:

(a) listing of the alloy in an industry4recognized
fication or standard including/ tensile str
properties.

(b) evidence that the propesed material will haj
rosion resistance equal to\or greater than 304L st
steel (UNS S30403) ingayservice environment with
scope of this Standard. See Nonmandatory Appe|
for additional jriformation.

(c) evidence ‘that the material can be mecha
polished, eléctropolished, and/or passivated to m|
applicable requirements of Part SF.

(d)a recommended welding process(es), fille
al(s), and evidence showing that the combinat
base metal, filler metal(s), and recommended w|
process(es) meets the applicable requirements of P
and MJ. Special restrictions, exceptions, or guij
shall be noted.

-2, or
bn the
ccept-

speci-
ength

e cor-
hinless
jin the
hdix F

hically
bet the

I met-
ion of
plding
hrts SF
dance
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Part Pl
Process Instrumentation

PI-1 PURPOSE AND SCOPE

(c) Where required for proper operation, all instru-

The
proce

¢ this Parti 4 - ; TeTts, valves, and In-1ine devices shail be pgqrmanently
purposeo t 'S art IS,tO provt (.erequlrem.er}ts O marked for proper installation (flow difection or

s instrumentation. This Part defines the minimum orientation)
;eqm.r e?en.t S ff)r thetapphcahon of process instrumenta- (d) Measurement elements shallbe désigngd in a way
1on i Ay gIEMIC Systems. that a failure will not cause comtantination hazards to

Pl-2 | PROCESS INSTRUMENTATION GENERAL
REQUIREMENTS
Progess instrumentation includes primary elements,

transrhitters, analyzers, controllers, recorders, transduc-
ers, fihal control elements, signal converting or condi-
tioninng devices, computing devices, and electrical
devices such as annunciators, switches, and push-
buttons. The term does not apply to parts (receiver bel-
lows ¢r a resistor) that are internal components of an
instrument.

PI-2.1

All [process instrumentation should be installed(per
the mjanufacturers’ instructions for proper operation.
Indicdting devices shall be oriented and located such
that they can be easily viewed for maintenance and
operafion purposes. Instruments shall be. located and
orientpd so connections can be easilyimade and ample
room fxists for removal, service,zand’ calibration.

Instruments, connecting tubing,and systems shall be
suppdrted utilizing additional brackets as necessary, in
such 3 manner that undde stress is not imposed upon
the ingtrument and to allow for ease of removal without

General Considerations

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.
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the process and environment:
(e) The internal volume<of, the instrumenf’s sensing
element should be minimized.
(f) Instruments sheuld’have integral hygienic fittings.
Threaded ferrules dre hot acceptable to conveft standard
instrumentation te’hygienic standards.

PI-2.1.2 Exterior Design. Care should be given to
material.sélection to be compatible with all intended
uses to,include expected facility /facilities gerferal clean-
ing procedures. Sensors and transmitters shallbe housed
inCan enclosure with a suitable rating as agreed upon
by the owner/user and shall comply with Part SD.

PI-2.2 Instrumentation Categories

Process instrumentation may be broadly chtegorized
by process installation type as in-line, insertipn, at-line,
and off-line devices. Process instruments wjthin these
categories share some basic installation recpmmenda-
tions for hygienic and in-process performange.

are self-contained devices installed directly irto the pro-
cess tubing system similar to a standard fiffting. Basic
installation requirements for hygienic oppration as
found in Part SD pertain to in-line process ingtrumenta-
tion. In-line devices may be installed directly ih the prod-
uct stream or in a by-pass line to facilitatp periodic
services (see Fig. PI-2.2.1-1). Device-specific fecommen-
dations are defined later in this Part.

PI-2.2.1 In-Line Devices. In-line process i‘15truments

PI-2.2.2 Insertion Devices.

Insertion

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. P1-2.2.1-1

In-Line and At-Line Instrument Installation Examples

In-Line Instrument
Installed on by-pass
with isolation valves with
product reintroduced

of a side-sfream sampling loop, which are generally not
reintroduded back into the process. Connection of the
sampling ptream shall be compliant with Part SD and
designed {o ensure continuous sampling flow to main-
tain hygienic operation for optimal measurement (see
Fig. P1-2.2}1-1).

PI-2.2}4 Off-Line Devices. Off-line devices are
instruments located away from the main process and
are not coyered in this Part.

PI-3 INSTRUMENT RECEIVING, HANDLING, AND
STORAGE

PI-3.1 Intfoduction

Materiql compatibility and environmental storage
conditionp shall be‘considered when receiving, han-
dling, and storing\ptrocess instrumentation. All instru-
ments shall havejmarkings such as labels, tags, barcodes,
or radio-frequency identification (RFID) to ease

In-Line Instrument
Installed directly in
product stream

PI-3.3CInstrument Handling: Protection of Procgss
Connections and Surface Finish

Care shall be taken to protect the process connecfion(s)
and surface finish of the instrument during rec¢iving,
handling, calibration, and storage.

PI-3.4 Instrument Storage

PI-3.4.1 Special Considerations. Special consider-
ation for storage shall be made for certain instrumnenta-
tion, such as analytical instruments, according [to the
manufacturer’s recommendations.

PI-3.4.2 Instrument Shelf Life and Environmental
Requirements. Instruments with limited shelf ljves or
environmental requirements (temperature, huidity,
etc.) shall be identified.

Additional information regarding instrgiment
receiving, handling, and storage is contairjed in
Nonmandatory Appendix Q.

identification.

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.

Pl-4 FLOWMETERS
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

1]
y
v
L
l—
-

= ] L = per manufacturer recommendation

Instrument Socket With
Beveled Interior

Pressure gauge with _
hygienic ferrule /&

A = 15.deg type/device dependent

instrumentation with flush style

Sidewall With Angled Angled Sidewall With
Hygienic Ferrule Hygienic Ferrule

Flush mount  Top mount insertion

fitting hygienic ferrule

Top mount insertipn
with hygienic ferrfile

Sight-glass with

hygienic ferrule
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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

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/or ingtallation of a flowmeter can affect the draina-
bility and cleanability of the system to which it is
attached. [Three components of Coriolis flow meters
affect draipability and cleanability: the flow tube(s), the
manifold pr flow splitter, and the process connections
in combinption with the installation angle.

The Corfiolis flowmeter shall meet the process cehtact
surface requirements as specified in Part SF for all the
process wgtted components including flow tube(s), man-
ifold/flow splitter, and process connection:

Pl-4.1.3

Pl-4.1.3.1 Flow Tube(s). Coriolis flowmeters are
either of gingle tube or dual titbe construction. The
tube(s) cap be either straight of bent. The geometry of
tube bendp shall be considered when assessing draina-
bility and [determining.inistallation requirements.

Pl-4.1.3.2 Manifold or Flow Splitter. The manifolds
or flow spllittersifor dual tube construction flowmeters
are the int¢rface’between the sensor process connections

Components

vide the owner/user with the mounting and cleanpbility
requirements necessary to maintain, operate jafd prop-
erly drain the flow meter.

Pl-4.1.4.1 Drainability. The flow ttibe or tubes, the
manifold or flow splitter, and the-pYocess conngctions
shall be considered a system. If a design can be supplied
with different types of process‘Connections, then the
orientation shall consider theworst case for draingbility,
or each type of process cofmection shall be consfdered
individually.

Coriolis flowmeters should be drainable with gravity.
Coriolis flowmeters that are not drainable with gravity
shall be indicatéd by the manufacturer and shouldl be of
single tube.or-other system design to minimize pfoduct
hold-up-, An additional motive force (e.g., air purge)
may be‘required to ensure complete drainability

Drainability requirements should be determirjed by
ptocess requirement and shall be defined By the
owner/user.

Pl-4.1.4.2 Cleanability. Coriolis flowmeterd using

a dual tube construction with small diameter tubgs have
a potential for plugging and can adversely affgct the
cleanability of the flow meter. It is the responsib{lity of
the owner/user to assess the risk of plugging and the
effectiveness of cleaning processes, based on thejr pro-
cess and the information provided by the manufakturer.
Requirements relating to cleanability, sterility, and
drainability are addressed in Part SD.

