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FOREWORD

Atthe 1988 ASME Winter Annual Meeting (WAM), many individuals expressed interest in developing standards for the
design of equipment and components for use in the biopharmaceutical industry. As a result of this interest, the ASME
Council on Codes and Standards (CCS) was petitioned to approve this as a project. The initial scope was approved by the

CCSon
scope:
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June 20, 1989, with a directive to the Board on Pressure Technology to initiate this project with the follo

his standard is intended for design, materials, construction, inspection, and testing of vessels, pip
ted accessories such as pumps, valves, and fittings for use in the biopharmaceuticalindustry. T
vide for the adoption of other ASME and related national standards, and when so referenced beco
he standard.

Atthe 1989 WAM, an ad hoc committee was formed to assess the need to developfarther the scope and
mmittee met in 1990 and there was consensus concerning the need to develop standards that wou
ements of operational bioprocessing, including

the need for equipment designs that are both cleanable and stefilizable

the need for special emphasis on the quality of weld surfaces‘once the required strength is preg

the need for standardized definitions that can be used by material suppliers, designers/fabricatory

the need to integrate existing standards covering vessels, piping, appurtenances, and other equipmen|
biopharmaceutical industry without infringing on the.seopes of those standards
The BPE Main Committee was structured with six funetioning subcommittees and an executive
sing the main committee chair and the subcommittee chairs. The initial subcommittees were

General Requirements

Design Relating to Sterility and Cleanability_of Equipment

Dimensions and Tolerances

Material Joining

Surface Finishes

Seals
[hroughout the development ofithe Standard, close liaison was made with the European CEN, ASTM,
tandards. The purpose wassto develop an ASME standard that would be distinctive, germane, and no
ther industry standards. Whetrever possible, the Committee strived to reference existing standards t
e to biopharmaceutical“equipment design and fabrication.
This Standard représerits the work of the BPE Standards Committee, and this edition includes the

Chapter 1, Introdiuiction, Scope, and General Requirements
Part GR, General Requirements
Chapter’2)\Certification
Part CR, Certification Requirements
Chapter 3, Materials

wing initial

ng, and
he rules
me part

hction plan.
d meet the

ent
, and users
[ necessary

committee

nd the 3-A
[ in conflict
hat are ap-

following:

Part MM, Metallic Materials
Part PM, Polymeric and Other Nonmetallic Materials
Chapter 4, Design for Multiuse
Part SD, Systems Design for Multiuse
Chapter 5, Process Components for Multiuse
Part DT, Dimensions and Tolerances for Process Components
Part PI, Process Instrumentation for Multiuse
Part MC, Components for Multiuse

xiii
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Chapter 6, Fabrication, Assembly, and Erection for Multiuse

Part M], Materials Joining for Multiuse

Part SF, Process Contact Surface Finishes for Multiuse
Chapter 7, Design for Single-Use

Part SU, Systems Design for Single-Use
Chapter 8, Process Components for Single-Use

Part SC, Components for Single-Use

Chapter 9, Fabrication, Assembly, and Erection for Single-Use

Part SJ, Joining Methods for Single-Use

The firstledition of this Standard was approved as an American National Standard on May 20, 1997. This editipn was
approved lpy ANSI on March 21, 2022.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE

CERTIFICATION MARK AND CODE AUTHORIZATION I
ADVERTISING

N

ASME has established procedures to authorize qualified organizations to perform various activities in acconance with

the requirements of the ASME Codes and Standards. It is the aim of the Society to provide recognition of orgar
authoifized. An organization holding authorization to perform various activities in accordance with the'requ

the C

Orggnizations that are authorized to use the ASME Single Certification Mark for marking itents or constru
have heen constructed and inspected in compliance with ASME Codes and Standards areissued Certificate]

rizatiop.
users, the enforcement jurisdictions, and the holders of the ASME Single Certificatiofy Mark who comply

quire

Bas¢d on these objectives, the following policy has been established on the usage in advertising of facsiy
Fates of Authorization and references to Codes or Standards construction. The American Society of

Certifig

Enginders does not “approve,” “certify,” “rate,” or “endorse” any item, gonstruction, or activity and there
statemjents or implications that might so indicate. An organization holding the ASME Single Certification Ma

Certifif

or performed) or activities conducted in accordance with the requirements of the applicable ASME Code or St
ASME [corporate logo shall not be used by any organization ether than ASME.

The|ASME Single Certification Mark shall be used only for stamping and nameplates as specifically provided
or Starjdard. However, facsimiles may be used for the purposé of fostering the use of such construction. Such ug
by an association or a society, or by a holder of the ASME Single Certification Mark who may also use the

advertji

only when all of a manufacturer’s items are constructed under the rules of the applicable Code or Stand

es and Standards may state this capability in its advertising literature.

[t is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the be

ents.

ate of Authorization may state in advertising literature that items, constructions, or activities “are buil{

sing to show that clearly specified items will carry the ASME Single Certification Mark. General usage i

lizations so
rements of

ctions that
5 of Autho-
nefit of the
ith all re-

hiles of the
Mechanical
chall be no
k and/or a
(produced
hndard.” An

in the Code
age may be
acsimile in
permitted
hrd.

STATEMENT OF POLICY ON THE USE OF ASME MARKING TO

IDENTIFY MANUFACTURED ITEMS

The|ASME Codes and Standards provide rules for the construction of various items. These include requirfements for
materials, design, fabrication, examination, inspection, and stamping. Items constructed in accordance with all of the
ble rules’of ASME are identified with the ASME Single Certification Mark described in the governipg Code or

applic
Standd

Mark sh

rd.

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 ap-
plicable 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.

XV

Markings.such as “ASME” and “ASME Standard" orany other marklng 1nclud1ng "ASME" or the ASME Slngle Certification
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CORRESPONDENCE WITH THE BPE COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing
revisions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, BPE Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporate:c¢hanges that appea

or des
publis

The
citing
includ

rable, as demonstrated by the experience gained from the application of the Stahdard. Approved revis
ned periodically.

Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific
the paragraph number(s), the proposed wording, and a detailed deseription of the reasons for th
ng any pertinent documentation.

Pro

osing a Case. Cases may be issued to provide alternative rules when justified, to permit early implem

an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases aj
immediately upon ASME approval and shall be posted on the'ASME Committee web page.

Reqpests for Cases shall provide a Statement of Need and:Background Information. The request should i
Standdrd and the paragraph, figure, or table number(s),.and be written as a Question and Reply in the sam

existi
Case

Inte|
Standd

Cases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which th
plies.

fpretations. Upon request, the BPE Standards Committee will render an interpretation of any require
rd. Interpretations can only be renderedin response to a written request sent to the Secretary of the BPH

Commijttee.

Req
form i
autom|

If th|

hests for interpretation shouldpreferably be submitted through the online Interpretation Submittal
accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer wil
htic e-mail confirming receipt.

e Inquirer is unable td use the online form, he/she may mail the request to the Secretary of the BPH

" necessary
ons will be

s possible,
b proposal,
entation of
e effective
dentify the

b format as
e proposed

ment of the

Standards

Form. The
receive an

Standards

Commijttee at the above address. The request for an interpretation should be clear and unambiguous. It is further rec-

ommehded that the Inquirer submit his/her request in the following format:

Subjed: Cite the applicable paragraph number(s) and the topic of the inquiry in one or
Edition: Cite the applicable edition of the Standard for which the interpretation is being
Questipn: Phrase the question as a request for an interpretation of a specific requirement

general understanding and use, not as a request for an approval of a proprieta

fwo words.
requested.

uitable for
y design or

Proposed Reply(ies):

SItUAtion. FIedase provide a condensed dnd precise question, composed 1n Such a way thata

“yes” or “no” reply is acceptable.

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Co
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

Xxi
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
device, or activity.

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

Attendirlg Committee Meetings. The BPE Standards Committee regularly holds meetings and/or telephone/onfer-
ences that gre open to the public. Persons wishing to attend any meeting and/or telephone conference should contfact the
Secretary ¢f the BPE Standards Committee.
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ASME BPE-2022
SUMMARY OF CHANGES

Following approval by the ASME BPE Committee and ASME, and after publicreview, ASME BPE-2022 was approved by the

Ameri

In ASM
have b
(22).

g
<

0 0 N NN NO0OW NN DN R e

10

Fan National Standards Institute on March 21, Z022.

E BPE-2022, Part SG has been redesignated as Part M(, its title has been revised, and all related cross
een updated throughout. In addition, ASME BPE-2022 includes the following changes identifiedby a m

Location Change

Chapter 1 Title revised

GR-2 First and last paragraphs reyised
GR-4.1 Subparagraph (b) revised
GR-4.2 Revised

GR-4.2.1 First sentence revised
Table GR-4.2-1 Title revised

GR-4.2.3 Subparagraph»(d) revised
GR-5.3 Title revised

GR-5.3.1 Last sentence added
GR-5.3.2 Revised

GR-5.3.3 Revised

GR-5.3.4 Revised

GR-7 (1) First paragraph revised

(2) AWS D182, ASQ/ANSI Z1.4, ASTM D199, ASTM D494
E499, ASTM E515, ASTM E1003, ISO 1402, 1SO 2859-1
Standard ES-50 added

GR-8 (1) Definitions of animal-derived ingredients (ADI), ani
derived products (ADP), audit, audit (as performed by
their designee on ASME BPE Certificate Holders and Ap
compliance, conformance, conformity, drainable, loope
multiuse, process equipment, process system, repeate
single-use, special process, strainer, strainer body, st
element, surveillance, survey, survey (as performed by
their designee on ASME BPE Certificate Holders and Ap
and swing elbow added

references
argin note,

1, ASTM
,and PFI

mal-
ASME or
blicants),
1l header,
| use,
niner
ASME or
blicants),

23
23

(2) Definitionsof blind weld clean steam Quality Incp
=J 7 7 4 (3

Delegate, Material Test Report (mill report or MTR),

ctor’s
process

component, pure steam, testing (as it relates to pressure vessels),
testing (as it relates to process equipment), testing (as it relates to

process piping), and testing (as it relates to vessels not rated for
pressure service) revised
(3) Definition of self-draining deleted
Chapter 2 Former Chapter 6 redesignated and revised in its entirety
MM-2.1 Revised
MM-3.1 Revised
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Page
23

23
24
25

26
27
27
27
27

28

28

28

28

29
29

29
30
30
30
30
30

30
30

Location
MM-3.2

MM-3.3
Table MM-2.1-1
Table MM-2.1-2

Table MM-21-3

Change

(1) First paragraph revised

(2) Third and fourth paragraphs deleted
Revised

“JIS Designation” column and data added

(1) “UNS Number” and “EN Designation” column heads revised

(2) “JIS Designation” column and data added
(3) For N10276 and N06022, “Other” data revised

“JIQ ﬂpcignnfinn" columns and data added

MM-3.5
MM-3.6
MM-4.1
MM-4.2

MM-4.3

MM-4.4

MM-4.5

MM-4.6

MM-4.7
MM-5.2.1

Table’'MM-5.2.1.1-1

Revised

Deleted

First paragraph revised

(1) Title revised

(2) ASTM A213/A213M, ASTM A249/A249My’ASTM A269
A269M, ASTM A270/A270M, ASTM A312/A312M, ASTM
A511/A511M, ASTM B619/B619M,-and ASTM B690/B6
revised

(3) JIS G 3447, JIS G 3459, and HS G 4903 added

DOM

(1) ASTM A351/A351M, ASTM A743/A743M, and ASTM A$90/

AB890M revised
(2) JIS G 5121 added

(1) ASTM A182/A182M, ASTM B462, and ASTM B564 rev
(2) JIS G 3214 and/]JIS G 4319 added

(1) ASTM A240/A240M, ASTM A666, ASTM B443, ASTM B
and ASTM*B688 revised
(2) JIS G\4304, JIS G 4305, JIS G 4312, and JIS G 4902 add|
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37 MM-5.3.1 Last sentence added
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48 PM-4.2.1 Penultimate sentence revised
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51 PM-4.3.5 Title revised
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SD-3.3.2.4 Subparagraph (e) revised

SD-3.4 Revised in its entirety

Figure SD-3.4.2-1
Figure SD-3.4.2-3

Figure SD-3.4.3-2
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[llustration (a) revised

(1) Title, illustrations, and Note (1) revised
(2) Notes (2) through (4) added

Title and illustration (d) revised

(1) INlustration (b) revised
(2) Note (1) added
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155 SD-7.4 Revised in its entirety
156 Chapter 5 (1) Former Chapter 4 redesignated
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156 DT-2 Revised in its entirety
156 DT-3 Second paragraph revised
156 DT-4 First sentence revised
156 DT-4.1.1 Revised
156 DT-4.1.2 Revised
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159 DT-11.2 Section DT-11.2 deleted and former section DT-11.3 redd
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161 Table DT43%2 (1) Title revised
(2) General Note added
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172 Table DT-4.T.2-8 Revised
174 Table DT-4.1.2-12 Added
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184 Table DT-7.1-1 Table DT-7-1 redesignated
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246 MC-5.3 Subparagraph (a) revised
248 Chapter 6 (1) Former Chapter 5 redesignated
(2) Title revised
248 Part MJ Title revised
249 MJ-3.1 Revised
249 M]J-3.2 Added
250 Figure MJ-3.2-1 Added
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272 SF-2.3.2 Cross-reference updated
273 SF-2.41 Last sentence revised
274 Table SF-2.4.1-1 General Note (d) revised
274 SF-2.6 Revised
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ASME BPE-2022

CHAPTER 1
INTRODUCTION, SCOPE,
AND GENERAL REQUIREMENTS

GR-1 (INTRODUCTION

The|ASME Bioprocessing Equipment (BPE) Standard
was developed to aid in the design and construction of
new flhid processing equipment used in the manufacture
of biogharmaceuticals, where a defined level of purity and
biobuilden control is required.

The|Standard typically applies to

(a) components that are in contact with the product,
raw mpterials, or product intermediates during manufac-
turing) development, or scale-up

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

The|General Requirements Part states the scopé-of the
ASME BPE Standard and provides referencesand defini-
tions that apply throughout the Standard.

Wh¢n operating under pressure conditions, systems
shall pe constructed in accordanceswith the ASME
Boiler|and Pressure Vessel Code (BPVC), Section VIII,
and/of ASME B31.3 Process Riping Code or applicable
local, pational, or international €odes or standards. The
owner}/user may stipulate‘additional or alternative speci-
ficatiops and requireménts.

Thiq Standard shallgovern the design and construction
of pipihg systems for-hygienic service. For process piping
systenps desigfied and constructed in accordance with
ASME |B31.3;-it*is the owner’s responsibility to select a
fluid spryice’ category for each fluid service. Should any

PART GR
GENERAL REQUIREMENTS

mental principles of this\Standard. Such Judgments
shall not be used to goverride mandatory regulations or
specific prohibitions of this Standard.

New editions, of the ASME BPE Standard mjay be used
beginning with'the date of issuance and become effective
6 months after the date of issuance.

GR-2“SCOPE OF THE ASME BPE STANDARD

The ASME BPE Standard provides requirgments for
systems and components that are subject 10 cleaning
and sanitization and/or sterilization includipg systems
that are cleaned in place (CIP’d) and/or qteamed in
place (SIP’d) and/or other suitable procesdes used in
the manufacturing of biopharmaceuticals. This Standard
also provides requirements for single-use systems and
components used in the above listed applicdtions. This
Standard may be used, in whole or in part, for ¢ther appli-
cations where bioburden risk is a concern.

This Standard applies to

(a) new system (and component) design and fabrica-
tion

(b) definition of system boundaries

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

(d) component dimensions and tolerances

(e) surface finishes

(f) materials joining

(g) examinations, inspections, and testing

fluid dervice meet the definition of high-purity fluid
service (ASME B31.3, Chapter X) it is recommended
that such fluid service be selected and the requirements
of this Standard and ASME B31.3, Chapter X be met.

When an application is covered by laws or regulations
issued by an enforcement authority (e.g., municipal,
provincial, state, or federal), the final construction re-
quirements shall conform to 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-

(h) certification

This Standard is intended to apply to new fabrication
and construction. If the provisions of this Standard are
optionally applied by an owner/user to existing, in-
service equipment, other considerations may be neces-
sary. For installations between new construction and
an existing, in-service system, such as a retrofit, modifica-
tion, or repair, the boundaries and requirements must be
agreed to among the owner/user, engineer, installation
contractor, and inspection contractor.

(22)
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The owner/user determines which requirements of the
Standard are applicable to individual components, equip-
ment, or systems based on intended service. However, for
a component, equipment, or system to be BPE-
conforming, adherence to all applicable requirements
of this Standard is mandatory.

GR-3 MANUFACTURER’S QUALITY ASSURANCE
PROGRAM

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

When local 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 accept-
able to the relevant regulatory authority.

The marufacturer shall implement a quality assurance
program describing the systems, methods, and proce-
dures used to control materials, drawings, specifications,
fabricatioh, assembly techniques, and examination/
inspection|used in the manufacturing of bioprocessing
equipment]

Nonmardatory Appendix Z, Quality Management
System, grovides guidance on quality assurance
programs.|This is only required for organizations that
are ASME [BPE Certificate Holders or applicants (see
Part CR). However, it may be used by any organization
that implements this Standard.

GR-4 EXA'[IMINATION, INSPECTION, AND TESTING

The examnination, inspection, and testing requirements
are specifi¢d in each Part of this Standard. If an inspection
or examindtion plan is required, it shall be developed and
agreed to [by the owner/user, contractor, inspection
contractor| and/or engineer ensuring that the systems
and compdnents meet this Standard.

As it relfites to pressure vessels, vessels not rated-for
pressure service, process piping and tubing, and-process
contact eqpipment, this Standard uses the terms-eéxami-
nation, inspection, and testing and other forms of these
terms in  manner consistent with thé uses in ASME
BPVC, Sectlon VIII, and ASME B31.3. Refevences for exam-
ination, insppection, and testing per this)Standard are listed
in Nonmanfdatory Appendix CC. These requirements are in
addition to| the requirements fASME BPVC, Section VIII,
and ASME|B31.3. This Standard also uses the common
language neaning of theése terms. Be aware of the differ-
ences betyveen thewsage as defined in GR-8 versus
common ukage.

GR-4.1 Inspector/Examiner

GR-4.2 Quality Inspector’s Delegate

Quality Inspector’s Delegate qualifications\shall be in
accordance with the requirements listed hereip. The
employer of the Quality Inspector’s Delegate shall have
documented training and qualification progrdms to
ensure the qualifications and cdpabilities of perfonnel
are met.

The capabilities requirements are lisfed in
Table GR-4.2-1. It is required that a capability|listed
for alower level of qualification is also required forfsubse-
quent higher level$«of qualification.

GR-4.2.1 Levels of Qualification. There are fouf levels
of qualificationfor Quality Inspector’s Delegate. Expmina-
tion persounel qualifications are not covered |n this
sectiop.but shall be in accordance with ASME [B31.3,
para. 342.

{a) Trainee. Anindividual who is notyet certified to any
level shall be considered a trainee. Trainees shall work
under the direction of a certified Quality Inspector’s Dele-
gate and shall not independently conduct any t¢sts or
write a report of test results.

(b) Quality Inspector’s Delegate 1 (QID-1). This individ-

codes, standards, and specifications. The QID-2 shall be
thoroughly familiar with the scope and limitations of
the inspection they are performing and shall ejercise
assigned responsibility for on-the-job trainijg and

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

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

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

guidance of trainees and QID-1 personnel. A QID-2
may perform tests and inspections according to the
capabilities’ requirements.

(d) Quality Inspector’s Delegate 3 (QID-3). This individ-
ual shall be capable of establishing techniques and proce-
dures; interpreting codes, standards, specifications, and
procedures; and designating the particular inspection
methods, techniques, and procedures to be used. The
QID-3 shall have sufficient practical background in appli-
cable materials, fabrication, and product technology to
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Table GR-4.2-1

Quality Inspector’s Delegate Capabilities

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 X
(5) Brocess components X
(b) Vetrify material marking to standard X
(c) Mepsure material dimensions X
(d) Mepsure material surface finish X
(e) Vetfify material documentation
(1) Material Test Reports (MTR) X
(2) (Qertificates of Conformance (C of Cs) X
(3) Instrument calibration records X
(4) Klastomers X
(f) Evajuate to acceptance criteria X
(g) Vetlify material conformance to specification X
(h) Verify material storage/handling conformance X
Equipment Use
(a) Migrors/magnifiers X
(b) Mepsuring devices
(1) §teel rule X
(2) Qalipers (dial, digital) X
(3) Fillet gauge X
(4) Radius gauge X
(5) Temperature-sensitive crayon (tempilstick) X
(6) Jlope level X
(7) Undercut gauge X
(c) Botyescope/fiberscope X
(d) Prdfilometer X
(e) Poditive material identification (PMI) X
(f) Calipration records (inspection equipment) X
Knowledge and SKills
Underdtand inspection, fundamentals
(a) Effgctive oralMand written communication X
(b) Quplity procedures
(1) Brepare documentation control requirements 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
(2) ASME B31.3 Chapter VI X
(3) ASME BPVC, Section IX X
(e) Interpret welding symbols and drawings
(1) Detail drawings (mechanical) X
(2) P&ID X
(3) Single line isometric drawings (weld maps) X
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Table GR-4.2-1
Quality Inspector’s Delegate Capabilities (Cont’d)

Capability Trainee QID-1 QID-2 QID-3

Knowledge and Skills (Cont’d)
(4) Isometric drawings (slope maps) X
(5) General/fabrication arrangement drawings (details) X
(6) Interpret welding symbols X
(f) Prepare documents/reports in accordance with GR-5.3

(1) Material examination log

(2) Noncdnformance reports

(3) Visual weld inspection

Moo X

(4) Slope |verification (isometric)
(5) Pressyire test X
(g) Turnovelr package
(1) Assengble X
(2) Review X
(h) Basic urjderstanding of NDT/NDE
(1) PT
(2) UT
(3) RT
(4) Eddy furrent
(5) Presstyire/leak testing

Moo X X

Inspection
(a) Perform|visual inspection (other than weld inspection) X

(b) Perform|weld inspection X

(c) Evaluatel weld inspection results X
(d) Perform|slope verification X
(e) Witness|pressure tests

(f) Verify inppection conformance

(g) Review Inspection reports

Moo X X

(h) Verify npnconformance disposition
(i) Perform [installation verification
(1) Instaljation per P&ID
(2) ChecK for cold spring

(3) Hanggr verification X

>

(4) Comppnent installation per manufacturer’s X
recommehdations

Vessel Inspection (additional to above)

(a) Verify syrface finish X

(b) Verify dfainability X

(c) Cleanability (€IP/riboflavin/sprayball testing) X
(d) Verify dlmensions and orientation
(e) Conformance with ASME Code (U-1) X

(f) Documentation review X

<

Welding Procedure Qualification
Verify welding procedures (WPS/PQR) conformance X

Welder and/or Welding Operator Performance Qualification

Verify welder and/or welding operator performance X
qualification conformance
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Table GR-4.2-1
Quality Inspector’s Delegate Capabilities (Cont’d)

Capability

Trainee

QID-1 QID-2 QID-3

Project Planning

(a) Review contract requirements
(b) Prepare weld inspection criteria
(c) Review specifications

(d) Prepare purchase specifications

(e) Develop inspection plan

K> X < X

Trainipg
(a) Prqvide on-the-job training for Quality Inspectors

(b) Majntain records of training

Audit
(a) Petfform vendor audits
(b) Pegform fabricator audits

(c) Prgpare audit and surveillance plan

establish techniques and to assist in establishing accep-
tance driteriawhen none are otherwise available. The QID-
3 shal| be capable of training personnel. A QID-3 may
perforpn tests and inspections according to the capabil-
ities’ requirements.

GR-#.2.2 Qualification Requirements. The qualifica-
tion requirements listed herein shall be met prior. to
consideration for examination/certification.

(a) [Trainee

(1) be a high school graduate or hold astate or mili-
tary approved high school equivalency diploma

(4) receive a minimum of 8 hrefirelevant docu-
mented training (total 8 hr), including as a minimum
the requirements shown in Table\GR-4.2-1

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

(1) be a trainee for auninimum of 6 months of docu-
mentefl relevant industry experience. Alternate methods
for megting the work'experience requirement are at least
one of| the following:

(-a) prior/or current certification as a QID-1
(-b)-completion with a passing grade of atleast 2 yr
of enginéering or science study in a university, college, or

(2) réeeive a minimum of 16 additional hrjofrelevant
documented training (minimum total = 24 hr), including
as a minimum the requirements shown in Tabje GR-4.2-1

(3) pass awritten test and practical perfofmance ex-
amination, 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, pergonnel shall
meet the following:

(1) be a QID-1 for a minimum of 6 months of docu-
mented relevant industry experience. Alternafe methods
for meeting the work experience requirementjare at least
one of the following:

(-a) prior or current certification as af QID-2

(-b) completion with a passing grade ofptleast4 yr
of engineering or science study in a university| college, or
technical school

(-c) possessan AWS CWI certificate’ orACCP Level
11 VT certificate® or international equivalent

(-d) 2 yr of documented relevant experience in
inspection, examination, or testing activiti¢s of high-
purity/hygienic systems

(2) receive aminimum of 16 additional hrjof relevant
documented training (minimum total = 40 hr}, including
as a minimum the requirements shown in Tabje GR-4.2-1

technicat-schoot

(-c) possessan AWS CWI certificate' or ACCP Level
I VT certificate” or international equivalent

(-d) 2 yr of documented relevant experience in
inspection, examination, or testing activities

! 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.

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

(d) QID-3.To be considered as a QID-3, personnel shall
meet the following:

(1) be a QID-2 for a minimum of 24 months of docu-
mented relevant industry experience. Alternate methods
for meeting the work experience requirement are at least
one of the following:

(-a) prior or current certification as a QID-3
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(-b) 3 yr of documented relevant experience in
inspection, examination, or testing activities of high-
purity/hygienic systems

(2) receive aminimum of 40 additional hr of relevant
documented training (minimum total = 80 hr), including
as a minimum the requirements shown in Table GR-4.2-1

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

GR-4.3.1 Pressure Vessels. The responsibilities of the
owner’s Inspector shall be the same as the inspector in
ASME BPVC, Section VIII.

GR-4.3.2 Piping, Tubing, and Non-Code Vessels. The
responsibilities of the owner/user’s Inspector shall be in
accordance with ASME B31.3, para. 340.2.

GR-4.4 Access for Inspectors

Manufacturers of bioprocessing equipment and compo-

GR-4.2.
for training, testing, and certification of employees. The
employer ghall establish a written practice in accordance
with the gtniidelines of ASNT SNT-TC-1A including
equirements listed in Table GR-4.2-1

(b) trairling programs

(c) certification testing requirements

(d) eye pxaminations as follows:

(1) Ngar Vision Acuity. The individual shall have
natural o1 corrected near distance acuity in at least
one eye sulch that the individual is capable of reading a
minimum pf a Jaeger Number 2 or equivalent type and
size letter [at a distance designated on the chart but no
less than 1P in. (305 mm). This test shall be administered
initially and at least annually thereafter.

(2) Cqlor Contrast. The individual shall demonstrate
ility of distinguishing and differentiating

PR ol 1 - 1]
LUl 11IC CTHIPIOY ST 15 TESPUIISTUIC

the following requifements are met:

(a) The |lempleyee has proof of prior certification.

(b) The pmployee was working in the capacity to which
certified wiithin 6 months of termination.

nents shall allow free access to owner/user and, quthor-
ized inspection personnel at all times while worKfon the
equipment or components is being performed. The noti-
fication of an impending inspection should be mytually
agreed to by the manufacturer apnd*the inspector.
Access may be limited to the area of/ the manufacturer’s
facility where assembly, fabrication, welding, and festing
of the specific equipment-ot*components are|being
performed. Inspectors shajl:have the right to audlit any
examination, to inspect’components using any examina-
tion method spegified in the Design Specififation
(including Purchase*Order), and to review all ceftifica-
tions and recofds hecessary to satisfy the requirgments
of GR-5. Thexmanufacturer shall provide the Inspector
with work'progress updates.

GR-5'DOCUMENTATION
GR-5.1 General

Documentation requirements shall be agreed td at the
beginning of a design project and shall be made avpilable
upon request or submitted at the agreed-upon time to
support the requirements of this Standard, as agreed
to by the owner/user and manufacturer/contractor.

GR-5.2 Document Requirements

Material Test Reports (MTRs) for all metallic grocess
components shall be verified to be in conformance to
the applicable specification. Certificates of Conformance
(C of Cs) for all polymeric and other nonmetallic grocess
components shall be provided. In addition, the follJowing
documentation shall be provided to the owner/yser or
their designee.

GR-5.2.1 General List of Documents

(c) The employee is being recertified within 6 months
of termination.

If the employee does not meet the listed requirements,
additional training as deemed appropriate by the owner’s
Inspector shall be required.

GR-4.3 Responsibilities

The responsibilities of inspection personnel are defined
in GR-4.3.1 and GR-4.3.2.

GR-5.2.I.I Metallic Materials

GR-5.2.1.1.1 Turnover Package Documentation.
Documentation required for current Good Manufacturing
Practices (cGMP)-validated distribution systems,
including the vessels, tubing systems on modules,
super skids, skids, the shop or field fabrication of
tubing, etc., includes the following:

(a) Materials Documentation
(1) Material Test Reports
(2) Certificates of Conformance
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(3) Material Examination Logs
(4) Identification of the filler metal or consumable
insert used
(b) Welding, Inspection, and Examination Qualification
Documentation (not required for standard fittings, valves,
and components unless specifically required by the
owner/user)
(1) Welding Procedure Specifications/Parameters
(WPS/P)
(2)_Procedure Qualification Records (PQRs
(3) Welder Performance Qualifications (WPQs)
(4) Welding Operator Performance Qualifications
(WOPQs)
(3) Examiner qualifications
(q) documentation of approval of the above by the
ownerj/user’s representative prior to welding
(1) Inspector qualifications
(4) documentation of the approval of (7) by the
owner}/user prior to welding
(c) Weld Documentation (not required for standard
fittings, valves, and components unless specifically
requirgd by the owner/user)
(1) weld maps
(4) weld logs
(3) weld examination and inspection logs
(4) coupon logs
(d) [Testing and Examination Documentation (as appli-
cable)
(1) passivation reports
(4) spray device coverage testing
(3) pressure testing
(4) final slope check documentation
(§) calibration verification documentatioh
(d4) purge gas certifications
(1) signature logs
(4) number of welds — both/manual and automatic
(49) number of welds inspected expressed as a per-
centage (%)
(10) heat numbers ofcomponents that mustbe iden-
tified, [documented, and-fully traceable to the installed
systeni
(11) surface finish C of Cs
(12) NDE¢{(nondestructive examination) reports
(e) Bystem/Equipment
(1) stanidard operating and maintenance procedures
and mpnuals

GR-5.2.1.1.2 Technical support information to
support the design, operation, and maintenance of equip-
ment may include, but is not limited to, the following:

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

GR-5.3 Material Test Reports/Certificates of
Conformance

3: o on of docu-
ments, including C of Cs and MTRs, for-all yalves and
fittings having process contact surfacés'shpll include
the following information, as a minimum:
(a) ASME BPE Standard, including’ year
(b) material type
(c) heat number or codedracéable to the original heat
(d) chemical composition
(e) AWS classification”of filler metal, if us¢d
(f) alloy designation and material specification of
insert, if used
(g) postweldheat treatment documentation, if applica-
ble
(h) mechanical properties are not required, but if
included)must be accurate to the raw materidl specifica-
tion
MTRs for other components made to a material spec-
ification shall contain the minimum informatidn specified
by the material specification incorporated by reference.
MTRs for tubing shall also state the year edftion of the
ASME BPE Standard.

GR-5.3.2 Polymeric and Other Nonmetalljc Material
Components. The manufacturer of polymerid and other
nonmetallic components shall issue a Cejtificate of
Conformance that the components meet requirements
as shown in Table PM-2.2.1-1.

GR-5.3.2.1 Seal Documentation. Seal marfufacturers
shall provide, upon owner/user request, docimentation
(test report) of the USP <88> Biological Reactiyity Test In
Vivo, Class VI and the USP <87> Biological Rea[tivity Test
In Vitro testing on final manufactured seals.

A Certificate of Conformance shall be issued|by the seal
manufacturer to certify conformance to thi Standard
when required by the owner/user. The Certificate of
Conformance shall contain the informatiop listed in

(2) installation procedures

(3) piping and instrumentation diagrams

(4) detail mechanical drawings and layouts

(5) technical specification sheets of components and
instrumentation

(6) original equipment manufacturer’s data

(7) manufacturer’s data and test reports

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

TablePM=-22- -1 Additiomatagreementsray be required.

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 MC-4.2.

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

(22)
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(a) vendor’s company

(b) owner/user’s name

(c) description of component(s)

(d) identification of the electropolishing procedure
used

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

GR-5.3.4 Passivation. The passivation provider shall
supply a Certificate of Conformance for each system or set

(3) acceptance/rejection

(4) initials
(g) inspection

(1) date

(2) type of examination

(3) acceptance/rejection

(4) initials
(h) identification of blind welds
(i) identification of manual welds
(j) basis of rejection

(type) of UllllJUut:llL(b) thrart—stratt illLluL‘ltf, butTrotbe
limited to, |the following:
(a) owngr/user’s name
(b) desdription of system or component(s)
(c) service provider’s company name
(d) qualjfied passivation method used
(e) docymentation of passivation process, as follows:
(1) wtitten qualified procedure
(2) decumentation of process control of essential
variables
(3) inptrument calibration records
(4) certificates of analysis for all chemicals used
(5) p1ocess testing and verification
f) postrssivation verification method(s) used
(g) for material manufacturers/suppliers of compo-
nents whose surfaces have been electropolished and/
or passivatgd, a Certificate of Conformance for Passivation
and/or Eldctropolishing stating that standard industry
practices, quch as ASTM A967 or ASTM B912, as applica-
ble, have heen used. If required by the owner/user, the
manufactufer or supplier may be required to demonstrate
the effectivieness of their procedure by a method mutually
agreed upgn.

GR-5.4 Weld and Examination/Inspection Log

The resullts of the welding, examinationy-and inspection
shall be reqorded on a Weld and Examination/Inspection
Log. The information required to bejen the Weld Log may
be in any fgrmat, written or tabtlar; to fit the needs of the
manufactufer/supplier, installitig contractor, inspection
contractorfand owner/user-as long as all required infor-
mation is[included or\referenced. Form WEL-1 (see
Nonmandgtory Appendix B) has been provided as a
guide for the Weldvand Examination/Inspection Log.
This form |[includes the required data plus some other
informatioh that is not required. The minimum require-

In addition, heat numbers (or other identifilcation
system for material traceability) and slope shall be
recorded on the Weld and Examination/Ifispectiqn Log,
an isometric drawing, or other ownet/user-apgroved
document.

GR-5.5 Records Retention

GR-5.5.1 Vessel Documentation. For all Bioprogdessing
ASME Code-stamped vessels, National Board regisfration
is recommended to maihtain vessel data on file. Mgnufac-
turing documentatief shall be maintained throughput the
design and mamufacture for each component, assembly,
part, or unit,

All documentation shall be retained by the ownef/user.
As agreed to by the owner/user and manufacturer} docu-
mentation from the manufacturer will be retained for the
agreed-upon duration of time but not less than 3 yr after
manufacture.

GR-5.5.2 Welding Documentation

(a) Piping and Tubing. Records and retention of records
associated with piping and tubing shall be in accofdance
with ASME B31.3.

(b) Pressure Vessels and Tanks. Records and refention
of records for code vessels shall be in accordande with
ASME BPVC, Section VIII.

GR-6 U.S. CUSTOMARY AND SI UNITS

This Standard uses standard units lisfed in
Mandatory Appendix II. Nonmandatory Appendiy U has
been provided as a guide for U.S. Customary and SI
unit conversion.

GR-7 REFERENCES

ments are as follows:
(a) isometric drawing number (including revision
number)
(b) weld number
(c) date welded
(d) welder and/or welding operator identification
(e) size
(f) examination
(1) date
(2) type of examination

Material specifications for metallic materials are listed
by product form in Part MM. For this Standard, the most
recent approved version of the following referenced stan-
dards shall apply:

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

ANSI/FCI Standard 70-2, Control Valve Seat Leakage

(22)


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

ASME BPE-2022

Publisher: Fluid Controls Institute (FCI), 1300 Sumner
Avenue, Cleveland, OH 44115-2851
(www.fluidcontrolsinstitute.org)

AWS A3.0M/A3.0, Standard Welding Terms and Defini-
tions

AWS B2.4, Specification for Welding Procedure and
Performance Qualification for Thermoplastics

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

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

ASTM D1599, Standard Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing, and Fittings

ASTM D2240, Standard Test Method for Rubber Prop-
erty — Durometer Hardness

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

AWS T.TOM, Guide for the Evaluation of Hot Gas, Hot Gas
Extrusion, and Heated Tool Butt Thermoplastic Welds

AWS (QC1, Standard for AWS Certification of Welding
Inspectors

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

ASME [B31.3, Process Piping

ASME B46.1, Surface Texture (Surface Roughness, Wavi-
nesy, and Lay)

ASME Boiler and Pressure Vessel Code, Section V, Nonde-
strugtive Examination

ASME Boiler and Pressure Vessel Code, Section VIII, Rules
for Construction of Pressure Vessels

ASME|Boiler and Pressure Vessel Code, Section IX,
Welfling, Brazing, and Fusing Qualifications

ASME |CA-1, Conformity Assessment Requirements

ASME MFC-22, Measurement of Liquid by Turbine Flow-
meters

ASME |PTC 19.3 TW, Thermowells

ASME |PVHO-1, Safety Standard for Pressure Vessels-for
Hunpan Occupancy

Publisher: The American Society of Mechanieal‘Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ASQ/ANSI Z1.4, Sampling Procedures and Tables for
Inspection by Attributes

Publisher: American Society foy Quality (ASQ), 600 Plan-
kintpn Avenue, Milwaukee, WI 53203 (www.asq.org)

ASTM A380, Practice for-Cleaning, Descaling, and Passiva-
tion|of Stainless 'Steel Parts, Equipment, and Systems

ASTM A967, Standard Specification for Chemical Passiva-
tion| Treatments for Stainless Steel Parts

ASTM|A10%5; Standard Guide for Videoborescoping of
Tubplar-Products for Sanitary Applications

ASTM D4991, Standard Test Method for Leakage Testing
of Empty Rigid Containers by Vacuum' Méthod
ASTM E112, Test Methods for Determining Ave¢rage Grain
Size
ASTM E220, Standard Test Methodfor Calibratfon of Ther-
mocouples by Comparison Techniques
ASTM E230/E230M, Standatd.Specification an¢gl Tempera-
ture-Electromotive Force (emf) Tables for Standardized
Thermocouples
ASTM E499, Standard Practice for Leaks Using the Mass
Spectrometer Leak Detector in the Detector Rrobe Mode
ASTM E515£Standard Practice for Leaks Usjng Bubble
Emission¢{Techniques
ASTM E644, Standard Test Methods for Testing Industrial
Resistance Thermometers
ASTM E1003, Standard Practice for Hydrogtatic Leak
Testing
ASTM E1137/E1137M, Standard Specificatior] for Indus-
trial Platinum Resistance Thermometers
ASTM E2500, Standard Guide for Specificatipn, Design,
and Verification of Pharmaceutical and Biogharmaceu-
tical Manufacturing Systems and Equipment
Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Prive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

DVS 2202-1, Imperfections in Thermoplastjc Welding
Joints; Features, Descriptions, Evaluation

Publisher: DVS-Verlag GmbH (German Weldigg Society),
Aachener Strasse 172, 40223 Dusseldorf, Germany
(www.die-verbindungs-spezialisten.de)

EN 12266-1, Industrial valves — Testing of mefallic valves
European Hygienic Engineering & Design Group (EHEDG),
Document No. 18 — Passivation of Stainleps Steel

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

ASTM D395, Standard Test Methods for Rubber Prop-
erty — Compression Set

ASTM D412, Standard Test Methods for Vulcanized
Rubber and Thermoplastic Elastomers — Tension

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

Anl lalaal A L adeds. £ O pu | 3 3
oS —Turopeair conmeteeror—stana rdization

(CEN), Avenue Marnix 17, B-1000, Brussels, Belgium
(www.cen.eu)

FDA, 21 CFR, Parts 210 and 211, Current Good Manufac-
turing Practices

GMP: Current Good Manufacturing Practices, Title 21 of
the Food and Drug Administration

Publisher: U.S. Food and Drug Administration (FDA),
10903 New Hampshire Avenue, Silver Spring, MD
20993 (www.fda.gov)
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IEC 60751, Industrial Platinum Resistance Thermometers
and Platinum Temperature Sensors

Publisher: International Electrotechnical Commission
(IEC), 3, rue de Varembé, Case Postale 131, CH-1211,
Genéva 20, Switzerland/Suisse (www.iec.ch)

IEST-RP-CC001.6, Contamination Control Division Rec-
ommended Practice 001.6, HEPA and ULPA Filters
Publisher: Institute of Environmental Sciences and Tech-

nology (IEST), 1827 Walden Office Square, Schaumberg,

Publisher: International Organization for Standardization
(IS0), Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Switzerland
(www.iso.org)

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

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

IL 6017F (www.lest.org)

ISO 34-1, Rubber, vulcanized or thermoplastic — Deter-

minatior) of tear strength — Part 1: Trouser, angle and
crescent]test pieces

ISO 34-2, Rubber, vulcanized or thermoplastic — Deter-
minatior] of tear strength — Part 2: Small (Delft) test
pieces

ISO 37, Rubber, vulcanized or thermoplastic — Determi-

nation of tensile stress-strain properties

ISO 48, Rubber, vulcanized or thermoplastic — Determi-
nation of hardness (hardness between 10 IRHD and 100
IRHD)

ISO 815-1, Rubber, vulcanized or thermoplastic — Deter-
minatior] of compression set — Part 1: At ambient or
elevated| temperatures

ISO 815-2, Rubber, vulcanized or thermoplastic — Deter-
minatior) of compression set — Part 2: At low tempera-
tures

ISO 816, Syiperseded by ISO 34-2

ISO 1402, Rubber and plastics hoses and hose assemblie$
— Hydrpstatic testing

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

ISO 2859-1, Sampling procedures for inspectien by attri-
butes

ISO 1064842, Containment enclosures —)Part 2: Classifi-
cation gccording to leak tightfiess and associated
checking methods

ISO 10790) Measurement of fluid'flow in closed conduits
— Guid4dnce to the selection, installation and use of
Coriolis [flowmeters (tass flow, density and volume
flow measurements)

ISO 10993| Biological-evaluation of medical devices

ISO 11137 Sterilization of health care products — Radia-
tion — Rart, 1+’ Requirements for development, valida-

MSS-SP-67, Butterfly Valves
MSS-SP-72, Ball Valves with Flange or Butt-Weldinjg Ends
for General Service
MSS-SP-88, Diaphragm Valves
MSS-SP-110, Ball Valves Threaded) Socket-Wg
Solder Joint, Grooved and Flared Ends
Publisher: Manufacturers Standardization Society]| of the
Valve and Fittings Industty;Inc. (MSS), 127 Park(Street,
NE, Vienna, VA 22180 (www.msshq.org)

lding,

NIH (BL-1/BL-4), Biohazard Containment Guidelipes
Publisher: Natiodal Institutes of Health (NIH), 900( Rock-
ville Pike, Bethesda, MD 20892 (www.nih.gov)

Welds
[oastal

PFI Standard ES-50, Internal Oxidation for Piping

Publishér: Pipe Fabrication Institute (PFI), 5901
Hwy#27, Ocean City, MD 21842
(Www.pfi-institute.org)

Recommended Practice (RP) No. SNT-TC-1A, Perfonnel
Qualification and Certification in Nondestrjuctive
Testing

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

United States Pharmacopeia and National Forthulary
(USP-NF)
Publisher: U.S. Pharmacopeia Convention (USP), [12601
Twinbrook Parkway, Rockville, MD 208521790
(www.usp.org/usp-nf)

GR-8 TERMS AND DEFINITIONS

animal-derived ingredients (ADI): products or ingrgdients
derived from tissues or secretions of animals suscgptible

tion, androttimre—controtof—a—steriization process for
medical devices

ISO 14644-1, Cleanrooms and associated controlled envi-
ronments — Part 1: Classification of air cleanliness by
particle concentration

ISO 14644-7, Cleanrooms and associated controlled envi-
ronments — Part 7: Separative devices (clean air hoods,

gloveboxes, isolators and mini-environments)

10
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primarily cattle’s bovine spongiform encephalopathy
(BSE).

animal-derived products (ADP): products made from
animal-derived ingredients (ADI).

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

arc gap: for orbital GTAW, the nominal distance, measured
prior to welding, from the tip of the electrode to the surface
of the weld joint or insert.

arc strike: a discontinuity consisting of any localized
remelted metal, heat-affected metal, or change in the
surface profile of any part of a weld or base metal resulting

nant culture-derived proteins, and cultured cells and
tissues.

bioprocess: technique or operation used in the manufac-
ture and/or purification of biopharmaceuticals or other
biological materials, such as products derived from micro-
bial fermentation (e.g., yeast, mold, bacteria), cell culture
(e.g., insect, mammalian, plant), tissue culture, blood, or
milk fractionation.

bioprocessing: see bioprocess.

from afrarc, generated by the passage of electrical current
betwegn the surface of the weld or base material and a
currerjt source, such as a welding electrode, magnetic
particle prod, or electropolishing electrode.

aseptig
diseas

: free of pathogenic (causing or capable of causing
b) microorganisms.

aseptiq processing: operating in a manner that prevents
contarhination of the process.

audit: pn ASME Certificate Holder’s documented evalua-
tion off a supplier performed to verify, by examination of
objectjve evidence, that those selected elements of a
previogusly approved quality management system have
been developed, documented, and implemented in accor-
dance with specified requirements. A surveillance isnotan

audit.

audit
Certifi

autog
withot

1s performed by ASME or their designee on ASME BPE
fate Holders and Applicants): see ASME CA-1.

bnous fillet weld: a fillet weld that is producéd
t the addition of filler metal. (See also seal weld.)

autogdnous weld: a weld made by fusion of the base mate-
rial without the addition offiller. [See also gastungsten-arc
welding (GTAW).]

autompitic welding: welding with equipment that performs
the wdlding operation without adjustment of the controls
by a welding operator. The equipiient may or may not
perforym the loading and unleading of the work. (See
also machine welding.)

barrie
produ
seal.

" fluid: a fluid used to separate environment from
't such as watér,or condensate in a dual mechanical

bioburgen: théniuimber of viable contaminating organisms
per prpductunit.

biofilnp: g
adhering to surfaces submerged in or subjected to
fluid environments.

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

biopharmaceuticals: pharmaceuticals manufactured by
biotechnology methods, with the products having biolo-
gical sources, usually involving live organisms or their
active components. Biopharmaceuticals generally
include recombinant proteins, (monoclonal) antibodies,
vaccines, blood/plasma-derived products, nonrecombi-
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pr facilities
organisms.

bioprocessing equipment: equipment, systems,
used in the creation of products utilizingliving

blind weld: a weld joint by design that ¢cannot
visually examined internally.

feasibly be

blister (polymeric): a localized fmiperfection or]
surface, containing a pocket.of fluid.

a polymer

within the
flaked-off

blistering (metallic): a localized delamination
metal that has an appedrance of chipped of
areas. Per SEMI F019-0304, section 4.2.1.

borescope: genéric term for a group of optical ifstruments
for visual examinations. This includes rigid borescopes
and flexible borescopes (fiberscopes). Ofte)} a camera
chip isimounted to the borescope. (See also viesoscope.)

break: a discontinuity in the face of a fitting.

buffing: a metal finishing process for smo
surface using a grease-suspended abrasive.

pthing the

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

le through

burr: excess material protruding from the ed
resulting from operations such as cutting or

be typically
facing.

butt joint: a joint between two members lyijg approxi-

mately in the same plane.

cartridge seal: a self-contained seal assemblyj

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

Certificate: a Certificate of Authorization or Qudlity System
Certificate issued by ASME.

Certificate Holder: an organization holding a Cértificate of
Authorization or a Quality System Certificate issued by the
Society upon satisfactory completion of evaluation of its
capabit eonforarto-therequireren ks Standard.