Pl-4.1.4.3 Mounting Location. It is recommiended
to install the Coriolis flowmeter vertically with the pro-
cess fluid flowing upward through the flowmetey (refer
to Fig. P1-4.1.4.3-1). If the Coriolis flowmeter ig to be
installed horizontally, then drainability shall be donsid-
ered (e.g., by gravity or air purge).

and the strser—measuring—tubes—and—they—ean—ereate
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 — E .
- = sensor measuring tube I.D.
™~ (m connection) 9

Product holdup
not acceptable

Fig. PI-4.1.4.3-1 Vertical Installation

Fig. PI-4.1.4.4-1 Minimum Angle of Inclination, «

« (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
passivated, the complete passivation procedure shou
be provid¢d by the owner/user to the manufacturer for
review anfl approval.

If the oyner/user and the manufacturer cannot agree
on an acceptable passivation procedure, the owner/user
shall remqve the flowmeter during passivation.

Pl-4.1.}
formance
it applies
viscosity).

Guidelifes and common terminology for selection,
installatiof\, calibration, and operation of Coriolis flow
meters arq identified in ASME MFC-11 and ISO 10790.

Performance. The Coriolis flowmeter per-
varies depending on the parameter to which
e.g., mass, volume, density, temperature, or

Pl-4.1.5.1 Accuracy. For Coriolis flowmeters, the

accuracy $pecification usually includes the combined
effects of |inearity, repeatability, hysteresis, and zero
stability.

PI-4.1.5.2 Process Influences. Coriolis flowmeters
deliver their best performance when completely filled
with a unfiformly distributed process fluid. Entrained
gas should be eliminated or minimized.
Multiphage applications involving nonhomogeheous
mixtures dan cause measurement errors. The use of fil-
ters, air and/or vapor eliminators, or other protective
devices t¢ reduce errors in measurement should be
placed upptream from the Coriolis-flowmeter.

Pl-4.1.5.3 Ambient Influences. Large differences
in the temperature between the’measuring tube(s) and
the ambient temperature can.cause errors in the temper-
ature compensation (e.g., CIP /SIP). The use of insulation
materials fan reduce-these effects.

Pl-4.1.¢ Selection. The major consideration when
selecting gnd sizing a Coriolis flowmeter is the tradeoff
between
(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),
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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.

Pl-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
i iodicinspection

is needed.

PI-4.1.7.2 Recalibration/Verification Schedule. A
Coriolis flowmeter properly installed and op¢rated
within the manufacturer’s guideline$on’ clean, npncor-
rosive and nonabrasive fluids is stable. The frequency
of recalibration or verification,6f the flowmeter is gov-
erned by the criticality of-the measurement and the
nature of the operating conditions. The frequepcy of
calibration verificatién shall be determined by the
owner/user.

As the Coriolis'mass flowmeter is a mass flow device,
it is preferablé to”perform the calibration verification
against a mass traceable reference. Calibration qgainst
a volume‘traceable reference combined with a density
traceable reference may be used where applicable.
Masterflowmeters may be used to verify calibration of
Ceotiolis flowmeters.

Calibration of the mass reference or a master flow-
meter shall be traceable to nationally recognized stan-
dards or other standard as agreed to by the owne}/user
and manufacturer.

Calibration procedures can be found in
ASME MFC-11.
PI-5 LEVEL INSTRUMENTS
PI-5.1 Radar Level Instruments

PI-5.1.1 General. Radar level instruments afe also

referred to as noncontact radar, free space radqr, and
through-air radar level instruments.

These instruments use high-frequency electr
netic signals to measure the distance between the
ment and upper surface of the targeted proces
directly below the instrument.

bmag-
nstru-
fluid

e spe-
cific combination of vessel and process fluid to ensure
measurement performance.

PI-5.1.2 Essential Components. A radarlevelinstru-
ment is comprised of an antenna, a process connection,
and supporting electronics.

The process contact components of a radar level
instrument shall meet the surface requirements as speci-
fied in Part SF and material of construction requirements
as specified in Parts PM or MM. Requirements of process
contact welds are specified in Part MJ.
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Fig. PI-5.1.2.1-1 Bulb, Horn, Isolated Horn, and Rod Style Antenna

SNAWA

P|-5.1.2.1 Antenna. The antenna of a radar level referred to as blocking distance or dead lpand) (see
instrument is available in bulb, horn, or rod construction Fig. PI-5.1.3.3-1) immediately in front of the gntenna, in
(see Fjg. PI-5.1.2.1-1). The antenna is either isolated by =~ which measurements are not possible}
or en¢apsulated in polymeric or other nonmetallic When radar level instruments are/installed|in nonme-
materfal. tallic vessels, the signal may détéct objects qutside the

vessel. The owner/user should.consult with |the manu-

PJ-5.1.2.2 Process Connection. The radar level
instruments and isolating seals shall use hygienic con-

facturer for additional requiréments.
The owner/user should consult the mapufacturer

nections as per Parts SD, D1, and SG. regarding energy emitted by the radar level fnstrument
PI{5.1.3 Installation. The mounting location and  to evaluate potential impact on the process fluid.
orientption of the ,antenna should‘be n ace o'rd.ance with PI-5.1.4 Performance. Performance is determined
the manufacturer’s recommendations. This is important L . . .
primarily by the reflective properties of the process fluid,

in order to achieve the specified performance, as well
as engure cleanability.

PJ-5.1.3.1 Drainability. To prevent any liquid

mounting location, and orientation within tle vessel.

1l include
pility, and

PI-5.1.4.1 Accuracy. The accuracy sh
theleombined effects of linearity, repeata

holdup on the sensor’s process contact surfaces, the .
: . hysteresis.
radar [level instrument should be mounted perpendicu-
lar to [the surface of the process fluid. PI-5.1.4.2 Process Influences. The follgwing pro-
PJ-5.1.3.2 Cleanability. Cleanability is determinied cess conditions may reduc§ the ra(?lar signgl strength
o . returned to the antenna, which may impact on the mea-
by th¢ combination of antenna design and geometry .
: - . suring performance:
and the location of the process connection. For'etfective .
o . (a) a wavy or rippled surface
cleangbility, shadowing effects, recessed_dreas, and ) . 1 th fluid
annulpr spaces created by the installed,antenna should vortices in the process flul i .
be taMen into consideration. (c) large changes of the reflective properties of the
process fluid
P]-5.1.3.3 Mountlng Location, The process connec- (d) foam, Steam, or mist on top of the prdcess fluid
tion ghould be located on tdp jof the vessel. For the (e) build-up on the antenna
most ficcurate results, the mounting location should be ) )
selected to minimize oryavoid obstructions within the PI-5.1.4.3 Ambient Influences. Amblent influ-
space [below the anteniia: ences do not affect the measuring performapce if they
To gnsure a reliable level measurement, the mounting are within the manufacturer’s specifications
locatign shouldbe.7; to % of _the Vessel. radius, as mea- PI-5.1.5 Selection. The main consideration when
sured frqm thelyessel centerline (see Flg- PI"5-1~3-3'1)~ selecting a radar level instrument is the required per-
The mipimum detectable vessel level is given by the  formance for the specific application as ddscribed in
mounting Jocation. To determine if the vessel is com-  p1-5.1 4.
pleteld cull,l‘t')/, the-sensorshotddbe tJUil rted-to-thetowest

section of the vessel.

PI-5.1.3.4 Orientation. The sensor should be
mounted perpendicular to the surface of the process
fluid.

PI-5.1.3.5 Insertion Length/Depth. A vessel’s
maximum working level shall be below the insertion
depth of the radar level instrument.

PI-5.1.3.6 Special Considerations. Each instru-
ment has a specific minimum measuring distance (also

205

PI-6 PRESSURE INSTRUMENTS

[Reserved for future content]

Pl-7 TEMPERATURE SENSORS AND ASSOCIATED
COMPONENTS

PI-7.1 General

This section presents requirements for commonly
used temperature-sensing instruments. Additional
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Fig. PI-5.1.3.3-1 Dead Band, Measuring Range, and Mounting Location
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informatiqn on temperature sensors and influences on
sensor pefformance can be found in Nonmandatory
Appendix|P.

PI-?.Z Components

|
|
Vessel diameter |
I
I

PI-7.3 Installation

Installation methods include tee style, elbow| style,
or nonintrusive (see Fig. PI-7.3-1). Tee and elbow style
installations can be direct insertion (sensor is in|direct
contact with the process fluid) or indirect insertion (sen-

PI-7.2.1 Sensors. Temperature sensors addressed
in this section include resistance temperature detectors
(RTDs) and thermocouples. RTDs are the preferred sens-
ing technology. Thermocouples are acceptable with
owner/user approval.

PI-7.2.2 Thermowells. Thermowells are used to pro-
tect the sensor and enable calibration or replacement
without stopping the process or breaching the system
boundary. Common thermowell styles are straight ther-
mowells and elbow thermowells.

sor isolated from the process by an installed ther-
mowell). Nonintrusive sensors covered in this section
are integral sensors with a section of process tubing.
Clamp-on style nonintrusive sensors are not addressed
in this section.

(a) Tee Style Installations. When tee style installations
are used for direct or indirect insertion, a hygienic pro-
cess connection or weld end shall be used.

(b) Elbow Style Installations. When elbow installations
are used, the process connections shall be hygienic con-
nections or weld ends. When using a direct insertion
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Fig. PI-7.3-1 Typical Installation Styles

111111

| —N

sensor in an elbow, the instrument connection shall be
a hygienic connection.

(c) Nonintrusive Style Installations. The process con-
nections for nonintrusive sensors shall be hygienic con-
nections or weld ends.

PI-7.3.1 Drainability. The installed sensor shall meet
the drainability requirements of Part SD.

PI-7.3.2 Cleanability. The installed sensor shall

N
N

(a) Direct or Indirect Insertion in Tee

/é \

\
_
/

(b) Direct or Indirect Insertion in an Elbow

s

meet-the-cleanabilibrreguirements—of-Rart-SD
J T .

PI-7.3.3 Mounting Location. The sehs6r| mounting
location shall be specified by the owner/usef to ensure
the measurement meets the progess‘systemn require-
ments. Locations near process<infliences per PI-7.4.3
and ambient influences per,P}¢2.4.4 should e avoided
whenever possible, as theycan affect the afcuracy of
the measurement.

When selecting meurnting locations in vpssels, the
minimum workingiyolume of the vessel shall[be consid-
ered. The inserted sensor shall not interfere With opera-
tions, such asfilling and draining of the vessel. In vessels
with agitdtors, consideration should be given to the
effect of\the sensor location on the mixing pattern.

Pl-7.3.4 Orientation
(@) All Insertion Style Sensors. The installatipn orienta-
tion shall ensure that the insertion lepgth (see
para. PI-7.3.5) is in contact with the process fluid under
all operating conditions.
(b) Elbow Thermowells. For process system$ with tub-
ing size less than 2.5 in. (64 mm), the floyw shall be
toward the sensor tip [see Fig. PI-7.3.4-1, illus{ration (a)].
For systems with tubing size of 2.5 in. (§4 mm) or
greater, flow toward the sensor tip or perpe;rdicular to
the sensor is acceptable as long as the ful| insertion
length is covered by the process fluid under alf operating
conditions [see Fig. PI-7.3.4-1, illustration (b
(c) Nonintrusive Sensors. Nonintrusive se:l\sors shall

[t

be mounted such that the process fluid is|always in
contact with the instrument wall/ tube where fhe sensing
element is located. The preferred orientationl|is vertical,
in a vertical section of the process tubing [where the
flow direction is upward. For alternate orienfations, the
sensor manufacturer’s installation recommendations
shall be followed (see Fig. PI-7.3.4-2).

\‘J'\

(¢) Nonintrusive

GENERAL NOTE: Shown with nonspecific hygienic connections.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

207

PI-7.3.5 Insertion Length/Depth

(a) Insertion and Sensitive Lengths. Insertion length is
the length of the sensor or thermowell in contact with
the process fluid. Sensitive length is the length of the
measuring element, internal to the sensor.

NOTE: These terms are not applicable for nonintrusive-type
sensors.

(b) Tee Installations. The insertion length should be
ten times the diameter of the sensor tip or thermowell
tip, plus the element sensitive length (see Fig. P1-7.3.5-1).
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Fig. PI-7.3.4-1 Accepted Elbow Orientations and Flow Directions

Flow Flow

\g
\S

N - N N

s Dt

(a) For All Tube Sizes (b) For Jubse Sizes 2.5 in. (64 mm) and Larger
GENERAL NQTE: Shown with nonspecific hygienic connections.

Fig. PI-7.3.4-2 Accepted 'Nonintrusive Orientation and Flow Directions

Flow

i

Z | a
| A\ I
% ~—— Flow —
’ A o1 \4
il
o4 o)
(a) Vertical Orientation With Flow Upward (b) Horizontal Orientation With Sensor

Located on Bottom Side of Installation

GENERAL NOTE: Shown with nonspecific hygienic connections.
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Fig. PI-7.3.5-1 Sensor Insertion Lengths for Tee Installations

— T =Tube O.D.

[ \

D x 10

S = Sensitive length

D = Tip diameter e———{ }=—

Insertion length = (D X 10) + S=—

(a) Optimum Insertion Length

— T =Tube O.D.
—I1.D.=T—- (WX 2)
W = Tube wall

Centerline of tubing S = Sensitive length
Insertion length = (1.D./2) + (S/2) =

(b) Minimum Insertion Length

— (T="Tube O.D.
— I.D.=T— (WX 2)
W = Tube wall

/ /

D =Tip diameter e |=—
Insertion length = I.D. — D=

(c) Maximum Insertion Length

GENERAL NOTE:  Shown with nonspecific hygienic connections.
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Alternate insertion lengths are acceptable with proper
consideration of the installation details and sensor
design (consult the manufacturer) and with owner/user
approval.

The minimum insertion shall locate the midpoint of
the sensitive length at the centerline of the process tube.

The maximum insertion shall maintain a minimum
of one sensor tip diameter or thermowell tip diameter
spacing between the instrument tip and tube wall oppo-

(b) Wiring and Cabling. Sensor wiring lengths and
configuration shall be considered when assessing mea-
surement accuracy.

PI-7.4.2 Response Time. When temperature tran-
sients are important to monitor or control, the response
time specification for the selected sensor (or sensor with
a thermowell) shall be less than one-half the desired or
anticipated process system response time.

site the ing 4 : ibbles
(c) Insention Length in Elbow Thermowells. The inser-  shall be minimized near the fluid temperature measure-
tion length should be ten times the diameter of the = mentlocation as gas can cause a delay in senSoer regponse
sensor tip pr thermowell tip, plus the measuring element ~ due to variations in thermal conductivity and /o1 insta-
sensitive lpngth (see Fig. PI-7.3.5-2). Alternate insertion  bility in the temperature measurement
lengths arp acceptable with owner/user approval PI-7.4.4 Ambient Influences,, The insertion driteria
PI-7.3.6 Special Considerations should be followed to reduce the stem conduction pffects
(a) Therlnowells caused by the temperature differences between the pro-
(1) Rgsponse Time. When the temperature measure- ~ ©©5S and ambient area. When the rgcommendec} inser-
ment respnse time (see PI-7.4.2) is critical to the process 101 l'ength per PI-7.3.3.is not fea@blec insulating the
system oppration, thermowells can be constructed using ~ exterior portionfof"the sensing instrumgnt is
thin wallsjand smaller diameters. The owner/user shall ~ recommended.
consult wWith the sensor/thermowell manufacturer Nonintrusive(style sensor accuracy can be affected
regarding design and material selection to ensure proper by t}}e temperature dlfference between thg proceps and
operatio} under the required system operating ambient ared. Insulating the exterior portion of the sen-
conditiond. sor camnfeduce this effect.
(2) Measurement Accuracy. Proper thermal contact .
between t{he sensor and thermowell is important to Rp7-5 Selection
ensure me¢asurement accuracy. The thermowell bore PI-7.5.1 Sensor Selection. Sensor type, maferials,
diameter $hould be designed to be 0.01 in. (0.25 mm).”  construction methods, and performance criteria (stabil-
greater thqn the sensor diameter. A spring-loaded sensor ity, repeatability, hysteresis, and self-heating) shall be
design shquld be used to ensure sensor tip contactwith considered when choosing a sensor.
the insidejend of the thermowell. Use of thermally con- (a) Insertion style sensors are preferred as they pro-
ductive cqmpound between the outer sensor wall and vide the best measurement accuracy and responsiyieness.
internal sprface of the thermowell arld / or metal-to- (b) Nonintrusive sensors are acceptable when|inser-
metal confact is recommended. Consult/with the sensor  jon type sensors are not feasible due to potentigl flow
manufacthrer regarding the application of thermal  restrictions or small diameter process tubing.
compound.
(b) Nonlntrusive Sensors PI-7.5.2 Thermowell Selection. A thermowel]l shall
(1) Rgsponse Time. Nonintrusive style sensors will be uFilized for insertion—type temperatgre sensotfs that
typically provide a slower response time than most ~ réquire sensor removal without breaching the process
insertion gtyle sensors. system boundary.
(a) Thermowells installed within the process gystem
PI-7.4 Petforfnance boundary shall be fabricated with hygienic conngctions
or be welded to the process tubing.
PI-7.4.1T"ATTUracy.  The measurement accuracy will — (0) ASME PTC 193 TW, where applicable, shall be

be influenced by the characteristics of the selected sen-
sor, sensor insertion depth, ambient temperature, instal-
lation location, flow condition, and wiring.