Certificate of Authorization: a document issued by ASME
that authorizes the application of the ASME Single Certi-
fication Mark with the BPE certification designator for a
specified time and for a specified scope of activity.

certification: documented testimony by qualified authori-
ties that a system qualification, calibration, validation, or
revalidation has been performed appropriately and that
the results are acceptable.
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c¢GMPs: current Good Manufacturing Practices. Current
design and operating practices developed by the pharma-
ceutical industry to meet FDA requirements as published
in the Code of Federal Regulations, Chapter 1, Title 21,
Parts 210 and 211.

chromatography: the purification of substances based on
the chemical, physical, and biological properties of the
molecules involved.

clean: a condition achieved by removal of dirt, residues,

consumable 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 called insert ring).

convexity: a condition in which the surface of a welded
joint is extended relative to the surface of the tube or
pipe. Convexity is measured as a maximum distance

from. f-hn nutcidn O inm'dn di'\mnfnr curfac Of a

detergents or other surface contaminants.

cleaning: operations by which dirt, residues, detergents, or
other surfafce contaminants are removed to achieve prede-
termined durface attributes.

clean-in-pl
ofasystem
removal of

ice (CIP): cleaning of process contact surfaces
or component withoutdisassembly beyond the
single-use components.

clean steaq: see pure steam.

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

closed head
sulates the
welding ar

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

cluster of
between e:

bits: two or more pits, the closest distance
ch being less than the diameter of any one pit.

cluster porgsity: porosity that occurs in clumps or clusters.

compendia| water: purported to conform to USP and/ox
any other [acknowledged body of work related to-the
quality, manufacture, or distribution of high-purity water.

compliancd: performing a function or operationin arecog-
nized way|to abide by a law or legislativesrequirement
such as complying with the Code of Federal Regulations
(CFR). Conjpliance is externally imposed/Noncompliance
is the failufre to adhere to an act-erlaw or regulation.

compression set: permanent déformation of rubber after
subscriptidn in compression:for a period of time, as typi-
cally determined by ASTM(D395.

concavity: p condition-in"which the surface of a welded
joint is depressed.¥€lative to the surface of the tube or
pipe. Condavity“is measured as a maximum distance
from the [outside or inside diameter surface of a

welded joint along a line perpendicular.toja line

joining the weld toes.

corrosion: a chemical or electrochemicalinterfaction
between a metal and its environment, which results in
changes in the property of the métal. This may lead to
impairment of the function of thé metal, the envirohment,
and/or the technical system involved.

cracks: fracture-type discontinuities characterized by a
sharp tip and high ratio of length and widlth to
opening displacemient. A crack may not be deftected
with a stylus. A linear‘crack will produce aliquid peretrant
indication during liquid penetration inspection, X{ray, or
ultrasound.

bead.
of the

crater: adepression at the termination of a weld

crater.cracks: cracks that form in the crater, or end|
weld bead.

creep: a time-dependent permanent deformatign that
occurs under stress levels below the yield stress.

dead leg: a space where system design and operatipg con-
ditions result in insufficient process fluid flow, predenting
a risk for particulate, chemical, or biological conthmina-
tion.

defects: discontinuities that by nature or accumfulated
effect (e.g., total crack length) render a part or pjroduct
unable to meet minimum applicable acceptable stapdards
or specifications. This term designates rejectability. (See
also discontinuity.)

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

by the
ns for

delamination: separation into constituent layers.

demarcation: a localized area that is dissimilar|to the

welded jotrteatens—atHreperpendientar—te—atne
joining the weld toes.

conformance: see conformity.

conformity: the state of meeting, acting, or behaving in
accordance with a specification, procedure, method,
stated rule, or standard such as the ASME BPE Standard.
Nonconformity is the state when a process or action or
system does not conform to a stated quality requirement,
specification requirement, procedure, or standard such as
the ASME BPE Standard.
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surrounding areas with a defined boundary.

dent: a large, smooth-bottomed depression whose
diameter 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,
welding, and other high-temperature operations such
as in steam systems.
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direct visual examination: a visual examination where
there is an uninterrupted optical path from the observer’s
eye to the area to be examined. This can be either unaided
or aided via mirrors, lenses, etc.

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

discoloration: any change in surface color from that of the
base metal. Usually associated with oxidation occurring on
the weld and heat-affected zone on the outside diameter

end grain effect: a surface discontinuity of small diameter
(or linear) cavities located perpendicular to the rolling
direction of the material and appearing after electropol-
ishing.

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

ethical pharmaceutical: a controlled substance for the
diagnosis or treatment of disease.

examination: as it relates to pressure vessels, vessels not

and in§1de diameter of the weld joInt as a result of heating rated for pressure service, process piping-ahd process
the.m btal during welding. Colors may range from pale contact equipment, the quality confrol|functions
bluishrgray to deep blue, and from pale straw color to carried out by the manufacturer, fabticator,|or erector

a black crusty coating.

discon
weldm
ical, m
rial ot
defect
distrib
fluids
downgdlope: that part of an automatic orbital weld
sequence during which the welding current is gradually
reducdd prior to extinguishing of the welding arc. The
downgdlope portion of a welded joint is seen as a tapering
ofthe ¢nd of the weld bead with a reduction of penetration
from the beginning to the end of the downslope so that the
final weld bead is small with minimal penetration.

tinuity: interruption of the typical structure of a
ent, such as a lack of homogeneity in the mechan-
btallurgical, or physical characteristics of the mate-
weldment. A discontinuity is not necessarily a

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

draind

equip
water

ble: a designed characteristic of a componéent,
ment, or system that enables the remgval of
by means of gravity except for that’which
remaihs due to surface adherence. Drain_paths that
become blocked due to surface-adhered water are not
considered drainable.

duplex
chemi
tempe
and fe

stainless steel: a group of stainless steels whose
Cal composition is designed to produce a room-
rature microstructure that is a mixture of austenite
frite.

durompter: measurementof hardness related to the resis-
tance to penetration of an indenter pointin to a material as
typically determinied by ASTM D2240.

dynamiic seal;seal with a component that is in motion rela-
tive to a_seCond surface.

in accordance with ASME BPVC, Séetion VIII.

excessive penetration: weld penetration that g
acceptance limit for inside diameéter convexit
convexity.)

xceeds the
. (See also

expiration date: the date after which the shelfliffe has been
exceeded.

e removed
vents.

extractables (polymeric): chemicals that can Y
from polymerig ‘articles using appropriate so

fermentation: the biochemical synthesis
compouhds by microorganisms or cultivated

bf organic
cells.

fermeéntor (fermenter): a vessel for carrying ouf fermenta-

tion.

finishing marks: any surface texture or patterjn resulting
from cutting, machining, forming, grinding| polishing,
and/or other finishing methods.

fixture marks: an area on an electropolished

where the electrical connection was made for
sing of the component.

Component
the proces-

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

fluoropolymer: polymer material having a cafbon chain
either partially or completely bonded to fluofine atoms.

flushing (rinsing): the flowing of water over the process
contact surfaces of system components for the[removal of
particulates or water-soluble contaminants.

full penetration: a weld joint is said to be fully penetrated

dvnanki o T T I
lynante-spray—device—arroving-device—desigred—+to

produce 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.

electropolishing: a controlled electrochemical process
utilizing acid electrolyte, direct current, anode, and
cathode to smooth the surface by removal of metal.
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when the depth of the weld extends Trom its face into the
weld joint so that the joint is fully fused. For a tube-to-tube
weld, no unfused portions of the weld joint shall be visible
on the inside diameter of a fully penetrated 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 (GTAW).]
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gasket: static seal made from deformable material
compressed between two mating surfaces.

gas tungsten-arc welding (GTAW): an arc welding process
that produces coalescence of metals by heating them with
an arc between a tungsten (nonconsumable) electrode
and the work. Shielding is obtained from a gas or gas
mixture. (This process is sometimes called TIG
welding, a nonpreferred term.) GTAW may be performed
by adding filler material to the weld, or by a fusion process
in which n

filer-is—added

hygienic clamp joint: a tube outside diameter union
consisting of two neutered ferrules having flat faces
with a concentric groove and mating gasket that is
secured with a clamp, providing a nonprotruding, recess-
less process contact surface.

hygienic joint: a tube outside diameter union providing a
nonprotruding, recessless process contact surface.

icicles: localized regions of excessive penetration, which
usually appear as long, narrow portions of weld metal on

GMP facility: a facility designed, constructed, and operated
in accordahce with cGMP guidelines established by the
FDA.

grain bounflary: an interface separating two grains, where
the orientafion of the lattice structure changes from that of
one grain tg that of the other. Per SEMI F019-0304, section
4.8.2.

harvesting;
can be accd
fugation.

the separation of cells from growth media. This
mplished by filtration, precipitation, or centri-

haze: a lqcalized diminished surface brightness,
commonly produced by gassing or variations of the essen-
tial variables during electropolishing.

heat-affected zone: that portion of the base metal or
polymer thiat has not been melted, but whose microstruc-
ture or megchanical properties have been altered by the
heat of we]ding or cutting.

heat numb
tonnage o
in a furnad

pr: an alphanumeric identification of a stated
metal obtained from a continuous melting
e.

heat tint: cploration of a metal surface throughr oxidation

by heating| (See also discoloration.)

High Efficiéncy Particulate Air (HEPA) filter: a type of air
filter that emoves 99.97% of particles 0:3 p and larger in
diameter.

higher allop: a metal containingwarious alloying constitu-
ents formulated to providecenhanced corrosion resistance
and possiljly improved mechanical properties beyond
those that gre typically-ebserved in UNS S31603 stainless
steel.

holdup volyme¢the volume of liquid remaining in a vessel
or piping dystem after it has been allowed to drain.

the weld underbead. (See also convexity and extessive
penetration.)

inclusions: particles of foreign material in)a-metdllic or

polymer matrix.

incomplete fusion (or lack of fusion): aweld discontiy
which fusion did not occur between Weld metal anfl faces
or between adjoining weld beads. Also, in welding of
tubing, when the weld fully penetrates the wall thickness
but misses the joint, leaving some portion of thg inner
(inside diameter) weldjoint with unfused edges.

uity in

incomplete penetration (or lack of penetration): a
weld in which the weld metal does not extend com
through thejoint thickness.

broove
pletely

indication:"a"condition or an anomaly of a localizdd area
that has.not been classified as being accepted or rgjected.

inspection (as it relates to pressure vessels): functjons or
dctions carried out by an ASME-accredited Authorized
Inspector; normally a regular employee of an ASME-ac-
credited Authorized Inspection Agency (or equjvalent
for other applicable codes or standards) in accofdance
with ASME BPVC, Section VIIL

inspection (as it relates to process piping, tubing, and
process contact surfaces): functions performed py the
owner’s Inspector to verify that all required examirations
and testing have been completed and to evaludte the
physical attributes of the piping to the extent nedessary
to be satisfied that it conforms to all applicable require-
ments.

of the
nge of
ound-
lished
riance

interrupted electropolish: a break in the continuity
electropolished surface appearance, due to a chg
electropolishing conditions at the overlapping |
aries, which may occur when surfaces are electrop
by zones. It may be visible as haze, cloudiness, or v3
in luster across these overlapping boundaries.

hydrotest: a pressure test of piping, pressure vessels, or
pressure-containing parts, usually performed by pressur-
izing the internal volume with water at a pressure deter-
mined by the applicable code.

hygienic: of or pertaining to equipment and piping systems
that by design, materials of construction, and operation
provide for the maintenance of cleanliness so that
products produced by these systems will not adversely
affect human or animal health.
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ISO class 1-9: clean room classifications based on air parti-
culate concentration as defined by the International Or-
ganization for Standardization in ISO 14644-1.

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

lack of fusion after reflow: a discontinuity in welding of
tubing where, after a reflow or second weld pass has
been made, the original joint has still not been consumed,
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leaving the weld joint with unfused edges on the inner
surface.

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

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

meandering: of or pertaining to a weld bead that deviates
from side to side across the weld joint rather than tracking
the joint precisely.

mechanical polishing: a process by which abrasive media is
applied to a surface until the specified surface roughness
(R,) is achieved.

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

out in[the direction of rolling.

leachaples (polymeric): typically a subset of extractables,
these ¢hemicals migrate from polymeric articles into the
produ¢t or process fluid.

linear [porosity: porosity that occurs in a linear pattern.
Linear] porosity generally occurs in the root pass from
inadeduate joint penetration.

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

looped| header: a piping ring with multiple branches for
inlet gr outlet. The branches on the ring can be closed
by valyes, caps, or other means of flow isolation.

luster:
(See a

the state or quality of shining by reflecting light.
so variance in luster.)

machipe welding: welding with equipment that performs
the welding operation under the constant observation and
contro|l of a welding operator. The equipment may or may
not pefform the loading and unloading of the works. (See
also alitomatic welding.)

manuql welding: welding in which the entire:welding
operatiion is performed and controlled by hand.

materjal manufacturer: an organization\tesponsible for
the prpduction of products meeting the requirements
of the [material specification(s).

Material Test Report (mill testreport or MTR): a document
in which the results of tests;-examinations, repairs, or
treatments required by the/material specification to be
reporfled are recordéd.-This document includes those
of any| supplementary requirements or other require-
ments|stated intheorder for the material. This document
may bg combined with a Certificate of Conformance as a
single [docnient.

istry range.

maximum working pressure: the pressure at which the
system is capable of operating for a sustained period
of time.

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

15

Ilat surraces.

micron (1 pu) or micrometer (1 um): one-miJ]ionth of a
meter.

misalignment (mismatch): axjal{offset of
members.

the joint

miter: two or more straight§éections of tube matched and
joined in a plane bisectirig-the angle of junctipn so as to
produce a change of difection.

molded seal: a seal-that is manufactured by f¢
mating cavity.

rming in a

mold flash=excess material that is greatef than the
designed geometry of a part that is fornped in the
moldingprocess.

multiuse: a term describing process contact cmponents,
équipment, and systems that are designed to pe cleaned,
sanitized, or sterilized and used multiple imes (also
referred to as repeated use).

nick: a surface void anomaly caused by mater{al removal
or compression from the surface, whose bottorn surface is
usually irregular.

nominal outside diameter: a numerical identffication of

outside diameter to which tolerances apply.

nominal wall thickness: a numerical identification of wall

thickness to which tolerances apply.

nonsliding seal: a seal that does not have trdnsverse or
rotational movement between the seal ahd mating
surface(s).

nonuniform mechanical polishing marks: 4 localized
surface polishing pattern that is dissimilar to the
surrounding area.

off angle: a measurement of face-to-face squdreness.

lane: a measurement of the offset betfween part
centerlines or two planes.

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

orange peel: large-featured, roughened type of surface
visible to the unaided eye whose surface appearance
pattern is like that of an orange peel.
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orbital welding: automatic or machine welding of tubes or
pipe in-place with the electrode rotating (or orbiting)
around the work. Orbital welding can be done with the
addition of filler material or as a fusion process
without the addition of filler.

O-ring: ring seal of circular cross section.

outboard seal: 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

pickling: a chemical process for cleaning and descaling
stainless steel and other alloy parts, equipment, and
systems.

pipe: pipe size is determined by diameter and schedule,
series, or SDR. For bioprocessing equipment, pipe does not
include tube.

pit: a small surface void resulting from a localized loss of
base material.

pitch: to cause to be set at a particular angle or slope;

or weld rodt. Also, in an orbital weld, thatamount by which
the end of|the weld bead overlaps the beginning of the
weld bead| (not including the downslope) on a single-
pass weld.

owner/use
rests.

- the body on which final possession or use

oxidation: 4§ common form of electrochemical reaction that
is the compining of oxygen with various elements and
compounds.

oxide island: a concentration of nonmetallic impurities
(often oxifles or nitrides) that may form in the weld
pool and splidify on the underbead or weld top surface.

oxide layert an area usually located in the heat-affected
zone of the¢ weldment where an oxidation reaction has
taken place.
packing: a
rings that

type of shaft seal formed into coils, spirals, or
s compressed into the seal cavity.

particulateg (single-use): small, solid, and mobile matter.

passivation: removal of exogenous iron or iron from-the
surface of gtainless steels and higher alloys by means of a
chemical dfssolution, most typically by a treatment with
an acid soljition that will remove the surfacecontamina-
tion and ephance the formation of the passive layer.

passive layér: a chromium-enriched oxide’layer on a stain-
less steel surface thatimproves the-corrosion resistance of
the base njetal.

passivity: the state in which asstainless steel exhibits a very
low corrosjon rate; the los§ (or minimizing) of chemical
reactivity exhibited by certain metals and alloys under
special enyironmental:conditions.

PE: polyethylenerpolymer material composed of carbon
and hydroFen.

degree of slope or elevation.

polymer: a molecule consisting of many smallef groups.
Polymers can be synthesized either through chaip reac-
tions or by templating. Some examples<of polymé¢rs are
plastics, proteins, DNA, and dendrimérs.

polymeric material: a natural ot Synthetic materialjwhose

molecules are linked in a chain.

polypropylene (PP): polymermaterial composed of farbon

and hydrogen.

porosity: cavity-typediscontinuities formed by gas ¢
ment during solidification.

ntrap-

pressure rating; pressure at which a system is designed to

operate, alowing for applicable safety factors.

process~component: a constituent part of equipmept or a
systent that contacts the product or process fluid.|[Exam-
ples of process components include, but are not limfted to,
tube, fittings, gaskets, valves, and instruments.

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

brating
l to be

process equipment: an assembly of components that, when
combined, provides the platform for one or more grocess
operations including, but not limited to, stprage,
momentum transfer, heat transfer, mass transfer, and sep-
aration. Examples of process equipment include, But are
not limited to, pumps, vessels, heat exchangers, cjroma-
tography columns, centrifuges, and filter housings.

process system: an assembly of components, equipment,
and subsystems that, when integrated, provides b plat-

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

personal care products: products used for personal
hygiene or cosmetic care.

PFA: perfluoroalkoxy, copolymer of tetrafluoroethylene
and perfluorovinyl ether.

pharmaceutical: relating to the use and/or manufacture of
medical drugs or compounds used to diagnose, treat, or
prevent a medical condition.
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form for one or more process operations to produce
an output within predefined specifications. Examples of
process systems include, but are notlimited to, bioreactor,
chromatography, CIP, and purified water systems.

product contact surface: a process contact surface thatis in
contact with, or has the potential to be in contact with, a
product where product is defined by the owner/user.
Examples of product contact surfaces may include the
interior surfaces of bioreactors, transfer tubing,
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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
surface roughness is achieved.

PTFE: polytetrafluoroethylene, homopolymer material of

Class II rouge: a localized form of active corrosion. It
occurs in a spectrum of colors (orange, red, blue,
purple, gray, black). It can be the result of chloride or
other halide attack on the surface of the stainless steel.

Class 11l rouge: a surface oxidation condition occurring
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

tetraflfloroethylene.

pure steam: also known as clean steam, steam that is
produfed by a steam generator that, when condensed,
meets [requirements for water-for-injection (WFI).

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

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

pyrogdn: a fever-producing substance.

Quality

an ow

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

Quality System Certificate: a document issued by ASME
that ayithorizes the use of an ASME Certificate number
on Ceiftificates of Conformance for a specified time and
for a dpecified scope of activity.

R,: log of the arithmetic mean of the surface profile:

R,max|: the highest value of a series of R, readings.

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

reinfoficement: see convexity.

visual examination: a visual/examination where
s an interrupted optical\pdth from the observer’s
eye to|the area to be examined. This covers the use of
photography, video systems, videoscopes, and bore-

scopes.

remotg
there

repeated use: see mudtiuse.

rouge:|a general’term used to describe a variety of disco-
loratigns in-high-purity stainless steel biopharmaceutical

form of magnetite (iron sesquioxide, Fe30z).
sanitary: see hygienic.

sanitary (hygienic) weld: generally consideied to be a
groove weld in a square butt jointynade by|the GTAW
(or plasma) process as a fusion‘weld without the addition
of filler material. A sanitafy’ weld must be gompletely
penetrated on the weld@:inside diameter ([.D.), with
little or no discoloration.due to oxidation, anfl be other-
wise without defects that would interfere with mainte-
nance in a clean and sterile condition.

schedule: dimensional standard for pipe as
ASTM.

scratch: ah elongated mark or groove cut in thg surface by
mechanical means, not associated with the pjedominant
stirface texture pattern.

defined by

SDR: standard dimension ratio, a sizing S
polymer piping systems that relates wall tH
pressure rating as defined by ISO.

ystem for
ickness to

seal chamber: see stuffing box.
seal face: surface point on which a seal is achieved.

seal point:location of process boundary created by compo-
nents in contact (seal), having sufficient confact stress/
load to create media or environmental isolatjon.

seal weld: a weld used to obtain fluid tightness
to mechanical strength. (See also autogenous

hs opposed
fillet weld.)

through an
he defined

seat leakage: a quantity of test fluid passing
assembled valve in the closed position under
test conditions.

SEM: scanning electron microscope.

semi-automatic arc welding: arc welding with
that controls only the filler metal feed. The adyance of the

equipment

systenyssltis’composed of metallic (primarily iron) oxides R

d/okhvdresides—Threets c havets + welding is manually controlled.
and/ot-hydroxides—Threetypes-ofrouge-havebeeneate
gorized. service life: the life expectancy or number of cycles for

Class I rouge: a rouge that is predominantly particulate
in nature that tends to migrate downstream from its origi-
nation point and can deposit on process contact surfaces.
It is generally orange to red-orange in color. These parti-
cles can be wiped off a surface and are evident on a wipe.
Surface composition under the rouge remains unchanged.
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which the unit will maintain its performance.

shelf life: the duration, under specified storage conditions,
from the date of manufacture to the last date the product
can be placed in service without having an unacceptable
effect on performance.

shell leakage: a quantity of test fluid passing from the
inside of a component externally to atmosphere under
the defined test conditions.
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significant change (polymeric): a change that may affect
form, fit, or function.

single-use: a term describing process contact components,
assemblies, and systems that are designed to be used once,
and not to be cleaned or sterilized for reuse.

size classification: the size of surface deficits is classified in
two groups as follows:

(a) macro: referring to indications that can be seen in
adequate lighting without magnification.

strainer body: the subcomponent of a strainer that holds or
houses the strainer element. A strainer body can be part of
the process piping in which the strainer is installed (e.g.,
gasket strainer).

strainer element: the subcomponent of a strainer with
openings (e.g., perforations, slots). This subcomponent
provides the straining of suspended solid particulates.

stringer indication: a linear void resulting from the
removal of an elongated nonmetallic inclusion or

(b) micrprTeterring to indications that can be seen only
with the aid of magnification.

slag: a nopmetallic product resulting from the mutual
dissolution} of flux and nonmetallic impurities in some
welding arld brazing operations.

sliding seal} a seal that has transverse or rotational move-
en the seal and mating surface(s).

slope: an infline or deviation from the horizontal. A tube or
pipe installed in the horizontal plane is said to slope if one
end is posjtioned higher than the other.

sparger: a device used to agitate, oxygenate, or aerate a
liquid by rheans of compressed air or gas.

spatter: th¢ metal particles expelled during welding that
do not forn part of a weld.

special pro
dependent

ress: a process, the results of which are highly
on the control of the process or the skill of the
operators,|or both, and in which the specified quality
cannot be[readily determined by inspection or test of
the produdt.

spot electrgpolishing: a localized electrochemical proeéss
that is capgble of producing the correct Cr to Fe ratios on
the surface of a material and meeting the requirements of

Nonmandatory Appendix H, Table H-3.3-%,

spray devjce: device for the diredted distribution
(delivery) pf liquids to defined process contact surfaces
of equipment. (See also dynamid.spray device and static
spray devide.)

square cut] a tube end cut perpendicular to the tangent

plane.
squareness| face-tosface perpendicularity.

static seal:|a stationary sealing device.

static sprqy\device: a stationary device designed to

Secondary phase.

stuffing box: in shaft seals, the casing containing the $ealing
material; seal chamber for shaft seals. (See also parking.)

superaustenitic stainless steel: a subgreup of austenitic
stainless steels having elevated levels.of nickel, chrdmium,
and molybdenum compared with Standard ausfenitic
stainless steels (e.g.,, UNS S31603) and that ma}y have
other additions (e.g., nitrogémand/or copper) to irfcrease
strength and resistance te pitting corrosion and|stress
corrosion cracking in the presence of chlorides.

steels
Itin a
ast40.

of the
ser or
Is.

super duplex stainless steel: those duplex stainless
whose chemical) composition is designed to resy
pitting resistance equivalent number (PREN) of at 14

surface finish: all surfaces as defined by Part SF
current\ASME BPE Standard and/or the owner/y
manufacturer and expressed in R, inches or metg

surface inclusion: particles of foreign material in a mpetallic
matrix. The particles are usually compounds sjich as
oxides, sulfides, or silicates, but may be a subptance
foreign to and essentially insoluble in the matrix

ps to a
on, or
ng).

surveillance: the act of an ASME Certificate Holder’d moni-
toring or observing a supplier’s in-process production
activities at the location of work to verify whether an
item conforms to specified requirements.

surface residual: a foreign substance that adher
surface by chemical reaction, adhesion, adsorpt
ionic bonding (e.g. corrosion, rouging, and staini

survey: an ASME Certificate Holder’s documented ¢valua-
tion of a supplier’s ability to supply items to meet specified
requirements as verified by a determination [of the
adequacy of the organization’s quality management
system for the items to be procured and by revfiew of
the implementation of that quality management $ystem

S PN | 41

produce a fixed directional spray pattern.

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

stem seal: a seal element that is used on a shaft.
sterile: free from living organisms.
sterility: the absence of all life forms.

strainer: a component that mechanically separates and
retains suspended solid particulates from a process
fluid. (See also strainer body and strainer element.)
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£ 1
atc o tatro— O wWOTIX:

survey (as performed by ASME or their designee on ASME
BPE Certificate Holders and Applicants): see ASME CA-1.

swing elbow: a movable elbow used to connect and recon-
figure flow paths.

system volume: total volume of liquid in the system,
including equipment, piping, valving, and instrumenta-
tion.

tack weld: a weld made to hold parts of a weldment in
proper alignment until the final welds are made.
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testing (as it relates to pressure vessels): a function of the
manufacturer or fabricator, as witnessed by the examiner
or ASME Authorized Inspector and verified or witnessed
by the owner’s Inspector or the Quality Inspector’s Dele-
gate including written documentation in accordance with
ASME BPVC, Section VIII (or equivalent for other applica-
ble codes or standards).

testing (as it relates to process contact equipment): a func-
tion of the manufacturer, fabricator, or erector, as

witn e gsed—byv—th-e—examiner—and ey be—verified—o¥

Ultra-Low Particulate Air (ULPA) filter: a type of air filter
that removes 99.999% of particles 0.1 p and larger in
diameter.

unacceptable leakage: leakage level above which the
system performance is considered unacceptable by the
system user and applicable regulating body.

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

underfill: a depression on the weld face or root surface

witnegsed by the owner’s Inspector or the Quality Inspec-
tor’s Delegate including written documentation in accor-
dance [with ASME BPE.

testing (as it relates to process piping): a function of the
manufpcturer, fabricator, or erector, as witnessed by the
examiher or Inspector and verified or witnessed by the
ownelfs Inspector or the Quality Inspector’s Delegate
includiing written documentation in accordance with
ASME [B31.3.

testing (as it relates to vessels not rated for pressure
servicg): a function of the manufacturer, fabricator, or
erectolr, as witnessed by the examiner and verified or
witnegsed by the owner’s Inspector or the Quality Inspec-
tor’s Qelegate including written documentation.

therm
conne
can bd

plastic: long-chain polymers that are usually not
‘ted by crosslinks. Once formed, these materials
reshaped.

thermoset: long-chain polymers that are usually
connefted by crosslinks. Once formed, these materials
cannot be reshaped.

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

tube: fube is sized by its nominal(outside diameter. For
bioprgcessing equipment, tube dees not include pipe.

tungsten inclusions: tungstenpatticles transferred into the
weld deposit by occasional.touching of the tungsten elec-
trode fised in the gas tungsten-arc process to the work or
to the|molten weld metal. These inclusions are often
considered defectsthat must be removed and the weld
repairpd priorto final acceptance. Tungsten inclusions
may be invisible to the unaided eye, but are readily iden-
tified in ‘@*radiograph.

extending below the adjacent surface-of the base
metal. (See also concavity.)

uniformly scattered porosity: porosity thatis digtributed in

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

validation: establishing documented evidenge that the

system does what it purports to do.

variance in luster: the\appearance of a differept shine or
reflectivity resulting‘from the examination or{inspection
technique or from the preconditioning or condlitioning of
the electropolished surface.

videoscope: a type of borescope with a cajmera chip
mounted to the instrument for taking photo$ or videos
of the area of examination.

waviness: undulations or rippling of the surfjces.

welding operator: one who operates machine of automatic

welding equipment.

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

configura-

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

WEFI: water-for-injection, a classification] of water

according to compendial standards.

GR-9 NOMENCLATURE

Dimensional and mathematical symbols used in this
Standard are listed in Mandatory Appendix IV yith defini-
tions for each symbol given in addition to thejr point-of-
use location(s) within the Standard. Uppercase|land lower-
case English letters are listed alphabetically, fpllowed by
Greek letters.
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CHAPTER 2
CERTIFICATION

PART CR

CR-1 PURPOSE AND SCOPE

Part CR
tion manu

ASME BPH

an ASME

bstablishes the requirements for an organiza-
acturing components in accordance with the
Standard to certify the components under
Certificate of Authorization or an ASME

Quality System Certificate. The type of certificate
issued is bgsed on the type of components manufactured,

as identifie

Applicat
the “BPE”
componen

d in Table CR-1-1.

on of the ASME Single Certification Mark with
ertification designator (see Figure CR-1-1) to
s or documentation that fulfills the require-

ments of the ASME BPE Standard is granted by ASME

under a Ce
An ASMI

facturer to

ment Syst¢

then issue
ficate num|
ments of t
Both pr
however,
Single Cert
mance shal
In Part

rtificate of Authorization.

Quality System Certificate is issued to a manu-
identify the acceptance of its Quality Manage-
m (QMS) by ASME. That manufacturer may
h Certificate of Conformance, bearing its;Certi-
ber, with components that fulfill the‘require-
he ASME BPE Standard.

grams are voluntary certification programs;
organizations seeking tosapply the ASME
fication Mark or issue the-€ertificate of Confor-
|l conform with the requirements of Part CR.
R, the term “compenents” shall be limited to

those listedl in Table CR-1-1.

CR-2 GENERAL

(a) Too
applicants

conformity

btain, maintain, and renew an ASME Certificate,
hnd/Certificate Holders shall conform with the
assessment requirements addressed in ASME

CERTIFICATION REQUIREMENTS

CA-1. An ASME BPE Certificate Holdershall have a
conformance with Nonmandatopy, Appendix Z. The
tial controls of the QMS ensuring\the components’
mance with the ASME BPE Standard shall be docur
ina QMS Manual. Decisionsto issue, renew, suspend
hold, or withdraw an ASME Certificate are made by
based upon surveys,audits, and investigations con
by an ASME teann. A list of ASME BPE Certificate H
can be found.on the ASME website.

(b) ASME'surveys are conducted by an ASME t
evaluate-the capability of an organization to manu
components in conformance with the requirement
QMS,and the ASME BPE Standard. Surveys are con
dsypart of the ASME decision process for the issud
renewal of an ASME Certificate. ASME Certificaf
issued and renewed with an expiration date by
time the Certificate Holders shall have thei
Manual and its implementation surveyed by
During the term of the ASME Certificate, Cert
Holders are subject to a planned audit progr,
ASME. Additional audits may be conducted base
the results of past surveys and audits or complai

(c) Certificate Holders who manufacture comp
under a Certificate of Authorization shall provide
nated oversight of their activities and the g

Figure CR-1-1
The ASME Single Certification Mark
With the BPE Certification Designator

DMS in
essen-
onfor-
hented
, with-
ASME
Hucted
olders

bam to
acture
s of its
Hucted
nce or
es are
which
- QMS
ASME.
ificate
hm by
upon
nts.

bnents
desig-
roper

Table CR-1-1
Types of ASME BPE Certificates

Certificate of Quality System

Component Authorization Certificate
Metallic fittings X
Metallic tubing X
Polymeric static X

seals
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utilization of the ASME Single Certification Mark. This shall
be performed by a Certified Individual (CI). The CI shall be
an employee of the Certificate Holder and shall be qual-
ified and certified by the Certificate Holder. The Certificate
Holder’s qualification and certification program for the CI
shall be subject to evaluation at the time of the ASME
survey.

(d) Certificate Holders who manufacture components
under a Quality System Certificate are notrequired tousea
CI to provide designated oversight of their activities.

(g9) qualifying and approving suppliers of subcon-
tracted work

CR-2.2.2 Organizations manufacturing components
under an ASME BPE Certificate of Authorization are
also responsible for the following:

(a) ensuring that the BPE certification designator is
used in conjunction with the ASME Single Certification
Mark. The BPE certification designator shall be the
responsibility of the Certificate Holder. The BPE certifica-

tiom deaiguauﬂ shattcomsistoftie UppETCast tatters “BPE”

CR-2.1 ASME BPE Certificate Holders and shall be of a design having similar proportjons to that

shown in Figure CR-1-1. The BPE certification|designator

(a) An ASME BPE Certificate Holder shall have a QMS shall belegible and located immediately beneath the ASME
that has been reviewed and accepted by ASME and shall Single Certification Mark.

have demonstrated their capability to fulfill the require-
ments|of the ASME BPE Standard for the scope of work
identified on the ASME Certificate.

(b) IASME BPE Certificate Holders shall be issued a
Certificate number to be used to attest to the validity
of theilr certification statements on data reports, Certifi-
cates ¢f Conformance, or both.

(c) Written references indicating that an organization
is an ASME BPE Certificate Holder shall not be valid
without reference to the Certificate number.

(d) ASME BPE Certificate Holders shall be authorized
under p valid Certificate of Authorization to mark compo-
nents,|[documentation, or both, traceable to the compo-
nents,| with the ASME Single Certification Mark with
the BRE certification designator and their Certificate
numbdr, as appropriate.

CR-2.2 ASME BPE Certificate Holder’s

Responsibilities

CR
for

(@)

in acc
(b)
applic

2.2.1 All Certificate Holders shall be responsible

pbtaining an ASME BPE Certificate issued by ASME
rdance with Table CR=1-%
conformance to thedatest edition of ASME CA-1 as
ble to the ASMEBPE Certification Program

(c) tonformance to@all requirements of the ASME BPE
Standdrd, as applicable, for the scope of work identified on
the ASME BPE/Certificate

(d) lestablishing and maintaining an effective QMS
under |Part“GR

(e) Hocumenting the QMS as follows:

(b) establishing and defining*competendy require-
ments for the qualification<@and certification ¢f a CL

(c) establishing and defining the duties foy the CL

(d) providing authorization for the CI to perform duties
that protect the integrity of the ASME Single Certification
Mark with the BPE)certification designator.

(e) providingauthorization for the CI to nptify ASME
when the ASME Single Certification Mark with the BPE
certification designator is being inappropriately
contrélled or misused.

€R-2.2.3 All Certificate Holders shall be gesponsible
for proper use of ASME markings, i.e., the AFME Single
Certification Mark, “ASME,” or the ASME (ertificate
number. These markings shall certify copformance
with the ASME BPE Standard and shall cleayly indicate
by stampings, labels, nameplates, data reports, or Certi-
ficates of Conformance that the component is gertified by
the name of the Certificate Holder as it appgars on the
ASME BPE Certificate.

CR-2.3 Certified Individual Requirements Under a
Certificate of Authorization

Certificate Holders performing work under g Certificate
of Authorization shall have a Cl providing desighated over-
sight of the proper utilization of the ASME Single Certi-
fication Mark with the BPE certification designator.

CR-2.3.1 Competency Requirements. The|Certificate
Holder shall establish and define the competerfcy require-
ments for an individual to qualify and be certified as a CI.

(a) Ata minimum, the competency requirements shall

(1) The QMS Manual shall provide a detailed descrip-
tion of the items and services that are being provided
under the company’s ASME BPE Certificate and
address the essential controls for each element identified
in Nonmandatory Appendix Z.

(2) The Certificate Holder shall prepare procedures,
work instructions, forms, and other implementing docu-
ments specified by the QMS.

(f) filing a controlled copy of the QMS Manual with
ASME
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require the individual to

(1) be an employee of the Certificate Holder with au-
thorization to ensure the ASME Single Certification Mark
with the BPE certification designator is not misused and to
contact ASME on matters concerning the integrity of the
Mark

(2) have knowledge of the applicable requirements
of the ASME BPE Standard for the application of the ASME
Single Certification Mark with the BPE certification desig-
nator
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(3) have knowledge of the Certificate Holder’s QMS
(4) have training commensurate with the scope,
complexity, or special nature of the activities to which
oversight is to be provided
(b) Theindividual meeting the established competency
requirements under the Certificate Holder’s qualification
and certification program shall be certified by the Certi-
ficate Holder to be able to perform the duties of a CI.
(c) The Certificate Holder shall maintain a record of the
qualifications and training of the CI.

(1) the scope of the ASME Certificate of Authoriza-
tion
(2) a valid and current ASME Certificate of Autho-
rization
(3) the QMS Manual on file with ASME
(b) signing the appropriate data report, Certificate of
Conformance, or both prior to release of the BPE compo-
nent. The signature shall attest to the component being in
conformance with the ASME BPE Standard.
(c) terminating the application of the ASME Single

CR-2.3.2 Duties of the Certified Individual. The duties
of the CI shall include, but are not limited to

(a) verifying that each component to which the ASME
Single Certffication Mark with the BPE certification desig-
nator is applied conforms with both the QMS on file with
ASME and fthe applicable requirements of the ASME BPE
Standard. [Verification activities include, but are not
limited to,|ensuring the component is manufactured in
accordancg with

Certification Mark with the BPE certification designator
on components that do not conform with-theQMS or
the ASME BPE Standard.
(d) notifying ASME when the QMS,or any plortion
thereof, is not being effectively implemented.
(e) being present during ASME"surveys, audi
investigations.

s, and

22


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

(22)

(22)

(22)

ASME BPE-2022

CHAPTER 3
MATERIALS

PART

MM-1{ PURPOSE AND SCOPE

Thelpurpose of this Part is to identify metallic materials
considered acceptable for use in hygienic service. It iden-
tifies gnaterial specifications, grades and alloys, appro-
priate|filler metals, and other attributes necessary for
this service. It also specifies the data that must be
submiftted to the MM Subcommittee for any new or
unlistdd alloy that is proposed for inclusion in Part MM.

MM-21 ALLOY DESIGNATIONS
MM-2.1 General

Thiq Part identifies those metallic materials that have
demornstrated the ability to meet welding and surface
finish griteria as set forth in other Parts of this Standard.
It is tHe responsibility of the owner/user to ensure that
any metallic materials selected for use from those listed in
Tabley MM-2.1-1 through MM-2.1-4 are appropriate for
the infended application.

Thelguidelines and criteria listed if this Part indicate a
generdl acceptability for use and do.not address the speci-
fics of|fabrication or requirements of any given service.

MM-3{ USES OF SPECIFICATIONS

MM-3{1 General

The|specificdtions listed in MM-4.2 through MM-4.6
may contain.reférences to codes, standards, or specifica-
tions nfot listed in this Part. Such unlisted codes, standards,
or spetifications are to be used only in the context of the

METALLIC MATERIALS

MM

provided they meet all requirements of thos¢ specifica-

tions.

Austenitic stainless steel’tube shall be fapable of

passing the weld decay)test in ASTM A24
Supplement S7 and éither the intergranular
test in ASTM A270/A270M, Supplement
3651-2 Method/B.

Materialssused in applications governed by
dard shall conform to a specification listed
through"MM-4.6, except as provided in MM-3

MM=3.3 Unlisted Specifications

Alloys in specifications not listed in MM-4

9/A249M,
corrosion
S1 or ISO

this Stan-

in MM-4.2
3.

.2 through

MM-4.6 may be used for applications governed by this

Standard provided they conform to a publishe
tion covering composition, physical and mechg
erties, method and process of manufac
treatment, and quality control, and otherwis
chemical composition requirements of one o
fications listed in MM-4.2 through MM-4.6.
listed in Tables MM-2.1-1 through MM-2.1|
used for applications governed by this Standar
the following requirements are met:

(a) The applicable requirements of MM-9

(b) The specific written permission of the g
is obtained.

Materials listed in MM-5.2.5 are exempt fi
quirements of MM-3.3.

MM-3.4 Unknown Materials

H specifica-
nical prop-
fure, heat
e meet the
the speci-
Alloys not
-4 may be
d provided

are met.
wner /user

om the re-

Materials of unknown origin or specification

shall notbe

listed documents in which they are referenced. Where
specifications listed in MM-4.2 through MM-4.6 contain
design rules that are in conflict with this Standard, the
design rules of this Standard shall govern.

MM-3.2 Listed Specifications

Materials manufactured to specifications listed in the
appropriate sections of MM-4.2 through MM-4.6 may
be used for applications governed by this Standard,

23
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Table MM-2.1-1

Wrought Stainless Steels: Nominal Compositions (wt. %)

UNS
Number EN JIS
[Note (1)] Designation Designation C Mn N Cr Ni Mo Cu
Austenitic Stainless Steels
S30400 0.07 2.00 0.10 17.5-19.5 8.0-10.5
1.4301 0.07 2.00 0.10 17.5-19.5 8.0-10.5
SUS304 0.08 2.00 18.0-20.0 8.0-10.5
530403 0.030 Z0U0 U.10 T7.5-19.5 8.0-12.0
1.4307 0.030 2.00 0.10 17.5-19.5 8.0-10.5
1.4306 0.030 2.00 0.10 18.0-20.0 10.0-13.0
SUS304L 0.030 2.00 18.0-20.0 9.0-13.0
S31600 0.08 2.00 0.10 16.0-18.0 10.0-14.0 2,0043.00
1.4401 0.07 2.00 0.10 16.5-18.5 10.0-13.0 2:00-2.50
SUS316 0.08 2.00 16.0-18.0 10.0-14.0 2.00-3.00
S31603 0.030 2.00 0.10 16.0-18.0 10.0-14-6, 2.00-3.00
1.4404 0.030 2.00 0.10 16.5-18.5 10.0-14.5 2.00-2.50
1.4435 0.030 2.00 0.10 17.0-19.0 12,5-15.0 2.50-3.00
SUS316L 0.030 2.00 16.0-18.0 12.0-15.0 2.0-3.0
Superaustenitic Stainless Steels
N08904 0.020 2.00 0.10 19.0:23.0 23.0-28.0 4.0-5.0 1.9-2.0
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
S31254 0.020 1.00 0.18-0.25 19.5-20.5 17.5-18.5 6.0-6.5 0.5(0-1.00
1.4547 0.020 1.00 0.18£0,25 19.5-20.5 17.5-18.5 6.0-7.0 0.5(0-1.00
N08926 0.020 2.00 0:15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0.3-1.5
1.4529 0.020 1.00 0.15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0.5(0-1.50
Duplex Stainless Steels
S32101 0.040 4.00-6:00 0.20-0.25 21.0-22.0 1.35-1.70 0.10-0.80 0.19-0.80
1.4162 0.04 4.0-6.0 0.20-0.25 21.0-22.0 1.35-1.70 0.10-0.80 0.19-0.80
S32205 0.030 2.00 0.14-0.20 22.0-23.0 4.5-6.5 3.0-3.5
1.4462 0:030 2.00 0.10-0.22 21.0-23.0 4.5-6.5 2.50-3.5

GENERAL NQTES:

(a) Maximugn, unless range or minimum-\s-indicated.

(b) Values listed in this Table are prithary’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 product type material
specification for completedmaterial composition requirements.

(c) Alloys ligted between horizontal lines are not equivalent, but comparable.

NOTE: (1) Fpr cross-referencing of the UNS numbers listed above to common alloy names, refer to SAE Metals and Alloys in the|Unified

Numbering Jystem, latest edition.
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Table MM-2.1-2
Wrought Nickel Alloys: Nominal Compositions (wt. %)

UNS
Number EN J1Ss
[Note (1)] Designation Designation C Cr Ni Mo

Cu

Other

N06625 0.10 20.0-23.0 58.0 min. 8.0-10.0

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

Fe: 5.0 max.
(Nb + Ta): 3.15-4.15
Ti: 0.40 max.

NCF625 0.10 20.0-23.0 58.0 min. 8.0-10.0

Fe: 5.00 I;1ax.

(Nb* T4
Ti: 0.40 o

: 3.15-4.15
hax.

N10p76 0.01 14.5-16.5 Balance 15.0-17.0

2.4819 0.01 14.5-16.5 Balance 15.0-17.0

NWO0276 0.010 14.5-16.5 Balance 15.0-17.0

0.5

W: 3.0-4
Fe: 4.0-7
Co: 2.5 nf
Mn: 1.0 {
W: 3.0-4
Fe: 4.0-7
Co: 2.5 n
Mn: 1.0 1

W: 3.00-
Fe: 4.004
Co: 2.50
Mn: 1.00

NO6p22 0.015 20.0-22.5 Balance 12.5-14.5

2.4602 0.01 20.0-22:5 Balance 12.5-14.5

NW6022 0.015 20.0-22.5 Balance 12.5-14.5

W: 2.5-3
Fe: 2.0-6
Co: 2.5 nf
Mn: 0.50
W: 2.5-3
Fe: 2.0-6
Co: 2.5 nf
Mn: 0.50

W: 2.50-
Fe: 2.004
Co: 2.50
Mn: 0.50

GENERAL NOTES:
(a) Magximum, unless range or minimum is indicated.

(b) Valpes listed in this Table are printary.elements only and are not complete chemical compositions as listed in specific product
spegifications. Alloy composition 'is typically at the low end of the ranges indicated above. Refer to appropriate product

spegification for complete snaterial composition requirements.
(c) 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 i

Numbefing System, latest edition.

fype material
ype material

h the Unified
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Table MM-2.1-3

(22) Stainless Steel and Nickel Alloy Cast Designations
Approximate Wrought Equivalent
UNS ACI EN JIS UNS EN JIS
Designation Designation Designation Designation Designation Designation Designation
Austenitic Stainless Steels
]92600 CF8 S30400
1.4308 1.4301
SCS 13A SUS304
]9250 CF3 S30403
1.4309 1.4307
1.4306
SCS 19A SUS30@L
]9290 CF8M S31600
1.4408 1.4401
SCS 14A SUS316
19280 CF3M S31603
1.4409 1.4404
1.4435
SCS 16A SUS31pL
Superaustenitic Stainless Steels
]94651 CN3MN N08367
]93254 CK3MCuN $31254
1.4557 1.4547
Duplex Stainless Steels
192204 CD3MN $32205
1.4470 1.4462
Nickel-Based Alloys
N2662p CW6MC N06625
2.4856
N3000p CW12MW N10276
2.4819
N2645p CW2M N10276
24610
2.4819
N3010f CW6M N10276
2.4819
N2600p CX2MW N06022
2.4602
GENERAL NQTE: Alloys listed between horizontal lines are not equivalent, but comparable.
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Table MM-2.1-4
Wrought Copper: Nominal Compositions (wt. %)
(Cleaned for Oxygen Service)

UNS EN
Number Designation Cu + Ag P 0
C10200 99.95 0.00010 max.
C12000 99.90  0.008-0.012
C12200 99.90  0.015-0.040
CW024A 99.90  0.015-0.040

MM-4.2 Tubing, Piping, and Hollow Bar

Tubing, piping, and hollow bar manufactured in accor-
dance with the following specifications may be used:

ASTM A213/A213M, Standard Specification for Seamless
Ferritic and Austenitic Alloy-Steel Boiler, Superheater,
and Heat-Exchanger Tubes

ASTM A249/A249M, Standard Specification for Welded
Austenitic Steel Boiler, Superheater, Heat-Exchanger,

GENERAL NOTES:

(a) Mijimum, unless range or maximum is indicated.

(b) Copgper grades listed between horizontal lines are not equivalent,
but] comparable.

MM-3.5 Reclaimed Materials

Reclaimed process components, equipment, or both
may b used with owner/user authorization, provided
they are properly identified as conforming to a published
specification listed in MM-4.2 through MM-4.6 or to a
published specification not listed in those paragraphs
and ofherwise meeting the minimum requirements of
MM-9.[When reclaiming superaustenitic or duplex stain-
less stgel components, refer specifically to MM-5.2.1.2 or
MM-5.p.1.3, respectively.

MM-3.6 Designation of Alloy and Fluid Services
DELETED

REFERENCED SPECIFICATIONS

tandard are listed by-product form in this
. It is not considered praetical to identify the spe-

ing lists; therefere) the most current edition is
. Sources for_procuring any of the listed material
specifications are«found in Nonmandatory Appendix Y.