(a) Sensor Accuracy. ASTM E1137 and IEC 60751
define the nominal resistance vs. temperature relation-
ship and standard sensor interchangeability criteria for
RTD-type sensors.

ASTM E230 defines the nominal millivolts vs. temper-
ature relationship and accuracy for various
thermocouple-type sensors.

considered to ensure sufficient thermowell strength
under all process conditions.

(c) Thermowell design and style (straight or elbow
type) shall be specified based on line size, process condi-
tions, and installation location. Elbow thermowells are
preferred for line sizes that are 0.5 in. (13 mm) in diame-
ter or less. Straight thermowells are acceptable when
the insertion length criteria can be achieved.

(d) Thermowell installations may cause a pressure
drop, which shall be considered in the system design.
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Fig. PI-7.3.5-2 Sensor Insertion Lengths for Elbow Installations

— ] Insertion depth =(DX 10) + S |<=—o

———— DX 10

\

S = Sensitive length

rD = Tip diameter

?

(a) Direct Insertion Elbow

r D = Tip diameter

—— Insertion depth =(DX 10) + S |[=—
Dx 10 S = Sensitive length
Z A
%
N
I )
( ?

GENERAL NOTE: %\ Shown with nonspecific hygienic connections.

(b) Indirect Insertion Elbow Thermowell

Y

P1-7.6 Sensor Calibration Verification

PI-7.6.1 Methods. Calibration methods for temper-
ature sensors are described in ASTM E644 and
ASTM E220.

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
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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
water (PW) as an integral component of validated
systems.

There are three basic types of conductivity sensors
designed for specific measurement ranges; 2-electrode,
multi-electrode, and electrodeless. Sensor-type selection
is dependent upon intended measurement and installa-
tion requirements. The owner/user should consult the
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Fig. PI-8.1.2-1 Conductivity Type Examples

2-electrode
sensor

Sensor body

Inner elg¢ctrode

electrodes

manufactyrer for final selection suitability based \itpon
the design criteria and may use PI-8.1.5 as.a general
reference.

Tempergture impacts conductivity meastirements by
increasing conductivity as temperature increases. All
conductivity sensors shall utilize (either an internal or
external tgmperature sensor forcompensation to express

the conductivity of the selution at a standard
temperature.
PI-8.1.2 Essential Components. An electrode type

sensor has wettedvelectrodes, between which an
AC voltage is appliéd and the amperage measured is
expressed |as conductivity (see Fig. PI-8.1.2-1).

An elecfrodeless sensor consists of a nonconductive

Dual coil(toroid) housing

Multi-electrode

sensor

Electrodeless
sensor

(b) Multi-electrode. A multi-electrode type conductiv-
ity sensor consists of a wetted body with inngr and
outer electrodes generally arranged on the same [plane.
Conductivity measurements are made immediately in
front of and in between the electrodes and requife this
area to be fully wetted. A nonconductive matefial of
construction is required between the electrodes wjth the
sensor body generally used as the insulator.

(c) Electrodeless. An electrodeless type conduttivity
sensor consists of two encapsulated coils. One coil gener-
ates a current and the second coil detects changgs pro-
portionate to the conductivity of the process flujd. An
electrodeless sensor requires process fluid through and
around the coils for proper measurements.

body material encapsulating two nonwetted coils/
toroids. Measurements are made of the induced current
from the powered coil to the measurement coil by having
the process fluid pass through the center and around
the outside of the nonwetted coils (see Fig. PI-8.1.2-1).

PI-8.1.2.1 Sensor Types. There are three typical
designs of conductivity sensors:

(a) 2-electrode. A 2-electrode type conductivity sensor
generally consists of an outer shaft/body and inner elec-
trode. Conductivity measurements are made in this
interstitial space and require this area to be fully wetted.

PI1-8.1.3 Installation. All conductivity sensors
require full immersion of their measurement electrodes
or coils into the process fluid for proper functionality.
Most conductivity sensors are offered as insertion
devices, with some manufacturers offering in-line
options.

Electrode conductivity sensors should be installed
with flow into the sensor while maintaining drainability.
Figure PI-8.1.3-1 provides examples of acceptable
installations.
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Fig. PI-8.1.3-1 Accepted Installations for Conductivity Sensors

Rt

P]-8.1.3.1 Drainability. Conductivity sensots shall
be ingtalled in accordance with Part SDto ensure
draingbility.

P]-8.1.3.2 Cleanability. Conductivity sensors shall
be clepnable as required in Part SD:

P|-8.1.3.3 Mounting Location. Insertion electrode
sensofs perform best with (process fluid flow into the
sensof’s electrode(s) as shown in Fig. PI-8.1.3-1.

Elegtrodeless sensors'shall be mounted with coils fully
immefsed in the process.

In-line installations shall ensure continuous process
fluid flow arofind'sensor electrodes or coils, to maximize
measyrementidccuracy.

P|-8/1.3.4 Orientation. Conductivity sensors shall

Flow

cause conductivity field distortions resultirfg in mea-
surement inaccuracies. The owner/user shpll consult

manufacturer’s clearance requirements and gecommen-
dations (see Fig. PI-8.1.3.6-1).

Conductivity sensors for purified water of WFI sys-
tems shall be installed in such a manner as to allow

periodic calibration in accordance with cqmpendial
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 detpils.

PI-8.1.4.1 Accuracy. Compendial water guide-
lines establish a standard for the quality asspssment of
water based on measurements of the electrolytic conduc-

be oriented to ensure electrodes or coils are fully wetted.
Horizontal installations should not be top mounted
insertions to avoid air pockets or bubbles interfering
with the measurement.

PI-8.1.3.5 Immersion Length/Depth. The owner/
user shall follow manufacturer’s recommendations
regarding immersion length/depth to allow for sulffi-
cient clearance of electrodes or coil fields.

PI-8.1.3.6 Special Consideration. Sensor elec-
trodes mounted too close to tube or vessel walls may

tivity. Sensors used for WFI or PW systems shall comply
with this accuracy requirement.

PI-8.1.4.2 Response Time. Conductivity sensor
response times are impacted predominately by the
response time of the temperature sensing element. All
sensor types are responsive to changing conductivity
levels without changes in temperatures. Electrodeless
sensors are slower to respond in processes with changing
temperatures due to the nonconductive nature of the
coils’” encapsulating material.
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Fig. PI-8.1.3.6-1 Installation Clearance Requirements

R
// =
/
|
\\\ /
R = per manufacturer
recommendation
P1-8.1.4.3 Process Influences. Temperature Fig. PI-8.2.2-1 pH Sensor_Components

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.

(14) PI-8.1.% Selection. Sensor selection shall be based
upon the anticipated conductivity range of the process.
The follopwing may be used as a general selection
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 than two) sensors should
be selected for process fluids that have medium to high
conductivities, such as those found on clean in place
(CIP) or dhromatography systems. These sensots are

most suitable for systems ranging from 0.01 uS/cm to Temperature compensator
800 pS/cm. /_@ - o
(c) Ele /_® eference electrode

trodeless (inductive or toroidal) sensors
should be selected for process fluids that have the high- ——(2 Reference junction

est condugdtivity. These sensors afe'most suitable for sys- Measuring electrode
tems rangjng from 0.1 mS/cm to 2 000 mS/cm. 1 /_(D

| e

PI-8.1.4 Maintenance b7
PI-8.1.6.1 Calibration/Verification Schedule. Sen-
sors used [in WFI ¢r PW systems shall be calibrated in (b) an electrolyte-filled reference electrode
accordance with.compendial water requirements. (¢) a liquid interface (reference junction)

(d) an internal or external temperature sensor| (tem-

PI-8.2 pH|—/Glass Measuring Electrode

£ foa)
perarare-compensaroty;

PI-8.2.1 General. This section provides the require- Typical pH sensor construction combines all four of
ments for installation and operation of ion-selective pH  these components into one body, referred to as a combi-
sensors specific to bioprocessing and pharmaceutical = nation pH sensor (see Fig. PI-8.2.2-1).

industries as well as other applications with hygienic Other components that compose a complete sensor

requirements. assembly may include elastomeric seals and gaskets,

The design, construction, and fabrication of pH sen- polymeric and/or metallic based components, holders,
sors are governed by other parts of this Standard. and hygienic clamp connections.