Matgrial manufactured in accordance with earlier
editions of the 'referenced standards that in all other
respedts conforms to this Standard will be considered
to be in ‘eonformance with this Standard.

O e S e r—Troaoes

ASTM A269/A269M, Standard Specificatioh fqr Seamless
and Welded Austenitic Stainless Steel Tubing for
General Service

ASTM A270/A270M, Standard Specification fdr Seamless
and Welded Austenitic and Fepritic/Austenitic Stainless
Steel Sanitary Tubing

ASTM A312/A312M, Standard Specification for Seamless,
Welded, and Heavily‘€old Worked Austenitjc Stainless
Steel Pipes

ASTM A511/A511M,"Standard Specification fqr Seamless
Stainless Stéel Mechanical Tubing and Hollow Bar

ASTM A7894/A789M, Standard Specification fqr Seamless
and Welded Ferritic/Austenitic Stainless S§eel Tubing
for«General Service

ASTM A790/A790M, Standard Specification fqr Seamless
and Welded Ferritic/Austenitic Stainless P]pe

ASTM B619/B619M, Standard Specification for Welded
Nickel and Nickel-Cobalt Alloy Pipe

ASTM B622, Standard Specification for Seamlless Nickel
and Nickel-Cobalt Alloy Pipe and Tube

ASTM B626, Specification for Welded Nickel
Cobalt Alloy Tube

ASTM B675, Specification for UNS N08367 Welded Pipe

ASTM B676, Specification for UNS N08367 WEglded Tube

ASTM B690, Standard Specification for Iron-Njckel-Chro-
mium-Molybdenum Alloy (UNS N08367) Sedmless Pipe
and Tube

ASTM B819, Standard Specification for Seamless Copper
Tube for Medical Gas Systems

DIN 17744, Wrought nickel alloys with molybflenum and
chromium — Chemical composition

DIN 17751, Tubes of wrought nickel alloys —|Properties

EN 10216-5, Seamless steel tubes for pressurg purposes
— Technical delivery conditions — Part §: Stainless
steel tubes

EN A1 7 7 A ldad ot

nd Nickel-

The ASME Boiler and Pressure Vessel Code (BPVC) has
adopted many of the listed ASTM material specifications.
Materials furnished to the latest edition of these ASME
specifications are also considered to be in conformance
with this Standard.

When preparing a Material Test Report (MTR), a mate-
rial manufacturer may transcribe data produced by other
organizations, provided he accepts responsibility for the
accuracy and authenticity of the data.

ENG0217+7FWeldedsteeHubesforpressure-gurposes —
Technical delivery conditions — Part 7: Stainless steel
tubes

EN 10312, Welded stainless steel tubes for the conveyance
of water and other aqueous liquids —Technical delivery
conditions

EN 13348, Copper and copper alloys — Seamless, round
copper tubes for medical gases or vacuum

JIS G 3447, Stainless steel sanitary pipes

JIS G 3459, Stainless steel pipes

JIS G 4903, Seamless nickel-chromium-iron alloy pipes
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MM-4.3 Castings

Castings manufactured in accordance with the
following specifications may be used:

ASTM A351/A351M, Standard Specification for Castings,
Austenitic, for Pressure-Containing Parts

ASTM A494/A494M, Standard Specification for Castings,
Nickel and Nickel Alloy

ASTM A743/A743M, Standard Specification for Castings,

Iron_ch conaia  Teon Chvoa s N
O T O o O TraT T T eI

ASTM A240/A240M, Standard Specification for Chro-
mium and Chromium-Nickel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and for General
Applications

ASTM A666, Standard Specification for Annealed or Cold-
Worked Austenitic Stainless Steel Sheet, Strip, Plate, and
Flat Bar

ASTM B443, Standard Specification for Nickel-Chromium-
Molybdenum-Columbium Alloy and Nickel-Chromium-
Molybdenum-Silicon Alloy Plate, Sheet, and Strip

Resistanf, for General Application

ASTM A744/A744M, Standard Specification for Castings,
Iron-Chrjomium-Nickel, Corrosion Resistant, for Severe
Service

ASTM A89pP/A890M, Standard Specification for Castings,
Iron-Chrjomium-Nickel-Molybdenum Corrosion-Resis-
tant, Duplex (Austenitic/Ferritic) for General Applica-
tion

ASTM A99p5/A995M, Standard Specification for Castings,
Austenitfic-Ferritic (Duplex) Stainless Steel, for Pres-
sure-Conjtaining Parts

EN 10213,[Steel castings for pressure purposes

EN 10283,[Corrosion resistant steel castings

JIS G 5121, Corrosion-resistant cast steels for general
applications

MM-4.4 forgings

Forgings manufactured in accordance with the
following dpecifications may be used:

ASTM A182/A182M, Standard Specification for Forged or
Rolled Alloy and Stainless Steel Pipe Flanges,-Forged
Fittings,|and Valves and Parts for High-Temperature
Service

ASTM B46p, Standard Specification fof Forged or Rolled
Nickel Alloy Pipe Flanges, Forged Eittings, and Valves
and Parts for Corrosive High-Temperature Service

ASTM B544, Standard Specification for Nickel Alloy
Forgings

EN 10222-p, Steel forgings‘for pressure purposes — Part
5: Martensitic, austenitic, and austenitic-ferritic stain-
less steels

ASTM B575, Standard Specification for Lowsy(arbon
Nickel-Chromium-Molybdenum, Low-Carbon”INickel-
Chromium-Molybdenum-Copper, Low-Carbon Nickel-
Chromium-Molybdenum-Tantalum,@nd Low-(arbon
Nickel-Chromium-Molybdenum-Taungsten Alloy Plate,
Sheet, and Strip

ASTM B688, Standard Specification/for Chromium-Nickel-
Molybdenum-Iron (UNS N08367) Plate, Sheet, and Strip

DIN 17744, Wrought nickelballoys with molybdenym and
chromium — Chemical composition

DIN 17750, Strip and sheet of nickel and wrought]
alloys — Propérties

EN 10028-1, Flat products made of steels for prssure
purposes =<*Part 1: General requirements

EN 10028-7, Flat products made of steels for pressure
purpeses — Part 7: Stainless steels

EN _10088-2, Stainless steels — Part 2: Technical dglivery
conditions for sheet/plate and strip of corfosion
resisting steels for general purposes

EN 10095, Heat resistant steels and nickel alloys

JIS G 4304, Hot-rolled stainless steel plate, sheet and strip

JISG 4305, Cold-rolled stainless steel plate, sheet arld strip

JIS G 4312, Heat-resisting steel plate, sheet and strip

JIS G 4902, Corrosion-resisting and heat-resisting|super-
alloy plates and sheets

nickel

MM-4.6 Shapes, Rods, and Bars

Shapes, rods, and bars manufactured in acco
with the following specifications may be used:

dance

ASTM A276/A276M, Standard Specification for Stpinless
Steel Bars and Shapes
ASTM A479/A479M, Standard Specification for Stpinless

EN 1025014, Open ‘die steel forgings for general engi- X )
neering purposes — Part 4: Stainless steels Steel Bars and Shapes for Use in Boilers and Othejr Pres-
]IS G 3214 Stainless steel foraginas for prnecnrn vessels sure Vessels

JIS G 4319, Stainless steel blooms and billets or forgings

MM-4.5 Plate, Sheet, and Strip

Plate, sheet, and strip manufactured in accordance with
the following specifications may be used:

28

ASTM B574, Standard Specification for Low-Carbon
Nickel-Chromium-Molybdenum, Low-Carbon Nickel-
Molybdenum-Chromium-Tantalum, Low-Carbon
Nickel-Chromium-Molybdenum-Copper, and Low-
Carbon Nickel-Chromium-Molybdenum-Tungsten
Alloy Rod

ASTM B649, Standard Specification for Ni-Fe-Cr-Mo-Cu-N
Low-Carbon (UNS N08925, UNS N08031, UNS N08034,
UNS N08354, and UNS N08926), and Cr-Ni-Fe-N
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Low-Carbon Alloy (UNS R20033) Bar and Wire, and Ni-
Cr-Fe-Mo-N Alloy (UNS N08936) Wire

ASTM B691, Standard Specification for Iron-Nickel-Chro-
mium-Molybdenum Alloy (UNS N08367) Rod, Bar, and
Wire

DIN 17744, Wrought nickel alloys with molybdenum and
chromium — Chemical composition

DIN 17752, Wrought nickel and nickel alloy rods and bars
— Requirements and testing

EN 10088-3, Stainless steels — Part 3: Technical delivery

(b) Delta Ferrite. If specific delta ferrite levels in aus-
tenitic stainless steels are deemed necessary to maintain
certain properties, the owner/user shall specify required
delta ferrite ranges separately for the base metal, for welds
in the solution-annealed condition, and for welds left in
the as-welded condition. As a general rule, material with
low Cr-to-Ni ratios show lower delta ferrite levels in the
base metal and subsequent to welding. See
Table MM-5.2.1.1-1 for predicted ferrite number
ranges for various austenitic stainless steel product

condlitions for semi-finished products, bars, rods, wire,
sections and bright products of corrosion resisting
stee|s for general purposes

EN 10p95, Heat resistant steels and nickel alloys

EN 10R72, Stainless steel bars for pressure purposes

JIS G 4303, Stainless steel bars

JIS G 4308, Stainless steel wire rods

JIS G 4311, Heat-resisting steel bars and wire rods

JIS G 4901, Corrosion-resisting and heat-resisting super-
alloy bars

JIS H 4553, Nickel and nickel alloy bars

JIS H 4p54, Nickel and nickel alloy wire and drawing stock

MM-4.7 Copper Alloy Fittings

TED

BASE METALS AND FILLER MATERIALS

.1 General

Thiq section provides requirements and recorimenda-
tions for the base metals listed in Tables MM-2.1-1 through
MM-2.[1-4. The use of base metals other than those listed in
this sqction is permitted with the owneryuser’s written
approyal (see MM-3.3).

Thigsection also recommends fille¥ metals and consum-
able irjserts for welding these-alldys in order to produce
weldnjents whose weld metal’has corrosion resistance
consisfent with that of the.base metal. Details necessary
for welding are provided in Part MJ.

MM-5.2 Base Metals
MM315.2.1.Stainless Steels
+5.2.1.1 Austenitic Stainless Steels

forms. These are not acceptance criteria. [The listed
ferrite numbers refer to as-solidified austenitic stainless
steels and therefore indicate predicted delta fdrrite levels
of the respective autogenous welds, welds|with filler
metal, or castings. Additional iiformation|regarding
delta ferrite can be found in,Nonmandatory Appendix G.

MM-5.2.1.2 Superaustenitic Stainless §teels. The
superaustenitic stainless)steels in Tables MM-2.1-1 and
MM-2.1-3 are prone to the precipitation of yndesirable
secondary intermetallic phases such as signha and chi.
This precipjtation typically occurs in th¢ range of
1,000°F t0)1/900°F (540°C to 1 040°C)| This is a
concernyduring welding and other thermothechanical
processes, including solution annealing. It is| therefore,

Table MM-5.2.1.1-1
Predicted Ferrite Number (FN) Ranges for| Various
Austenitic Stainless Steel Product Forms apnd Welds

Product Form Expected FN

Wrought product forms with sulfur 0.5 to 4
levels less than 0.005%

Wrought product forms with a 1.0to 6
sulfur range of 0.005% to
0.017%

GMAW/GTAW using ER316L 4 to 12 [Note (2)]
[Note (1)]

SMAW using E316L [Notes (3), 4 to 10 [Note (5)]
(4]

CF8M and CF3M castings 5to 15

GENERAL NOTE: FN ranges determined from D. J. Kotgcki and T. A.
Siewart, “WRC-1992 Constitution Diagram for Stainlegs Steel Weld
Metals: A Modification of the WRC-1988 Diagram,” Welding
Journal 71(5), p. 171-s, 1992.

(a) Weld Ends of Process Components. Weld ends of
process components 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 Tables MM-2.1-1 and MM-2.1-3. This
requirement does notapply to materials used in the manu-
facture of process components, only to the weld ends of
process components in their final form.

INUTLO.

(1) SFA5.9/5.9M, Specification for Bare Stainless Steel Welding Elec-
trodes and Rods.

(2) Nitrogen pickup or weld metal dilution could resultina 3 FN to 4
FN loss in the as-deposited weld metal.

(3) SFA 5.4/5.4M, Specification for Stainless Steel Electrodes for
Shielded Metal Arc Welding.

(4) Electrodes with a restricted FN usually require a special order,
with the exception of 2 FN maximum product for cryogenic
temperatures.

(5) FN in the as-deposited weld is influenced by welding technique
and is lowered by nitrogen pickup or weld metal dilution.
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desirable to keep exposure time within this temperature
range to a minimum.

Exposure time to undesirable temperatures reached
during high-temperature service, heat treatment, or
joining should be minimized. The material manufacturer
should be consulted for specific instructions regarding
heat treatment.

MM-5.2.1.3 Duplex Stainless Steels. The corrosion
resistance and mechanical properties of duplex stainless

MM-5.2.5 Special Alloys. When specified by the
owner/user, alloys listed in Table MM-5.2.5-1 may be
used for process contact surfaces in unique applications,
such as original equipment manufacturer (OEM) process
instrumentation, pump internals, etc.

MM-5.2.6 Unlisted Alloys. Alloys notlisted in Part MM
and having corrosion resistance less than that typical of
304L-type stainless steel may be used for process contact
surfaces in unique applications such as OEM instrumen-

steels listegmTabtes MM=2-t=tamdMM=-2-+=Sarebased tatfomrwirerr threowrrer /IubCI tras—determmimed—that the
on having foughly equal amounts of ferrite and austenite proposed material is suitable for the intended sefvice.
in the micfostructure at room temperature while also
avoiding uhdesirable secondary phases. MM-5.3 Filler Materials

The UNS 532101.g1.'ade.: listed in Tab.le MM'Zjl'_l may be Filler material shall conform to a published spgcifica-
prone to the precipitation of undesirable .nltrldes and tion. Tables MM-5.3-1 through MM<5)3-4 list the fecom-
carbides when exposed to temperatilres ;n Fhe range mended filler metals for weldingsthe listed ausfenitic,
of 1’2000F_t0 1,570°F (650°C to 850°C). Similarly, the superaustenitic, and duplex stainless steels and|nickel
duplex stdinless steel, UNS S32205, may be prone to alloys.
the precip atlon.Of undeswable S?Conda,ry_ mt_ermetalhc Table MM-5.3-5 lists the'recommended materials from
phas.es sudh as sigma and chi. This precipitation occurs which consumable inserts may be made for use in welding
continually in the range of 1’2000F, to 1,830°F (650°C the listed superagtstenitic and duplex stainless stgels.
to 1 000°C). Exposure time to undesirable temperatures
reached during high-temperature service, heat treatment,
or joining fhould be minimized. The material manufac-
turer shofild be consulted for specific instructions
regarding heat treatment. Table MM-5.2.5-1

MM-5.2{2 Nickel Alloys. The nickel alloys listed in Materials for OEM Equipment
Tables MM}2.1-2 and MM-2.1-3 may be prone to precipi- UNS Number EN Designation Common Namé
tation of secondary phases such as mu and P. Such Platinum (coating)
sgcqndar}_/ precipitation typically occurs when the mate- Gold (coating)
rial is subjgcted to temperatures in the range of 1,500°F to Silver (coating)
1,800°F (8R0°C to 980°C) and can create a detrimental -

. . . R50250 Ti — Grade 1

effect on the material’s corrosion resistance. Exposure
time to unfesirable temperatures reached during high- 3.7025
temperatufe service, heat treatment,©orjoining should R50400 Ti — Grade 2
be minimized. 3.7026

MM-5.23 Castings. When castalloys discussed in this R56400 2 7"1.64 Ti— Grade 3
section sdlidify, microsegrégation of chromium and .
molybdenym occurs. Segregation reduces corrosion resis- R52400 Ti — Grade 7
tance and if corrected inf castings by a full solution anneal R56320 Ti — Grade 9
as specified by the,material specification or as recom- R53400 Ti — Grade 12
mended by the matépial manufacturer. All cast materials N06200 Hastelloy C-2000 [Note|(1)]
shall be supplied'in the solution-annealed condition, and N06600 Inconel 600 [Note (2)]
the solutignfanrieal procedure shall meet the time and NO7718 Inconel 718 [Note (2)]
temperatul® TEQUITEMENtS Of tTe product Specification: 24668
Any weld repair by the casting rTl.anu.facturer shall 517400 17-4 PH [Note (3)]
meet the requirements of the specification or shall be 14542

as specified by the owner/user.

MM-5.2.4 Copper Alloys. In applications allowed in
Part SD or approved by the owner/user, copper
tubing, as listed in Table MM-2.1-4, may be used for
process gas distribution systems.

30

GENERAL NOTE: Alloys listed between horizontal lines are not
equivalent, but comparable.

NOTES:
(1) Hastelloy C-2000 is a registered trademark of Haynes Interna-
tional, Inc.

(2) Inconel is a registered trademark of Special Metals Corp.
(3) 17-4 PH is a registered trademark of AK Steel.
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Table MM-5.3-5
Consumable Inserts for Superaustenitic and Duplex Stainless Steels

Base Metal Alloy [Note (1)] Insert Alloy [Note (2)]
UNS Designation ACI Designation EN Designation UNS Designation EN Designation
Superaustenitic Stainless Steels

N08904 N06625
N06022
N10276

1.4539 2.4856

24602

2.4819
N0g367 N06625
N06022
N10276
N0§926 N06625
N06022
N10276

1.4529 2.4856

2.4602

2.4819
S31254 N06625
N06022
N10276

1.4547 2.4856

2.4602

2.4819
J94651 CN3MN N06625
N06022
N10276
J93254 CK3MCuN N06625
N06022
N10276

1.4557 2.4856

2.4602

2.4819

Duplex Stainless Steels

S37101 S32205
S$32750
N06625
N06022
N10276

1.4162 2.4602

2.4819
S34205 N06022
N10276

1.4462 2.4602

2.4819
J92205 CD3MN N06022
N10276

1.4470 2.4602

2.4819

GENERAL NOTE: The use of UNS consumable inserts is recommended for welding of UNS base metal; the use of EN consumable inserts is
recommended for welding of EN base metal.

NOTES:
(1) Alloys listed between horizontal lines are not equivalent, but comparable.
(2) See MM-4 for listed rod, bar, or plate specifications from which these consumable inserts may be manufactured.

36
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Filler materials other than those listed in
Tables MM-5.3-1 through MM-5.3-5 may be used with
the prior approval of the owner/user provided that

(a) they produce weld metal having corrosion resis-
tance equal to or greater than that of the base metal

(b) the welding procedure is qualified in accordance
with Part M]J

Proprietary filler materials may be used with the prior
agreement of the owner/user, provided all requirements
of Part M] are met.

Whgn filler metal is used, the manufacturer shall iden-
tify thd filler metal in the documentation provided with the
compdnent.

MM;5.3.1 Austenitic Stainless Steels. Only the low-
carboh grades of stainless steel filler metals may be
used fo weld these alloys. If a filler metal is used, it
should be in accordance with the filler metals listed in
Table MM-5.3-1.

MM}5.3.2 Superaustenitic and Duplex Stainless
Steels} If a filler metal is used during the manufacture
of prdcess components, it should be in accordance
with Table MM-5.3-2 or Table MM-5.3-3, as appropriate.
If a copsumable insert is used, it should be in accordance
with Table MM-5.3-5. Other nickel-chromium-molyb-
denurp filler metals or consumable inserts may be
used 3s long as the corrosion resistance of the final
weld metal meets or exceeds that of the base metal.
The mianufacturer shall also identify the filler metal ok
consumable insert as part of the documentation.

MM
should

-5.3.3 Nickel Alloys. If a filler metal .is~used, it
be in accordance with the filler metals‘listed in
Table MM-5.3-4.,

MM;5.3.4 Copper Alloys. Table MM=5.3.4-1 lists the
filler metals to be used for brazing cepper tubing.

MM-5.4 Heat Treatment

Heaf treatment of process’/components made from the
austenitic stainlesssteels in Table MM-2.1-1 is not
addregsed by this Standard.

For [the listedwsuperaustenitic and duplex stainless
steels| if the filler metals or consumable inserts in
Table [IMM~5:3-2, Table MM-5.3-3, or Table MM-5.3-5
are uspd;;a-postweld heat treatment is not required. If

MM-6 MECHANICAL PROPERTIES AND LEAK
TESTING

MM-6.1 Tubing/Piping

All tube or pipe used for process contact surfaces and
non-process contact surfaces shall meet the mechanical
property requirements of the specification to which
they are manufactured.

Refer to DT-2 for pressure and strength| réquirements
for fittings and valves.

When material is cold worked, its' mechanifal proper-
ties can be expected to change from those of the original
heat of the raw material. MTRs{for fittings arp therefore
not required to list mechanieal properties; however, if
they do, they shall conform to the specifi¢ations for

the raw materials frofnpwhich the fittings werelfabricated.

MM-6.3 Toughness

Some of thematerials listed in Tables MM-2.1-1 through
MM-2.1-3,%as well as Table MM-5.2.5-1, hndergo a
decrease in toughness when used at low temiperatures,
to the extent that other applicable codes mlay require
impact tests for applications even at tenjperatures
higher than 20°F (-7°C). It is the responsibjility of the
owner/user to ensure that such testing is performed
and that the requirements of all applicable codes are met.

MM-6.4 Testing

Refer to DT-6 for the testing requirements
and MC-4.3.1.1 for the testing requirements

for fittings
or valves.
MM-7 POSITIVE MATERIAL IDENTIFICATION

When positive material identification (PMI) is
performed, it is limited to alloy verificatioh. Refer to
Nonmandatory Appendix W for guidance regarfling proce-
dures and data interpretation.

MM-8 CORROSION-RESISTANCE REQUIREMENTS

MM-8.1 General

The specific service environment for which the alloys in

those
treatment is required in accordance with Table MM-5.4-1.

1l ldodd . 1 4 1d 1 e
dilUyS al't wrtilutU dautUgTtlluusly, Ppustwtiu 1ITat
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Tables MM-2.1-1 through MM-2.1-4 may be used is not
within the scope of this Part. The possibility of material
deterioration in service should be considered by the
owner/user. Carbide phase degradation of corrosion
resistance, susceptibility to intergranular corrosion of
austenitic materials, and grain boundary attack of
nickel-based alloys are among those items requiring
attention.

(22)
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Table MM-5.3.4-1

(22) 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 C55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 C55280
BCuP-7 €55282
C12000 BCuP-3 5.8 €55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 C€55280
BCuP-7 €55282
C12200 BCuP-3 5.8 €55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 655280
BCuP-7 €55282
CWO024A

GENERAL N(TE: The use of AWS/UNS filler metal is recommended for brazing of UNS base metal; the use of EN filler metal is recommefded for

brazing of EIN base metal.

NOTE: (1) Jopper grades listed between horizontal lines are not equivalent, but(comparable.
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Table MM-5.4-1
Solution Anneal Heat Treatment
Requirements for Superaustenitic and Duplex
Stainless Steels

Base Metal Alloy [Note (1)]

UNS EN
Designation Designation

Solution Anneal
Temperature, °F (°C)
[Notes (2), (3), and (4)]

Superaustenitic Stainless Steels

priate to use electrochemical test methods or a standard
immersion test method to evaluate the effect of the various
parameters. Standard ASTM corrosion tests commonly
used are discussed in Nonmandatory Appendix F.

MM-9 MINIMUM REQUIREMENTS FOR ALLOYS IN
PART MM

MM-9.1 General

N08904 2,000 (1095)
. 1.4539 2,000 (1095)
S31254 2,100 (1150)
1.4547 2,100 (1150)
NO08B67 2,025 (1105)
NO08p26 2,010 (1100)
1.4529 2,010 (1100)
Duplex Stainless Steels
$32101 1,870 (1020)
Ny 1.4162 1,870 (1020)
S32205 1,870-2,010 (1020-1100)
1.4462 1,870-2,010 (1020-1100)
NOTES:
(1) Allgys listed between horizontal lines are not equivalent, but
comparable.
(2) Mirjimum solution anneal temperature unless range is specified.
(3) No minimum anneal time is specified, however, very short anneal
timgs can result in inadequate time at temperature to restore the
corfosion resistance of autogenous welds.

(4) Pogt-solution anneal cooling shall be achieved by a water queneh
or fapid cooling by other means.

Resilstance to corrosion is an essential characteristic of
the materials used to fabricate the systems governed by
this Standard. Corrosion testing is-recommended when-
ever specific production performance characteristics
must be determined. The owner/user shall have the
final responsibility for proper‘material selection.

MM-8.2 Corrosion{Testing

Cortosion testing'may be performed for the following
reasorys:

(a) to compare a number of alloys in a specific standard
environment

(b) odetermine the compatihility of an allov in an

Metattic materials shall meet the requiremgnts of this
section as a minimum.
For materials to be added to Part MM, .the infgrmation in
MM-9.1.1 or MM-9.1.2, as applicable, shdll be provided to
the ASME BPE Staff Secretary.

MM-9.1.1 Wrought, Cast, and Welded Kabricated
Applications

(a) Listing of the alloy in an industry-recoghized spec-
ification or standard including tensile strength properties.

(b) Evidence, that the proposed material, jn both the
wrought and welded conditions, will have corrpsion resis-
tance equalto/or greater than 304L stainless|steel (UNS
S$30403).in a service environment within the sgope of this
Standard. Materials that will not be welded [(e.g., some
castings) do not require corrosion test|ng in the
welded condition.

(c) Welded austenitic stainless steel tulje shall be
capable of passing the weld decay test in AYTM A249/
A249M, Supplement S7 and the intergranulaf corrosion
test in either ASTM A270/A270M, Supplerment S1 or
ISO 3651-2 Method B. See Nonmandatory Appendix F
for additional information.

(d) Evidence that the material surface can be mechani-
cally polished, electropolished, or passivated o meet the
applicable requirements of Part SF.

(e) Recommended welding process(s), filler
metal(s), and evidence showing that the cdmbination
of base metal, filler metal(s), and recommended
welding process(es) meets the applicable requirements
of Parts M] and SF. Special restrictions, excgptions, or
guidance shall be noted.

MM-9.1.2 Specialty OEM Material Applications

(a) Listing of the alloy in an industry-recoghized spec-
ification or standard. Tensile strength properti¢s shall also

owner/user-defined environment

Once a particular alloy has been selected for an applica-
tion, more extensive testing may be appropriate. This
testing may involve the evaluation of any one of a
number of process variables on material performance.
These variables include, but may not be limited to,
upset temperature conditions, varying concentrations
of the corrosive agent or condition, cleaning chemical
type and concentration, various surface finishes,
welding process, and filler metal alloy. It may be appro-

be included unless the material is used only as a coating.

(b) Evidence that the proposed material, in both the
wrought and welded conditions, will have corrosion resis-
tance equal to or greater than 304L stainless steel (UNS
S$30403) in a service environment within the scope of this
Standard. Materials that will not be welded (e.g., some
castings and coatings) do not require corrosion testing
in the welded condition. Sprayed or vapor deposited coat-
ings shall be tested over the base material used in the

(22)
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commercially supplied parts. See Nonmandatory
Appendix F for additional information.

(c) Evidence that the material surface can be mechani-
cally polished, electropolished, or passivated to meet the
applicable requirements of Part SF.

(d) For sprayed or vapor deposited coatings, a recom-
mended spraying process(es) or vapor deposition
process(es). Special restrictions, exceptions, or guidance
shall be noted.

(e) For welded coatings, recommended welding
process(es), filler metal(s), and evidence showing that
the combination of base metal, filler metal(s), and recom-
mended welding process(es) meets the applicable re-
quirements of Parts M] and SF. Special restrictions,
exceptions, or guidance shall be noted.
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PART PM
POLYMERIC AND OTHER NONMETALLIC MATERIALS

PM-1|{PURPOSE AND SCOPE

The|purpose of this Part is to provide the basis for
select]ng and using polymeric and other nonmetallic
materials.

Thig Part describes the types of polymeric and other
nonmg¢tallic materials and identifies different ways to
charadterize materials.

PM-2| MATERIALS

Polyimeric and nonmetallic materials have found wide-
spread use in bioprocessing equipment because of their
broad [range of physical and chemical properties, their
ability to be formed into complex shapes, and their
biocompatibility. Polymeric materials may be used in a
range|of applications including static and dynamic
seals, loses, pumps, tubing, barrier coatings, diaphragms,
valves|and filters. The choice of material class depends on
the depign requirements and material performance, both
as insfalled and during use.

For In-depth discussion and guidance on polymeric and
nonmaetallic materials, see Nonmandatory Appendix O.

PM-2{1 Materials of Construction

Materials of construction shall be (selected to maintain
the pufity and integrity of the product/process fluid. It is
the owner/user’s responsibility to select the appropriate
materials of construction for'\the conditions of use. Mate-
rials should be compatibléwith the stated processing con-
ditionp, cleaning solttiens (where appropriate), and
steriliging conditiofis(where appropriate), etc., as speci-
fied bylthe ownery/tser. The following sections outline the
major flassesw@fpolymeric and nonmetallic materials and
their rlequirements for use in bioprocessing equipment.

PM-4{2.1.1 Therm
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, ther-
moforming, etc, and can be re-formed and shaped with
heat and/or pressure.

Thermoplastic materials are often used for fittings,
tubing, piping, diaphragms, seals, liners for vessels,
column tubes, filter media and capsules, etc. Examples
of thermoplastic polymers are shown in Table PM-2.1.1-1.

Some thermoplastics, such as thermoplastic ¢lastomers,
combine an elastomer such as ethylene priopylene diene
monomer (EPDM) with a plastic such as’polypropylene,
giving the resulting thermoplastic£empound|properties
of flex endurance and sealability’s6 it can He used for
tubing, seals, diaphragms, etc. Thermoplastic elastomers
(TPE) combine the features,of melt processabiljty and flex-
ibility.

Many polymeric materials are described in ASTM stan-
dards that detail their composition and mechanical prop-
erties. It is the, owner/user’s responsibility to select
materials that are appropriate for their applications.

Filler materials may be used to enhance the|properties
of thermeplastic polymers. Fillers may be caijbon based,
inorganic, metallic, organometallic, etc., as peeded for
performance.

Additives for thermoplastic polymers may [be used to
aid in thermal stability, flexibility, gamma stabflity, extru-
date performance, crystallization control, oxid4tive stabil-
ity, mold release, plasticization, and adhesiorn]. Additives
may be used in the bulk of the polymer as ell as the
surface, as required.

PM-2.1.2 Thermoset Polymers. Thermosets are poly-
mers that, in their final state after processing, afe rendered
substantially insoluble and infusible. Fully prodessed ther-
mosets cannot be resoftened or re-formed by ¢xposure to
heat. Exposure to excessive heat will cause dggradation.

Thermoset polymers are processed from p liquid or
malleable state and are converted to the soliid state by
irreversible curing with heat, catalysis, or other means.
Chemical cross-links are formed betweef polymer
chains during the curing process. This results jn an inter-
connected polymer network with the cross-link junctions
restricting flow of the polymer when exposed|to thermal
or mechanical stresses.

ither ther-
moset elastomers or thermoset resins, with the 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 ther-
moset polymers are shown in Table PM-2.1.2-1.

Most thermoset polymeric materials contain reinfor-
cing fillers and other additives to meet required use con-
ditions. Fillers may be carbon based, inorganic, metallic,
organometallic, etc., as needed for performance.
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Table PM-2.1.1-1

Common Thermoplastic Polymers and Applications

Type of Polymer

Example Polymers

Example Applications

General thermoplastics

Thermoplastic polyolefins

Polyester (PET)

Polyamide (nylon)
Polycarbonate (PC)
Polysulfones (PSU, PES)
Polyether ether ketone (PEEK)

Polypropylene (PP)

Fittings, connectors, filter housi

ngs,

piping and rigid tubing, column

tubes, filter media

Fittings, connectors, piping and

rigid

Thermoplagtic fluoropolymers

Thermoplastic elastomers (TPE)

Ultra-low-density polyethylene (ULDPE)

Low-density polyethylene (LDPE)

High-density polyethylene (HDPE)
Ultra-high-molecular-weight polyethylene (UHMWPE)

Fluorinated ethylene propylene (FEP)
Perfluoroalkoxy (PFA)
Polytetrafluoroethylene (PTFE)
Ethylene tetrafluoroethylene (ETFE)
Polyvinylidiene fluoride (PVDF)

Blends of EPDM with polypropylene
Styrene-isobutylene-styrene block polymers
Copolymers of ethylene and octane
Ethylene-vinyl acetate copolymer (EVA)

tubing, filter media and caps
bags, vessels, vessel linifngs;/3
coatings

Fittings, piping/and tubing, flex
hose, filtéy media and capsul
diaphragms, pumps, vessels,
linings, and coatings

Tubing, bags

les,
nd

Vessel

Table PM-2.1.2-1

Common Thermoset Polymers and Applications

Type of|Polymer

Example Polymers

Example Applications

Thermoset elastomers Ethylene propylene diene (EPDM)

Ethylene propylene tubber (EPR)
Silicone (VMQ)

Fluoroelastomers (FKM)
Perfluoroelastomer (FFKM)

Rigid thermdsets Fiber-reinforced polymer (FRP/GRP) composites

Tubing, seals, gaskets, diaphragnp

and hoses

Tanks and pipes

0
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Table PM-2.1.3-1

Examples of Nonmetallics

Examples of Nonmetallics

Types of Nonmetallic

Example Applications

Glass
Borosilicate
Soda-lime

Sintered materials
Aluminum oxide
Silicon carbide

Amorphous inorganic nonmetallic material

Crystalline inorganic nonmetallic material

Sight glasses, vessel lights,
optical sensors, glass
electrodes

Mechanical seals, bearings,
process sensors

Silicop—nitride
Tungdten carbide
Zircofium dioxide

Reactio}-bonded materials
Silicof carbide
Silicop nitride

Siliconiged carbon-graphite

Resin-inppregnated carbon-graphite

Cement¢d materials
Tungdten carbide with alloyed binder

Multiphase mixture of crystalline silicon
carbide or nitride and silicon

Multiphase mixture of crystalline silicon
carbide, carbon, and graphite

Multiphase mixture of carbon, graphite,
organic resin, and potential inorganic
nonmetallic additives

Crystalline inorganic,nonmetallic in a
metallic matrix

Mechapical seals

Mechanical seals

Mechanical seals

Mechanical seals, bparings

Tungdten carbide with nickel binder
Tungdten carbide with cobalt binder

Elastoner formulations typically contain 5% to 50% filler
to achjeve optimum properties.

PM+2.1.3 Other Nonmetallic Materials. Solid single-
phase |nonmetallic materials can be divided-into amor-
phous| nonmetallic materials (e.g., glass, amorphous
carbop) and crystalline nonmetalli¢c®materials (e.g.,
sintergd silicon carbide, graphite).

If manufactured by heating(and subsequent cooling,
these rhaterials are often refetred to as ceramics. Materials
may cqnsist of a mixture of an'amorphous and a crystalline
phase|(e.g., glass-ceramies). To improve performance,
nonmdtallic materials;may be combined with other mate-
rials quch as metals or polymers to form multiphase
mixtuges. Examples of such materials are metal-matrix
compdsites.Such as cemented tungsten carbide with an

PM-2.2 General Requirements

Materials shall be selected to not affect the purity or
integrity of the drug product. The owner/user is respon-
sible for the qualification of materials for the intended use.
The requirements for conformance are summarized in
PM-2.2.1. The requirements relate to identification, trace-
ability, biocompatibility, and marking.

Polymeric materials exposed to process flui

PM-2.2.1 Certificate of Conformance. A C¢rtificate of (22)

Conformance shall be issued by the manufacturer to
certify conformance to this Standard when required by
the end-user. Additional certification documentation
may be required. The Certificate of Confornjance shall
contain the information summarized in Table PM-2.2.1-1.

PM-2.2.2 Labeling and Marking. Manufacturers shall
mark the package containing polymer components or
assemblies with the manufacturer’s name, part
number, and lot number or unique identifier (see
Table PM-2.2.1-1) to enable the manufacturer to trace
back to the raw material(s) and processing conditions
used to fabricate the component/assembly. Manufac-
turers should mark the component/assembly itself to
avoid potential loss of traceability and to aid in positive
identification of components/assemblies after use.
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Table PM-2.2.1-1
Content Required on the Certificate of Conformance

Applications
Polymeric
Seals
(Includes
Diaphragms Connec- Polymeric Other Nonme-
and tors Containers Polymeric tallic
Requirements Hygienic Filters Chroma- (Includes (Rigid Process Process
to Conform Union Seals) [Note tography Steam to/ and Compo- Compo- Single-Use
to ASME BRE——Nete-431—Heses—Fubing——2}—Columns—Fhrough)—Hexible}——nents———nents——Assqmblies
Manufacture}’s X X X X X X X X X X
name
Manufacturef’s X X X X X X X X X X
contact
information
Part numberj X X X X X X X X X X
Lot number pr X X X X X X X X X X
unique
identifier ¢r
serial numjber
Material(s) df X X X X X X X X
constructi¢n
(process
contact)
Compound X X X X
number of
unique
identifier
Cure date or fate X X X X X X X
of
manufactufre
USP <87> o X X X X X X X X X X
ISO 109935
USP <88> X X X X X X X X X
Class VI o
1SO 109936,
-10, -11
GENERAL NQTE: For components subjected to_dperations such as gamma irradiation or steam, specific certification shall be provigled. See
Part SU.
NOTES:
(1) For hygipnic union seals, the ifittusion category shall be provided (see MC-4.2).
(2) Specificlptrelease criteria praybe required for different types of filtration elements depending on their type and application. These additional
requirenpents should be-decided by the owner/user and the supplier.
PM-2.2.3 Change Management (a) impact on bioprocessing product safety, efficacy,
. . . urity, identity, or strength
PM-2.2.3:1" General. This section provides standard punty, Y 18

procedures and guidelines for manufacturers of polymeric
or other nonmetallic process contact materials, compo-
nents, and assemblies to manage and communicate
changes.

PM-2.2.3.2 Change Classifications. The magnitude
of qualification and regulatory filing requirements for
an owner/user to implement a change related to a mate-
rial, component, or assembly is dependent on the
following attributes:

44

———————————————————{h}-impacttoform-fit-orfunctionofthe-produect which

may include

(1) formulation changes

(2) manufacturing means, methods, or materials
changes

(3) changes to published or agreed specifications

(4) discontinuance of a material, component, or
assembly

(5) changes in regulatory or compliance status (e.g.,
USP)
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Table PM-2.2.3.2-1
Change Levels and Minimum Change Notification Requirements

Typical Examples,

Notification Requirement

Preliminary Change Change Notification

Change Not Representative of All  Notification Prior to Change Prior to Change
Level Description Changes Notification Implementation
Level 3 A change that requires a Change impacting leachables 6 months minimum 12 months minimum
minimum of 6 months and extractables profiles required required
for the end user to
plan and a minimum of
TZ months for the owner/user
to implement
Level 2 A change that requires a Revision to a product 3 months minimum 6 menths minimum
minimum of 3 months to specification, change in recommended required
plan and a minimum of part number
6 months for the owner/user
to implement
Level 1 A change that requires a Change in labeling, change None required 3 months mfinimum
minimum of 3 months in document format required
for the owner/user (e.g., C of C), editorial
to implement update of analytical method
Level A change that is not expected Certain non-process contact Notification not required Notification potrequired
to impact the attributes changes (e.g.,, change in
in PM-2.2.3.2 carton supplier)
Emergéncy An emergency change occurs Force majeure, act-0f*‘God The change notification The change [notification

when the manufacturer does
not have prior knowledge
that they will be impacted
by a change

should be expedited to
the greatest extent
possible appropriate
for the level of change

should befexpedited to
the greatgst extent
possible dppropriate
for the level of change

Tabje PM-2.2.3.2-1 defines four levels of change
commpnsurate with the complexity of change and the
amout]t of time needed for ownet/users to address re-
quirements associated with the ¢hange. Manufacturers,
when [selecting the level of thange for notification,
should consider typical/owner/user regulatory
constrjaints as well as,technical, business, and supply
chain practices tosanticipate notification time needed

by the|Jowner/user:to qualify and implement the change.

PM-2.2,3:3Owner/User Notification. The manufac-
turer ghouldyprovide change notification documentation
to th¢ oWwner/user per the timelines defined in
Table PM-2.2.3.2-1. The change notification should
include

(a) identification of the manufacturer’s products
affected by the change

(b) explanation of why the change is being made

(c) description of the change (current state and modi-
fied state)

(d) known potential impact to form, fit, or function and
impact through the supply chain

45

(e) documentation and qualification data|to charac-
terize the change

(f) change level per Table PM-2.2.3.2-1

In the event of a Level 3 change, the maphufacturer
should provide preliminary change notification documen-
tation to the owner/user as defined in Table P§-2.2.3.2-1.
Preliminary change notification provides|advanced
warning to the owner/user prior to release ¢f required
change notification documentation (e.g., docimentation
and qualification data) that may not be availpble at the
time of preliminary change notification. A plan for imple-
mentation with anticipated timelines should e included
i i ification- ifi¢ation shall
include the documentation and qualification data to char-
acterize the plan.

PM-2.2.3.4 Manufacturer’s Responsibilities. The
manufacturer shall have procedures and documentation
that effectively manage changes both internally and
throughout the supply chain and defines requirements
for owner/user notification. The manufacturer shall main-
tain a record of notification and change implementation.
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Manufacturers should establish a single point of contact
for change communication.

PM-2.2.3.5 Owner/User Responsibilities. The
owner/user should provide a single point of contact
for change communication. The method of receiving
communication should be electronic (e.g., an e-mail
address such as change@companyx.com). The owner/
user should acknowledge receipt of the communication
to the manufacturer’s single point of contact and evaluate

PM-3.2 Extractables and Leachables

PM-3.2.1 Extractables. Extractables are chemical
substances that can be removed from polymeric materials
using appropriate solvents (e.g., polar and nonpolar).
Extraction studies are conducted under conditions that
exceed typical bioprocess manufacturing or storage con-
ditions (e.g., higher temperature, pH, or concentration or
longer exposure time) and are used to generate an extrac-
tables profile for a given polymeric material. Manufac-

the chang

o : £ : h -
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PM-3 PR

Material

DPERTIES AND PERFORMANCE

5 should be selected to retain their functional
properties|and to minimize their impact on the process
fluid. Matetrials should be selected to not affect the purity
and integrify of the drug product. This section outlines the
requiremepts for biocompatibility, extractables/leach-
ables, physical properties, and chemical compatibility.
Each of th¢ following sections should be considered for
the applicqtion.

:[:compatibility

atibility” is defined here as the ability of a
substancd or material to be in contact with living
matter such as bacteria or mammalian cells without inter-
fering in arfy way with its metabolism or ability to live and
procreate. Polymer materials shall be biocompatible with
the systen] fluid to ensure that the system fluid is not
adversely 4ffected by the polymer material. The biocom=
patibility and the proper material selection shall be-the
responsibility of the system user.

Biocomplatibility testing of candidate compenénts for
qualificatiqn requires both in vivo (animal.testing) and
in vitro (tefting in glass) tests. In vivo testing'is described
in the Unite¢d States Pharmacopeia (USR).in Chapter <88>
(or1S0 10993-6,-10,and -11) and.involves intramuscular
implantati¢n, intracutaneous injection, and systemic toxi-
city testing. In vitro testing is\described in the United
States Phafmacopeia in Chapter <87> (or ISO 10993-5)
and is usefd to place ekthact from candidate polymers
in direct fontact with living cells (typically mouse
cells) for 4 prescribed period of time. The amount of
cell lysing|(death) shall be recorded and reported for
the particylatypolymer material.

PM-3.1

“Bioco

TUTers snoutd provide extractabies protite dqta for
polymeric materials used in equipment/compongnts on
request by the owner/user. The extractablés profile
generated may vary depending on both the extracti¢n con-
ditions and the extraction fluids used in the |study.
Depending on the purpose of thé study, one of more
of the extraction studies des¢pibed in PM-3.2{1.1 or
PM-3.2.1.2 should be done to-generate an extra¢tables
profile.

PM-3.2.1.1 Polymeric Material Specific Extjaction
Study. This studyds done to generate an extragtables
profile that chafacterizes the total content of goluble
chemical substafices contained in the polymeric material.
The extractien*solvent(s) and conditions shall be pppro-
priate for, the particular polymeric material being fested.
Nonmandatory Appendix P-2 identifies recommended
conditions for a polymeric material specific extfaction
study.

Model
‘tables
found
hs and

PM-3.2.1.2 Extraction Study in Bioprocess
Solutions. This study is done to generate an extra
profile under conditions that exceed those typically
in bioprocessing applications. The model solutio
extraction conditions should be selected based pn the
intended use of the equipment/component. Thiq study
generates an extractables profile that may be used to
predict potential leachables. Nonmandatory Appendix
P-3 identifies recommended conditions for an extfaction
study in bioprocess model solutions.

PM-3.2.2 Leachables. Leachables, typically a subset of
extractables, are chemical substances that migrate ipto the
drug product from process equipment or its conjtainer
under normal conditions of use and/or storage. Leach-
ables may also be created as a result of chemical rejctions
with other leachables and/or ingredients in the grocess
fluid or drug product, Leachables studies condudted in

Material Tmanmufacturers siait provide, om CUSTOMmerT
request, documentation (test report) of the in vivo USP
<88> Class VI and in vitro USP <87> testing on final manu-
factured parts. Failure of either test indicates unaccept-
able biocompatibility of candidate material. Such failures
are often attributed to leachables from cured elastomeric
seals extractables and may include catalyst residues,
cross-linking agents, process aids, plasticizers, etc.
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process and of the final product shall be the responsibility
of the owner/user.

PM-3.2.3 Sample Preparation. Extraction studies
shall include careful sample preparation appropriate to
the test article and analytical techniques to be used.

The size of the sample should be determined in consid-
eration of the material, test equipment, analytical test
sensitivity, and the sample available for testing.

Any tool used for sample preparation shall not adulte-
rate the sample.
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Prior to extraction, test samples should be exposed to
the same pretreatment process (under worst-case condi-
tions) that the material would see when used as intended.

PM-3.2.4 Documentation. Documentation of results
shall include the extraction method(s), analytical tech-
nique(s) protocol, sample surface area (or weight) to
volume ratio, and extraction time and temperature. Rela-
tive limits of detection should be reported.

PM-3.2.5 Risk Assessment. The owner/user should

PM-3.5 Physical and Mechanical Properties of
Thermoset Polymers

Physical and mechanical properties can be character-
ized using many different standards (e.g., ASTM, ISO, DIN,
and JIS). Typical properties include hardness, tensile
strength, elongation to break, modulus, and tear strength.
In some cases, abrasion resistance, compression set, spe-
cific gravity, transparency, etc., may be important. Proper-
ties may be affected by manufacturing and use conditions

consitjer supplier data, relevant standards, regulatory
guidance, and industry recommendations as listed in
Nonmpndatory Appendix P, when performing a risk
assessment.

Thelresults of the risk assessment should determine the
suitabllity of the equipment/component for its intended
use.
PM-3]3 Physical and Mechanical Properties of

Thermoplastic Polymers

The|physical and mechanical properties of thermoplas-
tics arp important to better understand how fluid expo-
sure qould affect the polymer’s strength, stiffness,
inertnfss, durability, barrier properties, etc. Physical
and mlechanical properties can be characterized using
many |different standards (e.g., ASTM, ISO, DIN, and
JIS). Typical properties include tensile strength, elonga-
tion to]break, modulus, and, in some cases, seam strength;
weld dtrength, coefficient of friction, compression set,
tensild set, hardness, specific gravity, and transparency.

Common useful tests for evaluating thermoplastic
perforfnance are listed in Nonmandatory Appendix L.

Thelinterpretation of immersion test results is depen-
dent oh the specific application. In such.cases, a different
materfal may be more suitable for the ‘application. The
overal| life of the equipment may.be shortened signifi-
cantly|if the correct polymer s not selected. The end-
user must ultimately interpret'the relevance of the test
resulty for the applicablé\process.

PM-3/4 Chemical"Compatibility of Thermoplastic

Polymers

exposuyre ean all affect the property retention of thermo-

Che:]!\ical cohcCentration, temperature, and duration of
plastiqpolymers. When selecting a thermoplastic polymer

(e.g., temperature, pressure, physical stress). Common
tests for evaluating physical and mechanical|properties
are listed in Nonmandatory Appendix Ls Rropefty require-
ments should be discussed between the’owndr/user and
the supplier, and the owner/user’shall be resgonsible for
determining the suitability of the material for §he applica-
tion.

PM-3.6 Chemical Compatibility of Thermoset
Elastomers

Chemical coneentration, temperature, and fluration of
exposure catrall affect the property retention of thermoset
elastomers{ When selecting a thermoset elastomer for
chemical contact, the user should consult tije supplier
for case histories and test data, where ayailable. If
further testing is required, specific fluids|should be
used to expose test samples for the necessary time and
temperature. Chemical compatibility is pgrticularly
important for materials that are reused. Chemi¢al compat-
ibility testing should be done to screen candjdate mate-
rials for applications involving cleaning, dtorage, or
exposure to potentially harsh chemicals.

PM-3.7 Physical and Mechanical Properties of

Other Nonmetallic Materials

Physical and mechanical properties of other nonme-
tallic materials, such as those listed|in Table
PM-2.1.3-1, may be characterized using marnly different
standards (e.g., ASTM, ISO, DIN, and JIS). Typikal proper-
ties may include, butare notlimited to, hardnegs, strength,
self-lubrication, and transparency. In some casgs, low fric-
tion between sliding surfaces may be important. Proper-
ties may be affected by use conditions. Materijl selection
should be discussed between the ownerf/user and
supplier, and the owner/user shall be resppnsible for

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
temperature.
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determining the suitability of the material for the applica-
tion.

PM-3.8 Chemical Compatibility of Nonmetallic
Materials

Chemical composition, temperature, and duration of
exposure may all affect the properties of other nonmetallic
materials. When selecting nonmetallic materials, such as
those listed in Table PM-2.1.3-1, the user should consult
the supplier for test data, where available. If further


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

(22)

(22)

ASME BPE-2022

testing is required, specific fluids should be used to expose
test samples for the necessary time and temperature.

PM-3.9 Polymeric Surface Finish

Polymeric material contact surface classifications are
found in Part SF.

PM-4 APPLICATIONS

PM-4.1 Sihgte
See Part| SC, Part SJ, or Part SU.

PM-4.2 Piping

The follgwing shall be considered in the design of poly-
meric rigid piping and tubing.

PM-4.2.]1 Sizing Comparisons. Thermoplastic piping
systems affe available in a variety of sizing standards.
Tube/pipg (e.g., Schedule 40, Schedule 80), Standard
Dimensionjal Ratio (SDR) 11, and SDR 21 are some of
the most dJommon standards used. Table PM-4.2.1-1 is
a referencq that compares the outside and inside dimen-
sions of thé¢se standards. It is important to consider these
standards when performing system sizing calculations to
enhance dimensional alignment of pipe/tube inner
diameters fo enable sterility, cleanability, and drainability.
Tube insid¢ dimensions are critical for alignment to stain-
less steel gystems.

PM-4.2.2 Pressure Ratings. Polymer piping systenis
have varying pressure ratings depending on material
and sizing ptandards. Valves and mechanical connéctions
such as sanitary adapters, flanges, or threads may carry
pressurerdtings independent of pipe and fittings. Elevated
operating [temperatures will decrease(overall system
rating. Conpult material manufacturers oy specific details.

PM-4.2.3 Thermal Expansion:Rolymeric materials
will expand and contract with changing temperature con-
ditions. The effect of thermal ‘expansion shall be consid-
ered and designed for in‘every thermoplastic system.

To compnsate for thermal expansion, itis recommend-
ed to use ldops, offsets, and changes in direction. By using
the pipe itsglf to relieve the stress, the integrity of the pipe
system is nmpaintained. The use of bellows or pistons is not
recommenfled due to the formation of pockets and gaps

AL = change in length, in.
AT = temperature change, °F
(SI Units)
AL =L X a X AT 3)
where
L = length of the pipe run, mm
a = coefficient of thermal expansion, mm/m/°C
material and temperature dependen

AL = change in length, mm
AT = temperature change, °C

Typical coefficients of thermal expdansion atf room
temperature by material type are found below. (Jonsult
the manufacturer for exact coefficient values.

(U.S. Customary Units)
PVDF 6.6 x 107, in./int/F
PFA 7.0 x 107°, in./iit,/°F
PP 8.33 x 107>, in./in./°F

(SI Units)
PVDF 1.2 x:10°°, mm/m/°C
PFA 1.2%%107°, mm/m/°C
PP 1.5°x 10>, mm/m/°C
AT4s the maximum (or minimum) temperature[minus
thelinstallation temperature. If the installation tegnpera-
tiire or time of year is unknown, it is practical to increase
ATby 15% for safety. Itis not necessary or practica) to use
the maximum temperature minus the minimum tepera-
ture unless it will truly be installed in one of thoge con-
ditions.

PM-4.2.4 System Support Criteria

PM-4.2.4.1 Support Distances. Supports shall be
placed based on the spacing requirements provigled by
system manufacturers. Hanging distances are baged on
system material as well as the specific gravify and
temperature of the process media. Operating conflitions
ofall applicable processes, including CIP and SIP, shhll also
be considered. Hanging criteria generally increage with
system operating temperatures. The placemgent of
hangers, guides, and anchors is critical in systems
exposed to thermal cycling. Hanger locations shduld be
identified by the system engineer and laid out td allow

where liquids may be held up. The amount of thermal
expansion growth in a pipe system is generally calculated
by the following formula:

(U.S. Customary Units)

AL =12 XL X a X AT (2)
where
L = length of the pipe run, ft
a = coefficient of thermal expansion, in./in./°F mate-

rial and temperature dependent

for expansion and contraction of the pipe over its life
of operation.

PM-4.2.4.2 Hanger and Clamp Types. Avoid using
hangers that place a pinpoint load on the pipe when tight-
ened. A U-bolt hanger is not recommended for thermo-
plastic piping. Hangers that secure the pipe 360 deg
around the pipe are preferred. Thermoplastic clamps
are also recommended 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
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could damage the pipe. Ideally, if a metal clamp is being
used, an elastomer material should be used in between the
pipe and the clamp. Refer to Part SD for exterior clean-
ability.

PM-4.2.5 Connections and Fittings. Design of equip-
ment should minimize the number of mechanical connec-
tions. Fusion welded connections should be used
wherever practical. Hygienic design of connections
shall conform to SD-3.1.

PM-4.3.2.5 Hose Materials. Hose assembly mate- (22)
rials shall conform to applicable sections of SD-2.4.1.2

and PM-2.1.

(a) Biocompatibility. The biocompatibility and proper
material selection shall be the responsibility of the end-
user. Biocompatibility testing of candidate hose assem-
blies for qualification requires USP <87> (or ISO

10993-5) and USP <88> Class VI (or ISO 10993-

6, -10,

and -11) tests on all polymeric process contact materials.

End-users may request similar testing on nonc

ontact

PM-4.3 Hose Assemblies

layers that may come in contact with the proces
if the inner liner fails. Hose assembly suppliet

s fluid
5 shall

PM-4.3.1 General. This section defines the require- provide, on customer request, documefitation |of the
ments for flexible hose assemblies intended for repeated  biocompatibility testing on final mafufacturedl hose
use. Hose assemblies are defined here as alength of aflex-  assembly materials. Failure of either‘tést indicateg unac-
ible, polymeric element with at least one end connection  ceptable biocompatibility of the candidate hose assembly.
securely affixed and capable of containing fluids under (b) Surface Finish. Surface finish/of metallic end fittings
specified cpnditions (e.g.,, pressure and temperature). shall conform to the requirements of Part SF.

. (c) Particle Generation.\HoSe assembly designs ghould

PM-4.3.2 Hose Construction minimize wear that generates particles that could enter

PM-43.2.1 Flexible Elements. Elements may be the process.
constructdd from a single, homogeneous material or (d) Extractables. Hose assembly materialg shall
multiple ldyers. Multilayer elements may consist of an ~ conform to thé\fequirements of PM-3.2.
inper contgct layer surrounded by one or mor.e additional PM-4.3:3_Hose Assembly Performance. The fequip-
reinforcement layers and an outer cover. Reinforcement ot sypplier should be informed of all the conflitions
layers may include fabric braiding, metal wire braiding, underwhich the hose assembly may be expedted to

by the enduser.

operate. This should include the methods, freg[:ency,

and length of cleaning and sterilization proced

es. In

addition to the service temperature and pressure, dny pa-

PM-4.8.2.2 Mechanically Affixed and Reusable End rameters that may affect the hose assembly perforymance

Connectiofps. Metallic and nonmetallic end connections  should be provided. The equipment supplier should
are attached to the flexible element by mechanical inform the end-user of the life cycle expectan¢y and
compressign. The design shall ensure a seal is maintained ~ the methods that will ensure that the hose assembly oper-
at the end pf the barb [see Figure SD-3.2.1«1,\illustration ates within its design specification (e.g., routine rainte-
(d)]. Bandqstyle hose clamps are not recomimended [see nance).
Figgre SD-3.2.1.-1., i.llustration (©)]- The_ fitt_i“f_a’ should be PM-4.3.3.1 Service Temperatures and Pregsures.
designed tp minmize entrapmeptioPliquid in the hose Hose assemblies shall be capable of withstgnding
assemb'ly. Dimensions a'md tole.rances of the process thermal and pressure cycling between the rated|upper
connection| shall be consistent.with Table DT-7.1-1. and lower temperature and pressure limits.

PM-4.5.2.3 Flaref-ThrOUgh End annegtlons.. Flare- PM-4.3.3.2 Nonroutine Events. The complete[proce-
‘Fhrough entd connecibps’are Coqnectlons in which the dure for nonroutine events such as passivation, derguging,
hner Con:ac.t .layer o,f the flex-lble element extends and postconstruction cleaning should be supplied|by the
through thp fitting\and is fprmed into the_end connector. end-user. The supplier should inform the en{l-user
Flare-th_rg gh end connections may have integral gaskets whether the hose assembly will perform as spkcified
or prov151:[ns_fo.r_51a.ndard gaskets, - } oy = ot orm a

PM-4.3.2.4 Molded-in-Place End Connections.
Molded-in-place end connections are secured to the flex-
ible element by a thermal or chemical bond. Molded-in-
place end connections using nonrigid materials may
require additional stiffening reinforcement to achieve
an adequate process connection seal. Molded-in-place
end connections may include an integral gasket.

risk assessment to determine if a new hose assembly

is required after nonroutine events.

PM-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 be installed to enable drainability (see SD-3

2).

(b) Clean-out-of-Place (COP). External surfaces of hose
assemblies subject to COP shall be compatible with
cleaning agents and be nonabsorbent. Hose assemblies

50
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shall be designed to allow effective removal of cleaning
agents from external surfaces.

PM-4.3.3.4 Sterilizing Systems. Hose assembly re-
quirements shall be based on the sterilization method
used. All process contact surfaces should be designed
to minimize crevices. When crevices cannot be
avoided, sterilization testing shall be performed to vali-
date sterility within the system boundaries. All hose
assemblies and hose assembly process contact surfaces
shall bgdesig 2 c aITStoTTa
tion dyring sterilization and cooldown stages.

.3.5 Conformance Requirements

-4.3.5.1 General Requirements. A Certificate of
Confofmance shall be issued by the hose assembly
supplipr to certify conformance to this Standard when
requirgd by the end-user.

PM-4.3.5.2 Certificate of Conformance. The Certifi-
cate of Conformance shall contain the following informa-
tion:

(a)
(b)
(c
(d)
(e)

manufacturer’s name

part number

inique identifier of the hose assembly

material of construction of process contdct items
compliance to USP <87> (or ISO 10993-5) and USP
<88> (lass VI (or ISO 10993-6, -10, and -11)

(f) packaging and storage recommefidations (this may
be in dnother document)

The|supplier’s name and unique identifier shall be
markg¢d on either the hoserassembly itself or the
package containing the hose assembly. The unique iden-
tifier shall enable the supplier to identify the raw material
and pfocessing conditiens used to fabricate the article.
Supplifrs shall mark/the hose assembly itself to avoid
potentfial loss of fraceability and to aid in positive identi-
ficatioh of hoSe dssemblies.

PM-4.3.5.3 Test Requirements. Conformance testing
is done on initial qualification of the hose assembly.
Testing is intended to show design conformance and is
not required on every hose assembly. Testing shall be
repeated for significant changes in raw materials or
processes used to fabricate hose assemblies.

PM-4.4 Polymeric Hygienic Unions
When using polymeric hygienic unions, several appli-
ation-variables-shod e-eonsidered-te-ensusie optimum
performance. Some variables include fluid' type, process
temperature, system pressure, vibrations/ materials of
construction, sterilization method (where appropriate),
cleaning methods (where appropriate), and fluration of
use. Pressure and temperatupesratings of |polymeric
hygienic unions should be provided by the mahufacturer.
Polymeric ferrules and.clamps should be ddgsigned and
manufactured to ensure-proper fit-up and avdid leakage.
Material of construction and the molding progess impact
the tolerances of polymeric ferrules; consequgntly, toler-
ances are not.the same as they are for metallic ferrules.
Polymeric ferrules shall meet the nominal dimgnsions and
tolerances ‘'of Table DT-7.1-2 except for ditphension A,
which.shall achieve clearance as per DT-9.4(E).

PM-4.4.1 Multiuse

PM-4.4.1.1 Installation. The manufac
provide installation procedures.

urer shall

bnic unions
MC-4.2.

PM-4.4.1.2 Performance. Polymeric hygi
shall meet the seal intrusion requirements o

PM-4.4.1.3 Cleaning. Ferrules and clampp should be
cleanable as per SD-2.4.2 and SD-3.1.2.2.

PM-4.4.1.4 Bioburden Control. [Reserve
content]

| for future

PM-4.4.1.5 Seals. [Reserved for future dontent]

PM-4.4.2 Single-Use. For general single-uke require-
ments, see Part SU.

PM-4.4.2.1 Installation. See PM-4.4.1.1.
PM-4.4.2.2 Seals. See PM-4.4.1.5.
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CHAPTER 4
DESIGN FOR MULTIUSE

SD-1 PURPOSE AND SCOPE The pipe design and the flushing)sequence, indluding
) . . o associated variables (e.g., velocity), shall meet sp¢cifica-
The purjose of Part S]? isto e§tabllsh design gulflelln.es tions provided by the owner,/dser.
applicable fo bioprocessing equipment. Wherever “equip-
ment” is stated in this Part, it shall mean all bioprocessing  g§p-2.1 Containment
equipment} components, assemblies, and systems.

The purpose of this Part is to provide requirements for
the specifitation, design, fabrication, and verification of
process equipment and systems that are fit for intended
use, and tg minimize risk to the product. Part SD also
provides design guidelines that should be applied at
the discret]on of the owner/user on the basis of assessed
risk to the|product. Figures in this Part are intended to
illustrate afccepted applications of general design princi-
ples and afe not intended to limit alternate designs.

The scope of Part SD encompasses requirements for
equipment, process systems, and utilities that could
potentially] impact product quality. Specific guidanee is
provided [for bioburden control in manufacturing
processes,|including design requirements for cleaning,
sanitizatiof, and sterilization of bioprocess.systems.

SD-2 GENERAL GUIDELINES

All equigment and systems shall be designed according
to the bioptocessing applicatidnyrequirements, and speci-
fications offthe owner/user;It'shall be the responsibility of
the owner fuser to specify)any requirements for cleaning
or sanitizafion of thésequipment or system.

Following installation, to remove construction debris or
foreign bofies; process contact liquid-service systems
should be| flushed with deionized or better-quality

by the owner/user, before being placed into service. This
does not apply to single-use or precleaned components.

The design shall provide for the removal of components
(e.g., pumps, control valves, spray devices, instrumenta-
tion) that may be damaged by construction debris during
flushing. If removal is not practical, the design shall allow
for a temporary strainer installed upstream of the compo-
nent, sized to catch the debris.

52

The containment levelof the system or individuallpieces
of equipment should be specified and communicgted by
the owner/usef,

The owner/fuser shall determine the containment level
for the partieular type of equipment or system, in|accor-
dance 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 ap-
plicable local codes or environmental regulations

SD-2.2 Bioburden Control

Part SD provides recommended design featyres of
components and equipment that should be incorporated
into hygienic systems. These design elements, prjoperly
implemented and in conjunction with proper biolpurden
reduction measures such as CIP/SIP, enable hygienic
systems to control bioburden.

It is the owner/user’s responsibility to provide the
following information for the designer to detdrmine
the design features required to maintain biolurden
control:

(a) the acceptable level of bioburden before, during,
and at completion of a process step or sanitization ifiterval

(b) the duration that bioburden control needg to be
maintained whether in a closed-process or open-

This Part does not address self-sanitizing processes but
does address features of continuously operated systems
such as hot water-for-injection and pure steam that
control bioburden by continuous heat and are considered
self-sanitizing process utility systems.

SD-2.3 Bioburden Reduction

Bioburden reduction is an activity performed with the
purpose of achieving a measured reduction in bioburden
levels, in the equipment or product, to allowable levels.
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Depending on the chosen methodology or goal, the activity
may be performed prior to equipment use, between
process steps, or during a process step.

(a) For process operations in multiuse systems,
bioburden reduction is typically accomplished by, but
not limited to

(1) cleaning (with or without chemicals)
(-a) clean-in-place (CIP)
(-b) clean-out-of-place (COP)
(2)_steaming

that could thermally degrade during SIP shall be evaluated
by the owner/user.

SD-2.3.1.1.1 Requirements. Process systems
subject to SIP shall be designed to
(a) provide for air removal within the SIP boundary
(b) provide for removal of condensate within the SIP
boundary
(c) be drainable in conformance with SD-2.4.3
(d) have provisions in place for verification of SIP

(-a) steam-in-place (SIP)
(-b) autoclaving
(3) dry heat
(4) process heating
(-a) batch heating
(-b) pasteurization
(-c) high-temperature short-time (HTST)
(-d) ultra-high-temperature (UHT)
4) process filtration
(4) chemical sanitization
(-a) ozone
(-b) vaporous hydrogen peroxide (VHP)
(-c) chlorine dioxide
(-d) other acids, bases, or solvents
(1) ultraviolet light
(b) For single-use systems, where sanitization/sterili-
zation|occurs prior to product contact, bioburden reduc-
tion is|typically accomplished by, but not limited to
(1) gamma-irradiation
(4) autoclaving
(3) electron beam (E-beam)
(4) ozone
() ethylene oxide (ETO)

SD-2.3.1 Thermal Sanitization. This_Section specifies
the degign requirements for equipment that is sterilized or
sanitiZed by the application of heat. Thermal sanitization
includgs dry heat treatment, SIP for sanitization, SIP for
sterilifation, steam out of place (autoclaving), hot liquid
sterilifation, and hot liguidvsanitization.

SIP-2.3.1.1 Steam-in-Place. Equipment parts and
compqnents subjected to SIP should be designed and
constrjucted to/withstand continuous exposure to satu-
rated|steamlat a minimum temperature of 266°F
(130°@; representing 24 psig/1.65 bar under saturated
steam| conditions) for a duration of at least 100 hr

£
PETTUTIGIICTE

(e) have no dead legs within the SIP boundary
SD-2.3.1.1.2 Recommendations; ‘Process systems
subject to SIP should be designed<e
(a) avoid concurrent steam.Supplies from alternate
locations to prevent stagnant Zones/entrained air
(b) monitor temperature and pressure at dppropriate

locations (e.g., vessels) that confirm saturated |steam con-
ditions within the SIR boundary

(c) monitor temperature at every SIP bourjdary point
during performance verification

(d) enabl€ continuous verification or peri
mation of the validated state

(e) ,maintain the integrity of the system pgst-SIP

(f). maintain monitored temperature points|within 2°C
(assuming +0.5°C accuracy of the RTD) of pach other
during dwell within the SIP boundary

(g) maintain monitored temperature pointd within 2°C
(assuming +0.5°C accuracy of the RTD) of|the corre-
sponding saturated steam temperature for the system
pressure during dwell

(h) maintain monitored temperature point$ above the
minimum specified SIP temperature and in §ccordance
with SD-2.3.1.1 within the SIP boundary durjng dwell

dic confir-

SD-2.3.1.2 Depyrogenation. [Reserved|for future
content]

SD-2.3.2 Chemical Sanitization. [Reserved for future

content]

SD-2.4 Fabrication

Fabrication shall be performed in facilities| where the
process contact surfaces are protected from fontamina-
tion. During field welding and assembly, surface contam-
ination shall be prevented.

under continuous steady-state conditions. All process
contact surfaces subjected to SIP shall reach the required
temperatures, under the required saturated steam pres-
sure conditions, during the SIP cycle. Executing SIP opera-
tions at temperatures exceeding 266°F (130°C) may cause
degradation of elastomers or damage to other compo-
nents, resulting in reduction of overall equipment life.
SIP conditions that are more stringent may be imposed
by the owner/user. The use of elastomers (within a
piece of equipment or certain process instrumentation)

Systemsrequipmentand-componentsshaltbe cleaned
with a suitable cleaning agent and covered for protection
before shipment. The use of preservative fluids is not rec-
ommended.

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

(a) mutually agreed to, in advance, by the owner/user
and manufacturer

(b) clearly identified to all parties

(c) in conformance to FDA or other applicable regula-
tions, as appropriate for the process
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SD-2.4.1 Materials of Construction

SD-2.4.1.1 General. Generally, materials such as
stainless steels (e.g., 316-type and 316L-type alloys),
duplex stainless steels, and higher alloys have proven
to be acceptable. The owner/user shall be responsible
for the selection of the appropriate materials of construc-
tion for the specific process. Metallic materials of
construction are listed in Part MM.

When nonmetallic materials are used (e.g., polymeric

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

(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 agreement.
Bolted attachments should be eliminated whenever

materials pr ddllcbivtb), threowrer /Iubtl stratt prLif_y
which one|of these materials shall carry a Certificate of
Conformarjce.. The conformance of material shall be expli-
citly stated (e.g., conforming to FDA 21 CFR 177 and USP
Section <88> Class VI). Polymeric materials and other
nonmetallif materials of construction are listed in Part PM.

SD-2.4
(a) Matd

.1.2 Process Compatibility

rials of construction shall be capable of with-
standing the temperature, pressure, and chemical corro-
siveness of the process.

(b) Matkrials shall be compatible with the stated
bioprocessjng conditions, cleaning solutions, and SIP con-
ditions, etq., as specified by the owner/user.

(c) Surfaces exposed to bioprocessing fluids, cleaning,
and SIP copditions must be

(1) hgmogeneous in nature

(2) impervious

(3) inprt

(4) ngnabsorbent

(5) ngntoxic

(6) inpoluble by process or cleaning fluids

(7) resistant to corrosion, scratching, scoring; and
distortion

(d) Mat
fluids shalll
dard (see MM-4).

SD-2.4.1.3 Surface Coatings. Clad or electroplated
surface codtings, plating, and surface preparatory chemi-
cals may b¢ used provided approval from the owner/user
has been obtained. All surface coatings shall remain intact
and be tolgrant to the\process, SIP and CIP fluids, and
temperatufes, without peeling or cracking.

brials that are in contact with_bioprocessing
be identified by an industry-recognized stan-

.4.1.4-Transparent Materials

used in viewing ports shall be rated for the applicable
pressure, temperature range, and thermal shock.

(b) Internally coated glass shall only be used if the
coating complies with FDA regulations or another regu-
latory authority’s regulations and is approved by the
owner/user.

SD-2.4.2 Cleanability

(a) The following provisions are applicable to tubing,
equipment, or systems intended to be cleaned:
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possible. aL

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

(b) The following provisions\dré applicable to

equipment, or systems intended to be cleaned in

(1) Internal horizofital surfaces should b¢
mized.

(2) The equipmient'should be drainable or capable of
having energy applied (e.g., pressurized gas, vdcuum,
heat) to remove liquid. The equipment shall be free of
areas where$oil or contaminants could collect. Thelequip-
ment should be free of areas of low flow and veldcity or
impaet-where soil or contaminants could collect.

(3) Design of corners and radii should mdet the
following requirements: All internal angles of 185 deg
or less on surfaces shall have the maximum radius ppssible
for ease of cleanability. Where possible, these syrfaces
shall have radii of not less than 4 in. (3.2 mm) fexcept
where required for functional reasons, such ps the
bonnet/body connection. For special cases, th¢ radii
may be reduced to % in. (1.6 mm) when agreeq to by
the owner/user. When the ', in. (1.6 mm] radii
cannot be achieved for essential functional r¢asons
such as flat sealing surfaces and flow control apefrtures,
the surfaces of these internal angles shall be readilyjacces-
sible for cleaning and examination.

ubing,
place:
mini-

SD-2.4.3 Drainability

SD-2.4.3.1 General. For the purpose of biojurden
control and cleaning, gravity is an effective yay to
enable draining. For drainability, lines shofild be
pitched to designated points at a specific slope| Refer

o Nonmandatory - Appendix Cfor suggestedmethod of
slope measurement. For drainable 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. Drainable piping/tubing systems
shall have a continuous pitch that is equal to or
greater than the slope designation. Line sections up to
10 in. (25 cm) in length (or longer with advance approval
of the owner/user) that are level or have a positive slope
lessthan the slope designation are acceptable ifthe section
is fitting-bound.
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Table SD-2.4.3.1-1

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

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

Slope Designations for Drainable Lines
Minimum Minimum Minimum Minimum
Slope Slope, Slope, Slope, Slope,
Designation in./ft mm/m % deg
GSD1 e 5 0.5 0.29
GSD2 Ye 10 1.0 0.57
GSD3 A 20 2.0 1.15
GSDO Line slope not required
SI-2.4.3.2 Drainability Design Considerations. The
systen}’s process requirements should be considered in

rocess contact lines exposed to liquid should be
to minimize pooling in the system.

ines that are steam sterilized in place should be
to enable condensate removal.

ines that are cleaned in place should be sloped to
removal of cleaning fluids.

rainability at a given slope and should also be
red. The owner/user may apply additional criteria
in the gelection of slope designation to address issues such
as profluct recovery or maintenance. Fluid retention due
to surfface tension and surface adherence should be
consiflered when using tubing less than 3/, iny
(19 mm). System leveling should be considered-for
mobild equipment that is designed to be drainable.

SIP-2.4.3.3 Slope Considerations. The recommended
minimjum slope designation for drainable proeess contact
lines i GSD2.

SD-2.4.3.4 Drain Points

(a) [Piping and equipment should be installed with
desigrjated low-point drains_and high-point vents for
draingbility. The number.of drain points and vents
should be minimized: The equipment manufacturer
shall ipdicate the proper orientation to optimize drain-
ability| The owner/user shall ensure that proper orienta-
tion is|achieved,

(b) |Systenis or equipment that cannot be drained
should beseapable of having energy applied (e.g., pressur-
ized gas;
required.

SD-2.4.4 Miscellaneous Design Details
SD-2.4.4.1 Lubricants

(a) Grease and other lubricating fluids that are used in
gearboxes, drive assemblies, etc., shall be contained to
prevent leakage of the lubricants or process, either
directly or indirectly (e.g., through seepage, seal leaks).
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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 cldaning solu-
tions. Such equipment shall conforfun/to the fpllowing:

(a) Materials of construction’should be corrpsion resis-
tant, easily maintained, cleaned, and sanitiz¢d without
flaking or shedding.

(b) Finishes shall be-Compatible with the
classification as agreed to by the owner/user
facturer.

(c) Componefts shall be capable of being
cleaned, steany cleaned, or pressure washed.

(d) All\burrs or weld marks shall be remofved.

(e) ‘Hinges should be easily removable or ¢leanable.

(f7;Equipment mounted on cabinets that arelexposed to
the environment should be mounted flush.

(g) Skids should have no openings in [the frame
allowing water retention. Supporting skid frpme struc-
tures and modules should be constructed [from fully
sealed tubes or pipes, which are easily cleangd. Frames
should have rounded rather than sharp edgek.

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

(i) Nameplates for tagging equipment [should be
constructed from corrosion-resistant material, such as
stainless steel or polymeric material, and should have
minimal crevices. The nameplates should be attached
and sealed or attached with a corrosion-res|stant wire
loop.

(j) There should be adequate clearance belgw or under
the equipment for cleaning, and a clearance fof discharge
should be provided. Elevated equipment under open
frames should have a minimum clearance off 6 in. (150
mm) for wash-down and cleaning. In othfr cases a

it . ate.

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

(1) Electrical enclosures and conduit should be clean-
able and use materials of construction that are compatible
with cleaning agents.

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

Area/room
and manu-

chemically
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SD-2.4.4.3 Surface Finishes. The finishes of process
contact surfaces shall be specified by the owner/user in
accordance with the definitions of Part SF in this Standard.

SD-2.5 Hygienic System Design

The hygienic design of the system shall incorporate the
applicable functionality for passivation, cleaning, sanitiza-
tion, steam-in-place, process fluid distribution, and
process parameter measurement and control. The
system’s hy P sefre
design shdll be integral with its operations including,
but not limjited to, valve sequencing, parameter measure-
ment, and ¢ontrols. The owner/user and designer should
evaluate tHe design across all operations to confirm that
the design mitigates contamination risk to the productand
to identify Installation, operational, and performance veri-
fication teqting requirements.

SD-2.5.1 Tube/Pipe Branches. Tube/pipe branches
that are closed (e.g., closed valve, capped branch tee)
during an [operation should be designed and installed
to mitigatp contamination risk. Tube/pipe branches
closed durfng CIP/SIP operations, designed to meet the
minimal djmensional and orientation criteria detailed
in SD-3.1.2.2, are not dead legs if they are operated,
cleaned, orfsanitized under specified conditions (e.g., velo-
city, temperature, time). Tube/pipe branches that are
open duripg CIP/SIP shall be designed to enable flow
of cleaning/sanitizing fluids under specified conditions.
Tube/pipe|branches with valves that are cycled during
processing operations should be designed to mitigate
cross-conthmination risk and are not dead legs if they
are toggled, cleaned, or sanitized under specified condi-
tions (e.g|, flow/impingement, steam penetration,
temperatufe, time).

SD-2.5.2 Tube/Pipe Instruments{ Process tubing/
piping indtrumentation and associated connection
points shofild be designed to mitigate the risk of contam-
ination due to extended ferrule connections and any
annular sgace around the) sensor. Instrument tees or
short-outlet tees confosming to DT-4.1.2 should be
used wheile feasible;-maintaining L/A < 2 [see Figure
SD-3.4.3-1/ illustration (a)]. When an instrument tee or
short-outlgt tee is*not used, the tee should be oriented
such that leanmg and sanitization fluids c1rculate into
the branc 2
sensor, and air is not trapped to avoid the formation
of a dead leg. The system designer shall identify instru-
ment locations where L/A or L/d < 2 is not met.

SD-2.5.3 Equipment Nozzles. Equipment nozzles used
to accommodate agitators, controls, instrumentation, or
process fluid transfer should be designed to mitigate
contamination risk due to extended connections or the
annular space around the inserted appurtenance by
meeting the dimensional and orientation criteria detailed
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in SD-3.5.1 and SD-3.4.3. Equipment nozzles closed during
CIP/SIP operations shall be designed to meet the minimal
dimensional and orientation criteria detailed in SD-3.4.2
and are notdead legs if they are cleaned or sanitized under
specified conditions (e.g., flow/impingement, steam pene-
tration, temperature, time).

SD-2.6 Animal-Derived Ingredients

Process contact surfaces of components equlpment
ems-shat-be and-preressed
w1th materlals that are free from ammal derived|imgredi-
ents/products (ADI/ADP), or shall be manufacturdd with
materials that meet the conditions of the ‘Committee for
Medicinal Products for Human Use~(CHMP, fofmerly
known as CPMP) Note for Guidance (EMEA/4{10/01
rev 3).

SD-3 PROCESS COMPONENTS AND EQUIPMENT

SD-3.1 Connections; Fittings, and Piping
SD-3.1.1 General

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

(b):‘Connections to equipment shall use accejptable
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 pe any
crevices or hard-to-clean areas around the gagketed
joint. ASME raised-face or flat-face flanged [joints
should be avoided where possible (see Figure SD-3{1.1-1).

(d) Ferrules and ferrule connections should not fonsti-
tute a dead leg. The use of short welding ferrules sh¢uld be
incorporated into the design to promote enhanced| clean-
ability or bioburden reduction of the system.

(e) Process contact fittings exposed to liquid sh
drainable when properly installed.

(f) Threaded fittings, exposed to process fluid, 4
recommended (see Figure MC-2.2.2-5).

(g) The use of flat gaskets may be acceptable
agreed to by the owner/user and manufacturer, fol
cations where it is considered self-sanitizing (i.e.,
steam dlstrlbutlon systems)

uld be
re not
when

appli-
in pure

shall be

in accordance with Table DT 3-1, CLR (R)

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

(22)

(22)

(22)


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

ASME BPE-2022

Figure SD-3.1.1-1
Flat Gasket Applications
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Table SD-3.1.2.2-1
L/d Dimensions for Flow-Through Tee:
Full-Size Standard Straight Tee With Blind Cap

Ce

SD-3.1.2 System Design
SD-3.1.2.1 General

(a) Product holdup volume in the system should be
minimized.

(b) Bioprocessing piping and tubing design should
have routing and location priority over process and
mechanical support systems.

(c) Pipingand connections to in-line valves should be of
all-welded construction where feasible, practical, and

f
L —=—1.D. —~
I

X 7

B A\
Nominal Wall L/d

Size, in. Thickness LD. (d) Branch, L (Branch)

Vi 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
% 0.065 0.620 2.07 3.33
1 0.065 0.870 2.19 2.52
11/2 0.065 1.370 2.14 1.56
2 0.065 1.870 2.44 1.30
2Y, 0.065 2.370 2.44 1.03
3 0.065 2.870 2.44 0.85
0.083 3.834 2.83 0.74
0.109 5.782 4.24 0.73

agreed to by the owner/user and manufactuger. To
ensure the highest degree of hygienic design, the
piping systems should use welded connections pxcept
where make-break connections are necessary.

SD-3.1.2.2 Closed Tube/Pipe Branches. Closed tube/
pipe branches will be measured by théterm L/d, where L is
the leg extension from the I.D:\wall normal to the flow
pattern or direction, and d-is'the L.D. of the extpnsion
or leg of a tubing fitting of the nominal dimensi¢n of a
valve or instrument. For'valves, L shall be measyred to
the seal point of the valve. Tables SD-3.1.2.211 and
SD-3.1.2.2-2 indicate L/d values based on the BPE |defini-
tion for various‘tubing geometries 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 determjning if
thebranch could lead to contamination. With sufficient
flow through a primary pipeline, a branch may not fonsti-
tute a dead leg.

The orientation of a branch is critical to the clearjability
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 miay still
resultinadead leg with trapped gas or residual matgrials).

For high-purity water systems, an L/d of 2 or|less is
attainable with today’s manufacturing and desigI tech-
nology. For other bioprocessing systems, such as pirifica-
tion, filtration, and fermentation having cluster, blotk, and
multiport valves, an L/d of 2 or less is achigvable.
However, it may not be achievable with certain equipment
and process configurations as they are currently [manu-
factured. An L/d of 2 or less is recommended byt shall
not be construed to be an absolute requiremer]t. The
system designer and manufacturer shall make|every
attempt to eliminate system branches with gn L/d
greater than 2. It will be the responsibility jof the
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aybtcux Trarufactutrerot C‘lcaisucx to idcutify where Xcep-
tions exist or where the L/d of 2 or less cannot be met.

An L/d of 2 or less may not be achievable for weir-type
valves clamped to tees and certain sizes of close welded
point-of-use valves, as shown in Figure SD-3.1.2.2-1, illus-
trations (a), (d), (e), (f), and (g). For the header and valve
size combinations where the L/d of 2 cannot be met using
these configurations, a specific isolation valve design, as
shown in Figure SD-3.1.2.2-1, illustrations (b) and (c), may
be required to achieve the desired ratio.
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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

~— .0, —

b N
N¢minal Nominal Tee Wall Branch Wall Branch 1.D., L/d
Tee|Size, in. Branch Size, in. Thickness Thickness d Branch, L (Branch)
% Ya 0.035 0.035 0.180 085 471
Y Ya 0.065 0.035 0.180 0.82 453
A A 0.065 0.035 0.305 0.82 2.67
%, Y 0.065 0.035 0.180 0.69 3.83
%, % 0.065 0.035 0.305 0.69 2.26
A A 0.065 0.065 0.370 0.69 1.86
1 Ya 0.065 0.035 0.180 0.69 3.83
1 A 0.065 0.035 0.305 0.69 2.26
1 Y 0.065 0.065 0.370 0.69 1.86
1 %, 0.065 0.065 0.620 0.69 1.11
1Y Y 0.065 0:035 0.180 0.69 3.83
1Y%, % 0.065 0.035 0.305 0.69 2.26
1Y%, Y 0.065 0.065 0.370 0.69 1.88
1Y%, A 0.065 0.065 0.620 0.69 1.11
1Y%, 1 0,065 0.065 0.870 0.69 0.79
2 Ya 0.065 0.035 0.180 0.69 3.83
2 A 0.065 0.035 0.305 0.69 2.26
2 Y 0.065 0.065 0.370 0.69 1.86
2 % 0.065 0.065 0.620 0.69 1.11
2 1 0.065 0.065 0.870 0.69 0.79
2 1Y%, 0.065 0.065 1.370 0.69 0.50
2%, Y 0.065 0.035 0.180 0.69 3.83
2% % 0.065 0.035 0.305 0.69 2.26
2Y, A 0.065 0.065 0.370 0.69 1.86
21 34 8-065 8-065 0-626 0-69 1.11
2% 1 0.065 0.065 0.870 0.69 0.79
2%, 1Y%, 0.065 0.065 1.370 0.69 0.50
2% 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
Y, 0.065 0.065 0.370 0.69 1.86
%, 0.065 0.065 0.620 0.69 1.11
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)

Nominal Nominal Tee Wall Branch Wall Branch 1.D., L/d
Tee Size, in. Branch Size, in. Thickness Thickness d Branch, L (Branch)

3 1Y%, 0.065 0.065 1.370 0.69 0.50
3 2 0.065 0.065 1.870 0.69 0.37
3 2%, 0.065 0.065 2.370 0.69 0.29
4 Y 0.083 0.035 0.180 0.71 3.93
4 8 0.083 0.055 0.305 0.71 2.3
4 B 0.083 0.065 0.370 0.71 191
4 % 0.083 0.065 0.620 0.71 1.1%
4 1 0.083 0.065 0.870 0.71 0.81
4 1Y%, 0.083 0.065 1.370 0.71 0.5p
4 2 0.083 0.065 1.870 071 0.3
4 2%, 0.083 0.065 2.370 0.71 0.3
4 3 0.083 0.065 2.870 0.71 0.2%
6 Y 0.109 0.035 0.180 0.86 477
6 % 0.109 0.035 0.305 0.86 2.8p
6 B 0.109 0.065 0370 0.86 2.3p
6 34 0.109 0.065 0.620 0.86 1.39
6 1 0.109 0.065 0.870 0.86 0.99
6 1Y%, 0.109 0.065 1.370 0.86 0.6
6 2 0.109 0.065 1.870 0.86 0.4
6 2%, 0.109 0.065 2.370 0.86 0.3
6 3 0.109 0.065 2.870 0.86 0.3
6 4 0.109 0.083 3.834 0.86 0.22

60


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

ASME BPE-2022

Figure SD-3.1.2.2-1
Accepted Point-of-Use Designs

Note (1)

N Note (2)

/—Typical short-outlet t¢e

Minimal gpan
_Y'__ (room f
clamp odnly)

H D | ﬁ)
=
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(d)

Branch may
be full or
reduced size

Short outlet
Note (1)  to minimiz§
branch
length

Tangential side outlet
(to provide full drainage)

Al

(f (g)

NOTES:
(1) L/d of 2 or less.
(2) L/d = 0 (preferred).
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Figure SD-3.1.2.3-1
Double Block-and-Bleed Valve Assembly

V N\ V N\
~ ~ ~ N ~ ~ ~ N
© eH
Procesq 1 — — — - Procegs 2

SD-3.1.2.3 System Piping

(a) Routing of piping should-be-as direct and short as
possible tolensure a minimal.quantity of CIP solution to fill
a circuit and eliminate excessive piping and fittings.

(b) Crogs-contamination of process streams shall be
physically| prevented. Methods of separation used in
industry afe

(1) rejmovable spool piece
(2) U{bend transfer panel

©
©

[ |

© 0

|
I
‘ \ Bleed valve

(g) Field bending of tubing is permitted for diameters
up to and including % in. (15 mm). The centerline radius of
field-bent tubes should be not less than 2.5 tinjes the
nominal tube diameter to mitigate the risk of ipterior
surface damage (e.g., wrinkles, striations, and cfacks).
Field bending of tubing in larger diameters or sjmaller
bend radii may be used with the approval pf the
owner/user when appropriate examination techhiques
and procedures (e.g., visual, borescope, and sectioning)

are used

(3) double block-and-bleed valve system (see
Figure SD-3.1.2.3-1)
(4) mix-proof valving
(c) Theuse of fluid bypass piping (around traps, control
valves, etc.) is not recommended.
(d) The use of redundant in-line equipment is not rec-
ommended due to the potential creation of dead legs.
(e) Eccentric reducers shall be used in horizontal
piping to eliminate pockets in the system.
(f) The system shall be designed to eliminate air
pockets and prevent or minimize air entrainment.

(h) Ball valves are not recommended in fluid hygienic
piping systems. See SD-4.2.3(b) for further comments.

(i) See SF-2.4 regarding cleaning and passivation.
Passivation of electropolished surfaces is not required
unless the surface has been altered (e.g., welded or
mechanically polished) or exposed to external contamina-
tion after electropolishing.
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(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
M]-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 classified
spaces. Hygienic support design should incorporate drain-
able geometry to facilitate cleanability, have no exposed
threads,-a e mini i ecti

hents of the installed location. The materials shall
have adequate strength and durability to withstand the
applicqtion of any continuous or cyclic thermal exposure
that may be encountered in the designed service.

(b) [The piping should maintain proper continuous
slope for drainability. Hygienic support systems shall
assist jn maintaining the required slope and alignment
under]| all operating conditions, taking into account
thermjal cycling, distortion, settling, moment loads,
fluid dpecific gravity, etc. The support system should
be dedigned to distribute loads and stresses from any
potential movement. The supports shall be installed
withojut adding stress to the tube or pipe in an
attempt to achieve a desired slope.

(c) The support systems shall provide for, and control,
the infended movement of the system. The designer

should take into account system and equipment move-
ment Wwhen planning the design. Anchoring sSystems
should be designed to avoid piping motionin any of

the three Cartesian axes. Guiding systems-should be
designled to allow piping axial motiontdue to thermal
or mefhanical loads. An anchor setrves 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) Bupports/hangers should be installed close to each
changg in direction of piping. The only exception is on
short $ubassemblies using small-diameter tube [<1.000
in. outpide diametep{0.D.)] that is installed in a drainable
positign and doesnotbear any additional weights orloads
from pther pfocess equipment. Hangers shall be of

that will permit the piping to deflect under operating con-
ditions.

SD-3.1.2.4.2 Pipe Hangers and Supports for
Nonmetallic Piping

(a) Nonmetallic piping system hangers and supports
shall be engineered based on the specific materials
selected. When properly installed, stress concentration
points will be minimized. The supports and hangers

2 insta inahili overcome
any deflection. Refer to manufacturer’s recomihendations
for spacing, which is based on calculatiens that take into
consideration the piping material, density, fnodulus of
elasticity, diameter and wall thickness.of the pipe, specific
gravity of the fluids being transperted, operatir]g tempera-
ture, and thermal expansiow preperties.

(b) The requirement of ‘a.edntinuous supp¢rt shall be
determined based on the-9perating temperatufres and the
specific gravity of the”process fluid being trjansported.
Support channelsymay be available in a |V” or “U”
section and shall be manufactured with no sharp edges
that may emibed or cause damage to the pige exterior.
These are commonly available in stainless stdel or fiber-
glass reinforced plastic (FRP) materials. Theqe supports
cannot'restrict axial movement of the piping and shall be
approved by the owner/user.

SD-3.2 Hose Assemblies
SD-3.2.1 General

(a) Permanently installed hose assembligs shall be
installed and supported for drainability [fee Figure
SD-3.2.1-1, illustrations (a) and (b)]. In femporary
runs, hose assemblies may be manually drgined after
disconnecting.

(b) Hose assemblies shall be installed to avojd strain on
end connections. Hose assemblies shall not bg used as a
substitute for rigid tube fittings or as tension dr compres-
sion elements.

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

(d) Hose assemblies shall be easy to removg for exam-
ination or cleaning.

adequate strength and durability to withstand the (e) Hose assembly shall be clearly markeq or tagged
imposgedloads per MSS SP-58, Table 1. Per manufacturer’s with the design-allowable working pressure/vacuum
recom nnr‘qﬁnnc’ cnppnri’c/hann‘nrc should he installed and dEQiQn temperature range.

as close as possible to (and on both sides of, if possible)
concentrated loads including valves, instrumentation, and
filter housings.

SD-3.1.2.4.1 Pipe Hangers and Supports for
Metallic Piping. Metallic piping system hangers and
supports shall be installed in conformance to MSS SP-
58, MSS SP-69, MSS SP-89, and ASME B31.3 standards.
To enable drainability, the metallic pipe or tube to be
installed shall meet the straightness criteria of ASTM
A1016. The support spacing shall not exceed a distance

63

(f) Hose assemblies shall be inspected and maintained
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 movement or drainable offset at installation.

(b) The interior surface of the flexible element shall be
cleanable and drainable.

(22)

(22)
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Figure SD-

3.2.1-1

Flexible Hygienic Hose Design

Equipment

Drainable

(a) Accepted

Securing collar or ring

Flexibje element

Substarnti
f

\ Hygienic fitting

with hose barbs

Uniform sealing force
(c) Accepted

(c) The|materials used shall be compatible with
cleaning afpd SIP conditions.

SD-3.2.3

(a) End|connections shall be of a materialiand design
sufficiently| rigid to withstand the combined forces of the
burst pregsure rating of the flexible‘element and the
compressign forces required to affectthe secure assembly
with the fleikible element. [Refepto-Figure SD-3.2.1-1, illus-
trations (c) and (d).]

(b) End|connections shall.be of a material compatible
with the grocess fluid| cleaning solutions, and steam

End Connections

Flexible element

, .
COW POTITT

Equipment

Flex hose in horizontal

(b) Not Accepted

Band-type clamp

Gap

Process
region

1 M\Hygienic fittin

Nonuniform sealing force with hose ba

(d) Not Accepted

(b) The owner/user shall evaluate whether holdup
volume and drainability characteristics of a diaphragm
pump are acceptable for the application. Some process
applications require the process system, including the
diaphragm pump, to remain continuously flooded with
sanitizing solution instead of being drained.

(c) Process contact diaphragms, O-rings, gaskefs, and
seals shall conform to Part MC. Process contact njetallic
materials of construction shall conform to Paft MM.
Nonmetallic process contact surfaces incljuding
diaphragms shall conform to Part PM.

(d) Where applicable, check valves shall confprm to

hre not

nand

where applicable. Materials shall meet the requirements SD-3.13
of SD-2.4.1| or Part BN (e) Where used, diaphragm fasteners shall be atfached
(c) End|confiections shall meet all surface finish re- within the pump head such that crevices or threads
quirement$ ofPart SF. exposed to the process fluids.
(d) End connections shall be a hyglenlc connection (f) Thc uvvucx/ubcx olluuld Luubidc1 lca}\ dctcuti

design per MC-3.3.2.

SD-3.3 Pumps
SD-3.3.1 Diaphragm Pumps

(a) Diaphragm pumps may be used in positive displace-
ment pump applications. Diaphragm pumps are available
that provide features such as low shear, constant flow or
pressure, low pulsation, high turndown ratio (e.g.,
1,000:1), and low particle generation.

64

leak path design of the pump to identify a failure that can
lead to process contamination or biohazards.
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
owner/user (e.g., process, CIP, SIP, passivation).
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Figure SD-3.3.2.2-1
Pump Impeller Configurations

(a) Open

(b) All process contact connections to the pump shall be
of a hygienic design (see Figures MC-2.2.2-1 through
MC-2.3.2-4).

SD-3.3.2.2 Centrifugal Pumps

(a) Hygienic centrifugal pumps shall be capable of CIP.

(b) |All process contact surfaces shall be drainable
withoyt pump disassembly or removal.

(c) Phrouded/closed impellers.should not be used.
Figurd SD-3.3.2.2-1 illustratesopen, semi-open, and
closed|impeller configurations:

(d) [The impeller shall be'attached to the shaft in such a
way tHat all crevices and-threads are not exposed to the
procegs. Threads, stch as in an impeller nut/bolt, shall be
sealed by an, Osring or hygienic gasket. Refer to
Figurg SD-3.8.272-2. The use of O-rings or hygienic
gaskets shall\be consistent with Part MC.