PI-8.2.2 Components. Commonly used pH sensor PI-8.2.3 Installation. All pH sensors require inser-

technologies incorporate four major components: tion of the measuring electrode and reference junction

(a) an ion selective electrode (measuring electrode) into the process fluid for proper functionality. Most pH
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sensors are offered as insertion devices. Figure PI1-8.2.3-1
provides examples of acceptable installations. The
owner/user should consult with the sensor manufac-
turer to determine other installation options.

PI-8.2.3.1 Drainability. When installed, pH sensor
assemblies shall be drainable in accordance with Part SD.

PI1-8.2.3.2 Cleanability. The owner/user should
consult with the sensor manufacturer regarding suitabil-
ity o ili
sanitation methods.

P]-8.2.3.3 Mounting Location. Sensor mounting
locatign affects sensor performance. The following pro-
cess specific issues should be considered when speci-
fying fthe location and use of a pH sensor:

(a) [The point of addition of acid and/or base to the

pH sensors are consumable devices and require peri-
odic replacement. The owner/user should consider sen-
sor accessibility during installation planning.

The owner/user should consult with sensor manufac-
turer for specific storage, handling, and re-wetting
recommendations.

PI-8.2.4 Performance. pH sensor performance will
degrade over time. The rate of degradation is applica-
tion, maintenance, and installation dependent. Critical

actors that affect performance and the frdquency of
replacement are

(a) changes in span and response-(measyiring elec-
trode function)

(b) changes in offset and stability+(referenc
function)

(c) temperature compensétor response

b electrode

procegs solution should be considered when locating a (d) installation (ins€rtion length, locdtion, and
pH sensor. Sufficient distance and/or time is required orientation)
to engure complete liquid mixing and reaction. (e) maintenanceSschedules and methods
(b) Locating sensors in areas prone to flashing, cavita- (f) post maintendnce sensor recovery timg
tion, gr siphoning; or where sensor may not be in con- pH sensor§ are sensitive to coating and/o} plugging
stant gontact with liquid should be avoided. of the medsuring electrode and reference jundtion. After
(c) alnt?nance of pH sensors should be considered cleaning;sensors should be calibrated.
whenselecting sensor location. . The'owner/user should contact the sensof manufac-
The|owner /user should consult with the sensor man- ;6% for recommendations based on dofumented
ufactyrer for mounting recommendations. Swner/user performance requirements.
P1-8.2.3.4 Orientation. pH sensors should be PI-8.2.4.1 Accuracy. Published pH sehsor accu-

installed in horizontal tubing, up-flow tubing, appropri}
ately {lesigned flow cells, and vessels. Most pH sefisor

racy can be affected by calibration (standardization)

- e ; methods, maintenance procedures and fr¢quencies,
.tech ologies exhibit optimal performe.mce when cleaning methods, process conditions, sengor design,
1r}stal ed at 15 deg or more from the horizontal (see installation, sensor age and condition, as Well as the
Fig. P-8.2.3.4-1). ambient conditions.
pH [sensors can be sensitive to flow<profile. Orienta-
tion should be kept consistent in order.to*produce repeat- PI-8.2.4.2 Response Time. pH sensof response
able results. time is affected by sensor design, sensor age pnd condi-
The| owner/user should follow, the sensor manufac- tion, and process temperature. As a sensor ages or pro-

turer’s installation orientation’ recommendations for
optimpl measurement reliability.

P]-8.2.3.5 Insertion Length/Depth. The sensor
shall be inserted faryenough into the tube or vessel so
that the sensor,measuring electrode and reference junc-
tion afe alwaysdn contact with the process fluid. Unpro-
tected sensorexposure should be limited to help prevent
inadvertent’breakage. Maximum recommended inser-
tion of f
equal to 0.25 in. (6.3 mm) as measured from the reference
junction (see Fig. PI-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
sensor performance.

215

cess fluid temperature decreases, sensor resjponse time
will become slower.

P1-8.2.4.3 Process Influences. pH sensgrs are sen-
sitive to process influences that include, but are not
limited to, process fluid velocity, process flui¢l tempera-
ture, high pH, and high ionic strength.

Process fluid velocity in excess of 8 ft/sed
can cause excessive signal noise and physica

(2.4 m/s)
1 damage.
- bonse time
becomes faster but sensor life may be adversely affected.

High pH (over 12 pH) will tend to decrease sensor life.

High ionic strength chemicals such as those used in
CIP systems can decrease sensor life.

The owner/user should discuss process conditions
with sensor manufacturer to minimize potentially nega-
tive process influences.

PI-8.2.4.4 Ambient Influences. pH sensors, in
combination with other loop components (electronics
and cables), can be affected by electrical noise, EMI/RFI

A cracaca P2 [ PP i cxaocac oo
PO tH & P ot a

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

Fig. PI-8.2.3-1 Accepted pH Sensor Installations

- | A
HJ/J\_
Kl

N\ fEe——=5 '

Flow B _U B al | ™~
; : 2
/) Be=————=5 \l s

(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

(a) Horizontal Flow Orientation

15 deg or greater
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Fig. PI-8.2.3.5-1

Insertion Length or Depth

interferenge, ground loops, close coupling of sensors
with othgr instruments or equipment, and external
washdown environments.

The owner /user should consult with sensor manufac«
turer to mpatch complete loop with ambient conditions.

PI-8.2.§ Selection. The owner/user should consult
with the mjanufacturer to determine sensor applicability
and loop fomponent (mounting hardware, cable, and
electronicq) compatibility.

PI-8.2.¢ Maintenance. Maintenarice schedules and
methods ghall be established by the owner/user based
on owner fuser historical experience and sensor manu-
facturer rgcommendations;

PI-8.2.6.1 Calibration/Verification Schedule. pH
sensors should bectalibrated using multi-point and/or
single-poifit methods.

A multifpointicalibration adjusts both the sensor span
(measuring eléctrode) and sensor offset (reference elec-

L =0.25in. (6.3 mm)

PI-9, OPTICAL
P1-9.1 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 ¢ontrol
information and process safeguards.

PI-9.1.2 Components

PI-9.1.2.1 Light Source. Optical devices inyolve 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-cqupled
device) imaging chips. The system can involve various

trode). A single-point calibration, often referred to as
standardization, only adjusts the sensor offset.

pH sensor span, offset, response time, and stability can
be affected by coating and/or plugging of the measuring
electrode and reference junction. Operators should per-
form a calibration or standardization after each cleaning
or sterilization cycle.

The owner /user should consult with sensor manufac-
turer to establish procedures based on sensor design,
owner/user expectations, instrument historical per-
formance, and process design.

optical components to focus, filter, and enhance the light
beam either one-dimensionally or two-dimensionally.

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 Installation. It is recommended to install
the measuring probe beyond the boundary layer to
ensure optimal measurement.
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PI-9.1.3.1 Drainability. Optical devices shall be
installed in accordance with Part SD.

PI1-9.1.3.2 Cleanability. Process contact surfaces of
optical devices shall be cleanable as required per Part SD.
Additional cleaning devices or device removal may be
required in some applications. If used, additional clean-
ing devices shall be designed to the same requirement
as spray devices, as per Part SD.

suitable means should be considered to control over-
heating.

PI-9.1.4 Performance. In-line optical devices gener-
ally require the tube to be full of liquid and free 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 manufacturer for guidance.

PI- 9 1.4.1 Accuracy. Optlcal devices are inherently

P S = : pon device-
shall be mounted in a pipe or vessel where a representa— spec1f1c cahbratlon The owner / user should [follow the
tive njeasurement can be made. manufacturer’s recommended calibration prgcedures to

A light or combined light and sight glass for viewing
shall lpe mounted as shown in Fig. P1-9.1.3.3-1.

PJ-9.1.3.4 Orientation. The preferred mounting of
in-ling optical devices is in the vertical section of tubing
to avgid product or particle segregation. The probe
should be in constant contact with the process fluid.

P]-9.1.3.5 Insertion Length. For tube diameters
less than 1 in. (25 mm), experimental test data should
be us¢d to measure performance.