(e) Puction, discharge, and casing drain connections

(b) Semi-Open

(c) Shrouded/Closed

(i) All pump seals should be designed to mihimize seal
material degradation.
(j) Shaft seals shall conform to Part MC.

SD-3.3.2.3 Positive Displacement Pump$

(a) When possible, positive displacemé¢nt pumps
should be configured with vertically mounpted inlets
and outlets to promote drainability and ventjng.

(b) When using internal bypass pressure relief devices,
they shall be of a hygienic design. It is preferfed that an
external, piping-mounted relief device (hygiehic rupture
disk) rather than a pump-mounted bypass b¢ used.

SD-3.3.2.4 Rotary Lobe Pumps

(a) The owner/user shall specify the chemidal, thermal,
and hydraulic operating conditions of the '1ump (e.g,.

process, CIP, SIP) to ensure proper componerit selection.
Hygienic rotary lobe pumps are temperaturg sensitive

shall be an infegral part of the pump casing.

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

(g) The use of an elbow-type casing drain is not rec-
ommended without the use of an automatically controlled
drain. The casing drain connection shall be designed to
minimize the L/d as shown in Figure SD-3.3.2.2-4.

(h) The pump discharge connection should be tilted to
allow for full venting of the casing (see
Figure SD-3.3.2.2-3).

(e.g., rotor to casing contact due to thermal expansion).

(b) The pump should be designed and installed to mini-
mize holdup volume.

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

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


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

/—Sealing region

ASME BPE-2022

Figure SD-3.3.2.2-2
Acceptable Impeller Attachments

(a) Impel

fﬁ
:

/—Sealing regf
“ |

/—Sealing re

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

hion
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Figure SD-3.3.2.2-3
Casing Drain Configurations

(a) Horizontal (b) Vertical

67
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Figure SD-3.3.2.2-4
Casing Drain L/d Ratios

9

()

|

(a) Weir-Style
Diaphragm Valve

A

[—=

(b) Radial-Style
Diaphragm Valve

(c) Capped
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Figure SD-3.3.2.4-1
Rotary Lobe Pump Rotor Attachment

Rotor
_\ Pump cover
A /_
A

Rotor fastener
Shaft \ v

(f) Allinternal surfaces should be sloped or pitched for
drainability.

(g) Test protocols for drainability shall be agreed on in
advance by all the parties (see SD-7.4). 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
hnn-ﬂnml-fhrnngh nozzles an I’/rl of 2 or less is recom-

J

O-ring /

(e) All process contact O-rings, gaskets, and shaft seals
shall donform to Part MC.

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

SD-3.4 Vessels

SD-B.4.1 General. This section defines the require-
ments|that are to be met in the design, fabrication, and
supply| of pressurized and nonpressurized biopharmaceu-
tical vessels.

(a) [Design and fabrication of vessels and dnternal
compgnents shall ensure that surfacessare free of
ledges] crevices, pockets, and other surface irregularities.
If mork restrictive tolerances are required, they shall be
includgd as part of the fabrication specifications for the
project.

(b) All heat transfer surfaces should be drainable and
ventalle.

(c) Reinforcing pads, deubler plates, poison pads, etc.,
should be constructed’of\the same material as the vessel.
These|components should be installed on non-process
contaft surfaces=No telltale holes are allowed on
procegs contact surfaces.

(d) Vessels'that are to be exposed to temperatures
above|176°F (80°C) [e.g., SIP, hot water-for-injection

mended (see Figure SD-3.4.2-1).

(b) Nozzles less than 1 in. (25 mm) indiam¢ter are not
recommended unless the system desigh.provides for SIP
and CIP through the nozzle.

(c) Bottom-mounted agitators,valves, padj, etc., shall
not interfere with the drainpability of the vessel.

(d) Sidewall instrument'probes and nozzle$ should be
sloped for drainabilityyuinless the instrunjents used
require horizontal mounting (see Figures SD-3.4.2-2
and SD-3.4.2-3).

(e) Blank cévers or hygienic plugs used [in process
contact applications shall have the same fipish as the
vessel internals.

(f) Drain valves should be drainable, designed with a
minimum branch L/d, sized, and installed to erjable vessel
drainability for all operations.

(g) Thenumber and location of spray devices should be
selected to eliminate shadowing of compomnents (e.g.,
manways, mixer shafts, dip tubes, baffleq, sidewall
nozzles).

(h) Manways should be located on the vess¢l top head.
If sidewall manways are required, they shall b¢ sloped for
drainability.

(i) Sample valves shall be designed and installed in
accordance with SD-3.11.

(j) Asrequired by the process, inlet nozzleg tangential
to the vessel surface may be used (see Figure §D-3.4.2-4).

(k) Manway covers should be dished rathey than a flat
design.

(1) Flanges that have metal-to-metal confact on the
process contact side shall not be used.

(m) All nozzles should be flush and radius¢d with the
interior of the vessel except where projefctions are
required to ensure additives are directefl into the
process fluid (e.g., chemical addition) (dee Figure

(WFI), ot 5-S—Pirarmacopeia (GSPIwaters, amd ot
CIP solutions] should be designed for full vacuum
service [maximum allowable working pressure-external
of 15 psig (1 barg)].

(e) Topandbottom heads on vessels thatare cleaned in
place shall be drainable. Dished heads such as torisphe-
rical [e.g., ASME flanged and dished (F&D), 80:10 F&D],
elliptical, and hemispherical are the most common types.
Flat or conical heads should slope at not less than % in./ft
(10 mm/m) to a common drain.
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SD-3-4.2-5}

(n) Flanges for bottom, centerline-mounted agitators
should be designed in accordance with Nonmandatory
Appendix EE (see EE-3.3).
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Figure SD-3.4.2-1
Nozzle Design

- — Minimize

& i L [Minimize

Minimum 1 in. between nozzles —

Vertical Nozzles Radial Nozzles

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

Same distance

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

74

(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.

70


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

NOTES:

ASME BPE-2022

Figure SD-3.4.2-2
Side and Bottom Connections

Dished head or shell

\Radius
|

-7 N

Note (1) (a) Accepted
JAN N \2
Note (2) A i
(b) Accepted (c) Not Accepted

(1) If alflat gasket is used, mismatch of diameters can result in _crevices.

(2) Tel

tale hole required.

Nondraining edg
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Figure SD-3.4.2-3
Sidewall Nozzles

Minim

NOTES:
(1) May alsd
(2) Installed]
(3) Direct C
(4) Mountin

M
Slope
— )
. . — T w1
Minimize — 4
landing _>|_/
Minimize

ze landing

(a) Accepted
[Notes (1) and (2)]

be pitched per application.

P impingement required.

b hardware removed for clarity.

(b) Accepted
[Note (3)]

plug, instrument, or device may require manual cleaning out of place.

Z

(c) Accepted
[Notes (1) and (4))
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4.2-4

Vessel Design Tangential Nozzles

GENER/

=
B

Al =

il

Definition of L/d for Tangential-Inlet:

Top Section

AL, NOTE: CIP through nozzle

View
isyrecommended.

Figure SD-3.4.2-5
Typical Nozzle Detail

= ‘ o [ng o
/{;Ség Inside groove design

Outside groo

Ve design

(a) Swage/Butt Weld De

Radius

sign

(Accepted: If Vessel Wall Is With Fillet Design

Thin Enough to Flare

) (Accepted)
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(b) Full Penetration Groove Weld
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Table SD-3.4.3-1
Annular Spacing Recommendations for
Hygienic Dip Tubes

Dip Tube Size Mount Nominal

SD-3.4.4 Fabrication

(a) Weld joint designs shall conform to M]J-3.2. For
process contact surfaces, butt joints should be used
and the use of lap joints should be minimized. Intermittent

Tube 0.D. Size welds shall not be used on process contact surfaces.
in. mm in. mm (b) Flanges are not recommended for process contact
Y 12.7 2 50 applications, and their use should be minimized. The bore
A 19.1 2 50 of weld neck flanges shall be the same as the LD. of the
1 25.4 3 75 connected components to prevent ledges and nondrain-
11/2 38.1 3 75 d‘l)1€ dI'©ds.
2 50.8 4 100 (c) Where slip-on flanges are used, the process dontact
21, 635 4 100 fillet weld shall be designed for drainability and [IP.
3 76.2 6 150
4 101.6 6 150 SD-3.4.5 Finishes
(a) Surface finishes shall be spécified in R, valugs (see
Table SF-2.4.1-1).
SD-3.4.3 Internal Components

(a) Sparger and dip tubes shall be designed in accor-
dance with SD-3.4.1(a), SD-3.4.1(d), SD-3.4.1(f), and
SD-3.4.1(d). Sparger and dip tubes shall incorporate
low-point ¢lrains [where applicable, i.e., horizontal lines
should slope at not less than % in./ft (10 mm/m)] and
be properly supported to ensure drainability. Refer to
Table SD-3.4.3.1-1 to determine the appropriate slope
designation.

(b) Dip fubes and spargers mounted in the nozzle neck
should have an annular space between the 0.D. of the dip
tube or sparger and the L.D. of the nozzle neck in accor-
dance with{ Table SD-3.4.3-1. An L/A of 2 or less is recom-
mended (s¢e Figure SD-3.4.3-1, illustration (a)]. If alarger
L/A exists, p method for cleaning this space shall bespeci-
fied. In all fases, sufficient annular space to allow access
for CIP coyerage shall be provided.

(c) Dip tubes shall be designed for CIP-or-€leaning out of
place (COPJ). Spargers should be designed for CIP. Where
the sparging device cannot be CIP‘d;*the device shall be
removable|for COP or replaceable:

(d) Removable dip tubes-and spargers shall be
designed fo ensure that.the installation orientation
conforms yith the design/intent.

(e) Spray devicés'shall meet the requirements of
SD-3.9.

(f) Internal Support members shall be solid, rather than
hollow, begausé hollow support members have a higher

(b) Process contact surface finish specifications shall
pertain to all the wettéd or potentially wetted syrfaces
(e.g., vapor space, nozzle necks, agitators, thermpwells,
dip tubes, baffles):

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

e, etc.,

SD-3.4.6 Sight Glasses

(a) “Sight glasses on vessels should be designed with
reference to SD-3.4.2(a). Sight glasses on vgssels
should be designed with the smallest L/d possifjle and
incorporate cleanable O-ring designs when applicable
(see Figure SD-3.4.6-1).

(b) RefertoPI-9.1.2.3 for additional sight glass r¢
ments.

(c) Surface finish for the metal frame shall mg
requirements of Part SF in this Standard.

(d) Sight glasses shall be marked with the glask type,
maximum pressure, and temperature rating per D[T-11.1
and DT-11.1.1.

(e) Part MC requirements shall be met when mgunting
a sight glass.

(f) Preferred sight glass mountings are shd
Figure SD-3.4.6-1.

quire-

et the

wn in

SD-3.4.7 Portable Vessels

(a) Casters shall be cleanable and compatible with

cleanina-solutions-usedfor-external-cleanina

risk of fatigue and contamination problems (see Figure
SD-3.4.3-2).

(g) Mitered fittings for internal pipe work should be
avoided. When mitered joints are used, they shall be
designed and fabricated in accordance with the appro-
priate codes.

74

(b) Casters should be designed for the environment in
which the vessel will be used.

(c) Portable vessels should be designed to resist over-
turning during normal operating conditions.

(d) Flexible hoses used to connect portable vessels
shall meet the requirements of SD-3.2.

(e) Provisions for static grounding should be evaluated
and incorporated into the vessel design, if required. The
connections for static grounding should be designed to be
cleanable.
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Figure SD-3.4.3-1
Accepted Nozzle Penetrations

Mechanical seal area

fasnal

A
(a) Dip Tube or Sparge
[Notes (1) - (3)] W,
—
—F
&

(b) Agitators
[Notes (2) and (4)]
NOTES:
(1) Nozzle and dip tube size per Table SD-3.4.3-1.

(2) L/Aless than 2:1.
(3) Reduirements also apply to nozzles with instrumentpenetrations.
(4) A491in. (25 mm) minimum.
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Figure SD-3.4.3-2
Internal Components

1

allows
(a) Hygienic Design

and Curved Surface)

Continuous weld

Drainable

Welded pad or
doubler plate

Capable of CIP
(no shadows)

(c) Good Design
(Accepted)

\ Support brace can
be deleted if design

(Accepted: Sloped, Minimum Shadow,

~/ Thermowell

S

Shadow -/\i/

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

Intermittent weld:
not drainable
crevice

S

Doubler plate

\ Not capable of
Q}QQ? CIP (shadow)

(d) Poor Design
(Not Accepted)

Pooling

potential
o
| Thermowell

Cascading
>5 deg actio%

(e) Positive Slope in All Directions
(Accepted)

Droplet formation
e

(f) Positive Slope in Only One Direction
(Accepted)
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Figure SD-3.4.6-1

Sight Glass Design (Accepted) (22)
7 7/ 7
N\ IRRAIEN
(a) Full Flange Sight Glass (b) Hygienic Clamp on Hygienic Pad Connection

on Hygienic Pad Connection [Note (1)]

%
\
A \ .
NN
(c) Hygienic Clamp Sight Glass (d) Hygienic Cross Sight Flow Indicator

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

1) Mounting hardware removed for clarity.
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SD-3.4.8 Media Bulk Containers. [Reserved for future
content]

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

SD-3.5 Agitators and Mixers
SD-3.5.1 General

(a) All process contact surfaces of agitators and mixers

with their gsseciated-components—shall be-accessible
the cleaning fluids for clean-in-place service (CIP; e.g.,
via spray, flirected flow, immersion).

(b) Prodess contact surfaces should be drainable and
shall not ifterfere with vessel drainability.

(c) Madhined transitions (shaft steps, coupling
surfaces, Wrench flats, etc.) should be smooth, with 15-
deg to 45-fleg sloped surfaces.

(d) The jannular space between the agitator shaft and
the agitato} nozzle shall, for cleaning purposes, have an
L/A of 2 or |ess, or aminimum of 1 in. (25 mm) gap, which-
ever is larger, to facilitate CIP spray coverage [see
Figure SD-B.4.3-1, illustration (b)].

(e) The manufacturers of agitators and mixers shall
provide a design that meets the cleaning and sterilization
specificatiqns provided by the owner/user. The manufac-
turer shall verify that their equipment is capable of being
cleaned.

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

(1) thle use of O-rings or hygienic gaskets-to seal
between mating surfaces shall be consistent with the
current ghidance provided in Part MC_(seé Figure
MC-3.3.2.211).

(2) the selected mounting arrangément will support
the agitatqr mounting design loads while achieving an
appropriate seal.

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

(g) Bottom, centerline-mounted agitators should be
designed ih accoxdance with Nonmandatory Appendix
EE (see EH-3.1).

(h) SocKethead cap screws shall not be used in process

(k) Agitator mechanical seal performance and the
seal’s ability to maintain a closed system for bioburden
control, process containment, etc., is a function of agitator
shaft and drive assembly mechanical integrity. Agitator
design should address the dynamic forces that act on
the shaft and impeller assembly (e.g., maximum
applied torque and impeller hydraulic forces) and the
resonant frequency of the assembly to ensure that compo-
nent alignment and deflection are within the manufac-
turer’s tolerance. The agitator torque, bending
moment, and vertical downward mounting loadf shall
be provided by the manufacturer to support|désign of
the associated vessel mounting flange/nozzle.

SD-3.5.2 In-Tank Shaft Couplings

(a) Welded in-tank shaft connections are prefgrred.

(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 inyFigure SD-3.5.2-1.

(d) In-tank coupling location should be driyen by
process and mechanical considerations.

(e) Threaded.shaft connections are accepted
tank couplings [see Figure SD-3.5.2-1, illustration

(1) Shaft rotation is limited to a single direct
threaded shaft connections to ensure that shaft sg
do .ot separate.

(2) The designer will ensure that the ude of a
threaded shaft connection is appropriate for the s¢lected
shaft diameter and design loads.

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

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

(g) The preferred location for fastener hardwarje is on
the underside of couplings. Accepted fastener] 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 or enpgraved
markings that might inhibit cleanability.
(i) O-rings rather than flat gaskets are preferred|to seal
coupling mating surfaces. Figure SD-3.5.2-2 presefts the

for in-
@],
on for
ctions

contact appheations:

(i) 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.).

(j) The use of in-tank nonwelded connections (shaft
couplings, impeller hub-to-shaft, impeller blade-to-hub,
etc.) should be avoided to minimize potential cleanability
issues.

78

following acceptable-approachesfor seal-applications:
i) F Fr Pr .

(1) O-ring located in a single groove inboard of the
coupling O.D. [see Figure SD-3.5.2-2, illustration (a)]; O-
ring compression, internal space to accommodate
compression, and outboard clearance space all designed
to minimize the intrusion of process fluid between the
coupling faces and to facilitate flow of CIP fluid.
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Figure SD-3.5.1-1
Agitator Mounting Flanges

[N
|-

(a) Bolted Flange With O-Ring

(c) Pad Flange

W
7L/

(b) Hygienic-Union With Gasket
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Figure SD-3.5.2-1
Shaft Coupling Construction

15 deg to 45 deg

"

\

i

i

(a) TH

NOTE: (1) S

Wrench flats

Note (1)

readed Coupling
(Accepted)

e Figure SD-3.5.2-3 for alternative bolt seals.

15 deg to 45 deg

Y

ulluu

.
_
N\

(b) Bolted Coupling
(Accepted)

i
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Figure SD-3.5.2-2
Shaft Coupling Seal Arrangements

(a)

N\

TN
SLIIININ

%

[hreaded Coupling-Example

O-ring groove detail

&
S
<

Detail, Accepted Alternptives

(b)
(c)
(d)
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(2) Alternate construction for O-ring located in a
groove just inboard of the coupling 0.D. [see
Figure SD-3.5.2-2, illustration (b)]; O-ring restrained by
lip at coupling circumference with clearance space
provided as above to ensure cleanability of the coupling
area.

(3) Alternate construction for O-ring located in
grooves in both coupling halves inboard of the coupling
0.D. [see Figure SD-3.5.2-2, illustration (c)]; outboard
clearance space provided as above to ensure cleanability

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

(3) Removable hardware (e.g., impeller hub and
shaft, impeller set-screws and hub) 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 disk turbines, concave-
blade disk turbines) may require additional design or

of the coupling area.

(4) Ofring with attached inboard flat segment
located befween coupling faces [see Figure SD-3.5.2-2,
illustration} (d)]; outboard clearance space provided as
above to ehsure cleanability of the coupling area.

(j) Boltdd flanges shall be sealed. Examples of accepted
fastener sefals are shown in Figure SD-3.5.2-3 as follows:

(1) Ofring seal [illustration (a)]

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

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

SD-3.5.3

(a) One
couplings,
(b) Solid

Shafts and Keyways

piece shaft construction, without mechanical
s preferred.
shafts are preferred over hollow shafts.

(c) Hollpw shafts, if used, shall be of sealed (welded)
constructign, inspected for integrity, and accepted per
criteria given in Part M] prior to installation.

(d) Keyyays exposed to the process are not recom-
mended.

(e) Keyways, where employed due to mechanical
design confiderations, shall have edge radii as specified
by SD-2.4.2(b)(3).

(f) Keyways may require additional desigior cleaning
practice to| ensure drainage and cleanability (e.g., spray
ball or wand additions, increased CIP flow, and adjusted
spray covejrage).

(g) Permanentshafthardwarefinstalled on the process
contact side, that may be required for routine mainte-
nance (e.g.{support collars formechanical seal installation
and removpl, lifting eyesfor shaft or impeller installation
and removfal) shall be drainable and cleanable.

SD-3.5.4 Hubs and Impellers

(a) All-welded impeller assemblies (e.g., hubs, blades)

cleaning practice to facilitate liquid removal andJ clean-
ability (e.g.drain holes, spray ball or wand additions,
increased CIP flow, adjusted spray coverage, injpeller
rotation).

SD-3.5.5 Impeller and Shaft Sapport Bearing$

(a) Normal operation of a shdft-steady bearirlg or a
magnetically driven mixer*with in-tank impeller or
shaft support bearings (see Figures SD-3.5.5{1 and
SD-3.5.5-2) generates particulate debris. It is the rpspon-
sibility of the owner/user to establish compliande with
applicable standards:(e.g., USP limits for particulat¢ mate-
rial in injectables)“as appropriate.

(b) Tank plates that support bottom-mounted rhagne-
tically driven’mixers shall not interfere with vessel drain-
ability,

(¢)*When an application mandates the use of]
steady/foot bearings, design features and proc
are required to ensure cleanability (e.g., drain
spray ball or wand additions, increased CIP flow
ating the steady bearing immersed in CIP fluid).

(d) Shaft-steady bearings, where used, shall no
fere with vessel drainability.

(e) Shaft-steady bearing pedestal support megmbers
may be of solid or hollow construction. Hollow pg¢destal
supports, if used, shall be of sealed (welded) constr}iction,
inspected for integrity, and accepted per criteria gjven in
Part M] after installation.

(f) Magnetically driven mixers require design fdatures
and procedures to ensure cleanability (e.g., drainf holes,
spray ball or wand additions, increased CIP flow} oper-
ating the agitator with the magnetically driven impeller
immersed in CIP fluid).

(g) The arrangement of wear surfaces (bushing, shaft,
or shaft sleeve) shall enable drainability.

shaft-
pdures
holes,
oper-

inter-

are preferred:

(b) Impeller hubs welded to the shaft are preferred
over removable hubs.

(c) Removable, hygienic impellers may be used where
impeller adjustment or substitution is required for
process reasons or where impeller removal is required
due to mechanical design and/or installation considera-
tions.

(1) Removable impellers may be one-piece or split
hygienic construction.

82

$D=3-5-6 Mechamitat Seats

(a) Mechanical shaft seals shall incorporate design
features for drainability, surface finish, material of
construction, etc., as outlined in Part SD, and shall be
suitable for the application (e.g., process, CIP, SIP, passi-
vation).

(b) Normal operation of a mechanical seal generates
particulate debris. It is the responsibility of the owner/
user to establish compliance with applicable standards
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Figure SD-3.5.2-3
Fastener Seal Arrangements: Alternative Bolting Designs

IN

i

&é r

(a) Accepted (b) Accepted (c) Accepted
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Figure SD-3.5.5-1
Shaft-Steady Bearing

Mixer shaft

Bushing (press fit
into housing)

e Chamfer radius

Weld in place

/

74

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

Tank bottom

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

Hygienic set
with.O-ring

Detail A

screw

N

(b) Alternative Bushing Securing Method

Detail A

84

0-Ring With Groove Exposed for Flushing
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Figure 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 —\

Motor

(e.g., USP limits for particulate material ininjéctables) as
appropriate.

(c) Beal debris wells or traps (see Figure MC-2.3.2.3-2)
may b¢ used to prevent ingress of sedl face wear particles
that cquld contaminate the process fluid.

(d) Refer to Part MC for-specific seal design details.

(e) Mechanical seals_forvbottom, centerline-mounted

er blades

(c) Process contact surface finishes shgll be fully
inspectable to confirm surface finish quality. When inspec-
tion is not practical, prior to fabrication or prpcurement,
the manufacturer should provide inspectabje samples
representative of the fabrication process.

SD-3.6.1 Application Design Consideratiohs

agitators should beg)designed in accordance with (a) The heat exchanger should be designed and fabri-
Nonmandatory Appendix EE (see EE-3.2). cated to provide smooth, crevice-free procgss contact
surfaces.
SD-3.6 Heat'Exchange Equipment (b) For hygienic heat exchanger applicatijons where
(a) Required operating conditions should be estab- crevices cannot be av01ded. (€8, pI‘O.d}lCt o the shell
. : : : side), the system shall be designed to mitigate fontamina-
lished prior to the design or selection of the heat . L ; . L. . e
O TTSK tITOUgITOPETatioal COMtIols (€.8,, Seli-sanitizing

exchanger. The manufacturer’s design shall take into
account the most demanding of these operating condi-
tions.

(b) To reduce process contamination risk, systems
using heat exchangers should be designed such that
the operating pressure for the process contact side is
greater than the operating pressure of the non-process
side.

conditions).

SD-3.6.2 Shell and Tube

(a) Shell-and-tube heat exchangers shall be of a double
tubesheet design to prevent product contamination in the
case of a tube-to-tubesheet joint failure (see Figure
SD-3.6.2-1).

(b) After the tubes are expanded into the inner and
outer tubesheets, the process contact surface shall
meet the specified surface finish requirement.
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Figure SD-3.6.2-1
Double Tubesheet Heat Exchanger Bonnet Design

Outer tubesheet Inner tubesheet

Accepted Bonnet
|
%4

H ]

Full radius on
bonnet pockets _ 4

Pass rib drain slot / Shell assembly

Note (1) /
%
Al e

ﬁ - 1
i 1
T B \l_l/ 171 +
- |IBEESIS —

Tube deformation from forming /\ U-tube bundle

(typical on both tubesheets)

Inner tubesheet

Duter tubesheet ——I |<— Leak detection slots

]

U j Tube bundle must slope toward bonnet

/ ‘ U-tube bundle

Tube hole key cut groove
(typical on both tubesheets)

Seal weld-\

NOTE: (1) (wner/user to specify inlet tubing slope. Heat exchanger manufacturer to slope inlet on bonnet to match inlet tubing d4lope.
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(c) Tubes shall be welded to the outer tubesheet to
eliminate any crevices.

(d) The distance between inner and outer tubesheets
shall be sufficient to allow leak detection.

(e) The process contact side of the heat exchanger
system shall be drainable or capable of having liquid
removed by other means (e.g., pressurized gas,
vacuum, heat). The manufacturer should specify the
required drainable orientation for the heat exchanger.

(f) When transverse baffles are required, they should

Fortubesnotincludedin the table,a minimum bend radius
of 1.5 times the tube diameter is recommended, however
SD-3.6(c) should be consulted.

SD-3.6.3 Plate and Frame. Plate-and-frame-type heat
exchangers should be used only by agreement between
the owner/user and designer due to the difficulty of
CIP and SIP.

SD-3.7 Transfer Panels

be notched to allow for drainage.

(g) [The heat exchanger bonnet, tube bundle, and shell
shall hfave a positioning device or mark to ensure proper
orientation and installation.

(h) [The manufacturer’s performance calculations shall
take infto account any bonnet bypass implemented to aid
drainage.

SP-3.6.2.1 Straight Tube Design. Expansion or
contraction for all specified differential thermal condi-
tions |shall be evaluated when designing the heat
excharjger.

SI-3.6.2.2 U-Tube Design

(a) [The technique used to form U-bend tubes shall
ensur¢ the bending process does not create structural
imperfections (e.g. cracks, voids, gouges). The technique

should minimize surface imperfections (e.g., orange peel,
ripplirlg).
(b) [f requested by the owner/user, the manufactuser

shall sppply a sectioned sample of the bend area;

(c) The sectioned sample should be from the'sanie tube
batch Jor heat that will be used to fabricate*the heat
excharjger.

(d) [The sectioned sample shall be the*smallest bend
radius|in the exchanger.

(e) [The sample shall be sectioned so that the bend
centerline is visible.

(f) The internal surface,of the U-bends shall be free of
relevant liquid penetrant indications, as defined by ASME
BPVC, [Section VIII.

(g) [The LD. of the U-bends should be large enough for a
boresdopic examination.

(h) IMinimum recommended bend radii for heat
excharjgers-should be as follows:

N

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
1.000 254 1.500 38.1
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SD-3.7.1 General

(a) The transfer panel shall be constructed|so that the
process contact surfaces can be cleaned.,by a {IP fluid or
other method specified by the owhér/user. The process
contact surfaces shall be freesof‘crevices, pgckets, and
other surface irregularities,

(b) The transfer panel.nozzle elevation shgll be prop-
erly designed with respegt to the connecting lequipment
such as tank and pumpto ensure drainability, deanability,
and bioburden control during process transfgr, CIP, and
SIP.

(c) Designnand fabrication of the transfer
associated“components must ensure that the piping
system,can be drained when properly installed. This is
notto imply that panel nozzles or subheaders should
bé sloped (see Figure 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
on the back side of panels will help reduce the number
of incorrect piping connections during field ihstallation.

panel and

SD-3.7.2 Nozzles or Ports

(a) Nozzle construction shall accommoda
feature that will assist in the elimination
surface anomalies caused in part by joining
to the panel structure.

(b) The method of joining a nozzle into a ganel struc-
ture shall be of hygienic design. Acceptance friteria for
these welds shall meet the requirements of Tabje MJ-8.5-1.

(c) Each front nozzle connection shall be of a hygienic
design and the horizontal projection minimized to enable
liquid removal.

(d) To ensure proper panel functionality
connection integrity, panel nozzles shall not
(see Figure SD-3.7.2-1).

ZZ1e-T0-N0ZZ such that
jumper drain valve interference, if applicable, will not
occur when jumpers are connected in all possible oper-
ating and cleaning configurations.

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

(g) Nozzle position and parallelism tolerances are ex-
tremely critical to proper panel functionality and should
meetthe recommended tolerances per Table DT-7.3-1 and
Figure SD-3.7.2-1.

e a design
bf internal
the nozzle

and joint
be sloped

(22)

(22)
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Figure SD-3.7.1-1
Transfer Panel Looped Headers

I Minimize

1 T

Py
|

%

Slope —>

]

Level

(a) Accepted

1 T

a ~H

Level

O~
Slope

Level

(b) Not Accepted

88



https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

ASME BPE-2022

Figure SD-3.7.2-1
Transfer Panel Tolerances

{Tol.2|C|

[Notes (1) and (2)]

[Notes (2), (3), and (4)]

7=
\K 1=//[Tol. 1] A | |
e

| |//[Tol.1|B] |
[Notes (2), (3), and (4)]

NOTES:
(1) For] position tolerance Tol.2, see Table DT-7.3-1.

(2) Forjtesting parallelism and position, the use of specifically made test panels is recommended.
(3) Forflatnmess.tolerance of singular sealing faces of ferrules, see Table DT-3-1.

(4) For paralielism tolerance Tol.1, see Table DT-7.3-1.
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SD-3.7.3 Headers or Pre-Piped Manifolds

(a) When a looped header design is employed, the
branch length at capped or unused nozzles, or to the
weir of the unused point-of-use valve, should be mini-
mized. The dimension of the subheader leg to the
nozzle face should not exceed an L/d of 2 (see
Figure SD-3.7.1-1). A dead-ended or unlooped subheader
is not recommended.

(b) For nozzle drainability, regardless of use, subhea-

(b) Drain pans shall slope [preferred minimum of %,
in./ft (21 mm/m)] to a low point and be piped to the
process drain. The depth of the drain pan is determined
by calculating the largest spill volume and accommodating
it with a sufficient pan holding volume. Consideration
should be given to increasing the drain port connection
size in lieu of increasing pan depth. The preferred drain
port location is central bottom draining or central back
draining.

(c) The elevation of the pan should take into account

ders and Lc-pipcd Tramifotds—siatt-motbe blupcd. At
encompasging lines including long runs with the exception
of subheaders, manifolds, and nozzles may be sloped as
defined in |SD-2.4.3.

SD-3.7.

(a) Jumpers shall be constructed with hygienic connec-
tions on Hoth ends designed to mate with the panel
nozzles.

(b) Jumpers may have a low-point drain to provide for
both drainjng and vacuum break after the liquid transfer
hasbeen cdmpleted (see Figure SD-3.7.4-1). Thebranch L/
d of a low{point drain connection should be minimized.
Zero-static|diaphragm valves are recommended for low-
pointdrainfs ifavailable from the manufacturer [see Figure
SD-3.7.4-1} illustrations (a) and (d)]. Low-point drain
designs thdt incorporate a spool piece allow for full rota-
tion of the flrain valve [see Figure SD-3.7.4-1, illustrations
(a), (b), and (c)]. This design ensures that the drain valve is
always at the true low point of the assembled jumper
connection| in any specified orientation.

(c) Jumper position and parallelism tolerances aré_ex-
tremely crjitical to proper panel functionality.(Recom-
mended tdlerances are per Table DT-7.3-1 and Figure
SD-3.7.2-1.

(d) Rediicing jumpers shall not be used.unless the re-
ducing juniper is drainable in all orientations. Any reduc-
tion in line ize should be made behind'the primary nozzle
connection} (behind panel structure), thus allowing all
connections to be the same size'6n the front of the panel.

(e) The joverall panel design should be such that the
quantity off unique jumper centerline dimensions is mini-
mized.

(f) The

Jumpers or U-Bends

same_juniper should be used for process
transfer, C|P, and SIP.
(g) If a pressure indicator is installed on a jumper, it

the clearance required for the jumper drain valveppsition
when a connection is made to the bottom row of'hjozzles.
The pan should extend horizontally to accommodate the
furthest connection or drain point frofwr the face|of the
panel.

SD-3.7.6 Proximity Switches

(a) Proximity switches afe-ised to detect the presence
or absence of a jumper,with a stem positioned bgtween
selected nozzles.

(b) The use of magnetic proximity switches that are
mounted behind the panel structure to avoid penefration
ofthe panel face's preferred. This elimination of strjictural
penetration removes any unnecessary cracks, crevices, or
threads at the point of attachment, effectively mit|gating
risk of process fluid entrapment or contaminatiof.

(¢) Jumpers will contain a magnetic stem to activpte the
dorresponding proximity switch. The use of a ferrous
magnetic material is required; however, it sHall be
fully encapsulated to ensure that the ferrous mpterial
does not contaminate the classified manufacfuring
area. The acceptance criteria for welds joinipg the
sensor stem to the jumper shall meet the requirgments
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 ghould
withstand the specified temperature ranges for grocess
and SIP without compromising the magnet perforjnance.

(e) The proximity switch mounting shall be fabfticated
to maintain the specified design location. The prdximity
switch shall not interfere with the function, cleanfing, or
maintenance of the transfer panel to which it is mqunted.

SD-3.8 Filtration Elements and Componentr

shall be a hygienic design and mounted in a manner that
maintains drainability in all jumper positions. The L/d
should be 2 or less.

SD-3.7.5 Drain or Drip Pans

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

90

SD-3.8.1 General. This section defines and recom-
mends design elements related to hygienic filtration
processes. This section includes aseptic and nonaseptic
processes and includes the following filtration compo-
nents: housings, holders, and elements. More information
on filtration elements and components may be found in
Nonmandatory Appendix T.

SD-3.8.2 Filtration Formats. There are two basic
modes of filtration: direct flow and tangential flow. For
multiuse filters, cleaning and/or sanitization should be
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Figure SD-3.7.4-1
Transfer Panel Jumpers
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(a) Accepted

(b) Accepted

(c) Accepted
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0

(d) Accepted

(e) Not Accepted

)

(f) Not Accepted
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considered. For single-use filters, sanitization require-
ments shall be determined by the owner/user.

SD-3.8.3 Housing and Encapsulation. Filter housings
and encapsulated components are wetted and are vessels
operating under pressure. Requirements for vessels oper-
ating under pressure are found in ASME BPVC, Section
VIII, as referred to in GR-1. The owner/user shall be
responsible for informing the manufacturer of all expected
operating conditions to which the filter housings may be
exposed. i
ensuring the filter housing and encapsulated components
will operate safely under said conditions.

SD-3.8.3.1 Housings. Housings shall be designed in
accordancg with SD-5.4.4. Materials used in the construc-
tion of filtgation housings shall conform to Part MM for
metallic mlaterials or Part PM for polymeric materials.
All dimensjions of hygienic clamp ferrules on polymeric
filter housings shall conform to Table DT-7.1-2.

SD-3.8.3.2 Encapsulation. Encapsulated filtration
elements pre designed for handling purposes or in
place of mdtallic housings. Materials used in the encapsu-
lation of filkration elements shall conform to Part MM for

metallic mpterials or Part PM for polymeric materials.

SD-B.8.3.2.1 Holders. Materials used in the
constructipn of holders shall conform to Part MM for
metallic mpterials or Part PM for polymeric materials.

SD-3.8.3.3 Code 7 Cartridge Lock Design. The ASME
BPE Code|7 lock is designed to be used with filter
cartridges [using an SAE AS 568-226 double-O-ringcseal
and a two-locking-tab design.

SD-3.8.3.3.1 Design Features. This design consists
of the follqwing features:

(a) a sqcket bore that is machined into a base or
cartridge plate into which the filter.cartridge O-ring
adapter is finserted.

(b) alodking tab retainer mechanism that captures the
cartridge locking tabs whensthe cartridge is inserted into
the socket|bore.

(1) T4ble DT-4.5.4x1/shows a recessed tapered lock
retainer design in¢which the locking tab retainers are
machined| intosa\plate and the machined recesses
capture tl'llc)e cartridge locking tabs as the cartridge is
rotated intp position.

tabs by the locking tab retainers is not required 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
contained within the socket bore.

SD-3.8.3.3.2 Testing. The cartridge manufacturer
shall validate that its cartridge design fits, seals, and
s T i psigns
shown in Tables DT-4.5.1-1 and DT-4.5.2-1.

SD-3.8.4 Design for Cleaning and Sanitization

SD-3.8.4.1 Filter Elements. Filtration elements shall
be designed in accordance with SD-3)and shall be Jjompa-
tible with the cleaning agents (tode agreed by the|manu-
facturer and owner/user).

SD-3.8.4.1.1 Seals:~All seals shall confd
Part MC.

SD-3.8.4.1:2 Exterior Surfaces. All exterior
surfaces shall ¢onform to SD-2.4.4.2.

rm to

SD-3.8.5'Sanitization
SD-3/8.5.1 Filter Elements

SD-3.8.5.1.1 Chemical Sanitization. Ch¢mical
sanitization processes are used to reduce biobjurden.
‘All product contact surfaces shall be compatible with
the sanitization agents selected (to be agreed by thejmanu-
facturer and owner/user).

SD-3.8.5.1.2 Thermal Sanitization. Thermal sani-
tization requirements should be considered during the
design process. The components shall be desighed to
accommodate the elevated temperatures and the pxpan-
sion and contraction during exposure and coofldown
stages. Special consideration should be given|when
designing for potential vacuum situations. Filfration
elements should be tested and verified for mpltiple

steam cycles per vendor qualification methods. Filfration
elements shall conform to SD-2.3.1.
SD-3.8.6 Filtration Performance. The ownef/user

shall be responsible for informing the manufactyirer of
all the conditions under which the filter elemenfs may

(2) Table DT-4.5.2-1 shows an external tapered lock
retainer design in which a set of metal cages captures the
cartridge locking tabs as the cartridge is rotated into posi-
tion.

(c) thelocking retainers shall be designed with a taper
to provide a secure lock for the cartridge. The cartridge
tabs shall travel through the narrowing tab retainers until
a tight fit is achieved. The taper shall be on the upper
portion of the tab retainer. Full capture of cartridge
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thods,
frequency, and duration of cleaning and sanitization
procedures. In addition to the service temperature and
pressure, any parameters that may affect the filtration
performance shall be provided.

1 PP N 4 Tlaa 1 1l " | 4L
D CAPTTTCU O O pPCT atC T IS —STrar e raaCtTCIT

SD-3.8.6.1 Service Temperature and Pressure.
Filtration elements shall be capable of withstanding
thermal and pressure cycling between the rated upper
and lower temperature and pressure limits.
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SD-3.8.6.2 Routine Maintenance. To ensure
continued filtration performance, consideration shall
be given to the accessibility of all filtration components
for routine maintenance.

SD-3.8.6.2.1 Integrity Testing and Permeability

(a) Integrity Testing. Tests may be required to ensure
that the filtration elements and components are integral
and meet specific process requirements. Sterilizing-grade
membranes should be tested to the specific bacterial

based cleaning solutions. The flow rate recommendations
in this section are for metallic vessels.

(a) Spray devices distribute rinse and cleaning solu-
tions to interior surfaces of bioprocessing equipment
by direct spray and use 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 clean-out-of-place (COP)
cabinet washers].

(b) The differential pressure across the spray device

retentjon protocol (refer to 2004 cGMP Filtration Guide-
line anjd ASTM F838). The following are typical integrity
test prjocedures that may be performed:

(1) pressure decay test

(4) bubble point test

(3) diffusional flow test

(4) water intrusion test
Other |integrity testing methods should be agreed on
betwepn the manufacturer and owner/user. Integrity
testing may be performed either pre- or postprocess.
ormalized Water Permeability. During tangential
plications, a normalized water permeability test
see Nonmandatory Appendix T, T-2.5) or clean
ux test may be performed.

.8.7 Installation. Installation shall be in accor-
ith the manufacturer’s guidelines.

.8.8 Conformance Requirements

-3.8.8.1 General Requirements. A unique identi-

the owner/user to identify the supplier and the supplier
to identify the raw material and processing conditions
used t¢ fabricate the article. A Certificate\of Conformance
shall ble issued by the filtration element manufacturer to
certifylconformance to this Standardwhen required by the
ownerj/user.

SD-3.8.8.2 Certificaté of Conformance. The Certifi-

generates liquid velocity exiting through|the spray
device orifices, nozzles, or slots. Differentidl pressure
and its resulting flow are key parameterp of spray
devices. Flow is the recommendéd control jparameter
because it is independent of temperature and location
of the measurement device,
(c) The spray pattern, as‘it’exits the devide, is deter-
mined by the spray device design. Spray patterps are typi-
cally streams/jets or‘fans.
(d) Theimpactpatternisdetermined by thefinteraction
over time of the spray pattern and the geomletry of the
equipment.
(e) During design, consideration should be
following.in the selection of spray device(s):
(1) residue characteristics
(2) equipment geometry and appurtenahces
(3) physical location and orientation of spray
device(s)
(4) process requirements including air
steaming, if applicable
(5) cleaning system capacity
(6) installation of screen/strainer to
functionality of the spray device
(7) cleaning cycle time
(8) cleaning chemistry compatibility with materials
of construction
(9) potential orifice erosion (e.g., from C|P and SIP)
(f) Spray devices are either static or dynamnic.
(1) Static spray devices continuously [produce a

Fiven to the

purge and

rotect the

cate of Conformance shalicontain the following informa- defined impact pattern by stationary direct spray.
tion: Static spray devices have no moving parts. Ekamples of
(a) manufacturer’s' name static spray devices include static spray balls] stationary
(b) Hate of manufacture of the element nozzles, and spray wands.
(c) hnique-identifier of the element (2) Dynamic spray devices are either single axis or
(d) Imaterial of construction of process contact items multiaxis. Both produce a defined impact pattern by
(e) tampliance t0 1ISP <87> (or IS0 10993-5) and ISP moving multidirectional spray(s). Dynamic spray

<88> Class VI (or ISO 10993-6, -10, and -11)
Other certifications of conformance should be agreed on
by the manufacturer and owner/user.

SD-3.9 Spray Devices

SD-3.9.1 General. This section covers spray devices
intended for use in bioprocessing equipment that
either remains in place or is removed during production.
Recommendations in this section are valid for water-
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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) In single-axis dynamic spray devices (see
Figure 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.
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Figure SD-3.9.1-1
Dynamic Spray Device: Single Axis

(e) Effective coverage shall not be affected by flow rate
variations of 10% or as otherwise agreed on by the owner/
user.

(f) Spray devices shall be accessible for functionality
verification, inspection, and maintenance.

(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) Spray device selection, orientation, and location
shall be designed to ensure the equipment and the

>

GENERAL NQTE: Spray pattern is for illustration purposes.

(-b)| Multiaxis dynamic spray devices rotate in
more than|a single plane (see Figure SD-3.9.1-2). When
rinse water/cleaning solution driven, the flow
through the spray device turns a turbine wheel, which
typically tdrns the body around one axis as well.as.the
nozzle(s) fround a second axis, creating a repeatable
indexed ppttern. When motor driven, the body and
nozzles ar¢ turned mechanically by the moter.

(g) Spray devices can be designed‘as removable,
retractabld, or to remain in place.

(h) Spray device(s) are specificto-the application and
equipment} Spray devices are generally not interchange-
able withqut considering the Specific flow, pressure,
equipment design, spray¢pattern, and drainability of
the spray dlevice(s).

SD-3.9.2 Spray:Device Requirements

(a) Materials of construction shall conform to

targeted surfaces of its appurtenances (e.g., manways,
dip-tubes, baffles, nozzles, agitator shaft, and inigellers)
are exposed to rinse water/cleaning solution.

(i) Spray device(s) shall be provided with a lgvel of
documentation that is consistent with the equipment
for which it is to be installed andiin accordance with
GR-5 documentation requiremetits.

(j) Process contact surface finish of a spray device
should be consistent with~the equipment for which it
is installed or as otherwise specified by the ofwner/
user and in accorddnce with the definitions of P3rt SF.

(k) Spray devicesshall notuse lubricants other than the
processliquid. Bynamic devices are typically lubricqted by
the rinse/cleahing solution(s).

SD-3.9.2.1 Static Spray Device Requirements

(a)“Static spray devices shall have a positioning|device
(preferred) or markto allow for proper orientation during
re-installation, as static devices are orientation sepsitive
(see Figure SD-3.9.2.1-1).

(b) Weld-on or self-cleaning slip-joint/clip-on cpnnec-
tions are acceptable. Provision shall be made to pnsure
proper orientation and location if one or morg slip-
joint/clip-on-style static spray devices are used.

(c) Aportion of the flow is directed toward the gpecific
appurtenances.

(d) The flow rate guideline for vertical cyliy
vessels with dished heads is 2.5 gal/min/ft to
min/ft (31 L/min/m to 37 L/min/m) of inner [vessel
circumference. Reference Figure SD-3.9.2.1-2. The
majority of the flow is directed toward the uppef head
to ensure coverage of appurtenances and provide the
sheeting action.

(e) The flow rate guideline for horizontal cyliFdrical

drical
3 gal/

vessels with dished heads is 2 gal/min/ft to B gal/
min/ft (25 L/min/m to 37 L/min/m) of perimefer (2L

SD-2.4.1.2 erasotherwise qgrnpd onwith the nv\mprllncr-\r

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

(c) Spray device(s) shall be installed per manufac-
turer’s instructions.

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

94

+ 2d). Reference Figure 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 manufacturer,
equipment manufacturer, or other subject matter experts.

(22)
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SD-3.9.2.2 Single-Axis Dynamic Spray Device
Requirements

(a) The installation or the design should allow for rota-
tion verification or frequency verification or both.

(b) Weld-on or self-cleaning slip-joint/clip-on connec-
tions are acceptable. Other hygienic alternatives shall be
agreed on with the owner/user.

(c) The flow rate guideline for vertical cylindrical
vessels with dished heads is 1.9 gal/min/ft to 2.3 gal/

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

(f) 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.

vessel [circumference. The majority of the flow is directed
towardl the upper head to ensure coverage of appurte-
nanceg and provide the sheeting action.

(d) [The flow rate guideline for horizontal cylindrical
vessely with dished heads is 1.4 gal/min/ft to 2.1 gal/
min/f§ (17.4 L/min/m to 26.1 L/min/m) of perimeter
(2L + Rd). The majority of the flow is directed toward
the upper one-third of the vessel to ensure coverage of
appurfenances and provide the sheeting action.

3 f‘. fdalal I_L - L b= 2.0 L - L Y e
min Ek@a.u T/ T/ to 260 &/ N/ N~ o1 HInet

Figure SD-3.9.1-2
Two-Axis Dynamic, Spray Device

GENERAL NOTE: Number of jets is for illustration purposes.

&
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Figure SD-3.9.2.1-1
Static Spray Device

Locating pin |
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Figure SD-3.9.2.1-2
Flow Rate Guideline.forVertical Cylindrical Vessels
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Figure SD-3.9.2.1-3
Flow Rate Guideline for Horizontal Cylindrical Vessels

m Multiple-axis dynamic jet devices

O Single-axis dynamic spray devices
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SID-3.9.2.3 Multiaxis Dynamic Spray Device taken to restrict gas flow through the spray device

Requirements according to the manufacturer’s recommenddtion.
_ (@) [he installation or the design should allew forrota- - gp._3 10 pisposables That Require Prestgrilization
tion v¢rification or frequency verification or both. or Poststerilization

(b) [The time to complete a full impact pattern (see
Figurg SD-3.9.2.3-1) at a specified pressure or flow [Reserved for future content]
rate shall be provided by the manufacturer.

(c) Weld-on or self-cleaning)slip-joint/clip-on connec- SD-3.11 Sampling Systems
tions dre acceptable. Otherhygienic alternatives shall be SD-3.11.1 General
agreed on with the owner/user.

(d) [The flow rate\guideline for vertical cylindrical
vessely with dished heads is 1.3 gal/min/ft to 1.5 gal/
min/ff (16.18/min/m to 18.6 L/min/m) of inner
vesself circlimference to ensure coverage of appurte-
nanceg and-provide

(e) Fh ate-guidelinefor-horizontal-eylindries
vessels with dished heads is 0.8 gal/min/ft to 1.2 gal/
min/ft (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 manufacturer,
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

97

(a) Sampling equipment in the biophar

being tested.

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

(d) Hygienicsampling systems shall either be cleanable
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 environment; and
obtain representative samples.
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Figure SD-3.9.2.3-1
Impact Pattern Buildup
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stream of the trap is used,in the process or samp
quality assurance.

(b) Where used {n process systems, the traps s
capable of effectively venting air.

(c) Where.installed on process systems, traps s
maintainableto allow easy examination and cldg
Welded traps are acceptable if agreed to 1
owner/user.

(d) The trap design and mode of operation shall i

ed for
hall be
hall be
aning.

y the

esuch

(d) Insgptum sample devices, the needles shall be ster- . that the risk of soil attachment to the wetted surfpaces is
ilized priof to insertion into the vessel or process line. minimized, especially around the bellows and seft (see
(e) Collgcting devices shall be designed, connected, and Figure SD-3.12-1).
disconnected in ways that maintain the integrity of\the (e) The trap shall be sized and installed to operate such
sample. that there is no backup of condensate into the process
SD-3.J1.2.2 Installation. The sampling device shall 39‘_“pme“t and clean Sge,a_m Sy?te;“(‘;“ﬁer °per1““§ ‘:0“(;
be installgd to maintain the aseptic barrier between 1t1?(;15. Operating conditions include heat-up, hofd, an
the procegs fluid being sampled and thHe ehvironment. cooldown.
b 5 P (f) The trap shall be designed such that the gormal

Consideratfion should be given to ease_of assembly and

subsequen

I handling of the sample.

mode of mechanical failure is in the open position.

(g9) Thermostatic steam traps, installed in verti

1 trap

SD-3.11.2.3 Sample Collécting legs, are preferred for use in clean steam systens (see
. . . . . Figure SD-3.12-1).

(a} When using single<use Follectmg devices, (?onsui- (h) Trap operation/reactivity should be improped by
er?tlon shall be given,to maximum pressure ratings of ¢ jystallation of an uninsulated section of ubing
valves, ada F’tors’ ‘?nd bags. . . upstream of the trap [suggested 12 in. (30 cm) as fecom-

(b) Congideration’should be given to the impact of 4 4 by supplier] (see Figure SD-4.2.2-2).
absorption| and-eff-gassing that could lead to nonrepre-
sentative samples. Polymeric material requirements for SD-3.13 Check Valves

leachables and extractables are listed in Part PM.

SD-3.11.3 Nonaseptic Sampling. [Reserved for future
content]

SD-3.12 Steam Traps

(a) Steamtrapsare notconsidered hygienic. Steam trap
bodies shall have an internal surface finish (excluding the
bellows assembly) as agreed to by all parties. Surface
finish specification shall match the clean steam conden-
sate tube finish specification unless the condensate down-
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(a) Checkvalves thatare used in product contact appli-
cations shall be of hygienic design. They shall be designed
for CIP. Crevices and holdup volumes should be mini-
mized.

(b) Checkvalvesin process contact applications should
be installed in a manner that enables draining. Nondrain-
able valves may be used for liquid streams that flow
continuously (e.g., a compendial water loop) or where
valves are wetted with a sanitizing medium when not
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Figure SD-3.12-1
Steam Traps for Clean Steam Systems

Radius internal corners
(where practical)

&

-

Sealed bellows
/_

in use|(e.g., chromatography system that is filled with
sodiup hydroxide solution between uses).

(c) [lhe flow direction and required orientation for
draindbility should be clearly identified on the device.
Wher¢ the valve is integral to equipment (e.g., diaphragm
pumpg, homogenizers), indication of the flow direction is
not refjuired.

(d) [The use of check valves with springs in product
contadt should be avoided. The owner/user should deters
mine Whether check valves that use a spring are accept-
able fdr other process contact applications. Applications
wherelspring check valves are typically acceptable include
condepsate removal lines and dry process gases.

(e) Check valve design shall conform, to MC-3.3.2.3.

SD-3.14 Orifice Plates

Orifjce plates, when requinéd, and used in hygienic
piping|systems, shall be instdlled in a drainable position.

SD-3.15 Relief Devices

(a) Rupture disks)(or other hygienic pressure relief
devicep approved by the owner/user) shall be installed
in a hygienictmiafiner without compromising the safety
or effitiency. of the system.

(b) [The-cleaning system design shall ensure that the

Sloped for drainability

(a) Serviceable Trap

(b) Welded Tyap

(e) Relief devices, including discharge pipipg, shall be
installed in eonformance to applicable codes|(e.g., flam-
mable liqids and combustibles in accordance with
NFPA 30):

(f) ‘Bressure relief valves that are used |n product
contact applications shall meet the requijements of
MC-3.3.2.3(a) on both sides of the valve sedt. Crevices
and holdup volumes should be minimized.

(g) Safety pressure relief valves that afe used in
product contact applications shall meet the requirements
of MC-3.3.2.3(a) up to the valve seat.

(h) Pressure and safety pressure relief valyes shall be
installed in a manner that permits draining dn both the
process and discharge sides of the valve seaf.

(i) Pressure relief valves that are used |n product
contact applications shall be CIP capable. If required
for CIP or SIP, an override that allows flov through
the valve shall be included.

(j) Pressure relief valves that are used |n product
contact applications shall conform to MC-3.3{2.3.

SD-3.16 Liquid Pressure Regulators

(a) Regulators should be installed to be] drainable
through the outlet or inlet ports.
(b) There shall be no voids or crevices withjin the area

rupture disK (0T other Nygienic pressure retiefr devices
approved by the owner/user) will not be damaged by
the cleaning process (e.g., mechanical forces, chemical
compatibility).

(c) Rupture disk (or other hygienic pressure relief
devices approved by the owner/user) installation shall
conform to the L/d ratios mentioned in SD-3.1.2.2.

(d) Rupture disks shall be installed in the manufac-
turer’s recommended holder to ensure proper function-
ality and cleanability.

wetted hy the fluid Qngn]afnr anignc, where 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 characteristics of self-
contained regulators, manual means of override may
be required to allow for cleaning and draining.

(22)
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Figure SD-3.17.1-1
Example Strainer Types

/7 Strainer body

Hygienic clamped connection for strainer element removal.
Installation of strainer should consider this pull-out length.

Strainer element
(perforated type)

—

Slope of installation

Hygienic gasket

(b) Gasket Strainer

GENERAL NQ

which acts a$ the strainer body.

SD-3.17 §

SD-3.17}1 General. Strainers as described in this
section arq inténded for process component and equip-
ment protection (see Figure SD- =
designed for bioburden control. Strainers are permitted
inlocations where they reduce the risk of contamination of
a process (e.g., CIP return line).

trainers

SD-3.17.2 Design and Manufacture

(a) Strainers intended for single-direction flow shall
have the flow direction indicated on the strainer body.

(b) The strainer body should have the same surface
finish as specified for the process piping or equipment
in which it is being installed.

(a) Straight-Line Strainer

TE: Gasket strainers do nothave a stand-alone strainer body. When installed, the gasket strainer is integral to the hygieni

100

Flow indicator marking
(external to prgcess)
Strainer element
(perforated type)
piping,

(c) Surface finish achievement or measurement may

(d) For strainers in-line within process pipin

OUuld dle e Oopera O
allowable pressure drop.

(e) Strainer body design features (e.g., sight glasses)
shall not create a dead leg.

SD-3.17.3 Selection, Installation, and Operation

(a) Perforated strainer elements that are free of
crevices are preferred for use in permanent hygienic
installations. Where perforated strainers cannot be
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used, the use of other types of strainers (e.g., wire mesh,
wedgewire) is permitted if the risk of contamination to the
process is mitigated.

(b) When specifying strainer elements, the owner/user
should provide strainer element hole/mesh size and
allowable pressure drop ata given flow across the strainer
element and body when free of solid particulate loading.

(c) Strainers shall have field tagging (e.g., ID tag,
engraving) to ensure external visual identification post-
installation.

SD-3.18.3.1.3 Hygienic Connections. Hygienic
connections shall conform to other Parts of this Standard.

SD-3.18.3.2 Sanitization

SD-3.18.3.2.1 Chemical Sanitization. All product
contact surfaces within the system shall be compatible
with the sanitization agents selected.

SD-3.18.3.2.2 Thermal Sanitization. When
thermal sanitization is used, all column product

(d) [The installed strainer shall allow for removal of the
element for inspection or cleaning.

(e) Ptrainers shall be drainable when free of solid parti-
culate loading and installed in the recommended orienta-
tion.

(f) The design or installation of the strainer within the
system should enable detection and removal of captured
solid particulates (e.g., visual inspection or pressure
differgntial monitoring).

SD-3.

SD-3.18.1 General. This section defines typical design
elements related to large-scale chromatography columns
and in¢ludes columns thatare intended for repeated use in
procegsing. Although chromatography processes are not
typically aseptic, design features for cleaning and/or sani-
tizatioh should be considered. More information on chro-
matography columns can be found in Nonmandatory:
Appendix T.

|8 Chromatography Columns

SD-3.18.2 Pressure-Retaining Parts. The column tube
is botha product contact surface and a pressurésretaining
compdnent. Chromatography columns are vessels oper-
ating ynder pressure and should meet the requirements
of ASME PBVC, Section VIII, as referredito in GR-1, as ap-
plicable. If the column tube is acrylic,it'shall comply with
ASME|PVHO-1, Case 14, Low,UV:“"The owner/user is
respohsible for informing-the’ manufacturer of the
normdl and abnormal opexating conditions to which
the column may be expesed. The manufacturer is respon-
sible fpr ensuring thé«elumn will operate safely under
said c¢nditions.

3.18.3 Désign for Cleaning and Sanitization

-3.18:3.1 Cleaning. Columns should be designed

bed supports and flow distributor. Cleaning of chromatog-
raphy columns is achieved by control of contact time and
concentration of the appropriate cleaning agents.

SD-3.18.3.1.1 Seals. All seals shall conform to
Part MC.

SD-3.18.3.1.2 Exterior Surfaces. Exterior surfaces
of columns shall be nonabsorbent and compatible with
cleaning agents. Columns shall be designed to allow effec-
tive removal of cleaning agents from surfaces.

101

contact surfaces shall be designed to accommof{late expan-
sion and contraction during exposurerand|cooldown
stages.

rials for all
onform to

SD-3.18.4 Column Materials. Coliumn matsg
product contact surface wetted parts shall
application sections of Parts SDyPM, and SF.

SD-3.18.5 Column Performance. The owner/user
shall be responsible for-informing the manuffacturer of
the conditions undér which the column may He expected
to operate. This;shall include the methods, frequency, and
duration of cleahing and sanitization procedures. In addi-
tion to the&ervice temperature and pressure, iny param-
eters that.may affect the column performange shall be
provided.

Pressure.
ermal and
and lower

SD-3.18.5.1 Service Temperature and
Columns shall be capable of withstanding tH
pressure cycling between the rated upper
temperature and pressure limits.

SD-3.18.5.2 Routine Maintenance. To ensure
continued column performance, the accessibility of all
column components for routine maintenange shall be
considered.

SD-3.18.6 Conformance Requirements

SD-3.18.6.1 General Requirements. A unjque identi-
fier shall be indelibly marked on the column or the
column’s support structure. The unique identifier shall
enable the owner/user to identify the supplfer and the
supplier to identify the raw material and procpssing con-
ditions used to fabricate the article.

SD-3.18.6.2 Certificate of Conformanc
cate of Conformance shall be issued by the col
facturer to certify conformance to this Stan

. A Certifi-
mn manu-
Hard when

The Certificate of Conformance shall contain the
following information:

(a) manufacturer’s name

(b) unique identifier of the column

(c) material of process contact items

(d) compliance to USP <87> Class VI (or ISO 10993-5)
and USP <88> (or ISO 10993-6, -10, and -11)
Also see Table PM-2.2.1-1.
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SD-4 PROCESS UTILITY SYSTEMS
SD-4.1 Compendial Water Systems

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

(b) Loops shall be designed to provide fully developed

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

(f) Sample valves should be installed where water is
used for the process to demonstrate water quality compli-
ance to compendial monographs.

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

turbulent ffow T the circutating sections amdtoprevent
stagnation|up to the weir of each point-of-use valve.

SD-4.1.1

(a) All sprfaces that shall come into direct contact with
the compehdial water, feed water, or condensate/blow-
down prodjiced by the units shall be constructed of 316- or
316L-type ptainless steel or other material as specified by
the owner/fuser.

(b) Connections to the compendial water, feed water,
or condendate/blowdown compendial water by the units
shall be mpde by the use of hygienic design fittings. All
fittings shpuld be constructed in such a manner as to
avoid dead legs and crevices.

(c) Units should be drainable and should not contain
areas wherle agents used to clean, descale, or passivate the
units are frapped or not easily flushed during rinsing

Compendial Water Generation

Compendial Water Distribution Systems

SD-4.1.2.1 Point-of-Use Piping Design for Compen-
dial Water pystems. Point-of-use (POU) can be defined as a
location i a compendial water loop where Water is
accessed for processing or sampling. Typically, the
point-of-uge assemblies are composed ofthe following
elements:

(a) piping associated with a compendial water loop at
the physical POU
(b) POU]valves, equipment, and“instruments

(h) The length of tubing from POU valves tpygrocess
equipment should be minimizZed|[see
Figure SD-4.1.2.1-1, illustrations (a) and (b)}:

(i) If evacuating the system is not posSible, appr:
porting of the primary POU valve shotild be accomy
to facilitate sanitization.

(j) When heat exchangers areiséd as POU coolefrs [see
Figure SD-4.1.2.1-1, illustration (c)], the desigh shall
conform to SD-3.6.

(k) Physical breaks shall be employed betweenfhoses,
drain valves, or any/other component leading to drpins or
sinks to avoid ba¢k-siphoning into the POU assemHly [see
Figure SD-4.1.2:1-1, illustrations (d) and (e)]. The distance
H of the physical break should be at least twice th¢ inner
diameter of.the hoses, drain valves, or any other dompo-
nent leading to drains or sinks to avoid back-siphoning
into, the POU assembly. The break shall be at Jeast 1
in:;(25 mm) for hoses, drain valves, or other comppnents
with internal diameters less than or equal to % in. (113 mm)
(see Figure SD-4.1.2.2-1).

() Tubing and other piping materials shoul
minimum of %, in. (19 mm) in diameter to enable dj
of water after use.

(m) POU assemblies shall be drainable as indic
SD-2.4.3.

(n) A POU may include a venturi or orifice platg, if the
restriction of water flow is required. Where used, the addi-
tions of these components will require a blowd¢wn to
enable drainability.

(o) When compendial water systems are constructed of
metallic materials, the surface finish should be less than or
equal to 25 pin. R, or 0.6 um (see Part SF) and rhay be
internally electropolished. All 316L-type internal syirfaces
shall be passivated.

(p) When compendial water systems are constructed of
polymer materials, the surface finish should be less than or

priate
lished

 be a
aining

hted in

(a) All point-of-use assemblies should be designed to
enable draining through the POU valve.

(b) Assemblies shall be designed for sanitization (e.g.,
hot flush, SIP).

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

(d) Sample valves should be integral to the design of the
primary valve and should not constitute dead legs.
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equal to 25 pin. R, or 0.6 pm.
SD-4.2 Clean/Pure Steam Systems

This section is applicable to both clean and pure steam
systems.

SD-4.2.1 Clean/Pure Steam Generation

(a) All surfaces that come into direct contact with the
clean/pure steam, feed water, or condensate/blowdown
produced by the units shall be constructed of 316- or

(22)
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Figure SD-4.1.2.1-1
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Figure SD-4.1.2.2-1
Physical Break in Point-of-Use Piping

‘

A —»l d |<—

(f) Trap legs should be installed at least every 100 ft
(approximately 30 m), upstream of control and isolation
valves, atthe bottom of vertical risers, and atany other low
points.

(g) Condensate systems shall be designed to drain to
and from steam traps. The use of overhead, direct-coupled,
pressurized condensate return systems should be avoided
(see Figure SD-4.2.2-2).

(h) Where possible, all components within the distri-
bution system should be drainable.

GENERAL NQTE: H = 2d or H = 1 in. (25 mm) if d < % in. (13 mm).

316L-type ptainless steel or other material as specified by
the ownerfuser.

(b) Conmections to the clean/pure steam, feed water, or
condensatg/blowdown produced by the units shall be
made by the use of hygienic design fittings. All fittings
should be donstructed to be free of dead legs and crevices.

(c) Unitg should be drainable and should not contain
areas whefe agents used to clean, de-scale, or passivate
the units ate trapped or not easily flushed during rinsing
operations

SD-4.2.2 Clean/Pure Steam Distribution System

(a) The distribution system shall have adequate provi-
sion to renjove air during start-up and notmal operations.
The use of 3ir vents installed atlocationswhere air is likely
to be trapged, such as at the ends.of steam headers, can
assist in this requirement.

(b) The fhorizontal distribution lines should be sloped
in the direction of flow ag)indicated in SD-2.4.3. Where
necessary) increases ifi height should be achieved by
vertical risers (see Figure SD-4.2.2-1).

(c) Adequate prievision should be made to allow for line
expansion gindgo.prevent sagging of the distribution lines,
so that ling¢s‘aré drainable.

(i) Dead legs should be avoided by design ofjujns and
the use of steam traps to remove condensate (see
Figures SD-4.2.2-1 and SD-4.2.2-2).

(j) Branches and points-of-use should'be routefl from
the top of the steam header to avoid excessive condensate
loads at the branch (see Figure SD<4.2.2-2).

(k) Sampling points for cleanypure steam should be
located to collect representative sample(s) pf the
system (e.g., generator otitlet, distribution headef ends,
critical points-of-use, attoclaves, or SIP stations).

SD-4.2.3 Clean/Pure Steam Valves. This parggraph
covers isolatiom) regulation, and control valves that are
part of the steam system and are subject to contjnuous
steam service.

(a) Valyes for steam service shall be drainable

(b)<Ball valves are an acceptable industry standprd for
isolation purposes on continuous steam service. [Three-
piece-body ball valves should be used inst¢ad of
single-body designs for both cleanability and majfntain-
ability. The bore of the ball valve assembly shallmatch
the inside diameter of the tube (see Figure MC-2.3]1.3-1).

(c) All components shall be suitable for contjnuous
steam service at the temperatures and pressures specified
by the owner/user.

(d) Requirements for operation under CIP and S|P con-
ditions [see MC-3.3.2.3(a)(10) and MC-3.3.2.3(a)(1R)] can
be relaxed when agreed to by the owner/user.

(e) Secondary stem seals with telltale connectiqns 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. Fpr this
section, a process gas distribution system is ore that
extends from the bulk supply source (including cylinders)

(d) Distribution Systems stall not be directly
connected to any nonhygienic steam systems (e.g.,
plant steam systems).

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

to the points of use as defined by the owner/user.

(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 use.

(b) For materials of construction, the owner/user shall
specify all materials. When copper is used, it should be
hard drawn and installed in accordance with the
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Figure SD-4.2.2-1
Typical Clean Steam System Isometric
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Figure SD-4.2.2-2
Clean Steam Point-of-Use Design
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current edjtion of NFPA 99, Chapter 5. When copper is
specified ih a clean room or area, the owner/user shall
confirm thpt all planned cleaning and sanitizing agéents
are compatible with copper and all materials of construc-
tion. When|stainless steel tubing is specified, the materials
of choice are 304L-type or 316L-type alloys. Orbital
welding i the recommended joining method. Inside
clean rooms, the materials of choice ‘are 304L-type or
316L-typ¢ stainless steel tubing.and fittings. The
owner/uder and manufacturer' shall agree on all
joining mdthods, levels of inspection, and acceptance
criteria for] all joints priof_to*installation.

(c) Compression fittings may be used for valves, regu-
lators, mags flow controllers, and other instrumentation
systems at]the solite€ and within system boundaries.

(d) Gasgystémsare notdesigned or configured with the
intent or pfrovisions to be cleaned, passivated, or chemi-

condensate header

Accepted Not Accepted

(g) Gas systems testing and sampling shall confprm to
21 CFR 211 and ICH Q7 (International Conferefce on
Harmonization, Good Manufacturing Practice Gujdance
for Active Pharmaceutical Ingredients).

SD-4.4 Process Waste Systems

This section addresses process waste systems b
the reliable function of the waste system can redy
risk of contamination to the process. By designing s
that can be cleaned and rendered safe for acce
preventive maintenance, reliable operation nf
achieved.

bcause
ce the
stems
5s and
ay be

SD-4.4.1 General. The manufacturing of bid
generates liquid waste in various quantities th3
or may not contain viable microorganisms. The|liquid
waste comes directly from the process fluids and may

logics
t may

cally treated after installation. Features such as slope,
high-point vents, and low-point drains need not be incor-
porated into these systems.

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

(f) It is important to select appropriate prefilters and
final system filters. The final point-of-use gas purity shall
conform to the process requirements.
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Include cleaning sotutions mixed with product compo-
nents, buffers, or media.

The performance of process waste treatment systems
may benefit from the sanitary design requirements of
Part SD. The design of the process waste transfer
line(s) shall prevent process waste backflow to the
process system(s), reducing the risk of contamination.

The effectiveness and safety of process waste treatment
systems have been shown to benefit from incorporating
the design principles of Part SD. This is true of bio-
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inactivation systems where heat or chemical dosing is
used, or where biosafety containment is required.

SD-4.4.2 Bio-Inactivation Systems. Depending on the
type of waste, the treatment method is chosen based on
effectiveness, efficiency, and jurisdictional requirements.
The owner/user shall define the inactivation conditions
and verify the effectiveness of the system with respect to
these requirements. Bio-inactivation may be designed to
be continuous or batch type and is achieved using one or

SD-5.1.4.3 Inlet Filter Assembly

(a) For this section, an inlet filter shall be defined as a
filter element installed in a housing of suitable material.
The inlet filter assembly shall be defined as the filter(s)
local to the bioreactor.

(b) Inletfilter assemblies shall be designed for SIP with
provisions to remove entrapped air and condensate.

(c) If multiple inlet filters are used in series, then the
filter assembly closest to the bioreactor shall be a steri-

more

(a)

f L‘lltf fUllUWillg Illth}lUb‘lb.

hermal

hemical

adiation

ystem design should minimize fouling and buildup

shall be sanitizable.

io-inactivation systems, piping design features
specified in SD-2 and SD-3 may help in achieving
proper and repeatable operation of these process
waste |systems.

SD-5 |PROCESS SYSTEMS

SD-5.]1 Bioreactors and Fermentors

.1.1 General. For this section, the terms “fermen-
d “bioreactors” are interchangeable. A bioreactek
entor shall be defined as a vessel-based system
the growth of microorganisms or plant, mamma-
" insect cells.

5.1.4 System Design

D-5.1.4.1 Inlet Gas Assembly. The inlet gas
assempply shall be defined as a piping assembly that
has thp ability to deliver controlled amounts of filtered
gases|into a bioreactor vessel. The assembly shall
include but is not limitéd to the items in SD-5.1.4.2
through SD-5.1.4.5.

-5.1.4.2 Flow-Control Devices

However, provisions shall be included within the
design to prevent instrumentation damage due to SIP
procedures and backflow.

(b) Flow control devices should be sized to prevent a
vacuum condition, or a provision to bypass the flow
control device shall be provided to maintain positive pres-
sure in the vessel.
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1iLillg fi‘ll.cl .
(d) Provisions shall be made for integrity tefting of the
inlet filter assembly in situ or out of plage’
(e) 1f one or more inlet housings are indluded in a
cleaning circuit, the filter element*or elemerlts shall be
removed prior to introduction(of cleaning sojutions.
(f) Gas filters should be inistalled above the|bioreactor
liquid level.

SD-5.1.4.4 Gas Sparging Assemblies

(a) Spargers shall be defined as mechanigal devices
normally logated below an impeller used tp disperse
gases within a charged bioreactor. This sectfon applies
to spargé.lances, wands, rings, and other de¢vices (see
Figures-SD-5.1.4.4-1 through SD-5.1.4.4-4) that may be
motnted in the bioreactor vessel to introdyce various
gas streams for process operations. Sparge deyice assem-
blies 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 He made to
remove the sparge assembly from the bioreaftor for re-
placement or cleaning out of place.

(d) The removable sparger shall be supplig
means to ensure that the installation orient
conformance to design intent.

(e) Ifacheckvalve is installed in the sparge
the sterile envelope, it shall be designed for Q

d with the
ation is in

line within
[P and SIP.

SD-5.1.4.5 Inlet Gas Piping

(a) Overlay piping is defined as piping that directs
filtered gases to the vessel headspace.

(b) Inlet gas assembly piping (sparge and overlay)
within the sterile envelope shall meet the requirements

as defined in SD-3.1.2.

1A : xhaust gas
assembly is defined as a piping assembly that maintains
the integrity of the sterile boundary with respect to steri-
lity and pressure. The assembly shall include but is not
limited to the items in SD-5.1.4.7 through SD-5.1.4.9.

SD-5.1.4.7 Exhaust Filter

(a) For this section, an exhaust filter shall be
defined as a filter element (as described in Nonmandatory
Appendix T) installed in a housing of suitable material.

(22)

(22)

(22)
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Figure SD-5.1.4.4-1
Gas Sparging Assembly — Lance
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Figure SD-5.1.4.4-2
Gas Sparging Assembly — Sintered
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Figure SD-5.1.4.4-3
Gas Sparging Assembly — Ring
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Figure SD-5.1.4.4-4
Gas Sparging Assembly — Single Orifice
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(b) Exhaust filters shall be designed for SIP. The hous-
ings shall be installed in such a way as to prevent the
collection of condensate in the elements due to SIP.

(c) If redundant sterilizing-grade exhaust filters are
used in series, then the filter farthest from the bioreactor
shall have a maximum rating of 0.2 pm absolute. In addi-
tion, provisions shall be included for draining condensate
from the piping between the filters.

(d) Consideration should be made for CIP or removal in
the case of cleaning out of place.

(b) Removable dip tubes (see Figure SD-3.4.3-1) shall
be inserted through a hygienic fitting. The removable dip
tube shall be supplied with the means to ensure that the
installation orientation is in conformance to design intent.

(c) Bioreactor dip tubes shall be designed for CIP or
cleaning out of place (COP).

SD-5.1.4.12 Harvest Valves/Bottom Outlet Valves.
This section applies to all valves installed in the vessel
bottom head.

(e) Proviisions shall be made for integrity testing of the
exhaust filfer assembly.

(f) 1fong or more exhaust filter housings are included in
a cleaning fircuit, the filter element or elements shall be
removed plrior to introduction of a cleaning solution

(g) To prevent the exhaust filters from becoming
blinded by| condensate saturation during operation, the
exhaust gds assembly may include exhaust condensers
(Figure §D-5.1.4.7-1), exhaust heaters (Figure
SD-5.1.4.7}2), or steam jacketed or electrically heat
traced filjer housings (Figure SD-5.1.4.7-3). These
items shall be designed for SIP and CIP.

SD-5.1.4.8 Exhaust Gas Piping

(a) Thel exhaust gas assembly within the sterile
envelope fhall meet the requirements as defined in
SD-3.1.2.

(b) The|design of exhaust gas piping from the bior-
eactor shoyild ensure that there is no condensate accumu-
lation in the line downstream of the system.

SD-5.1.4.9 Back Pressure Control Devices

(a) If rgquired, back pressure control devices (e.g.,
modulatinlg control valves or regulators) should be
installed ofitside of the sterile boundary.

(b) Baclf pressure control devices shall not hinder the
bioreactor’s capability of being SIPd and CIP’d.

(c) If a yapor-liquid separator.is used in the exhaust
within the|sterile envelope, it.shall be designed for CIP
and SIP.

SD-5.]
eactor pipi

.4.10 FeedLines. This section applies to bior-
g systems used to feed liquid ingredients (e.g.,
pH control| reagents,”antifoam reagents, media, nutrient,
and inocujum9):Feed lines shall be designed with the
appropriatg piping system to allow CIP and SIP of the bior-

(u) Harvestvatvesshattnreetthe 1ct,1ui1 emmgnts of
MC-3.3.2.3.
(b) Bioreactor harvest valves shall be designéd

and CIP or COP.

SD-5.1.4.13 Agitation Assemblies. This s
applies to mechanical agitator assemblies moui]
the bioreactor for achievingone or more m
related unit operations (e«g.,blending, mass tr
heat transfer, and solids Suspension).

(a) Agitators shall meéet the requirements of S

(b) Agitators with dual mechanical seal
Figure MC-2.3.2.352) or magnetic couplings (
SD-3.5.5-2) are recommended to isolate bior
contents from the environment.

(c) Agitator seal or magnetic coupling comp
shall bedesigned for CIP and SIP.

for SIP

ection
ted in
ixing-
insfer,

D-3.5.

b (see
Figure
pactor

nents

SD-5.1.4.14 Mechanical Foam Breaker Assemblies.
This section applies to mechanical foam breaker assem-
blies that may be mounted in the bioreactor for reducing
or eliminating foam accumulation in the vapor spacg of the
bioreactor.

(a) Foam breaker assemblies shall meet the rg
ments of SD-3.5.
(b) Foam breakers with either dual mechanicql seals
(Figure MC-2.3.2.3-2) or magnetic couplings (Figure
SD-3.5.5-2) are recommended to isolate biorpactor
contents from the environment.
(c) Foam breaker seal or magnetic coupling dompo-
nents shall be designed for either CIP or for bgth CIP
and SIP as appropriate.

quire-

SD-5.1.4.15 Internal Coils

(a) Internal coils should be avoided where pogsible.
(b) Product contact surfaces of internal coils equire
provisions for CIP and SIP.

eactor vessel and the feed line itself. CIP and SIP of the feed
line may be done independently or simultaneously with
the bioreactor.

SD-5.1.4.11 Dip Tubes. This section applies to all
bioreactor port tube-extensions within the vessel.
(a) Bioreactor dip tubes shall meet the requirements of
SD-3.4.2.

112

SD-5.1.4.16 Baffles. Baffle assemblies shall meet the
requirements of SD-3.4.

SD-5.1.4.17 Spray Devices. This section applies to
sprayballs, wands, and other devices (see Figure
SD-3.9.2.1-1) that may be mounted in the bioreactor
vessel for distributing cleaning solution during CIP opera-
tions.

(a) Spray device assemblies shall meet the require-
ments of SD-3.4.2 and SD-3.9.

(22)

(22)
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Figure SD-5.1.4.7-1
Exhaust Gas Condenser
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Figure SD-5.1.4.7-3
Electrically Heat Traced Filter Housing

Outlet

SD-5.1.5 Design for Bioburden Control

(a) The area within the bioreactor sterile envelope or
boundary shall be designed for cleanability and bioburden
control. As a minimum, the bioreactor sterile envelope or
boundary shall include the following (see Figures
SD-5.1.5-1 and SD-5.1.5-2):

(1) vessel internals
(2) inlet gas piping from the filter element(s) to the
vessel and any installed isolation valving (If redundant

Insulati¢pn with
sheathing \

Electric heat trace \

o 1 o
S S
©
@ @ [gf ]
Temperatjre \‘g/
contrdller
Inlet from vessel
(b) If n¢t removed during processing, spray device

assemblied| shall he designed for SIP.

SD-5.1.4.18"Instrumentation

SLCT iliLillg'gl db‘lc filLClb dl'c ubﬂb‘l ill SCI iED, Lll = lnlet
filter element farthest from the reactor vesse|l shall
define the sterile boundary.)
(3) exhaust gas piping from the vessel side|of the
exhaust filter(s) to the vessel and anyyinstalled isplation
valving (If redundant sterilizing-grade-filters are ysed in
series, the exhaust filter farthest from the reactor|vessel
shall define the sterile boundary.)
(4) agitation assembly‘inicluding all internal syrfaces
of the impellers and the, shaft up to the mechanicgl shaft
seal in contact with, tHe)product
(5) feed systenis from the vessel to the seat]of the
isolation valve nearest to the bioreactor vessql or if
the feed stream‘is being filter sterilized, the ster}lizing-
grade filtérelement
(6) (sampling system
(7). “product harvesting system from the vesse| to the
seat'of the isolation valve nearest to the bioreactor]vessel
{(b) A bioreactor is made up of a number of subfssem-
blies. Process-contacting subassemblies require gpecial
design consideration for cleaning and bioburden cpntrol.
(c) The bioreactor design for cleanability and sterility
shall take into consideration the biosafety level r¢quire-
ment for the system. A bioreactor shall be designed in
accordance with a biosafety level requiremgnt as
defined by the National Institutes of Health or equjvalent
organization (e.g.,, BSL-1, BSL-2, BSL-3, or BSL-4). The
biosafety level requirement should be determined
based on the organism, the process, the product being
produced, and the owner/user’s preferences. T¢ meet
a specific biosafety level requirement, special operfitional
considerations (e.g., steam blocks) may have| to be
addressed within the bioreactors’ subassembly dgsigns.
If the bioreactor has been used to grow an organism
that requires biohazard containment, provision shall be
made to decontaminate all surfaces that may have

(a) Instrumentsinstatted-withinthesteriteenvetopeor
boundary shall be designed for SIP. Consideration should
be made in the design for instrument removal for calibra-
tion.

(b) Instruments installed within the sterile envelope or
boundary shall be designed for CIP or removed for COP.

(c) Temperature-sensing elements should be installed
in thermowells. Piping associated with in-line thermo-
wells shall be sized to allow sufficient steam and conden-
sate flow.

colIrne 111 CoIntdct WlL‘Il L‘Ile produu prior to ulir, or to
contain and decontaminate the fluids used for CIP.

SD-5.1.5.1 Drainability

(a) Inlet gas piping within the sterile envelope shall
meet slope requirements as defined for GSD3 in
Table SD-2.4.3.1-1.

(b) Exhaust gas piping within the sterile envelope shall
meet slope requirements as defined for GSD3 in
Table SD-2.4.3.1-1.

(22)
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Figure SD-5.1.5-1
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Figure SD-5.1.5-2
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(c) All wetted surfaces of sparge devices shall be sloped
into the vessel for drainability.

(d) Feed line valves and piping orientation shall be
designed for drainability during CIP and SIP.

(e) All wetted surfaces of dip tube(s) shall be sloped
into the vessel for drainability.

(f) Bottom outlet valves shall be designed, sized, and
installed to be drainable and to enable draining of the bior-
eactor contents for all operations.

(g) Bottom-mounted agitators shall not interfere with

(d) For dip tube(s), the SIP operation shall direct or
balance steam distribution to establish and maintain ster-
ilization temperature within the tube(s) during the ster-
ilization hold period.

(e) Special considerations for spray devices are as
follows:

(1) The SIP operation shall direct or balance steam
distribution to establish and maintain sterilization
temperature within the spray device during the steriliza-
tion hold period.

the drpining of bioreactor contents.

S

(a) [The area within the sterile envelope should be
designled for CIP. For components that cannot be CIP’d,
the d¢sign shall allow removal for replacement or
manudl cleaning out of place.

(b) [If instruments will be cleaned out of place, blind
caps of plugs should be provided to maintain the integrity
of the [bioreactor system.

(c) If CIP of the ingredient feed system is performed
during active culture operations, then the design
should include provisions to prevent cross-contamination
betwegen CIP solutions and product.

(d) [f one or more dip tubes are cleaned in place with
the vegsel, both the inside and outside of the dip tubes shall
be cleqned.

(e) Provisions shall be included in the design to clean

the prgduct contact surfaces of impellers. Additional spray:
elements may be required to achieve coverage.
[P for sparge devices that use porous material for
gas digtribution requires particular attention: These
devicgds should be evaluated for CIP cleanability and
be removed from the bioreacteor ‘for external
cleanipg or replacement when CIP isnot feasible.

-5.1.5.2 Cleaning

-5.1.5.4 Thermal Sanitization/Sterilization

(a) [The area within the sterile envelope should be
designed for SIP. For those/components or assemblies
that cdnnot be SIP’d,the design shall allow removal for
steam pterilization ysing an autoclave as long as additional
provisjons are provided for sterilizing the interface (e.g.,
steam|block)wohce the components or assemblies are
reconrjected to the remainder of the bioreactor system.
Autoclpved-Components or assemblies shall be capable

(2) With the exception of a combinatiop sparger/
spray device, internal spray devices should |be located
above the bioreactor operating liquidlevel.

(3) If the bioreactor is steriliZed with mledia in the
vessel, and the spray device asserhbly extends qr is located
beneath the working level of thé.media, the SIF operation
shall direct steam flow through the device intd the vessel.

(f) Forsystems with adual mechanical agitafor seal, the
following requirements-apply:

(1) The mechahical seal and the barrier flpid system,
bounded by the’nearest upstream valve(s) or fllter(s) and
the downstréaim'outlet port(s) on the seal, shall be SIP’d.

(2) The design shall preventthe differential pressure
between\the vessel and the barrier fluid sylstem from
exceeding the manufacturer’s recommenddtions. The
bartier fluid system should indicate if operafting condi-
tions fall outside the design range.

(3) During post-SIP cooldown, the de
prevent vacuum in the barrier fluid system.

sign shall

SD-5.1.7 Testing. The bioreactor vessel|should be
pressure/vacuum and temperature ratgd per the
owner/user’s design criteria. The vessdl shall be
constructed, tested, inspected, and stamped in iccordance
with local ordinances, regulations, and codes|

SD-5.2 Cell Disruptors

SD-5.2.1 General. Homogenizers and high{shear fluid
processors disrupt cells by sudden cavitation, high shear,
or impingement of a highly pressurized procgss fluid.

Homogenizer systems consist of a variable-$peed posi-
tive displacement pump and an adjustable grifice. The
system may also include a feed pump and a cooling
heat exchanger.

High-shear fluid processors are a variation of the homo-
genizer operating at higher pressure ranges. High-shear

of beingsteanTsteritizedwithout degradatiomrtoany of
the elastomers or polymers that make up the components
or assemblies.

(b) If the bioreactor is sterilized with media in the
vessel, the SIP operation shall direct steam flow
through the sparge device.

(c) If the bioreactor is sterilized with media in the
vessel, and one or more dip tubes extend below the
working level of the media, the SIP operation shall
direct steam flow through the dip tube into the vessel.

117

fluid processors include a fixed-speed positive displace-
ment pump and a fixed orifice.

Refer to Figure SD-5.2.1-1 for a typical cell disruptor
process flow schematic diagram.

SD-5.2.2 System Performance Requirements. The
following system performance requirements and oper-
ating parameters shall be defined:

(a) process fluid properties (e.g., cell mass concentra-
tion, shear sensitivity, density, viscosity)

(b) operating pressure range

(22)
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(c) process fluid flow rate
(d) process temperature range
(e) required cell disruption efficiency

SD-5.2.3 System Design. The manufacturer shall
disclose when ASME BPE nonconforming materials,
connections, or seals are required for product contact
areas in high-pressure applications.

SD-5.2.3.1 Inlet
(a)

prevenjt damage to the cell disruptor. Pulsations or fluc-
tuatiofs of the process flow should be minimized.

(b) [The system should be capable of priming/purging
air from the system during start-up.

(c) The system should be capable of maintaining an en-
vironment free of air entrainment during operation.

S

(a) [The manufacturer shall disclose if seal materials in
contadt with process fluids do not meet the requirements
of SD-P.4.1.1 (e.g., USP Section <88> Class VI).

(b) |When high containment is specified, the cell
disrupfor shall be designed as a closed system (e.g., homo-
genizer with double packed cylinder seal design, contain-
ment ¢f seal quench fluid, containment of components
with the isolator).

S
syste
the ce

-5.2.3.2 Pump and Orifice

-5.2.3.3 Outlet. If required by the process, the
shall be designed to remove heat generated by
| disruptor.

SD-5.2.3.4 Instrumentation. The system-shguld be
desigrled to enable high-pressure seal intégrity moni-
toring|(e.g., viewing through a sight glass, conductivity
monitgring, or turbidity monitoring).

SD-5.2.4 Design for Bioburden Control. The
biobufden control strategies (e.g., CIP, COP, water
rinses| SIP, hot or superheatéd\water sanitization, chem-
ical sanitization) for product contact surfaces shall be

BPE-2022

(3) CIP bypasses should be provided parallel to flow
restrictions for hydraulic balancing. Means of flow veri-
fication should be provided for cleaning circuits that
employ parallel cleaning paths.

(4) The cell disruptor should be operated during
cleaning, typically at the highest flow rate available.

(5) If present, seal lubrication systems should be
designed to be cleaned or flushed.

(b) Portions of cell disruptors that are not designed for
CIP shall be identified. Those identified portions shall be
designed for disassembly and reassembly fer; OP and ex-
amination.

SD-5.2.4.3 Chemical Sanitization

(a) Where chemical sanitization is spefified, the
components within the sanitization boundafy shall be
designed for exposure_tosahd removal of|sanitizing
agent while maintaining-the sanitized state.

(b) The manufacturer should recommend tle chemical
sanitization flow rate and pressure.

SD-5.2.4:4" Thermal Sanitization. Whefe thermal
sanitizatiofyis*specified, the surfaces within the sanitiza-
tion boundary shall be designed for SIP or hot |iquid sani-
tizatiom:

SD-5.2.5 Design for Serviceability, Examination, and
Operation. The high-pressure zone shall be|capable of
disassembly for periodic cleaning and inspecfion.

SD-5.3 Centrifuges

SD-5.3.1 General. Centrifugation is a procgss used to
separate suspended materials of different denfities using
centrifugal force. Centrifuges may be used for collection of
solids such as harvest of cells or inclusion bodies of preci-
pitated protein, or for clarification of bioprocess solutions.
Different types of centrifuges include disk stack centri-
fuges, tubular bowl centrifuges, single-use dentrifuges,
and ultracentrifuges.

. . In bioprocessing, the centrifuge is typically used to
definefl by the owner /yser. The preferred mode N fequip- separater;ells fromgcell broth or ceflgl debr?spor 1 r};cipitates
ment jtorage (e.g., flgoded or dry) shall be defined. from liquid, or to recover inclusion bodies aft¢r homoge-

SD-5.2.4.1,Drainability. The design shall accommo- nization of microbial cells.
date fqrced expulsion for the removal of liquid when the SD-5.3.L.1 Disk Stack Centrifuge. A disk sfack centri-
systen} is spgcified to be stored dry. fuge consists of a cylindrical bowl containing a stack of
SP-5:-2.4-2Cleaning conical disks separated by spacers,which reduce the

(a) The following are recommendations for cell disrup-
tors designed for CIP:
(1) The manufacturer should recommend CIP flow
rate and pressure.
(2) The equipment should be designed to enable
cleaning verification/validation of all process contact
surfaces.

distance and increase the surface area for particulate
settling when under centrifugal force.

SD-5.3.2 System Performance Requirements. The
following system performance capabilities should be
defined at the beginning of design:

(a) whether the centrifuge is intended for open, closed,
or briefly exposed operations

(b) product to be separated

(1) solid concentration [e.g., packed cell volume
(PCV)]

119
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(2) solids cell type or particle size and distribution
(3) recovered product phase: supernatant, solids, or
both
(4) density difference between solvent and
suspended solids, if available
(5) viscosity and surface tension ofliquid, if available
(6) product shear sensitivity
(c) multipurpose or dedicated to a single product
(d) batch or continuous operation
(e) batch _size

(b) Disk Spacing
(1) Spacers between disks should be drainable.
(2) Spacers should not interfere with system clean-
ability.
(c) Thediskstackshall be designed with a material that
can withstand the mechanical stresses that the centrifuge
will undergo during operation.

SD-5.3.4.4 Instrumentation

(n) Instrumentation should be installed to detect a

(f) process liquid feed flow rate

(g) prodess temperature

(h) desdription of owner/user’s processes immediately
upstream 4nd downstream of the centrifuge

(i) requlirements for processing volatile flammable
materials

SD-5.3
tional pro
capabilitie

(a) cled
cleaning)

(b) sanitization requirements (e.g., SIP)

(¢) maximum allowable processing and cleaning/sani-
tization times

(d) reqyirements associated with the biosafety level
and room flassification of the process and system

(e) requiired feed and discharge pressure

(f) purity criteria (e.g., solids in supernatant, turbidity,
yield, basefl on prior product tests or experience)

SD-5.3.3 Operating Capabilities and System Func-
tion. The system should be designed with an alternative
liquid feed source (e.g., purified water, buffer) for\priming
of the cenfrifuge.

.2.1 Process Parameters. The following addi-
ess parameters required to confirm system
should be defined:

ning requirements (e.g., CIP or manual

SD-5.3.4

SD-5.3.4.1 Feed. For intermittentdischarge systems,
the centrifige system shall control and monitor the feed
flow rate gnd pressure.

System Design

SD-5.3

(a) If a
dischargin
and decel

4.2 Bowl

cyclone, is-present in intermittent solids-
b centrifuges, it shall be capable of containing
brating ‘the discharged bowl contents. The
cyclone shpuld:be cleanable.

failure in the bowl discharge or flooding pf the
cyclone, if present.

(b) Centrifuge instrumentation shall m
abnormal machine vibrations thatfmay resu
safety hazard and unit failure.

(c) The system should be capable’ of regulatin
speed to control the centrifugal forces that se
the product.

(d) The quality of the supernatant should be mof
through a sight glass prhinstrument such as a tu
meter.

nitor
tin a

b bowl
parate

itored
rbidity

ontrol
re not
| valve

SD-5.3.4.4.Y Supernatant Outlet Pressure
Valve. The supernatant outlet on centrifuges that
hermetically-sealed should have a pressure contro
to keep.the bowl flooded.

SD-5.3.4.5 Compendial Water Separatiop. The
compendial water system shall be isolated from pdtential
process contamination (e.g., by use of a break thnk or
double block and bleed valve).

SD-5.3.4.6 Interfaces. [Reserved for future cd

SD-5.3.5 Design for Bioburden Contro
bioburden control strategies (e.g., CIP, SIP, chemic
tization) and associated conditions (e.g., tempe
pressure, chemistry) for product contact surface
be defined.

ntent]

. The
I sani-

fature,
s shall

SD-5.3.5.1 Drainability. Centrifuges that are not
designed to be drainable may require additional [means
for liquid removal (e.g., air blow). The centrifuge shall
be designed to facilitate liquid removal under dynamic
bowl conditions.

The solids catcher inside the centrifuge and the solids
discharge connection to the cyclone are typically hori-
zontal. Provisions for liquid removal from these syrfaces

(b) Nozziesattheperiptery, top; orbottomrof threbowt
in continuous solids-discharging centrifuges should allow
for continuous discharge of settled contents.

(c) Process compatibility, cleaning, and sanitization re-
quirements shall be considered when selecting materials.
Components in the centrifuge that are subject to high
dynamic stresses (e.g., peripheral rotating components)
may require high strength materials.

SD-5.3.4.3 Disk Stack

(a) Disks shall be removable for visual inspection.

120

shall be provided in accordance with SD-2.4.3.1.

SD-5.3.5.2 Cleaning

SD-5.3.5.2.1 Disk Stack Centrifuges. Disk stack
centrifuges should be designed for CIP. Additional re-
quirements for disk stack centrifuges subject to CIP
include the following:

(a) Product contact surfaces (e.g., bowl, hood, solids
catcher, cyclone) shall be compatible with the cleaning
solutions.
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(b) Sampling points for representative cleaning verifi-
cation/validation of product contact surfaces shall be
defined.

(c) The manufacturer should recommend the CIP
supply flow rates, pressures, and cleaning step times
required to clean the centrifuge.

(d) The recovery, sampling, or monitoring of the
various cleaning streams shall be defined.

SD-5.3.5.2.2 Other Centrifuges

(5) recirculation streams for tangential flow filtra-

tion (TFF) systems
(c) operation

(1) in-line dilution or formulation

(2) diafiltration

(3) measurement of fluid characteristics

(4) control strategy [e.g., for TFF - transmembrane
pressure (TMP) control, permeate flux control, permeate
pressure control, retentate flow control]

(5) percent volume reduction and final volume

(a) Centrifuges that are not designed for CIP shall be
capable of disassembly and reassembly for cleaning and
examination.

(b) Areas of primary and incidental product contact
that r¢quire manual cleaning or cleaning out of place
(COP) [in addition to CIP shall be defined.