For fin-line installation of tube diameters ranging from
1 in. (5 mm) to 4 in. (100 mm), optical probes should
be mqunted a minimum (L) of 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)
diamgter, optical probes should be mounted where the
glass measurement surface is a minimum (Ly,;,) of 1.5 in\
(38 mm) from any interior tube wall (referenice
Fig. P[-9.1.3.5-2).

P]-9.1.3.6 Special Considerations. Special care
should be taken for processes that are-adversely
impadted by temperature to avoid high temperatures
on thqg process side of the sight glass or optical window
causeql by the optical devices. Heat generated by the

maximize performance.

PI-9.1.4.2 Response Time{) Optical sgnsing ele-
ments provide instantaneous‘readings with{no delays
due to process conditions,$uch as temperature or flow.
Refresh rates are often a“function of transmifter or sys-
tem electronic settings, Fhe owner/user shoyld consult
the manufacturer if a‘specific response timelis desired.

PI1-9.1.4.3<Process Influences. Velocity ind partic-
ulate contentin the process fluid may impac{ the clean-
ing frequenicy requirement of the optical deyice.

PI-9.1.4.4 Ambient Influences. Some optical sens-
ing'électronics have limited process and a

before selecting optical device and
technology.

opticdl device should be kept toa minimum. Testing of .
) . \ . periodic maintenance that includes cleaning df glass and
the optical device at the maximum operating wattage . .
.o, replacement of light source. Installations should con-
of thel probe or probes should not result in still water

within 0.5 in. (13 mmy))of the probe rising more than 2°F
(1°C) |n 1 hr.

For|light sources used for viewing only, a thermal
switcly, timerdomentary switch, IR filter, or some other

sider manufacturer’s maintenance recommendations
and allow for appropriate services.

PI-9.1.6.1 Calibration/Verification.
future content]

[Rgserved for
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Fig. PI-9.1.3.3-1 Vessel Light Glass Design and Mounting

(Accepted) 7

Y4/ . %
s NANEamaN N

A

2

(a) Hygienic Full Flange Light Glass (b) Hygienic Clamp Light
on Hygienic Clamp Pad on Hygienic Clamp Pad

= -

i

2\

%%N///m

(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

|

Lmin | Lmin

Linin = minimum recommended
distance from interior tube wall
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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 ilull 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

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

223

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

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, calculationsfabrica-
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
Two Park Avenue

New York, NY 10016-5990

(b) Response. The Secretary of the
BPE Committee or of the appropriate Subcom
shall acknowledge receipt of each properly prg
inquiry and shall provide a written response
inquirer upon completion of the requested action
Standards Committee.

\SME
mittee
pared
to the
by the
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ASME BPE-2014

MANDATORY APPENDIX Il
STANDARD UNITS

See|Table II-1-1.
Table 1I-1-1 Standard Units

Quantity U.S. Customary S| Units
Length inches (in.) millimeters (mm)
Length feet (ft) meters (m)
Area square inches (in.%) square centimeters (cm?)
Volume cubic inches (in.%) cubic centimeters (cm?)
Volume gallons (gal) liters (L)
Pressurg, gage pounds per in.? (psig) kilopascal (kPag)
Pressure, absolute pounds per in.? (psi,) kilopascal (kPa,)
Vacuun pounds per in.2 (psi) kilopascal (kPa)
Temperpture degrees Fahrenhegit4®F) degrees Celsius (°C)
Angle (plane angle) degrees or radians degrees or radians
Surface| finish microinch (win.) micron or micrometer (win)
Slope inches pek.foot (in./ft) millimeters/meter (mm/np)
Flow rafe, liquid gallons\per minute (gal/min) liters per minute (L/min)
Flow rafe, gas std. cubic feet per hour (std. ft3/hr) std. liters per minute (std. L/min)
Speed/pvelocity feet per second (ft/sec) meters per second (m/s)
Coefficient of thermal expansion inch per inch per degree millimeters per millimetef per degree

lin./(in./°P)]

[mm/(mm/°Q)]
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NONMANDATORY APPENDIX A
COMMENTARY: SLAG

A-1 GENERAL (d) Slag may also result from melting base metals of
Certai compositions that nciude efemerms ot oymally

(a) Inerf-gas welding processes do not introduce slag. Feported on Material‘ Test Reports. These ele ments
(b) Staimpless steels, especially type 316L, typically pro- lcreliil;lrcrlle’aggtziceogioutnlllmlted to, aluminu, cajcium,
duce a smgll, round, black spot at the termination of the (e) T,he owner/user a.n d contractopsidald inveftigate

weld bead
ally unavq
in most p1

(c) Slag

on the O.D., LD, or both. This spot is gener-
idable and has been found to be acceptable
ocess applications.

in or on welds may be the result of faulty

weld preppration, such as contamination, poor cleaning,
or faulty tacking procedures.

the origin of any slag found during-weld examination,

determine its acceptability, andsagrée on any cor
action.

(f) The inert-gas welding-processes themselves
introduce a slag because 16 fluxing materials ar
(see GR-8 and AWS 3:0):

ective

do not
b used
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NONMANDATORY APPENDIX B (14)
MATERIAL AND WELD EXAMINATION/INSPECTION
DOCUMENTATION

See[Forms beginning on next page.
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BPE Form MER-1 Material Examination Record
Project Number/Name: A/E Project Number:
Record Number: Received by: Date Received:
End User/Owner: Name and Date of Approval:
Iltem Item Description

Customer Company Name:

(Enter the name of the company receiving the material.)
Address:

(Enter the address of the company receiving the material.)
ontact Names and Numbers:

[Enter the name(s) and contact information of personnel receiving the material.]
Bupplier/Manufacturer Name:

(If receiving a product or material, enter the name of the company supplying/the material.)
Address:

(If receiving a product or material, enter the address of the company supplying the material.)
Contact Information:

[If receiving material, enter the name(s) and contact informationsof personnel supplying the material)

Project Information: NCR Number:
(related Specifications, Codes, and Standards) (the NCR report number if needpd)
Heat Number/Heat Code: Material Specification:
[Record heat number(s) for the sample.] (ASTM spec., customer spec.)
P.O. Number:

(Enter associated purchase order number herey)
Packing List Number:

(Enter packing list and/or tracking number here.)
Lot Number:

(For multiple lot shipments, ehter’dssociated lot number here.)
Examiner’s Information:

(The name of the examiner,)company of examiner, etc.)
Material/Alloy Type:

[type or grade of material (316L, AL6XN, etc.)]
Material Description:

[size, material product form (tubing, 90, 45, TEE, ferrule, valve, etc.)]
DT-11 Compliant:

(Récord*Accept or Reject after markings verification.)
Wall Thickness:

[Record Accept or Reject after physical examination of the lot (if required).]
O.D. Tolerance:

[Record Accept or Reject after physical examination of the lot (if required).]
Surface'RA:

[Record Accept or Reject after physical examination of the lot (if required).]
VisualExamination:

(Record Accept or Reject after physical examination.)

MTR(s) Verified:

(Record Accept or Reject for MTR compliance with specifications.)

Quantity Received: Quantity Accepted: Quantity Rejected: Date Examined:_|
e —
Comments:
(Record any notes for examination, and attach additional sheets if needed.)
Copies: []Owner [JAE [ Contractors [] Consultants [ O [ File
May 2014 Page __of Form MER -1
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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 1
be pet

(c)
follow
(1
(3

install

—

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

(14)

D-1 GENERAL

Table D-3.1-1 provides description, pros, and cons of

This Nonmandatory Appendix provides the methods
to measurg¢ rouge in a system in both the process solution
and on thp actual product contact surface. It also sug-
gests variqus fabrication and operation practices to mini-
mize rouge formation, and methods/techniques for its
remediatign.

For the [definition of rouge and its classification, see
GR-8.

D-2 CONSIDERATIONS FOR REDUCING ROUGE
FORMATION

Tables [)-2-1 and D-2-2 provide guidance on different
variables gnd how they may contribute to the presence
of rouge if a high purity system. 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 lisfed in Tables D-2-1 and D-2-2.

(b) Category 2: Moderate Influence on the Formation:ef
Rouge. There is industry data supporting these vari-
ables, and| they should be considered.

(c) Catdgory 3: Strong Influence on the Fermation of
Rouge. There is well established industry data support-
ing these YVariables, and they should be)considered.

D-2.1 Sydtem Fabrication

See Table D-2-1 for a discussion of fabrication vari-
ables that |affect the amount.of rouge formation.
D-2.2 Sydtem Operation

See Table D-2-2f6r"a discussion of operation variables
that affect|thecamount of rouge formation.

Various tests 10T the identitication of mobile constijuents.

D-3.2 Solid Surface Analyses

Surface analyses provide information o the pature,
microstructure, and composition of strface layerd They
may represent the future status of/the media, and the
possible threat of rouging to the’water quality.

Table D-3.2-1 provides deseription, pros, and dons of
various tests for the identification of surface layers’
composition.

D-4 METHODS.TO REMEDIATE THE PRESENCE OF
ROUGE IN A SYSTEM

Remediation (derouging) processes are desighed to
remoye'dron oxide and other surface constitugnts of
rougeswhile minimizing damage to the surface [finish.
Rotige occurs on the surface, from corrosion, or pfecipi-
tates onto the surface after migrating from othef loca-
tions. These conditions are easily categorized by| using
the standard Classes I, II, and III rouge. The following
sections describe these remediation processes aphd the
conditions under which they are performed.

D-4.1 Class | Rouge Remediation

Class I rouges are weakly attached to the surfafe and
relatively easily removed and dissolved. This rquge is
generally hematite or red ferric iron oxide with low
levels of other oxides or carbon content. Phosphorjic acid
is useful to remove light accumulations and ¢an be
blended with other acids and compounds including cit-
ric, nitric, formic, or other organic acids and surfgctants
to assist in its derouging effectiveness. Citric acidibased
chemistries with additional organic acids are effective
at rouge removal. The use of sodium hydrosulfife (i.e.,
sodium dithionite) is also fast and effective at rgmoval

D-3 EVALUATION METHODS TO MEASURE ROUGE

Rouge can be measured by either its presence in the
process fluid, and/or its presence on the product/
solution contact surface.

D-3.1 Process Fluid Analyses

Fluid analyses provide a means of identifying the
mobile constituents within a subject process system.
They represent the current quality status of the media,
and the result of rouging.
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of Class I rouge.

These chemistries are processed at elevated tempera-
tures from 104°F (40°C) to 176°F (80°C) for between
2 hr and 12 hr. The process time and temperatures may
depend upon the severity of rouge accumulation, the
system component’s material of construction, and the
concentration of chemistries. The concentration of each
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

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:48:58 MDT


https://asmenormdoc.com/api2/?name=ASME BPE 2014.pdf

ASME BPE-2014

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.

For specific Class I rouge remediation processes, refer
to Table D-4.1-1.

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 Il 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
roughness is dependent upon process conditions, chemi-
cal concentration. and variabilitv of the rouge thickness

D-4.2| Class Il Rouge Remediation and level of surface finish roughness initially. [The condi-
Clags II rouge is removed with chemistries that are tion of use for these. processes 18 highly vl iable both
. . . . in temperature and time required to effectivgly remove

very similar to the above listed processes with the addi-

. L S . . all of the rouge and leave the surface preparedl for clean-
tion of oxalic acid, which improves the effectiveness in . o . . -
removal of this type of rouge. This rouge consists mostly ing and passivation. The less aggtessive cherhistries are

) used at higher temperatures [140°F [60°C) to

of hemnatite or ferric iron oxide with some amount of

176°F (80°C)] and requiretloriger contact tinpe (8 hr to

chronjium and nickel oxides as Well as small carbon 48-plus hours); the nitficracid-based fluorid¢ solutions
content. All of the above chemistries remove the rouge .
. . - . are often used at lower temperatures [ambient to
withopit damage to the surface finish with the exception o o . Lo .
L . . 104°F (40°C)], while.the citric acid-based flupride solu-
of oxglic acid, which may etch the surface depending . )
. . tions are used(at the higher temperatures ahd shorter
on copditions and concentration processed. Class II .
g contact times (2 hr to 24 hr).
rougep are more difficult to remove than Class I, and may p s
) . - For specific Class III rouge remediation [processes,
require additional time, even though these processesare ¢ 1o pg 1.1
often fun at slightly higher temperatures and increased diati iabl
concehtrations. D-4.4 Reme iation Variables ’ o
Forpecific Class Il rouge remediation processes, refer The times and temperatures given above afe in direct
to TaHle D-4.1-1. relation to the percent by weight of the base feactant(s).
A change in a formulation will change those crrespond-
D-4.3| Class Ill Rouge Remediation ing requirements. Different application methdds include
) o fluid circulation, gelled applications for welds or sur-
Clags IIT rouge is much more difficult to remgve com- faces, and spraying methods for vessels and gquipment.
paredf to Class I and Class II rouge, both*due to its  Rinsing of the surface after processing as well as proper
chemifcal com}?osition difference and i.ts struetural diffe.r— waste disposal planning is critical to the derojuging pro-
ence. These }.ugh temperature (.:Ieposrcs form magnetite  cess. The waste fluids generated by these prqcesses can
iron oxide with some substitution ¢f chromium, nickel,  pe classified as hazardous due to chemical c¢nstituents
or sili¢a in the compound structure. Significant amounts  or heavy metals content.
of carpon are generally present,in these deposits due Rouge can effectively be removed from prpduct con-
to requction of organics pfesent in the water, which  tact surfaces to reduce the potential for oxide particulate
sometimes produces the “smut” or black film that may  generation into the process fluids. These derouging pro-
form dluring derouging:The chemistries used to remove  cesses are required prior to proper cleaning and passiv-
this rquge are veryaggressive and will affect the surface  ation of the stainless steel surface for restoraftion of the
finishjto some degree. Phosphoric acid-based derouging  passive layer after corrosion. Analytical testing of utility
systerhs are génerally only effective on very light accu-  fluids can be useful in identifying the level of particulate
mulatjon ofithe rouge. The strong organic acid blends  generation and levels of metal oxides contained in these
with formie and oxalic acid are effective on some of  fluids as corrosion degrades the surface.
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System

Considerations That Affect the Amount of Rouge Formation During the Fabrication of a

Va

riables

Considerations

Category 3 — Strong Influence on the Formation of Rouge [Note (1)]

Alloy selection

Mechanical

ElectropolisHi

Passivation

Alloy compo

Welding, we
purging, e

Product form
methods

Selection of the proper alloy [e.g., 316L stainless steel (531603), 6 moly (N08367), etc.]
address the corrosive effects of the process conditions. For example, low carbon stain

should
less

steel (316L) has better corrosion resistance versus the higher carbon stainless steels (316).

Beneficial alloys can mitigate premature or accelerated corrosion. Higher nickel conten

t will

olishing/buffing

ition

ding conditions,
c.

and fabrication

1 < ek
cance CoTroSTotT reststarce:

Striations from cold working techniques may include residual grinding/polishing debuis i
lapping inclusions. Cumulative increase of interior area due to surface finish jinconsist
proportionally exposes more alloy to the mechanisms of corrosion and burden.6f pasg

Minimizes the exposure area of the native alloy to oxidizing fluids or halides and minim
origins for micropitting by various mechanisms, including halide andstress corrosion
ing. Surface occlusions from passivation fluids is minimized by the’ smooth, more eve

Impedes or retards corrosive developments of stainless steel surfaces. The effectiveness

h
Ency
ivation.

zes the
rack-
finish.

of

passivation methods in terms of depth and enhancementiof:surface alloy ratios (i.e., dhrome

to iron) determine the eventual propensity of an alloy to corrode and the rates of corr

(% molybdenum, chromium, nickel, etc.)
The microstructure quality affects precipitationfof impurities at grain boundaries. Migr:
impurities to the alloy surface can either support corrosion cells or seed downstream
corrosion. Weld joints on tubing and/or components with dissimilar sulfur concentrati
may result in lack of penetration due te'weld pool shift. The resulting crevice may bed
corrosion initiation site.

Improper welds can result in chromium depleted heat affected zones (HAZs) and other ¢
tions that reduce corrosion resistance. Weld discontinuities create opportunities to tra

sion.

tion of

ns
ome a

pndi-
fluid

borne impurities. Cracks resulting from poor welds will create breaches in passive laydr and

form active corrosion cells. Proper purging prevents weld contamination by heat tint o!
and the concurrent loss of corrosion resistance. Passivation cannot reverse the effects
improper purging:

The ferrite content can be greatly affected by the forming process (e.g., a forging will typ
have much [ower ferrite percentages than a casting). Barstock endgrain voids at the s
can enhance the potential of the alloy to pit and corrode. Minimization of differences
sulfar*content will enhance the potential for successful welding.

ides
of

cally
rface

=}

Category. 2"—'Moderate Influence on the Formation of Rouge [Note (1)]

Installation/
environmg

Expansion a
to an esta|

torage
nt

d modifications
blished system

Unidentified corrosion due to the storage or installation environment, including carbon s
contamination, scratching, exposure to chemical contaminants, stagnated condensatio|
liquids, etc., may warrant a derouging step prior to passivation. Failure to detect insta
corrosion will marginalize the effect of a normal passivation.