SDh-5.3.5.3 Chemical Sanitization/Sterilization.
[Reserved for future content]

SP-5.3.5.4 Thermal Sanitization/Sterilization.
Centrifuges subject to SIP shall be designed in accordance
with §D-2.3.1.1 and, in certain jurisdictions, may be
considered pressure vessels (see GR-1). Saturated
steam|penetration across components that define the
SIP boundary of the system shall be demonstrated.

-5.3.5.5 Post-Use Storage. The design shall meet
the stgrilization/sanitization and storage requirements

SD-5.4 Filtration

SD

5.4.1 General. Filtrationysystems are used for the
purposes of product purification, product concentration,
and refluction of bioburden: Filtration systems include the
filter elements (see Patt PM) and filter housings/holders,
and mpy include_pumps, vessels, piping, tubing, fittings,
valves| and instrumentation.

Thelfollowing sections describe the general design re-
quirenpentsfor the operation, cleaning, and sanitization of
a multiuse filtration system

(d) filtration element
(1) preparation for operation
(2) expected pressure drop at the-indicated flow
rates
(e) system
(1) the fluids to which thé.system may
(2) acceptable holdup.volumes
(3) temperature of operating area and pr
(4) room classification
(f) automation
(1) contrel,system requirements
(2) sensors and monitors for detection
performane¢e
(g9),cléaning and sanitization requirement;
the following:
(1) methods
(2) frequency
(3) duration

be exposed

cess fluids

of system

, including

SD-5.4.3 Operating Capabilities and System Func-
tion. Filtration systems shall be designed |to control
and monitor filtrate (or tangential and pernjeate flow)
according to process requirements. Multiuge systems
shall be designed to allow for process cleaning and sani-
tization.

SD-5.4.4 System Design. The system [should be
designed to promote recovery of product (e.g|, drainable
branches and path-by-path air blows to recoyer product
retained in lines and filter elements) and meft cleaning
and sanitization requirements. The system|should be
designed to mitigate the risk of crossover of feefl solutions,
which could contaminate the process.

Filtration system designs should conform| to SD-3.1.
Where multiuse systems are not drainable, refer to
SD-2.4.3.

When required by system function, cojmponents

SD-5.4.2 System Performance Requirements. The
conditions and performance parameters under which
the system will operate shall be defined. Typical items
to consider include the following:

(a) type and mode of filtration

(b) inlet/outlet streams

(1) inlet and outlet physical and chemical properties
(2) flow rates required

(3) pressure conditions

(4) number of feed and outlet streams
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present in direct flow and tangential flow filtration
systems shall include the following:

(a) feed and filtrate for direct flow; permeate and
retentate for tangential flow

(b) valves

(¢) pumps

(d) vessels (feed and filtrate collection)

(e) instruments (process monitoring and control)

(f) oneormore filtration elements and element holders
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The system design should mitigate the risk of leakage and
carryover of residual solutions to subsequent steps.

SD-5.4.4.1 Materials. The process contact materials
shall be compatible with process fluids, including those
used for cleaning and sanitization.

SD-5.4.4.2 Pumps. Pumps designed for both process
and CIP shall meet the required duty points (i.e., flow rate
and pressure) for each operation.

be provided. Drain points shall not create dead legs. A
common drain port on the skid is preferred.

Direct flow filtration housings shall include a low port
drain to facilitate cleaning and removal of liquid from the
system as well as filtration element changeouts. Liquid
tee-style filter housings should be installed vertically
for drainability. In-line vent filter housings subject to
SIP should be installed vertically with the condensate/
drain port directed downward (see Figure SD-5.4.5.1-1).

Tangential flow cartridge housings subject to CIP or SIP

SD-5- o e \,:Ulltlull Uf
Process LiEuids. When multiple liquids are combined,

the flow rpte of the feed solutions (and retentate for
tangential|flow systems) to the filter element should
be monitored.

SD-5.4
the systen
filter at its
filter, to s
element)
the filter (

SD-5.4
designed t
lation of a
designed t
Sight glass
required t

}.4.4 Multiple Connections. Where required,
shall be designed to enable isolation of the
connection points (e.g., for removal of the
hut off permeate, or to bypass the filter
r to control the direction of flow through
p.g., top to bottom versus bottom to top).

}.4.5 Air Entrapment. The system should be
minimize the introduction into and accumu-
r in the filter housings. The system shall be
relieve trapped gases from the filter housings.
s or instrumentation should be installed when
facilitate air detection.

SD-5.4
(a) Part

.4.6 Filter Element Housing Design

s forming internal crevices should be easily
disassembled to enable access for cleaning.

(b) All wetted surfaces should be accessible for
cleaning and examination.

(c) Allnpzzle connections shall be of a hygienic design.

(d) Baffle plates, when used, should-be _¢leanable and
designed for SIP.

(e) The housing assembly, end plates, and connections
should be dlesigned to preventbypassing of process fluid
around thq element.

(f) Ventfilters for hot liquid processes should be heat
traced or qteam jacketéd.)Other methods for preventing
excessive fnoistureaécimulation in vent filters, such as
oversizing|filters,\vent heaters, or condensers, may be

duction. This

shall be designed with connections and covers-that will
allow the unit to drain.

ration
expul-
I of the
ing the

SD-5.4.5.2 Cleaning. Where direct flow fil
housings are CIP’d, provision for draining,or forced
sion of liquid shall be included to faCilitate cleaning
system. Cleaning of filtration systémsis achieved us
CIP TACT principles (see SD«6.3+1).

Direct flow filtration elemeénts are typically not
and are not installed during the cleaning process

Tangential flow filtration elements may be desig
multiuse and cleaned along with the system.
multiuse elements.are CIP’'d, the system shall be de
to be hydraulically balanced to ensure suitable con
(e.g., flow %ates) to properly clean the filtration ele

SD-5.4.5.3 Chemical Sanitization/Sterilization.
Process contact components within the system shall be
exposed to the chemical solution for a specified dufration.
The components shall be compatible with the sanit|zation
agents and conditions selected.

Ifa system subject to chemical sanitization/steril|zation
includes elements not compatible with the chemicpl con-
ditions required, those elements shall be isolated or
removed during the cleaning process without cdmpro-
mising the system integrity.

SD-5.4.5.4 Thermal Sanitization/Sterilization.
Systems shall be compatible with the thermal conflitions
to which the system will be exposed.

If a system subject to SIP includes elements not d
tible with the thermal conditions required, those elg
shall be isolated or removed during SIP without c(
mising the system integrity.

reused

ned for
When
signed
litions
ments.

ompa-
ments
mpro-

SD-5.4.6 Design for Serviceability and Inspéction.
Multiuse systems shall be designed to facilitate §ervice
and inspection including removal and replacenjent of

section covers drainability, cleaning, and chemical and
thermal sanitization/sterilization for the purpose of
bioburden reduction.

SD-5.4.5.1 Drainability. Filtration systems should be
designed to minimize holdup volume. Piping systems and
components of filtration systems that are designed to be
drainable shall be sloped to enable draining. Drain valves
shall be installed at low points. Where liquid removal is
required but drainability is not possible or practical, a
method of forced expulsion of liquids (e.g., by air) shall

122

the filter elements.

SD-5.4.7 Testing. Selection of filtration integrity and
performance test methods should be based on evaluation
of process risks.

When the filter is used as a sterilizing or viral removal
filter, provisions for integrity testing should be provided.

Acceptable test methods include the following:

(a) pressure hold test to identify system leaks for direct
and tangential flow systems
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Figure SD-5.4.5.1-1
Tank/Vessel Vent Fillers

AR

(a) In-Line Design
(Accepted)

(b) |transmembrane test to confirm absence-of
membrane fouling in tangential flow filtration systems

(c) kalt rejection testing to confirm system integrity in
reverse osmosis applications

(d) bubble point or forward flow diffusion tests in ster-
ilizingigrade direct flow filtration systems used to verify
bioburjden control

(e) particle tests in viral filter'systems employed to
confirg specific viral removal

SD-5.

SP-5.5.1 General.:"Chromatography systems are
used fpr product‘purification, concentration, and viral
load geductien."Chromatography systems include
pumpy, piping, valves, instrumentation, and a stationary

b Chromatography/Systems

mediym_that is contained in a column, cartridge, or  tion. The chromatography system shall be cap
capsu|!e. The stationary medium/phase may be a vering a consistent flow of liquids through thd

membrane adsorber or resin.

The chromatography system shall not contribute to the
contamination of the product. This section describes
operational, cleaning, and sanitization requirements of
multiuse chromatography systems. This section does
not address the requirements of systems intended for
single-use. Chromatography systems used for analytical
testing are not included in the scope of this section.

Low-point drain

(b) T-Type Design
(Accepted)

For the purposes of this section, “column” shall refer to
any component (e.g., column, cartridge], capsule,
membrane adsorber) housing the stationary j[medium.

A chromatography system may also include|provisions
for

(a) assisting with the packing of a column with the
stationary phase

(b) evaluating the performance of a packef column

(c) performing in-line dilution and in-line fprmulation
operations

For the purposes of this section, “gradient|operation”
refers to flow rates of two or more liquids to lpe adjusted
such that the physical and chemical characteristics of the
resulting chromatography feed solution chang¢ over time.

SD-5.5.3 Operating Capabilities and System Func-
ble of deli-
stationary
phase and mitigating the risk of introducing gas onto the
column. Multiuse systems shall be designed to be cleaned
and sanitized. If columns are stored packed with
stationary phase, the systems shall be capable of main-
taining a flooded bacteriostatic condition.

When gradient chromatography operations are
required, gradient accuracy capability shall be defined.
The chromatography system should be designed to
provide an elution buffer flow path that minimizes
axial dispersion.
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SD-5.5.5 Design for Bioburden Control

SD-5.5.5.2 Cleaning. Chromatography systems shall
be designed for CIP. Systems should be designed in accor-
dance with SD-3.1.

SD-5.5.5.3 Chemical Sanitization/Sterilization.
Chemical sanitization processes are used to reduce
bioburden. All process contact surfaces of system compo-
nents shall either be compatible with the selected saniti-
zation agents or be capable of being removed or isolated

(e) shelf heating and cooling rate (clean, dry, and
empty)

(f) shelf temperature uniformity requirements

(g) evacuation rate

(h) minimum vacuum level

SD-5.6.3 Operating Capabilities and System Func-
tion. The lyophilizer should be capable of the following
functions:

(a) shelf and condenser temperature control

prior to the sanitization process.

SD-5.5.5.4 Thermal Sanitization/Sterilization.
Chromatography systems may be designed for thermal
sanitizatiof. If a system is designed for thermal sanitiza-
tion, comppnents shall be designed for the specified con-
ditions, on shall be removed or isolated prior to the
sanitizatioh process. Note that if items are removed for
sanitizatioh, they should be sanitized separately and rein-
stalled in f controlled environment to avoid contami-
nating the [system.

SD-5.5.5.5 Post-Use Storage. Chromatography
systems ar¢ typically stored flooded with a sanitizing solu-
tion to majntain bioburden control.

SD-5.6 Lyophilizers/Freeze Dryers

SD-5.6.1 General. For the purpose of this section, the
terms “lyophilizer” and “freeze dryer” may be used syno-
nymously.|This section describes the requirements for
cleanability and bioburden control of lyophilizers that
are used [for biopharmaceutical processing. Fhis
section agplies to lyophilizers in which preduet is
loaded onfo shelves. Other designs that use methods
and compgénents not described in this section should
be evaluat¢d and agreed on by the owner/user. A lyophi-
lizer comptises a number of interconnected components.
Components with process contactjsurfaces shall be
designed for cleanability and bigburden control.

Lyophilizer surfaces of components, piping, equipment,
or systems|that are isolated by design from both product
and procesk fluids are notprocess contact surfaces and are
not requirgd to be desigiied for cleanability or bioburden
control. Examplesof’surfaces that are not process contact
surfaces influde the exterior surfaces of equipment, drain
lines, vacupmslines, and systems containing hydronic or

(bj vdLUULD pressurc COUIIL Ul

(c) condenser defrost

(d) loading and unloading (when specified)
(e) stoppering (when specified)

(f) vacuum integrity testing

(g) filter integrity testing

(h) cleaning

(i) sterilization/sanitization

SD-5.6.4 System Design.A lyophilizer is compifised of
functional components/systems, as shown in Figure
SD-5.6.4-1, which ar'e designed for isolation, cleanpbility,
and bioburden céntrol.

All componeunts shall be specified for the applicable
pressure, vaglium, temperature range, thermal [shock,
and exposure to sanitizing agents [e.g., vapprized
hydrogef’peroxide (VHP)] when applicable.

Process contact surfaces made from nonmetalliq mate-
pial*should conform to SD-2.4.1.1, SD-2.4.1.2, SD-?.4.1.4,
and Part PM.

SD-5.6.4.1 Lyophilizer Chamber

(a) The interior surfaces of the lyophilizer chamber
(chamber vessel) are considered process contact surfaces.
(b) The lyophilizer chamber includes all necgssary
fittings and closures (e.g., doors, bellows, isdlation
valves). The chamber floor shall be drainable.
(c) The surface finishes of the chamber infternal
surfaces (i.e., door, walls, ceiling, floor) shall be specified
by the owner/user using the designations in|Table
SF-2.4.1-1.
(d) Where the chamber interfaces with the clean room
orisolator, the surfaces shall meet the owner/user’g speci-
fied requirements.

SD-5.6.4.2 Condenser Vessel

hydraulic fhies:

SD-5.6.2 System Performance Requirements. The
following system performance requirements shall be
defined:

(a) vacuum integrity requirements

(b) product capacity (vial quantity or required product
shelf area)

(c) condensing capacity (liters)

(d) minimum shelf temperature

(n) The condenser vessel used to contalin the
condenser heat exchanger, is connected to the
chamber vessel and may be separated by a main isolation
valve.

(b) All surfaces shall be drainable.

(c) In systems designed with backstreaming preven-
tion (i.e., prevention of reverse flow from the vacuum
pumps), the condenser vessel is downstream of the
chamber. The condenser vessel surfaces are not
process contact surfaces and do not have surface finish
requirements.
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Figure SD-5.6.4-1
Typical Lyophilizer Component Assembly
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(d) In systems not designed with backstreaming
prevention, the condenser vessel surfaces are process
contact surfaces. The surface finishes of the condenser
vessel shall be specified by the owner/user using the des-
ignations in Table SF-2.4.1-1.

SD-5.6.4.3 Lyophilizer Shelves

(a) Theflatsurfaces ofshelves supporting containers of

product (e.g., vials containing product) are considered
tact surfaces

(c) Thebellows shall be sealed ateach end to isolate the
inside of the lyophilizer from external conditions. Bellows
may be bolted or welded into place. A bellows sealed by a
bolted flange connection with an O-ring seal within the
chamber vessel facilitates replacement and maintenance.
The inside of the bellows may be evacuated, vented, or
pressurized to facilitate retraction or extension of the
bellows. The lyophilizer may be provided with a leak-
test system to ensure the bellows is intact.

(d) When specified, the bellows shall be suitable for

process co
(b) The flat surfaces of shelves are considered product _st_erilization and shall allow fgr f_ull penetrati_on ofthe ster-
contact suffaces if product without containers is placed ilizing agent at all surfaces inside the sterile hotundary.
directly or the shelves. SD-5.6.4.6 Internal Moving Parts. The following
(c) Su'rf ces of the structural components of the shelves should be considered in the desigm 6f’moving parts
are considgred process contact surfaces. (e.g., the raising and lowering of the shelves) ithin
(d) The|shelf heat transfer performance depends on the chamber or condenser vessél:
shelf flatnefs. The loading/unloading and initial container (a) Nonmetallic material may'bé used for movinf parts
closure pqrformance require the shelves to be level. to reduce friction (e.g., PTFE,PEEK, UHMWPE). Th{ selec-
Thereforef shelves are not required to be sloped and  jo of the material should consider minimizing farticle
may not He drainable. Methods may be required to generation.
remove rgsidual CIP liquid (e.g.,. collapsibile §helves (b) Contact surfates between moving parts shall be
may be coptracted to remove residual CIP liquid from  eyxposed to solutiohs used for cleaning and bioljurden
shelf surfaces followed by a process that facilitates control.
drying, sugh as SIP' f9110wed by a vacuum hOId)'_ . (c) A bellows may be used to isolate the chamber or
(e) The purface finishes of shelves shall be specified by condenser from moving parts that are not of hygienic
the owneruser using the designations in Table SF-2.4.1-1. design’
A rougher $urface may be specified for the bottom side of
the shelveg by the owner/user to meet process require- SD-5.6.4.7 Spray Devices
ments (e.gy stopper adhesion prevention). (a) Spray devices are used in lyophilizers to fafilitate
SD-5.6.4.4 Vacuum Systems the cleaning of surfaces inside the chamber and conflenser
. vessels. Spray devices in the condenser vessel may plso be
(a) The|lyophilizer vacuum pumps and coprdenser e for directing spray at the condenser cooler tp facil-
cooler estaplish a pressure gradient during lyophilization itate defrosting of the condenser cooler.
from Fhe C amber v_esse% through the condenser v_e_ssel (b) Spray devices designed for cleaning should grovide
resulting i single-direction flow toward the lyophilizer sufficient flow and force to clean flat surface$ (e.g.,
vacuum pumps. To.mallntaln an environmentappropriate  ghelyes) by direct spray. Cleaning the internal syrfaces
for aseptic|processing in the chamber wvessel, thg vacuum of a lyophilizer by direct spray may require a supply pres-
system shll prevent reverse flow (backstreamlng).' . sure and flow rate that are substantially higher than are
(b) The|lyophilizer vacuum pumps are not hygienic  typjcal for cleaning an empty vessel. The supply priessure

(c) Whefe vacuumspumps for wet service (e.g., liquid
ring vacuu pumpsj.are used to evacuate air/vapor from
the chamBber and*condenser vessels, they should be
located outside:the sterile boundary.

and flow rate should meet the manufacturer’s recojmmen-
dation for these spray devices.

(c) Both static and dynamic spray devices are 4
able for use in lyophilizers. The use and applicati
particular spray device design should be agreed on pmong
the owner/user, lyophilizer manufacturer, and CIP $ystem

ccept-
nof a

SD-5.6.4.5 Isolation Bellows

(a) Isolation bellows are employed to isolate nonhy-
gienic moving components from the lyophilizer sterile
boundary.

(b) The surfaces of the bellows and its mounting
connections exposed to the inside of the lyophilizer
are considered process contact surfaces and should be
assessed for cleanability. The bellows shall be extended
during the cleaning cycle to provide access to all exposed
process contact surfaces.

126

integrator. The number of spray devices may be reduced if
the shelves are allowed to move during cleaning. Spraying
of shelves should be designed to avoid the interference of
spray streams of opposing directions.

(d) The use of threaded connections for spray devices
should be avoided.

(e) Spray devices shall meet the provisions of SD-3.9.2.

(f) Spray device design, location, and orientation shall
ensure appurtenances (e.g., nozzles, bellows, shelf
supports, hoses) are exposed to complete spray coverage.
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SD-5.6.4.8 Gas Filter Assemblies

(a) For the purpose of this paragraph, the gas filter
assembly is defined as those filters installed for the
purpose of filtering process gases supplied by the lyophi-
lizer. The filter assembly includes the filter media, seals,
housing, and connected tubing.

(b) Thelastfilter in the path of the gas to the lyophilizer
(proximal filter) shall be part of the sterile boundary and
be designed for the chosen means ofbloburden reductlon

(eg,

permit temperature monitoring in a location
ntative of the coldest location
accommodate the integrity testing of the prox-

(a) LLyophilizer doors and door seals shall be designed
to withstand vacuum, cleaning, and sterilization condi-
tions.

(b) Lyophilizer doors shall be accessible, cleanable, and
replacgable and should be capable of undergoing inspec-
tion wiithout dismantling.

(c) For multiple-door systems, the deers shall be inter-
locked to allow the opening of only.one door at a time
during normal operation.

(d) Poors and locking hardware that interface with the
clean joom should not be retracted to uncontrolled space.

(e) Bothsliding and swing door designs are acceptable.
Door seals can be-made with either static or infla-
table spals. Static seal grooves that hold the seal may be on
either [the dooy ot the chamber.

(g) [The seahgroove may be set back from the chamber
flange|edge-to keep the seal in position during vacuum
conditjons:

(k) Door seal lubricants shall not be used in aseptic
processing applications.

(1) Refer to Part MC for specifications of seals used in
bioprocessing.

SD-5.6.4.10 Valves

(a) Valve design and selection for service shall follow
MC-3.3.2.3(a) and Part SD as appropriate. The application
ofa spec1f1c valve type fora glven service should be agreed

(b) Hyglenlc valves shall be used inside jthe sterile
boundary.

(c) Diaphragm valves are acceptable for hy|
service.

(d) Butterfly valves may beuséd as part of
boundary when piping/tubing’is larger th
diameter.

(e) Ball valves may~be used outside f
boundary to establish/positive isolation.

(f) Pressure relief\devices or rupture disks
design may bedused as part of the sterile bo

(g) 1f thelyophilizer is designed for isolatig
the chambet and condenser, the isolation valy
the form,of a mushroom valve, butterfly valy
proprietary valve design.

pienic fluid

the sterile
hn 2 in. in

he sterile

of hygienic
indary.

n between
e may take
e, or other

SD-5.6.4.11 Instruments

(a) All instruments within the sterile bound
conform to all applicable sections of Part PI
PI-2.1, PI-2.1.2(c), PI-2.1.2(f), and PI-2.2.2.

(b) Instruments in process contact sh
hygienic design.

(c) Instrument probe surfaces and side po
tions shall be oriented for drainability.

(d) Instruments installed within the steril¢ boundary
should be designed for CIP and sterilization. Ifstruments
not designed for CIP should be removed for cleaning and
reinstalled for sterilization.

(e) Locations with product-sensing instrugnents (e.g.,
thermocouples and RTDs) and wire lead-throughs
should be considered when designing for clganing and
sterilization.

(f) Instrumentation with integral seals or |[diaphragm
seals is preferred within the sterile boundarfy. The risk
of using instrumentation without integrdl seals or

ary should
including

uld be of

't penetra-

(h) Compression of a single static seal to achieve a
metal-to-metal contact is preferred to avoid a gap
between the door and chamber vessel.

(i) The door 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 static seal circumscribing the inflatable seal
provides for penetration of sterilizing agents across
the sealing face of the inflatable seal.
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ttaphragnrseatsteg; Pirani gauges)shouldbe assessed
based on the risk to product quality as determined by the
owner/user.

SD-5.6.5 Design for Bioburden Control. Lyophilizers
designed for bioburden control should consider the
following:

(a) pressure or vacuum hold testing in preparation for
the bioburden reduction process. See SD-5.6.7 for vacuum
integrity testing.
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(b) evacuation of air from the chamber and condenser
vessels to reduce the potential for air to be trapped during
the bioburden reduction process. Effective air evacuation
may be achieved through the use of a liquid ring vacuum
pump or similar.

(c) for the purpose of identifying areas that should be
exposed to sterilizing agents, the following areas within
the chamber and condenser vessels define the sterile
boundary as indicated in Figure SD-5.6.5-1:

(1) the inside surfaces of the chamber vessel to the

(3) Nozzles and other appurtenances that are
cleaned by liquid spraying should allow complete
coverage.

(4) Lyophilizer internals should be designed to avoid
low points where fluid can be trapped.

SD-5.6.5.1 Drainability

(a) Internalliquid distribution piping shall be sloped to
meet the requirements of GSD2 for drainability.
(b) Externalliquid distribution piping shall be designed

chamber dpor isolation seal. with valve actions that facilitate draining. The pip¢ slope
(2) th inside surface of the condenser vessel to the shall meet the requirements of GSD2.

condenser|door isolation seal. (c) The liquid level in the chamber and-conglenser
(3) thle chamber and condenser drains to the first vessels should be minimized during ence“through CIP

isolation dfain valve. by correct sizing of the drain and by providing slope
(4) the vacuum pump inlet connection in the to the respective drain. A CIP drain_ pump may be used

condenser] vessel to the first isolation vacuum valve to assist draining of the chambex.and condenser vessels.

closest to the condenser vessel. (d) Whenrecirculated CIPisused, recirculated systems
(5) thie vacuum break/gas inlet line to the sterile gas ~ shall be drainable, including-pump casings.

filter. If redundant sterilizing filters in series are used, the (e) The chamber and:condenser vessels shall be{drain-

sterile boupdary ends at the membrane of the filter far- able.

thest from|the chamber vessel. (1) Process<ontact surfaces shall be sloped tp meet
(6) the CIP/SIP inlet lines to the first CIP/SIP isola- the requirements of GSD3 for drainability of CIP fluids and

tion valve that is closed during the lyophilization process. ~ to prevent.the collection of condensate durifig the
(7) thk sealing surface on all instruments connected steaming processes.

to the chamber and condenser vessels. (2)nterior surfaces of nozzles penetratipg the
(8) thlermocouple/RTD seals connected directly to vertical walls of the vessel shall be sloped to mg¢et the

the chambpr and condenser vessels. requirements of GSD3.
(9) thl exposed surface of the pressure reliefvalve or (3) The floor of the vessel shall be sloped toward the

rupture digk. drain connection to meet the requirements of[GSD3,

(d) Intefnal Connections and Fasteners unless otherwise agreed to by the manufacturgr and

(1) Threads sealed by an O-ring or hygienicgasket owner/user.

are ac'c'eptable.'The use of exposed threa(%s within the SD-5.6.5.2 Cleaning. The following requirdments

lyophilizer| sterile boundary should be.av01ded. If other are for CIP of lyophilizers:

means of|fastening are noF pract_lcal, the use of (a) Systems used to clean lyophilizers shall conform to

exposed threads may be permitted with the agreement SD-6.3.3. Cleanability requirements of SD-2.4.2 arq appli-

of the owper/user. The surfaces of exp.()sed threads cable to lyophilizers except for SD-2.4.2(b)(1), whidh does

ShOl'lld be pmong those assessed/for~cleaning and pene- not apply to lyophilizer shelves.

tration of jterilizing agents. ) (b) Itis accepted practice to use water as the CIP fluid
_(2) For process contang st_1rfaces, the use O_f pIns, for cleaning water-soluble compounds. Water for injection

clevis rody, snap rings, (T clips may be required to shall be used for the final rinse in aseptic processing appli-

mount hardware inside the sterile boundary but cations.

should be|minimized and agreed on by the owner/ (c) The chamber vessel, which includes infternal

user. The jurfasgyot these fasteners s}}ould be among shelves, should be cleaned via internal spray devices

thoset assegsed-for cleaning and penetration of sterilizing designed to provide coverage of targeted surface. Risk

agents.

(3) Socket head cap screws and counterbored holes
inside the sterile boundary shall only be used with the
agreement of the owner/user.

(e) Branch Connections

(1) The provisions of SD-3.1.2.2 are applicable to
liquid-service process contact piping, leading to the
lyophilizer.

(2) Nozzles within the sterile boundary should be
designed to allow for full exposure to the sterilizing agent.
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to pT odtet L,lualit_y shottdbe—considered—when"deter-
mining the required coverage. The acceptance criteria
for coverage shall be agreed to by the manufacturer
and owner/user. Nonmandatory Appendix L provides
anacceptable procedure for spray device coverage testing.

(d) The process contact surfaces within the condenser
vessel may be cleaned via internal spray devices to
provide the coverage agreed on between the manufac-
turer and owner/user.
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Figure SD-5.6.5-1
Lyophilizer Sterile Boundary

Instrument sealing surfaces

CIP/SIP inlet
connections_\
to the first

— Thermocouple/RTD seals

on chamber and condenser

Sealing surface of pressure relief
valve on chamber

Sealing surface of
lief

pressure r
y

isolation valves

cornmnectea to criampoer
and condenser

valve oncpndenser

/

s

v T

Vacuum pump‘inlet
/_ connection to th

| L firstisolation valve
Inside < U1
chamber = _ - _ ‘
il 1
|
Condensing plates, - .
or coils i / Inside condenser
| A
Vaclium break/gas — gy |
inlet line to sterile _ e _ ! /
gqs filter
< Condenser
Chamber \
Chamber and condenser drains up to
first isolation valve
(e) Whenrecirculated CIP is used, recirculated systems (d) if cooling and drying are accomplishgd with the

shall bg capable of removing residual chemicals and debris
during the final rinse.

SP-5.6.5.3 Thermal Sanitization/Sterilization.
When [designing lyophilizers for SIP
(a) pteam should enter thelyophilizer at only one point
at a tithe to minimize thewpotential to trap air or conden-
sate. If steam needs toyenter through multiple locations
simulthneously, the"design should create flow paths that
avoid jair entrapmtent. The design should ensure that
condensate willfreely flow toward low-point drains.
(b) b dualicontrol design may be used to deliver high
steam flow.rates thatare often required during the heating

introduction of a process gas with open draing, a positive
pressure differential shall be maintained to pfeserve the
sterile boundary during this operation.

(e) temperature monitored throughout the SIP cycle
should include coldest (worst-case) locationg. If routine
monitoring of worst-case locations is not prpctical, the
temperature of locations that have been cofrelated to
the actual worst-case locations may be monitoged instead.

(f) to minimize cold locations during SIP,|horizontal
penetrations should be sloped to allow condensate to
drain.

SD-5.6.5.4 Chemical Sanitization/Stdrilization.

phase atre-toraintain tisllt cottrotof ‘Cc1upc1 ature—and
pressure during the exposure phase. For example, one
regulator or control valve may be used for the heating
phase and a separate regulator or control valve may
be used for tight control during the exposure phase.

(c) avacuum drying phase should be used to eliminate
any condensate remaining within the sterile boundary
following SIP.

Whendestgningtyophitizersfor—sterttization with
hydrogen peroxide gas under vacuum

(a) the system should be designed to be dried and have
a surface temperature that meets the supplier specifica-
tion for the hydrogen peroxide supply system [typically
between 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
residual hydrogen peroxide levels are below the estab-
lished thresholds, after the sterilization process has
been completed. Threshold levels should be agreed on
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by the owner/user for both operator’s safety and the
potential impact on the product quality.

SD-5.6.7 Testing. The following requirements are for
leak-rate (vacuum integrity) testing:

(a) Lyophilizers designed for aseptic lyophilization
processes shall be designed to meet leak-rate testing
criteria as agreed to by the owner/user. The sterile
boundary should be leak tested before aseptic operations
begin. The leak rate is calculated as follows:

transfer lines, vent lines) and which cleaning methods
(e.g., CIP, COP, water rinses) and sanitization methods
(e.g., chemical sanitization, SIP, hot-water flush) are to
be used. When a solution sterilizing-grade filter is
SIP’d with the system, the sterile envelope shall
include the filter membrane. In practice, this requires a
design that achieves sterilization conditions across the
filter membrane.

For systems that require closure, controls to achieve
and maintain a functionally closed system after mixing

Q= APV may include
At (a) equipment to achieve required bioburden
tion in prepared solutions (e.g., sterilizingigrade
wheQre lehk rate, mbar-L/s HTST, sterilization vessels)

V' = thle lyophilizer system volume subject to the

vacuum, adjusted to exclude the volume occupied
by internal hardware, L
AP = thp absolute pressure rise during the test, mbar
At = thk test duration, sec
(b) Lealj-rate testing should be performed on a clean,
dry, and fylly assembled and insulated system with the
condensef cooler in operation to capture residual

vapor. Typiically, leak rates less than 0.02 mbar-L/s are
acceptablg for new installations. Leak-rate testing is
intended tp confirm vacuum integrity of the system.

(c) LeaK-rate tests are performed at high vacuum con-
ditions with an absolute pressure typically on the order of
0.01 mbar.

(d) Sufficient stabilization time will avoid misinterpre-
tation of thle vacuum leak rate due to virtual leaks. Viftual
leaks are identified by a leak rate that stabilizes oger'time.

(e) Indjvidual component assemblies*that are
subjected fo vacuum conditions should be-helium leak
tested pridr to final installation.

SD-5.7 Solution Preparation Systems

Solution
tion, stora

preparation systems are used for the prepara-
be, and distributien\of buffer solutions, media
solutions, [and other reagents used in bioprocessing,
formulatipn, and filing operations. Systems may
include cojmponents for transfer and mixing of solids
and liquidd| (e.g., agitators, in-line mixers, vacuum transfer
equipment] intérmediate bulk containers). The systems
may also i i i
and for solution storage. Systems may also include compo-
nents designed specifically for bioburden reduction or
solution conditioning. Examples of these include filtration
systems and thermal conditioning systems such as ultra-
high-temperature/high-temperature short-time (UHT/
HTST) systems.

SD-5.7.1 Operating Capabilities and System Func-
tion. The owner/user shall define which process
contact surfaces require cleaning and sanitization (e.g.,
vessel internals, solids transfer equipment, solution
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reduc-
filters,

(b) technologies that prepare equipment for ude (e.g.,
CIP, SIP, use of gamma-irradiated.sinigle-use compdnents)
(c) procedures and designs te‘imaintain control during
processing and holds after:bioburden reductiop (e.g.,
system closure after sanitization, drying equipment for
holds, and hold and processing time limits)

SD-5.7.2 System‘Design

should
nixing

SD-5.7.2.1 ‘Contamination Control. Measures
be taken te ‘contain powders that are added to
tanks and to contain aerosols that may be genprated
duringg solution preparation to mitigate the fisk of
cross-contamination between operations. The owner/
user shall assess the risk of cross-contamipation
between operations. Controls to mitigate the fisk of
cross-contamination may include

(a) physical separation (e.g., separate rooms, iso|

(b) airflow controls (e.g., dust collection systems
tion of circulated air, flow direction)

(c) use of closed-process systems

(d) temporal separation

(e) procedural separation

The owner/user shall specify requirements for mitiga-
tion of risks from environmental contaminatiqn and
growth of adventitious agents such as bacteria) fungi,
and viruses in solutions during processing and hold times.

ators)
filtra-

SD-5.7.3 Design for Bioburden Reduction

SD-5.7.3.1 Filters. Systems used for buffer di
tion may require a filter to reduce bioburden during trans-
fers to downstream systems, particularly when thelbuffer
f - i i g System
before use.

stribu-

SD-5.7.3.2 Preparation Tanks. Preparation tanks
may be designed for operations that are briefly
exposed to the room environment (e.g., addition of
reagents through an open port) when appropriate
measures are exercised for bioburden control and
other particulate contamination (e.g., filtration to
reduce bioburden after reagents are dissolved).
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SD-5.7.3.3 Tanks for Long-Term Storage. Tanks
used for long-term storage of solutions should be designed
to be sterilized unless the intended solution is bactericidal
or bacteriostatic.

SD-5.7.3.4 Thermal Sanitization/Sterilization.
Systems used for aseptic processing shall have all surfaces
that contact sterile process streams downstream of the
bioburden control device capable of being sterilized.
This includes interfaces between components that are

BPE-2022

(b) The ways of providing a single-pass rinse include
(1) direct connection supply from a utility water
system with hygienic safeguards to prevent backflow.
If a direct utility connection is used, the design should
mitigate the effect of variation in supply pressure (e.g.,
due to draw by other users) and its impact on the flow rate.
(2) use of a water break-tank. The break-tank shall
be drainable and vented. Rinse water from the break-tank
shall not contribute to the soiling or bioburden load in the
cabinet.

sterilized scpar atcl_y .

SD-6 [PROCESS SUPPORT SYSTEMS
SD-6.1 Cabinet Washers

5.1.1 General. This section describes the require-
ments| for washers that are designed to clean various
materjals and components such as glassware, drums,
contaipners, hoses, pallets, and accessories (washable
items)| that are not cleaned in place. Requirements in
this spction are intended to be applied to cabinet
washefs, but may be applied to other types of washers
as appropriate.

(a) Cabinet washers shall be fully automatic and should
be capable of multiple cycle types for various load con-
ditiong. Cabinet washers may be designed with an inte-
grated chemical addition system or receive cleaning
solutigns from a CIP system.

(b) ICabinet washers shall include racks or holding
systenjs designed to enable repeatable exposure of wash-

(b)
the fo

abinet washers,should have the ability to perform
lowing general phases during the cycle:

(1) prewashing
(4) washing

(3) rinSing

(4

final rinsing

(6) coolig with filtered air
SD-6.1.3.1 Rinse Requirements

(a) The final rinse step may be performed using recir-
culated water integrated with drain steps or as a single-
pass rinse (or series of single-pass rinses) to remove resi-
dual cleaning solutions. The final rinse water at the outlet
of the washer shall meet the owner/user’s acceptance
criteria (e.g., conductivity, total organic carbon, cycle
time).

(c) The hydraulic conditions (i.e., pressurge and flow
rate) for the rinsing phases shall be.donSistent with
those established for washing phases to)ensurg consistent
rinsing of the washable items, the €¢hamber irfterior, and
the complete hydraulic circuit,

SD-6.1.4 System Design

(a) Materials of Construction
(1) Process contact surfaces shall conform to the re-
quirements of SD2\4.1.
(2) All welded metallic process contact suffaces shall
be passivated in accordance with SF-2.6.
(3) External surfaces of the washer cabifet shall be
fabricated with material that is resistant to cleaning and
sanjtizing agents as specified by the owner/dser.
(4) Process contact polymeric matefials shall
conform to Parts MC and PM.
(5) Process contact metallic materials sh
to Part MM.
(b) Surface Finish. The surface finishes for the interior
surfaces of the chamber, wetted process confact tubing,
and exterior surfaces exposed to cleaning sol}tions shall

h1l conform

be specified by the owner/user using depignations
provided in Table SF-2.4.1-1. Electropolisling is not
required.

SD-6.1.4.1 Wash Chamber

(a) Theinterior surfaces of the chamber are considered
process contact surfaces. These surfaces, whi¢h have the
potential to drip onto washed items, shall havle complete
spray coverage (see SD-6.1).

(b) The interior of the chamber shall donform to

SD-2.4.2. Internal surfaces that may be difficult to
clean (e.g., wheels, cabling, external syirfaces of
exposed hygienic-clamp connections) should be mini-
mi and asse isk gluality.
(c) All internal surfaces shall be sloped for drainability
with a slope agreed on between the owner/user and fabri-
cator. Where possible, a slope of not less than % in./ft (10
mm/m) is recommended.

(d) External surfaces should be insulated to minimize
heat transmission and promote cleaning and drying.

(e) Breastplates, reinforcing pads, doubler plates,
poison pads, etc., which are required for welding dissim-
ilar material to the chamber, should be of the same mate-
rial as the chamber.
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(f) Lubricantsshallnotbe used where they may come in
contact with cleaning solutions or washable items.

SD-6.1.4.2 Chamber Openings

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

(b) Sidewalls and chamber-ceiling nozzles should be
flush with-the interior of the chamber (cnn

(3) Loading racks may be designed to distribute
rinse and cleaning solutions to interior and exterior
surfaces of the washable items.

(4) Loading racks should have a surface finish that
meets the surface finish requirements of the chamber.
Surface finish verification may not be possible for all
components of the loading rack.

(5) The loading rack manifold fabrication shall
conform to SD-3.1.2.3.

(6) Loading rack design considerations should

Figure SD-B.4.2-5).

(c) Blank covers shall have the same surface finish as
the chamber internals.

(d) Progess valves shall meet the requirements of
MC-3.3.2.3

(e) Samjple valves shall meet the requirements of
SD-3.11.2.1.

(f) Sightiglasses on the chamber shall meet the require-
ments of Figure SD-3.4.6-1. Sight glasses should be
designed with the smallest L/d practical and should incor-
porate clegnable seal designs.

SD-6.1.4.3 Washer Door and Door Seals

(a) Washer doors and door seals shall be designed to
prevent wdsh fluid leakage during the entire wash cycle.

(b) Formultiple-door systems, the doors shall be inter-
locked to ajlow the opening of only one door at a time for
loading anfl unloading.

(c) Bothsliding and swing door designs are acceptable.

(d) Doors that interface with classified clean rooms
should not] be retracted to an uncontrolled space.

(e) Congtruction of the door shall meet SD-24.1\

(f) The internal surface finish of the door shall’be the
same as sylecified for the chamber internal surfaces.

(g) Solid or inflatable door seals shall meét the require-
ments of SP-2.4.1.1 (e.g., conforming te_FDA 21 CFR 177
and USP Section <88> Class VI).

(h) Refer to Part MC for specifications of seals.

SD-6.1.4.4 Internal Components

(a) Wagher cabinef _internal components include
loading radks and supports, thermowells, spray manifolds,
etc.

(b) Weldl-in€hermowells [see Figure SD-3.4.3-2, illus-
trations (q) and (f)] shall have the same finish as the

include the disassembly required for inspection and main-
tenance.

SD-6.1.4.5 Air Drying, Intake, and Exhaust Systems.
Where specified by the owner/user to-dty washed]items,
the following provisions are applicable:

(a) The air intake system shall be filtered. A prefilter
and HEPA filter system are reconimended to protpct the
washed items.

(b) The drying system shall provide heated, filtered air
to the chamber, the hydraulic circuit, and in-line dJompo-
nents.

(c) The filteredvair used for drying may be sypplied
from a controlled or uncontrolled environment.

(d) Temperature and humidity variability of intpke air
should be, considered in system design.

(e)<The exhaust ducting should be designed to|
condensate to a drain.

direct

ystems
folded
led in
S may
5 that

SD-6.1.4.6 Spray Systems. Design of spray s
in cabinet washers requires the integration of man
spray devices in the chamber with those insta
loading racks. Spray systems in cabinet washef
use both static and dynamic spray device
conform to SD-3.9.

(a) Loading-rack spray systems may have interchange-
able spray devices to accommodate a variety of washable
items in a single rack.

(b) Translational/reciprocating spray devices|in the
cabinet using mechanical devices (e.g., pulleys and
PTFE sheathed cables) should be designed for ¢ase of
disassembly for inspection and maintenance.

(c) Mechanical devices used in the chamber s
compatible with the process fluids and shall be cle

SD-6.1.4.7 Chemical Addition Systems.
cleaning solutions are not provided by a CIP s

hall be
inable.

When
ystem,

chamber internals.
(c) Loading racks/accessories

(1) Theracks are designed to support the cleaning of
specific washable items. The rack design should be veri-
fied to provide complete spray coverage for washable
items defined by the owner/user in an arrangement
for which the loading rack is designed.

(2) Loading racks shall secure the washable items
during the wash cycle.
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tirefottowing provisionsareappticable:

(a) A number of chemicals that function as pH adjus-
ters, emulsifying agents, or soil removers may be added
during the cabinet washer cycles. The design considera-
tions should include positive identification of each chem-
ical delivery and connection.

(b) Concentrated chemicals may be delivered to the
washer from bulk distribution systems or from local
holding containers. The design of concentrated chemical
delivery and storage systems should consider minimizing
human contact.
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(c) Design of concentrated chemical storage and distri- SD-6.1.5.2 Drainability
bution components should consider safety provisions.

(d) The design should include monitoring of adequate
bulk chemical supply (e.g., level) for the entire wash cycle.

(a) The chamber drainability should be verified during
fabrication. Verification methods and acceptance criteria
for drainability shall be agreed on in advance by all the

SD-6.1.4.8 Recirculation Pumps parties.
(b) Instrument probes and sidewall penetrations (see

(a) The pump shall have sufficient capacity (flow rate  pjgyre SD-3.4.2-2) shall be sloped for drainability, unless
and pressure) for all spray configurations used in the  the jnstruments used require horizontal mounting (see

washer. Figure SD-3.4.2-3).
(b) umps shall conform tao SD-33 2

(Lj‘ J'_‘Udl.lills 1dL}\b Dlldll ‘UC l,‘ll dilld‘l}‘lC.
(c) Pump seals shall conform to Part MC.
SD-6.1.5.3 Cleaning
SP-6.1.4.9 Heat Exchangers
] ) ) (a) The design should enable multiple chemical addi-
(@) HeaF exchangers ”?CIUdEd in cabinet washers to  tjons during the prewashing and Washing prpcesses.
heat cleaning solutions, rinse water, etc., shall conform (b) Cleaning solution tempégature shall be| controlled
to SD-B.6. ) o and monitored during washing and rinsing phases.
(b)_ Heat exchangers using steam or a thermal liquid (c) The pressure and.flew rates of cleaning solutions
may irjclude shell-and-tube, coil, or tube types. supplied to dynamic and/static spray devices|within the
(c) Electric heat exchangers may be direct or indirect chamber or loading rdcks should be monitorpd.
immersion type heaters. (d) If cleaning ‘solutions are recirculated [during the
SD-6.1.4.10 Instrumentation cycle, the recirctlation pump shall meet the requirements
of SD-3.3.2.
(a) All process contact instruments should conform to (e) The.design should provide final rinse Water at an
the applicable sections of Part PI. elevatedtemperature [e.g., >149°F (65°C)] for 4anitization
(b) [The design should enable operators to monitor anddmproved drying efficiency.
process parameters without having to pass through {f) The system shall be designed to provid¢ analytical
changgs in room classifications. verification of final rinse water quality (e.g., cqnductivity,
SP-6.1.4.11 Interfaces. Where the chamber inter: total organic carbon).
faces with the clean room, the external surfacesxshall SD-6.1.6 Design for Serviceability, Examination, and
meet the owner/user’s specified requirements. Operation
SD-6.1.5 Design for Bioburden Control (a) Cabinet washers should be designed to enable
(a) [Cabinet washers shall conform.to‘the fabrication access for inspection and service Of cqmpopent§ that
. are subject to wear and to allow periodic calibration of
requirpments of SD-2.4.1. instruments
(b) _ublnngthlnthe process contactbgundaryshould (b) Mechanical components and instrumnents that
be orbital-welded tubing where possible and shall . . . .
require maintenance may be located in an ynclassified
conforim to Part M]. .
space where the maintenance can be performed.
(c) All wetted process’contact surfaces shall be of . . . i
e : . . . (c) The washer design considerations shopld include
hygierfic design per the ‘applicable sections of this Stan- . . . . .
dard integration with the space where mainfenance is
performed (e.g., minimizing moisture due to|condensa-
SDP-6.1.5.1/Branch Connections tion).
(a) [The-provisions of SD-3.1.2.2 are applicable to (d) Pumpsshouldbe designed and configurgd to enable

access for removal, inspection, and maintenahce.

liquidfservice process contact piping leadin
chamber-and-deliveringecleaning—solutions—to

g to the
“““ oy D=6-1 esting—Fhete eguirermernts shall be
manifolds. defined by the owner/user and agreed to by the manu-

(b) Liquid-service branch connections with an L/d  facturer, and may include tests beyond those described in
greater than 2 shall be provided with low-point drains  this section. These tests apply to newly installed systems
that are opened between each phase of the washing  and to modifications of existing systems (e.g., the addition
cycle to avoid cross-contamination. of a loading rack to an existing system).

SD-6.1.7.1 Spray Device Coverage Test. Cabinet
washers should be tested to confirm complete spray
coverage of the specified washable items and the interior
process contact surfaces of the washer chamber. The
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spray device coverage testing described in SD-7.1 is
applicable to cabinet washers. The spray device coverage
test procedure described in Nonmandatory Appendix M
may be used for cabinet washers with the following addi-
tional considerations:

(a) Testing should include empty configurations (i.e.,
loading rack only).

(b) Testing should include racks loaded to capacity.

(c) It is acceptable to bypass the drying phase of the
cycle to examine the wet conditions. If parts are dry

SD-6.2.3.1 Hard Goods Cycles. “Hard goods” refers
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 displacement. These
goods can sometimes be autoclaved at higher tempera-
tures. Multiple vacuum pulse preconditioning is required
for wrapped goods to ensure proper evacuation of

when inspected, they should be gently rewetted with
ambient oy cold water to observe any residual riboflavin
fluorescenge.

(d) The sequence in which parts are examined should
be documgnted to prevent false positive results due to
transfer of residual riboflavin from one washable item
to a clean washable item.

SD-6.1.7.2 Drainability Test. The proposed drain-
ability tedt procedure in SD-7.4 for vessels may be
applied to| cabinet washers with the following excep-
tions/consjderations:

(a) Ttispotnecessary to fill the chamber with the outlet
closed. Thq chamber should be wetted by liquid delivered
through thle spray system.

(b) The fhamber drainability test should be performed
without drpin pump assistance.

SD-6.1.7.3 Cycle Performance Test. The perfor-
mance tedt should demonstrate the ability to clean
loaded items based on an identified list of washable
items. The| test should verify removal of residue from
surfaces and that the final rinse meets the specified
water quality (e.g., an acceptable compendial water
requiremeht) at the drain within a specified period of
time. The [test should verify that the process contact
surfaces within the washer are also cleaned to the
same specifications used for the washable items.