Oxide formations in newly commissioned systems can form at different rates than older
tems and initially generate migratory Class | rouge. Where oxide films exist in establis
systems, they are likely to be more stable, producing less migratory iron or chrome ox
Because the newer system can generate and distribute lightly held Class | migratory h

eel
h or
hces of

byS-
ed
des.
bmatite

forms throughout the system, the corrosion origin and cause can be difficult to identifly.

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

(14)

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 ¢
gressively catalyze the corrosion mechanism. This has a very strong influence for
such as high salt buffer tanks, etc.

envir
impe)
etc.)

bnment (pump -
ler, sprayball, tees, impellers, or fluid impingement spots on vessel walls. In pure steam systenis, ‘hi
sections can scour tubing walls either preventing sustained buildup of stable ma
ers or sloughing off fragments from developing oxide formations that-arelthen trg

downstream for possible corrosion seeding.

Operati
temp

hg temperature and
erature gradients

Operating temperature and temperature gradients will affect the eventual nature of
tions (e.g., Class | hematite versus Class Ill magnetite), the‘edse of removal, the
become stationary, stable, or lightly held and migratory.«The*nature of restoration
ation and derouging may be largely determined by the-operating temperature of
Established magnetite formations in pure steam systems may require a derougin
to the passivation steps.

Gaseous phase composition, For monographed fluids (PW, WFI, and pure steam), the constituency of dissolved g
inclufling dissolved gases erally believed to have an influence on_rotige formation when within established
(0, gnd CO,) and total organic carbon (TOC) limits\in Systems that have an adequate passive

possible for impurities to migrate,across distillation and pure steam generation p
dissolved gases. A variety of analytic spectrometry methods are available to iden
species. (Refer to Tables D-3.4:L/and D-3.2-1.)

Application, process media The nature of the oxide formiations, potential for corrosion, remedial methods, and
(purg steam, WFI, buffer, formation are greatly inflilenced by the application as noted in the other impact
medip, CIP, etc.), (temperature, corrosive process, etc.). In steam-in-place (SIP) systems, velocity, t

frequency of operation and trapping canhave impacts on the composition and locations of rouge forma
migratory deposits.

Adequately. designed systems can minimize this impact. Poorly trapped pure steam
regularly 'exposed to pressure gradients, can introduce corrosion mechanisms an
through-Steam condensate. Long hold periods in high salt buffer tanks and the ¢
of\the tank agitation can promote or accelerate rouge formation. SIP following ing

can create corrosion mechanisms and further aggravate removal methods.

System
meth

CIP, cleaning
ods

Exposure to CIP cycles and the specific chemical cleaning solutions strongly affect
for rouge occurrence. System sections exposed to a cyclic CIP regime will be lesd
form or collect rouge. Significant factors include whether there is an acid or hot
cycle in the CIP recipe. The duration and temperature of the acid cycle can be im
Acid cycles with mild concentrations (e.g., 2% to 20% phosphoric acid) have beg
maintain and restore passive layers.

Redox potential The use of ozone to sanitize purified water or WFI systems has also demonstrated

effects in impeding alloy corrosion.

ells, will pro-
applications

nsported

oxide forma-

bropensity to
by passiv-
he system.

F step prior

ses are gen-
conductivity
pyer. It is
rocesses as
tify these

period of
Hescriptions
mperature,
jons and

headers,
products
ffectiveness
dequate CIP

he potential
likely to
cid CIP
portant.
n shown to

eneficial
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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 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.

Stagnant flow_areas A moving oxidizing fluid can maintain the passive laver. (Studies with nitrogen blanketed WFI
storage tanks have shown negative effects on passive layers as a result of minimizing|oxygen
in the fluid.)

Liquid condensate that is not immediately removed from a pure steam conduit,qrthat cgllects
from improper valve sequencing can concentrate and transport surface oxidatiofi prodficts or
steam contained solubles. These can concentrate and deposit at a brapeh{terminus sych as a
vessel sprayball, dip tube, etc. These deposits are typically lightly hetd forms of hematite.
Though easily removed, they can be difficult to remove in large vessels and appear to|go
against the common stipulation of “visually clean.”

Pressure grafients Pure steam systems only. Pressure changes in the distribution-system will affect the amqunt of
steam condensate as well as affect the quality of the steam: If system sections are exposed
to pressure ranges, condensate that is not effectively removed from horizontal sectionf can
be re-vaporized at higher pressures, which will lower the steam quality and transport gny
impurities borne in the steam condensate.

System age This depends on how the system has been maihtained in regard to frequency of passivation or
derouging, CIP exposure, and formation of'stable oxide layers. New systems have beep
observed to generate disproportionate amounts of Class | rouge formations in contras{ to
established systems. In pure steam.systems, although oxide formations become stabl¢ with
age, they can also thicken and be prone to particle sloughing in high velocity sectiong. It
should be noted that system.fime in use can have both beneficial and negative effectp in
regard to rouge formation ard that regular system monitoring is important in identificdtion of
incipient corrosion.

NOTE:
(j) There is jwell established industry data supporting this,sand’it needs to be considered.
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Table D-3.1-1 Process Fluid Analyses for the Identification of Mobile Constituents 'of Royge

Test Criteria

Type of Test Test Description Pros Cons

Ultra traice inorganic Concentrations of trace metals in process Noninvasive sample acquisition. Baseline must be determined

analysis (ICP/MS) solutions including pure water/steam Highly quantitative informa- for each system gnalyzed.
are directly analyzed by inductively tion. Provides strong ability
coupled plasma mass spectrometry to trend data.
(ICP/MS).

Standafd particulate A liquid sample is subjected to a laser Noninvasive samplé acquisition. Baseline must be determined
analysis (via light, which scatters upon contact with Highly quantitative informa- for each system gnalyzed.
light particles. The scattered light is col- tion. Rravides strong ability

lected, processed, segregated by chan- to trend' data.
nel, and displayed as a specific count
for each size range analyzed.

Ultra trace inorganic Fluids are filtered via vacuum filtration, Provides highly detailed physi- Limited with respedt to organic
analysis (by and particles are collected on a fine cal observation and elemen- particulate identification.
SEMEDX) pore filter medium. The particles afe tal composition data for

then analyzed by scanning electron mobile particulates.
microscopy for size, compasition, and
topographical features.

Fourier transform Organic analysis of liqlid samples or Potentially noninvasive sample Organic contaminants must be
infraged extracts from wipe 'samples. Used to acquisition. Allows for profiled in a spegific target
specfroscopy identify possible-ofganic films or organic identification of elas- compound library.

(FTIR deposits. tomers or alternate organic
contaminants.
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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 viqual

analysis

Scanning auger

microanal

Sis

(SAM) or quger

electron s

pec-

troscopy (fuger)

Small spot

blectron

spectroscqpy for

chemical
sis (ESCA)

naly-
or

X-ray photpelec-
tron spectfoscopy

(XPS)

Reflection grpde

ellipsometry

Electrochem
impedanc

cal

spectromdtry

Visual analysis via polarized light micros-

copy (PLM), scanning electron micros-
copy (SEM), or alternative microscopy
instrumentation.

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 propétties to assess
surface conditions,

The analysis ef-electrochemical noise in
order toquantify state of corrosion of
a meétallic surface.

Good test for morphology deter-
mination. Can be coupled
with energy dispersive X-ray
(spectroscopy) (EDX) analysis
for elemental composition
information.

Highly accurate method for posi-
tive identification and qualifi-
cation of the surface metal
composition. Utilized to detér-
mine the depth and elemen-
tal composition of the
surface including/thevpassive
layer itself.

Highly accurate’'method for the
qualification and quantifica-
tion of the surface metal com-
position. Utilized to
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 test. Requires’t

e

periodic removalof sqlid

samples (e.g., eoupon

Invasive and destructive
Requires the periodic

5)

test.

removal of solid samples

(e.g., coupons)

Invasive and destructive
Requires the periodic

test.

removal of solid sampfles

(e.g., coupons)

Invasive test. Requires t

e

periodic removal of sdlid

samples (e.g., coupon
Field qualification of t
method is still ongoin

Field qualification of this
method is still ongoin

).
his

b
P
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