SD-6.2 Steam Sterilizers/Autoclaves

SD-6.2.1 General. For this'section, “autoclaves” and
“steam stdrilizers” shall\be used synonymously. This
section defcribes the-requirements of autoclaves that

lene oxide};V A
(chlorine d10x1de) type sterlllzatlon equlpment The
manufacturer shall define the sterile boundary of the
system.

SD-6.2.3 Operating Capabilities and System Func-
tion. Autoclaves should be capable of multiple cycle
types for various load conditions. 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-6.2.3.1 through SD-6.2.3.3.
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noncondensable gases from both the autqclave
chamber and autoclaved goods. Steam sterilizers used
for the processing of wrapped or porous'goodf shall
be able to pull vacuum to levels bélow 1 psfia [69
mbar] and maintain the vacuum with a8 maximum leak
rate of 0.1 psi/5 min (6.9 mbar/5 fmin). Cooling, [drying
(pulse, vacuum) is an optional‘cycle step used [to dry
goods at the end of the autoclave cycle. Heated pulse
drying is also recommended for the drying of porous
goods such as rubberistoppers. Exhaust ratg¢s and
heating rates should be-adjustable for pressure-sepsitive
materials.

SD-6.2.3.2 Liquid Cycles. Forced air removal
preconditioning is an optional cycle used to evhcuate
the noncondensable gases from the autoclave chamber.
Liquid\cooling cycles should be provided to effifiently
cool the autoclave chamber. Providing the chhmber
with overpressure helps prevent the liquid goodpk from
boiling over during the cooldown phase. Liquifls can
also be cooled by slow-rate exhaust. Heating rates
should be adjustable to help compensate for differences
in heating profiles of items in mixed loads.

SD-6.2.3.3 Air Filter Sterilization. An indep
air filter SIP sterilization cycle should be provided for
the in situ sterilization of the chamber vent filters ensuring
supply of sterile air for cooldown phases of autjoclave
loads.

bndent

SD-6.2.4 System Design. Materials in contadt with
steam shall resist corrosion from steam and [steam
condensate. The materials shall not affect pteam
quality and shall not release any substances kngwn to
be toxic or that could adulterate the product. Biping/
tubing and fittings shall be pressure and vacuun tight.
The plpmg/tublng layout should be deSIgned to ell minate
f 1in the
sterlle boundary should be orbital- welded stamless steel
tubing where possible and shall conform to Part MJ (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.

The surface finish within the sterile boundary need not
exceed 35 pin. R, (0.89 um). Electropolishing is not
required for steam sterilization systems.
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Elastomers shall conform to MC-3.1 through MC-3.3.
Elastomers shall be resistant to corrosion and to chemical
and thermal degradation. Elastomers used in autoclave
applications shall be capable of withstanding pressures
of a minimum of 25 psig at 266°F (1.7 barg at 130°C).
Seals should meet the testing requirements specified in
MC-4.2.

SD-6.2.4.1 Chamber. Autoclave chambers are pres-
sure vessels and shall be pressure and temperature rated

SD-6.2.4.8 Jacket. The jacket shall be constructed
using materials that are resistant to corrosion and degra-
dation from steam or clean steam and clean steam conden-
sate, as applicable.

SD-6.2.4.9 Instrumentation. Autoclave pressure
and temperature shall be displayed at all doors. All instru-
ments within the sterile boundary should be of hygienic
design. Instruments shall be capable of being calibrated
and replaced. The instrumentation shall include the

per th
press

UWIICI /Iubt,'l,b L‘ltfbisll LliLCl id WiL}l d lllillilllulll
ire rating of 25 psig at 266°F (1.7 barg at
130°C). The chambers shall also be vacuum rated.

For pystems used in the processing of materials used in
the Eufopean market, autoclaves may also be required to
comply with relevant EU codes [e.g., Pressure Equipment
Directfve (PED) and EN-285].

-6.2.4.2 Doors. Autoclave door(s) shall be acces-
eanable, and replaceable, and should be capable of

shall not be capable of opening during a steriliza-
le. The doors shall be constructed of materials that
are registant to clean steam and clean steam condensate.
For multiple-door systems, the doors shall be interlocked
to allqw the opening of only one door at a time. The
unloadling (“sterile-side”) door shall remain sealed in
standby mode. Refer to Part MC for specifications)of
seals ysed in bioprocessing.

SI-6.2.4.3 Sterile Air/Vent Filters. Where the ster-
ilizatidn cycle requires admission of air inte the chamber,
the air{should be filtered with a sterilizing filter (0.22 pm
or less). The filter element shall be replaceable. Provisions
for the{steam in place of the vent filtef elements should be
provided.

SIP-6.2.4.4 Steam Traps. Refer to SD-3.12 for re-
quirenpents of steam traps:

SP-6.2.4.5 Loading Carts/Trays. Carts and trays
exposgd to cleanssteam shall be constructed of materials
resistdnt to clean steam and clean steam condensate.
Carts, frays; and chamber shall be accessible or removable
and clganable.

lrUFlUVVillg.
(a) Temperature. Independent temperaturg elements
(one or two for monitoring and recording'and gn indepen-
dent one for controlling temperature) shall b¢ provided.
The chamber temperature recorditig’element should be
located in the chamber dr@in. Each temperature
element shall be accurate to *0.18°F (0.1pC) with a
sensor response time <5.sec. The element installation
shall not affect the maximum leak rate. The tgmperature
elements shall be temperature and clean steath resistant.
(b) Pressure/Vdacuum. Pressure/vacuum igstruments
shall be provided. The pressure instrumlents shall
monitor the ‘chamber and jacket pressures. [Provisions
for recording chamber pressure during active¢ autoclave
cyclescshall be included.
(¢);Date/Time. Provisions for recording thle date and
time during an autoclave cycle shall be inclufled.
(d) Recording. Recording may be achieved by paper or
21 CFR Part 11-compliant electronic means.

SD-6.2.4.10 Interfaces

(a) Drain Temperature. Waste to drain temperature
shall conform to owner/user specificajions. The
owner/user shall specify discharge temperature require-
ments to the manufacturer.

(b) Insulation. External surfaces should be ihsulated to
minimize heat transmission.

(c) Biocontainment. Special conditions such|as bioseals
may be required for autoclaves used in BSL-3|and BSL-4
applications. Please refer to the Biosafety in Microbiolo-
gical and Medical Labs (BMBL) and Centers for Disease
Control (CDC) guidelines for these special copditions.

SD-6.3 CIP Systems

SD-6.3.1 General. This section addresses (JIP systems

SD-6.2.4.6 Valves. Valves and sealing materials
located within the sterile boundary shall conform to
MC-3.3.2.3. Valves within the sterile boundary are typi-
cally only exposed to clean steam service and chemical
(s) used during passivation. Exposure to these conditions
should be considered when selecting a valve type for this
application.

SD-6.2.4.7 Check Valves. Provisions to prevent
back-siphoning into the service feed systems should be
considered.
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used to clean and reduce bioburden on prockss contact
surfaces. CIP systems include the CIP skid and the CIP
distribution system. The system shall be self-cleaning
and capable of distributing CIP fluids (e.g., cleaning solu-
tions, rinse water, compressed air) to the targeted process
contact surfaces of a CIP client.

The following terms are defined for this section:

(a) CIPpath:the specific route contacted with CIP fluids
during a CIP cycle (e.g., spray device path, inoculum line
path, addition line path). Multiple paths within a circuit
may be cleaned simultaneously or sequentially.
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(b) CIP client: system or equipment (e.g., bioreactor,
buffer hold vessel) targeted for cleaning by a CIP system.

(c) CIP circuit: the sum of CIP paths within CIP clients
that are cleaned as part of a CIP cycle, as well as the CIP
skid, CIP supply, and return distribution system.

(d) CIP phase: a process-oriented action within a CIP
cycle, such as a rinse, wash, or air blow, that can be subdi-
vided into steps and transitions.

(e) CIP cycle: the executed recipe of sequential CIP
phases established to provide CIP fluids to the CIP

circuit. Air blows should be sequenced through the indi-
vidual CIP paths of a CIP circuit.

SD-6.3.3.5 Surface Treatment Cycles. If the CIP
system is designed for surface treatment (e.g., derouging
or passivation cycles) of CIP clients, the CIP system should
have provisions to introduce and remove associated
chemicals.

SD-6.3.3.6 Self-Cleaning Cycle. If a self-cleaning
cycle of the CIP skid is required (e.g., to clean the CIP

circuit, e.g} rinses, washes, and air blows. skid after maintenance), the skid design shouldl have
(f) TACT: an acronym for the cleaning process param- piping that meets recirculation/cleaning reqtiirements.
eters time,|action, chemistry, and temperature. The term .
“action” reffers to kinetic energy that drives breakdown SD-6.3.4 System Design
and suspepsion of residues from the process contact (a) Process contacting portions ofithe CIP systein shall
surface. be of hygienic design and fabricated“as per SD-3.1.2 and
SD-6.3.2 System Performance Requirements. The  SD-2.4.3.
following fechnical requirements or parameters that (b) Recirculating portionis-of the CIP system shall be
are essentfal for design development shall be defined: considered process contact and may be cons]dered
(a) rins¢ and wash duration range product contact if usedto clean product contact surfaces.
(b) flow|rate and pressure ranges Risks (e.g., cross contamination and containment) asso-
(c) cleahing agents and their wash concentration ciated with recirCulating CIP systems should be evdluated
ranges and addressed.
(d) rins¢ and wash temperature ranges (c) CIP. system materials of construction shall be
(e) final|rinse water quality (e.g., TOC, conductivity) compatible with the process and CIP fluids.
(f) air bfow requirements $D-6.3.4.1 CIP Skid. A CIP skid is a systefn that
(g) sampling locations prepares, delivers, controls, and monitors CIP solutions.
(h) draip limitations {a) The following parameters shall be monitorpd and
Refer to|SD-5 for CIP client cleaning requirements. controlled:
SD-6.3.3 Operating Capabilities and System Func- (1) time: rinse, wash, air blow, or drain durgtion
tion. The (IP system shall be capable of controlling-the (2) action: CIP supply flow rate
following: (3) chemistry: CIP wash solution concentrafion of
(a) TACT cleaning agents (e.g., by conductivity)
(b) multiple water/solution feeds when tequired (4) temperature: CIP supply temperature
(b) The following parameters shall be monitored:
SD-6.3.3.1 Rinse. The CIP system\shall be designed (1) CIP return temperature
with the cajpability to provide rinse Solutions at the speci- (2) final rinse water quality (e.g., conductivity, TOC)
fied flow, pressure, and temperature to the CIP client. (c) The following parameters should be monitpred:
SD-6.3.3.2 Wash. When-a*formulated wash step is (1) CIP supply pressure
required, the CIP system shall be designed to dose and (2) CIP return flow verification
mix cleanifig agents to.prépare wash solutions. The CIP CIP skids may be located in a fixed, centralized Iqcation
system shqll be capable of supplying the wash solution or may be portable and used adjacent to the CIP|client.
at the spégcified ¢cléaning agent concentration and  When the CIP skid is installed in or moved into a clean
temperatufe, room, the clean room classification shall be addfessed
in the selections of both skid surfaces and matelrials of

SD-6.373: im-The€iPsystemrshatt bedraimabte:
The CIP system should support the use of multiple drain
pathsifrequired (e.g., biowaste inactivation system, waste
neutralization system). Where the CIP distribution or CIP
client cannot be drained, provisions for a motive force
such as a pump or pressurized gas (air blow) shall be
included for removal of residual liquid.

SD-6.3.3.4 Air Blow. The CIP system should be
designed to provide pressurized air as a motive force,
if required, to assist in removing liquid from the CIP
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construction appropriate for the environmental require-
ments.

The CIP skid shall be provided with a physical separa-
tion between the water supply and the CIP solutions.

SD-6.3.4.1.1 Wash/Rinse Vessels

(a) A CIP system can include one or more vessels (e.g.,
separate wash and rinse vessels). Vessels can be used to
provide a physical separation between the water supply
and the CIP solutions.
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Figure SD-6.3.4.1.1-1
Conical Vessel With Reduced Bottom Outlet,
or Tulip Tank

<l‘:| CIP return

(g) Vent filters on CIP skid vessels should be designed
to mitigate the risk of foam or moisture blinding the filter
element (e.g., heating the filter housing, bypassing the
filter during filling).

(h) The CIP skid vessel used for final rinsing should be
provided with a sterilizing-grade vent filter if the vessel is
vented into unclassified space.

SD-6.3.4.1.2 Heat Exchanger. Heat exchangers
shall be designed to meet the full range of CIP cycle duties.

Vortpx breaker—/

@ CIP supply

(b) [The rinse vessel should be sized to ensure uninter-
rupted delivery of rinse solution during the rinse phases of
the CIP cycle.

(c) [The wash vessel should be sized to provide
adequipte volume for the duration of the wash step.
Sizing [factors to consider are holdup volumé for recircu-
lation [steps, total wash volume for once-through steps,
and whsh solution losses.

(d) Where recirculation of wash sdlutions is required, a
no-foamn inlet, tangential inlet, or dip/tube should be used
for th¢ return of wash solutions to the wash vessel to
reducq the risk of foaming-

(e) |The vessels should’be provided with vortex
breakdrs and adequate.outlet sizes. Vessels should also
be locfited close to(the CIP supply pump to ensure that
the ayailable afet*positive suction head (NPSH) is
greatef than required NPSH. If removable vortex breakers
are inftalled,the design shall account for the effect of
vibratjons-and forces on the vortex breaker and vessel

SD-6.3.4.1.3 Supply Pump

(a) The CIP skid shall have flow gontrol| either via
pump output or by means of flow,control valves.

(b) The pump and its associated’piping (¢.g., partial
flow diversion) shall be designéd to meet all flow rate
and pressure requirements\for all CIP circuitf.

SD-6.3.4.1.4 CIP-Return

(a) If CIP fluids-are returned to the CIP skid, motive
force is required (€.g., pumps, eductors, grayity, or top
pressure).

(b) The'@Preturn sampling system should e designed
for two-phase flow (i.e., liquid-gas mixtures) [or vacuum
conditions where applicable.

SD-6.3.4.1.5 CIP Return Eductors. A [CIP return
educator is a venturi device that provides mjotive force
(i.e.,, vacuum) to assist CIP fluid return.

(a) CIP return eductors shall be drainable

(b) Design factors that should be considpred when
using CIP return eductors include vapor|pressure,
return line size, elevation, viscosity, and flow rate.

(c) When CIP return eductors are used, the potential for
foaming should be considered.

SD-6.3.4.1.6 Chemical Delivery. The CIP skid
chemical delivery does not require sanitary fesign. Ac-
ceptable metering methods for chemicall delivery
include one or more of the following:

(a) weight

(b) flow totalization

(c) duration via metering pump or ventur

(d) conductivity

Typically one method is used for delivery, and a second
method is used for confirmation or final confrol.

wall.

(f) Air entrainment in the CIP return liquid can impact
CIP supply pump performance. CIP return systems using
eductors or liquid ring pumps often have a high percent-
age of air in the CIP liquid. Wash vessels should be
designed to enhance gas/liquid separation and provide
adequate NPSH, as well as to reduce CIP circuit
volume. An example of a vessel having those features
is a conical tank with a tangential inlet and cylindrical
reduced diameter bottom section (i.e., tulip tank; see
Figure SD-6.3.4.1.1-1).

5D=6-34-1-7-Compressed-AirSuppty-—The CIP skid
may be provided with a clean compressed air supply to
assist the removal of the rinse or wash solution.
Compressed air shall meet the quality requirements
for the applications (e.g., by installing a point-of-use
filter at the CIP skid). The supply pressure and flow
rate shall meet the process requirements. Compressed
air may be supplied at other locations in the CIP
circuit to assist removal of rinse or wash solutions.
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Figure SD-6.3.4.2-1
CIP Looped Header (Supply or Return)

To/from CIP To/from CIP
circuit or path #1 circuit or path #2
Zero-static
isolation valve _
S Minimum
s N
N\ J
& _
Short-outlet tee (future) N Capped zero-static
valve (future)
To/from CIP skid

SD-6.3.4.1.8 Instrumentation

(a) The|CIP supply flowmeter shall be specified and
installed tq measure the flow rates of CIP liquids.

(b) To afldress air in the CIP return, final rinse conduc-
tivity sens¢rs should be located to ensure proper opera-
tion in both liquid and mixed-flow conditions (e.g., by
providing 4 drainable instrumentation cup, compensated
through inptrument settings).

SD-6.3.4.2 CIP Distribution

(a) Gengral

(1) The use and application of a particular distribu-
tion design] or combination of desighs;should be decided
by the owter/user.

(2) The use of looped headers, transfer panels, and
valve typeq (e.g., divert, mix-proof, multiport, zero-static,
and diaphrpgm) should be considered in the design of the
CIP distribution system.

(b) Looped Headefts (see Figure SD-6.3.4.2-1)

(1) The dimension from the looped header to the

isolation|valve weir or seat should conform to

(5) Theentire looped header shall be cleaned
a CIP cycle.
(c)<Fransfer Panels. Transfer panels shall be designed
and-fabricated per SD-3.7.1.
{d) Multiport Valves. For this section, a CIP distribution
“multiport valve” is defined as a multiple-valve asgembly
fabricated as a single body to minimize L/d valups and
enable drainability [see MC-3.3.2.3(a) for details]
(e) Zero-Static Chains (see Figure SD-6.3.4.2-2). Hor this
section, a CIP distribution “zero-static chain” is defined as
amanifold of circuit-specific zero-static valves. Proyisions
shall be made to flush the manifold in a zero-statiq chain.
(f) Swing Elbows and Piping Spools (see Figure
S$D-6.3.4.2-3). Swing elbows or piping spools shall be
connected to adequately supported piping to mgintain
line slope and connection alignment.
(g) Mix-Proof Valves
(1) Mix-proof valves are double-seat valves [with a
drain path between the seats that allows for simultgdneous
processes in the two bodies of the valve. Mix-prooffvalves
shall conform to the general design requiremgnts in
MC-3.3.2.3(a) and rising stem seal valves requirgments

during

SD-3.1.2.2 kséeEigure-SD-3.1-2.2-1 for details}-The-use

of short-outlet tees or zero-static valves should be
decided by the owner/user.

(2) Future connections (if applicable) on the looped
header should use capped short-outlet tees or capped
installed zero-static valves.

(3) Looped header connections should be oriented
horizontally when used in CIP return applications.

(4) CIP supply header design should provide for
adequate velocity in parallel cleaning paths (e.g., line
size reduction in loop header).

T MC-3-3-2-3(¢J-
(2) If the process requires cleaning across a single
seat, the valve shall be provided with individual seat lifts.
(3) Mix-proof valve arrays should be designed to
accommodate draining from the leak chamber and suffi-
cient access for maintenance of the valve internals.

(4) The mix-proof valve fitting-bound portion of
looped header configurations should be installed level
to avoid low points where liquid may accumulate.
Pitch of the mix-proof valve array may result in liquid
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Figure SD-6.3.4.2-2
Zero-Static Chain

From CIP skid —3p

Minimum
>

To CIP

skid or drain

2

!

CIP circuit or path
#1 supply

Figure SD-6.3.4.2-3

Swing Elbow Arrangement
To/from
CIP Eircuit #2 To/from CIP skid
Swling elbow
tjansition point To/from
CIReircuit #1

retentjon in valve bodies and should be risk assessed (see
Figure| SD-6.3.4.2-4).

() If amix-proof valyewith an exposed sliding stem
is usefl to divert procesSs solutions, it shall allow for
cleanipg of the stem’surfaces prior to contacting the

proceds fluids (e.g.{ by actuating the valve during CIP).

(h) [The distribution piping and components in a recir-
culatedl CIP circuit shall be hygienic for design and fabri-
cation|as pernSD-3.1.2 and SD-2.4.3.

(i) Thexdistribution piping and components in a once-
throug S
hygienic for design and fabrication as per SD-3.1.2 and
SD-2.4.3 upstream of the location of cleaning performance
verification.

(j) CIP supply piping should be sized to ensure that the
fluid flow meets or exceeds the guidelines stated in
SD-6.3.5.2.1 and SD-6.3.5.2.2.

(k) Thedistribution circuits shall be designed such that
fluid flow will maintain a positive pressure relative to the
process drain, preventing backflow.

CIP circuit or path

139

#2 supply

D maintain
of the CIP

(1) CIP retutfn piping shall be designed t
hydraulic balance (supply and return flow)
circuit.

(m) CIP return pumps

(1) CIP return pumps (if required) shall 4
and fabricated per SD-3.3.2. Centrifugal pumps are
preferred for CIP return applications. If a|gas/liquid
mixture is anticipated, then hygienic liquid 1fing pumps
are recommended.

(2) Whenavesselisincluded inthe circuit CIP return
pumps should be placed as close as possible t¢ the vessel
bottom outlet and at the low point of the cirfuit.

(3) Provision shall be made to flush through the
casing drain of CIP return pumps.

(4) CIP return pumps shall be designed f{
hydraulic balance (supply and return flow)
circuit.

e designed

0 maintain
of the CIP

SD-6.3.5 Design for Bioburden Control

SD-6.3.5.1 Drainability. [Reserved
content]

for future

SD-6.3.5.2 Cleaning
SD-6.3.5.2.1 CIP Flow Rates for Proc

ments of the CIP client for each path and during each
phase of the CIP cycle.

(b) For effective cleaning, the CIP flow rate and pres-
sure shall be sufficient to ensure that the cleaning agent
and rinsing solutions wet targeted surfaces within the CIP
circuit.

(c) Turbulent flow is required to clean targeted
surfaces of the CIP client. Table SD-6.3.5.2.1-1 details
flow rate guidelines for solution contact in straight hori-
zontal and vertical lines for line sizes up to 2 in. (50 mm)
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Figure SD-6.3.4.2-4
Mix-Proof Valve Array

2 - Top looped header

1¢- Bottom looped header

(a) Isometric Representation
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Bottom looped header
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A
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/ Top looped heads
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(b) Schematic Representation

GENERAL NOTE: Arrows on top and bottom looped headers point toward fitting-bound section.

=
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Table SD-6.3.5.2.1-1
Flow Rates to Achieve
5 ft/sec (1.5 m/s)

(d) Dynamic flow conditions during route transitions and
air blows may assist wetting.

SD-6.3.5.2.2 CIP of Process Vessels

(a) Process vessels shall be designed to consistently
enable exposure of the internal surfaces to the CIP
liquids by spray device or flooding.

(b) Dished-head vertical vessels should have cleaning
solutions delivered with the majority of flow directed

I.D. | Flow Rate
Nominal Size, in. in. mm gpm Lpm
Y 0.370 9.40 1.7 6.3
% 0.620 15.75 4.7 18
1 0.870 22.10 9.3 35
1Y% 1.370 34.80 23 87
2 1.870 47.50 43 162

without branches, fittings, and other in-line components.
These flow rates correspond to a flow velocity of 5 ft/sec
(1.5 nm/s), which is well into the turbulent range and
typical for CIP solutions.

(d) CIP flow rate requirements should be considered in
conjupction with other CIP process variables (e.g.,
tempefature, chemical concentration, and time).

(e) Air trapped in branches may inhibit full contact of
cleanipg agent and rinsing solution to those process
contadt surfaces. The flow direction, line orientation,
line size, and presence and orientation of branches,
fitting$, and other equipment can have a significant influ-
ence dn the flow rate required to remove air. Adequate
solutign contact may be achieved at a flow velocity of
5 ft/spc (1.5 m/s) with 1.5 in. (38 mm) and larger.
short-putlet tees (see Table DT-4.1.2-5). Smaller-diameter:
short-putlet tees and tees with longer branches«may
requirje velocities greater than 5 ft/sec (1.5 mi/s) for
adequgte solution contact. Solution contact+in.branches
can bg enhanced in the design by
(1) strategic use of zero-static valves
(4) flow through branch or bleeding air from branch
(3) orienting blocked branches in the horizontal
positign
(4) use of flush-mounted instrument fittings, short-
outlet fees, gauge tees, or miinimum L /d “instrument cups”
for smiall lines
(4) orientingranches so the flow of the liquid
entering the teeds:directed toward the blocked branch

(f) Branchesdyith risk of incomplete solution contact
should be-Considered worst-case locations that may
requirp local cleaning verification.

knuckle radius. Cylindrical horizontal vessels should
have cleaning solutions delivered with thé fajority of
flow directed toward the upper one-third of fthe vessel.
(1) If a static spray device isused, gravityl provides a
solution sheeting over the side wall and bdttom head
(vertical vessels) or lower surfaces (horizontpl vessels).
(2) If adynamic spray'dévice is used, the device may
directly spray areas_throughout the vessel|or rely on
sheeting action.
(3) Figure SD=3.9.2.1-2 details ranges of flow recom-
mendations fordstatic spray devices on vertifal process
vessels under typical cleaning loads. The redjommenda-
tions in.Eigure SD-3.9.2.1-2 ensure sufficient|coverage.
(4).The criteria to ensure sufficient coverage on hori-
zontal process vessels vary with geometry and size.

(¢) Spray device design and location shall ensure
appurtenances such as manways, baffles, |dip tubes,
agitator impellers, and nozzles are contdcted with
cleaning solution. Some appurtenances may rejquire addi-
tional provisions for cleaning.

(d) Spray devices only ensure coverage of the exterior
of installed appurtenances and equipment{ Appurte-
nances that have interior surfaces not reached by the
spray device coverage shall be cleaned by| other CIP
paths or removed and cleaned out of place.

(e) If a vessel is cleaned with spray devicgs, the fluid
level should be minimized in the process vessellduring CIP.
Proper hydraulic balance (supply and return flow) of the
CIP circuit and sizing of the bottom outlet valvg should be
considered to minimize fluid level.

(f) A vortex breaker should be installed fo prevent
vortex formation that may adversely affect the CIP opera-
tion.

(g) Vortexbreaker surfaces shall be sloped o eliminate
pooling during CIP and positioned to not advejrsely affect

d il L | | i 11
toward-the-upper-head-and-sidewal-area a‘i the upper

NOTE: Factors tThat may mitigate the risk of insufficient cleaning
due to incomplete air removal from branches include the
following:

(a) CIP flow rates higher than process flow rates are likely
to wet all surfaces that were soiled.

(b) Instruments or other devices protruding into the flow
path may create additional local turbulence.

(c) Condensate generated during hot washes or hot rinses
as part of a CIP cycle may provide some additional rinsing of
surfaces.

tllC ll_ydl auli\, lUdldllLC Uf tllC CIP Lil Luit-

(h) For process vessels equipped with an agitator, the
impeller should be rotated at an appropriate speed during
the CIP cycle.

SD-6.3.6 Design for Serviceability, Examination, and
Operation. CIP return eductors shall be designed to be
removable for examination.
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SD-6.3.7 Testing. During the cleaning of process
vessels, sufficient exposure shall be confirmed by
coverage testing per SD-7.1 at the site of equipment manu-
facture or after installation or both.

SD-6.4 Thermal Treatment Systems
SD-6.4.1 General

SD-6.4.1.1 Terminology. The following terms are
used in this section:

Thermal treatment system example configurations are
shown in Figures SD-6.4.1.1-1 and SD-6.4.1.1-2.

SD-6.4.1.2 Scope and Purpose. This section
addresses thermal treatment systems used in bioproces-
sing to reduce or eliminate viable microorganisms and
viruses in a liquid under continuous flow conditions
while minimizing degradation of the product or a
product intermediate. Thermal systems may be designed
to achieve goals that do not require sterilization of the

i i h ) fth ] b PpTroTESS liquid, SUCH a5 Tactivatiorof virases orajpartic-
gye.rslg(f {; € Ihenceltlme. t_ eﬂvo ume o Z € retentlollzltu € ular bacterial species. Bio-inactivation (wastetreafment)
ivided by|the volumetric flow rate. (Average residence systems (SD-4.4.2) and food pasteurizationSystems are

time should always be greater than the required residence
time.)

coil heat eXchanger: a coiled tube for process liquid flow,
inside a sh¢ll or a second tube containing heating/cooling
medium.

cooling equipment: heat exchangers or a flash cooler used
to cool the process liquid after the retention tube.

energy recdvery heat exchange system: optional equipment
that takes heat from the discharge of the retention tube
and uses it{to preheat the incoming process liquid. These
systems mpy have process fluid on both sides of a heat

exchanger.

heating eqyipment: heat exchangers or direct steam injec-
tion equipment. Direct steam injection refers to use of a
steam injedtor valve (typical) or a steam infusion chamber.
high-temp
combinati
time that
bioburden
ditions (i.e
for HTST sy
mance goa

erature short time (HTST): processing at a

bn of temperature and required residence

is designed to achieve a desired levélof

reduction or viral inactivation. Treatment con-

, exposure temperatures and residence times)
stems range broadly, dependingon the perfor-
of the system.

required residence time: the minimum exposure time
required pt the specified tempgerature to achieve
desired regults.

retention fube: a sectionyof tubing used in HTST/UHT
systems tp retain thé process liquid (typically an
aqueous sdlution) at an‘elevated temperature for a speci-
fied time.

ultra-high fempenature (UHT): processing at temperatures
above 2751F (135°C) with rapid heating and cooling and

not addressed in the scope of this section.

SD-6.4.2 System Performance Requirements. The
following system performance capabilities sHall be
defined:

(a) treatment temperature range

(b) required residence tinie at treatment tempg

(c) process liquid flow rate

(d) discharge temperature range

(e) maximum heating surface temperaturg, heat
transfer fluid temperature, or process liquid heating
rate (°F/sec;C€/s)

Additional performance requirements may be defined
by the~owner/user. Additional process pararheters
required to confirm system capabilities, including speci-
fying the process fluid’s incoming temperature and other
properties, should be provided by the owner/use

rature

3

SD-6.4.3 Operating Capabilities and System Function

ble of a
ve air,

SD-6.4.3.1 Priming. The system shall be capa
priming operation to fill the piping with liquid, rem
and establish pressure and flow control. The thermal
treatment system should be primed by the pfocess
liquid to be treated or a priming liquid (e.g., WFI), ar both.

SD-6.4.3.2 Thermal Sanitization. The sanit]zation
conditions (e.g., time and temperature) of the Jystem
shall be defined prior to the design or selectiof. UHT
systems shall be designed to enable sanitization| HTST
systems shall be designed to enable sanitizationf when
the treated process liquid has the potential to be cqmpro-
mised by the priming activities. The components (4.g., the
receiving vessel, cooling exchanger, flash chilznber)

requiring thermal sanitization to meet fundtional

short exposure times to achieve what is generally
accepted as a sterile condition.
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closure criteria should be identified during design devel-
opment.
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Figure SD-6.4.1.1-1
Example of HTST Process Flow Schematic Diagram
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exchanger
Condensa

AL NOTES:

[y major piping and instruments are shown.

itional or alternative piping, valves, instruments, and equipment may be required for the following purposes, includi
[) pressure safety

P) media prefiltration with differential pressure monitoring
B) CIP requirements

) SIP or hot water sanitization requirements

b) alternative skid startup sanitization methods

b) single-pass media startup sanitization methods

) low-pressure condensate return

B) maintenance and calibration requirements

D) energy recovery

supply|

e return >
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Figure SD-6.4.1.1-2
Example of Direct Steam Injection UHT Process Flow Schematic Diagram
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-pressure condensate return

intenance and calibration requiremerits

Ergy recovery

SD-6.#.3.3 Temperature Stabilization. Thermal
treatment|systems shall)be designed to stabilize the
temperatyre of theSliquid before initiating forward
flow to thg destination. Heating, cooling, flow rate, and
back pregsune-control loops shall be enabled and
allowed to|stabilize prior to heat treatment.

If the system uses a priming

system shall be designed to stabilize the temperature
using the priming liquid and then transition to and
meet the performance requirements using the process
liquid. Stabilization using the process liquid should
continue until all the priming liquid has been cleared
from the system, at which point the system shall initiate
forward flow of the heat-treated process liquid to the
destination.

pl or alternative piping, valves, instruments, and equipment may be required for the following purposes, including:
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SD-6.4.3.4 Heat Treatment. The system shall be
designed to deliver heat-treated process liquid|to the
destination only if the performance requirements are
met. If they are not met, the system shall divgrt the
liquid to another destination (typically to a drajn or a
collection vessel). If the heat treatment conditigns are
€ owner/user shall specity whether
the system resanitizes itself, continues diverting until
the temperature and flow requirements are reestablished
without resanitization, or performs a shutdown sequence.
The system shall be designed to continue heat treat-
ment until the desired amount of liquid is treated. The
owner/user shall specify whether the system flushes resi-
dual treated process liquid forward using heat-treated
priming liquid to maximize recovery at the conclusion
of the process batch.
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SD-6.4.3.5 Post-Use Sequence. The owner/user
shall specify whether the system shall be designed to
perform a cold flush of the HTST or UHT equipment
prior to cleaning to minimize soil buildup at the end of
processing. The post-use sequence should finish by
draining the system or promptly initiating the CIP
sequence.

SD-6.4.4 System Design

energy recovery heat exchangers (Figure SD-6.4.1.1-2)
shall be of hygienic design on the process fluid side.

The following types of heat exchangers may be used in
thermal treatment systems:

(a) Shell and Tube. Shell-and-tube heat exchangers may
be straight tube or U-tube. The effect of bypass through the
bonnet drain slots and slippage between the bonnet and
tube sheet shall be considered in thermal design of the
heat exchanger.

(b) Coil-in-Shell. Coil-in-shell heat exchangers shall be

(@)
controlled by the system:

(1) heater outlet temperature
cooler outlet temperature

(3) flow rate

(4) back pressure
(b) [The following parameter shall be monitored by the
: retention tube outlet temperature.

(c) TThe owner/user shall specify whether the system
shall He primed using compendial water (from a break-
tank o from a backflow-protected direct water system
connegtion) or sanitized and primed using the process
liquid.

(d) [The following should be considered in selection of
materials used in fabrication of HTST/UHT systems:

(1) Cyclic temperature and pressure conditions may
shortep the life of materials.
Solutions at high temperature may accelerate the
rate of metal corrosion or elastomer/polymer degrada-
tion.

The Fn]ln‘Aring parameters shall be monitored and

(3) High-temperature operating conditions used’in
UHT systems may exceed the temperature ratings of
typical bioprocessing equipment or components:

(e) Although UHT processing conditions are above the
tempefature limit specified in SD-2.3.1,1j\process contact
materials used for these systems shall be selected to meet
the higher temperature requireménts of the process.

-6.4.4.1 Heat Exchangers. Heat exchangers shall
be degigned to meet the performance requirements in
SD-6.4.2 and the applicable design criteria of SD-3.6.
Heat ekchangers shall be'designed to achieve fully devel-
oped flurbulent flow conditions during process and CIP
operafions, on/the process liquid contacting side(s) of
the exychanger.vHeat exchangers should be designed
and operated such that the pressure of the treated
procegs liquid is higher than the pressure of the utility

installed in a drainable vertical orientation:
(c) Electric. Electric heat exchangers shall’e designed
to provide uniform heating (e.g., wher€)eléctrif current is
applied directly to the process contact tube),
(d) Tube-in-Tube. Process liguid should flqw through
the inner tube. Process fluid may also flow through the
outer tube in direct energy fecovery heat exthangers.
(e) Plate-and-Frame,Seé cautions in SD-3.4 regarding
use of plate-and-frarie-heat exchangers befgre consid-
ering use in this application.

SD-6.4.4:2"Steam Injectors

(a) Steam injectors shall introduce stean
pure stéam) directly into process liquids.

(b). Steam injectors shall be installed such fhat single-
pHase flow is achieved at the desired outlet temjperature. A
sight glass installed downstream of the stean] injector is
recommended to confirm single-phase flow.

(c) Steam injectors shall be oriented to pefmit CIP, or
designed for disassembly and cleaning out of glace (COP),
with agreement from the owner/user. Wherq the steam
injection system is designed for CIP, it shall bg drainable
and exposed to CIP solution across the seat of the steam
injection valve.

(d) Mediadilution and changes in retention
condensate addition shall be accounted for in
design.

SD-6.4.4.3 Flash Chambers. [Reserved|
content]

(typically

Lime due to
the system

for future

SD-6.4.4.4 Pumps. Process contact pun
HTST/UHT systems shall be hygienic
conform to SD-3.3.

ps used in
and shall

SD-6.4.4.5 Retention Tube

or untreated process liquid during heat treatment to
reduce the risk of process liquid contamination, unless
the owner/user has assessed the risk of an alternate
design. The owner/user should identify any requirements
needed to minimize process fouling or enhance cleaning
performance (e.g., minimum Reynolds number or velocity,
maximum process contact surface temperature).

Direct energy recovery heat exchangers with process
fluids on both hot and cold sides (Figure SD-6.4.1.1-1)
shall be of hygienic design on both sides. Indirect
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toj—Toaccount for axtatdispersiomr i thepiping, the
average residence time necessary to achieve the required
residence time shall be defined by the owner/user.

NOTE: The average residence time should be specified so as to
meet the owner/user-defined probability that each process fluid
particle is retained for the required residence time. As an
example, the Taylor equation for axial dispersion in turbulent
flow was used to develop Figure SD-6.4.4.5-1 which shows the
theoretical additional retention tube length required for a water-
like liquid treated at 216°F (102°C) for 10 sec in a 1-in. (25-mm)
nominal retention tube to account for axial dispersion, assuming

(22)

(22)
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Figure SD-6.4.4.5-1
Example of Additional Retention Tube Length Required to Account for Axial Mixing

Estimated fraction of not fully treated process fluid [Note (1)]
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(1) “Not full

(2) “Base le

aninsignifichnt number of bends. In the figure, to ensuré thatless
than 1 partcle out of 10'? has less than the 10-sec required
residence time at 9.2 gal/min (35 L/min), thewrétention tube
length woulld have to increase by 24%. Actdal)retention tube

geometry, quch as the number and radii(ofjelbows, coils, or
U-bends, m3y impact the results.

(b) The
than the n
residence

(c) The
visual insj

retention tube diameter should be no larger
jain system piping\diameter to minimize the
ime range due/to axial dispersion.

retention tube ‘shall be designed to enable
pection attits inlet and outlet. The owner/

Flow Rate, L/min

treated” fluid is defined as fluid whose retention time is.1éss than the required retention time.
hgth” is the average fluid velocity in the retention tube multiplied by the required retention time.

drain-
ns.

from the retention tube during operation. It shall bg

able during cleaning and/or sterilization operatid
(g) No portion of the retention tube between the inlet

and the outlet temperature sensors shall be heatgd.

SD-6.4.4.6 Flow Control. The flow rate shall be
controlled and monitored to ensure proper systemfopera-
tion.

SD-6.4.4.7 Back Pressure Control. The system shall
be designed to ensure that pressure downstream] of the
heating exchanger or steam injector is above the grocess
5 been
boling.
e the

user shallspecify.whether inspection is required for  flyid boiling pressure, until the treated fluid ha

two-phase flowduring operation or for cleaning effective- cooled or until it reaches a flash chamber for c

ness. A pressure of at least 10 psi (0.7 bar) abo)
(d) The retention tube shnall be designed to maintain a boiling pressure is recommended.

consistent temperature within the tube during heat treat-
ment (e.g., the tube should be insulated and shall not have
branches or tees that could result in low local tempera-
tures).

(e) No device shall be permitted for short-circuiting a
portion of the retention tube (e.g., bypass valves) to
compensate for changes in the process liquid flow rate.

(f) The retention tube shall have a continuous upward
slope toward the discharge conforming to Table
SD-2.4.3.1-1 category GSD3 to ensure that air is purged
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SD-6.4.4.8 Instrumentation. [Reserved for future
content]

SD-6.4.4.9 Interfaces

(a) The owner/user shall specify the maximum allow-
able discharge temperature for connections to the system
outlet and drains.
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(b) The owner/user shall specify whether system sani-
tization/sterilization ends within the system boundary or
extends beyond the system boundary to upstream or
downstream equipment.

(c) To design appropriate interfaces with source and
destination systems, the owner/user shall provide the
stated purpose of the system and the functional location
within the process (e.g., upstream or downstream of ster-
ilizing filters). The owner/user shall specify whether the
thermal treatment system is intended to be implemented

(b) Average residence time should be determined. It
may be determined by dividing the retention tube
volume by the measured flow rate.

(c) If a surface temperature limit has been specified by
the owner/user, the heating surface temperature should
be verified. For electrically heated tubing, the exterior
surface temperature may be measured to provide an
indirect, but conservative, measure of the interior
surface temperature. For steam-liquid or liquid-liquid
heat exchangers, the utility-side (e.g., steam or hot

as par
proces

of an open, functionally closed, or briefly exposed
S.

SD-6.4.5 Design for Bioburden Control

S
portio

S
shall
unless
Wherg
and o
should
the sy
is use|
flush t
tion of

D-6.4.5.1 Drainability. The process contact
s of the system shall be drainable per SD-2.4.3.

-6.4.5.2 Cleaning. Thermal treatment systems
e designed for CIP of process contact surfaces,
other methods are specified where necessary.
fouling of heated surfaces may occur, cleaning
perational procedures (e.g., visual inspection)
address potential fouling of those segments of
ttem. When compendial water from a break-tank
d in nonrecirculating mode to condition and
he system, provision shall be made for the sanitiza-
the water tank and its piping at a minimum.

SD-6.4.5.3 Chemical Sanitization/Sterilization. If

chemi
requir
shall b
tizing

Cal sanitization or sterilization of the system s
bd, the area within the sterile envelope or boundary
e designed for exposure to and removal of the sani-
hgent while maintaining the sanitized-state.

S

SD-

(e.g.,
HTST

-6.4.5.4 Thermal Sanitization/Sterilization. If

4.7 ‘Testing. System performance requirements
esidence time at temperature) to be tested for

system design should accommodate test instrumentation

required to verify the system performance and confirm
the control/monitoring process performance.

(a) Temperature performance should be verified using
temperature measurement devices independent of the
system instruments at the inlet and outlet of the retention
tube. The independent sensors should be positioned in a
manner that allows measurement of the bulk fluid
temperature.
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water) inlet temperature may be measured
an indirect, but conservative, measure,0
surface temperature.

(d) Initial testing of new equipnient should
the heat supplied to meet the process require
heat supplied can be documentéd’as power inf
trically heated tubes, steam/pressure for g
exchangers, and non.proecess liquid inlet
temperatures for liquid-liquid heat exchange

(e) Initial testing‘of system performance sH

to provide
[ the tube

document
ments. The
ut for elec-
team heat
hnd outlet
S.

ould docu-

ment the steady-state pump speed, pump {ifferential

pressure, flotv yate, system back pressure, and
sure contrel valve position.

SD-6.5"Immersion Washers

SD-6.5.1 General. This section describes t
ments for immersion washers used in bioprod
are designed to clean parts out of place from t
installation. Immersion washers are a subd

back pres-

e require-
essing that
heir typical
ategory of

clean-out-of-place (COP) washers, which includes

cabinet washers (see SD-6.1). When using
washers, parts are completely submerged
immersion tank throughout the cleaning cycl
ments in this section are intended to be applie
sion washers, but may be applied to other types
where appropriate.

The following terms are defined for this sg

designed load immersion basket/rack: a baske
hold parts that is designed for a specific,
loading configuration. A designed load bas}
is used for geometrically complex parts whe

mmersion
within an
e. Require-
| to immer-
of washers

ction:

or rack to
repeatable
tet or rack
re there is

concern with cleanability of the part due to it requiring

specific orientation or placement, liquid hqg
system draining, or entrapped air during a clej

ldup after
ining cycle.

end no with nozzle

orjetsthat

encourages end-to-end flow within an immersion tank.

general load immersion basket/rack: a basket or rack to
hold parts that is not designed for any specific loading
configuration or orientation of the parts. A general
load basket or rack is used for geometrically simple
parts (e.g., gaskets) or non-process contact surface
components (e.g., clamps, tools) where repeatable orien-
tation is not critical.

(22)
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immersion tank: the vessel designed to hold and allow
delivery of cleaning solutions in which parts are
immersed.

parts: any component to be cleaned in the immersion
washer, such as pipes, hoses, clamps, gaskets, fittings,
and accessories.

side nozzle zone: a hydraulic circuit with nozzles or jets
that encourages rotational flow within an immersion tank.

SD-6.5.2 :
sion washdrs shall be capable of delivering and removing
cleaning sdlutions from surfaces of parts across multiple
phases of afcleaning cycle. Immersion washers may be self-
contained, prreceive cleaning solutions from a CIP system.
The follow]ng are typical general phases of an immersion
washer clepning cycle:

(a) pre-finse

(b) wash

(c) rins

(d) finall rinse

The design should allow for multiple chemical additions
during waphing phases. The hydraulic conditions (i.e.,
pressure apd flow rate) of all rinsing phases should be
the same |as for wash phases to ensure consistent
rinsing of parts, immersion tank interior, and hydraulic
circuit. Thgfinal rinse may be performed with recirculated
final rinse [water integrated with drain steps to remove
residual qleaning solutions. The design should be
capable of|providing a final rinse phase at an elevated
temperatire [e.g., >149°F (65°C)] to improve ains
drying effigiency.

SD-6.5.3 Operating Capabilities and System Function

(a) The jmmersion washer should contrel and monitor
time of exposure (contact time) during(wash and rinse
phases.

(b) The|immersion washer shall(control and monitor
cleaning splution temperature.during all washing and
rinsing phdses.

(c) The immersion washer should monitor the pres-
sure or flgw of cleanifng solutions supplied to zones
within the|immersion-tank or immersion basket/rack.

(d) The mmersiofiwasher shall be designed to provide
analytical perification of final rinse water quality (e.g.,
conductivitysTOC, number of final rinse steps).

SD-6.5.4 System Design

(a) Immersion baskets/racks (general or designed
load) should incorporate thermoplastic or thermoset
material components to prevent scratching of the parts
and the LD. surface of the immersion tank.

(b) Materials of construction of immersion washer
process contact surfaces shall adhere to the same require-
ments set forth in the cabinet washers section [see
SD-6.1.3(a)].

Materta g o1} of the
immersion tank shall follow requirements-for{vessel
general design (see SD-3.4.1). The full vaduum dervice
design requirement is not applicable,to latmospheric
immersion tanks.

(d) The surface finishes for the ifterior surfaceg of the
immersion tank, process contact’tubing surfaces, apd any
other process contact surfaces\shall be specified [by the
owner/user using designations providled in
Table SF-2.4.1-1. Electropolishing is not required for
immersion washers,

(e) The surfacefinish of baskets/racks, supports, ther-
mowells, guards,"and other internal tank compgnents
should meet\the surface finish requirements [of the
tank. Surfacerfinish verification may not be possiple for
all components of an immersion washer’s basketsfracks.

(f)<The internal surface finish of the immersion tank
cover should be the same as specified for the immersion
tank internal surfaces.

SD-6.5.4.1 Zone Design

(a) Immersion washer design can include mpltiple
zones to clean parts through various methods{ Zone
piping design shall follow SD-3.1.2.2, with the congidera-
tion that zone branch connections shall be opened
between each phase to avoid carryover. All|zones
should be targeted during each phase to provide fonsis-
tent flushing.

(b) Turbulence is critical for cleaning within an immer-
sion washer, and zone design should provide adpquate
turbulence to all part surfaces. For example, tuljing or
similar parts that are not exposed to turbulence fon the
I.D. from a side nozzle zone would require gn end
nozzle zone or direct connection to a zone to provide
adequate 1.D. flow.

(c) For zones with piping manifolds within the immer-

(e) For fmmrerstomrwastrer Ldpdbi‘liticb forchemicat
addition, see SD-6.1.4.7.

(f) For immersion washer recirculation pump require-
ments, see SD-6.1.4.8(b) and SD-6.1.4.8(c).

(g) Immersion washer pumps should have sufficient
capacity (flow and pressure) for all zones used in the
washer.

(h) For immersion washer heat exchanger require-
ments, see SD-6.1.4.9.

Stor tau}\, ‘I.Jab}\Ctb, Ot 1cu,}\b, threfabricatiomrof-the plplng
manifolds shall conform to the applicable sections of
system piping (see SD-3.1.2.3).

SD-6.5.4.2 Tank and Cover Openings

(a) Immersion tank and cover opening design shall
adhere to the same requirements used for cabinet
washers (see SD-6.1.4.1).

(b) Side nozzles shall be of hygienic design (see
Figure SD-6.5.4.2-1).

(22)
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Figure SD-6.5.4.2-1
Immersion Tank Side Nozzle Design

nsition
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=
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011\6 g

Supply tube 08 E
Y — Nonsmooth tra

I.D. not fully welded tube to side,npzzle
leading to crevices (nondraifing)
“\
s, \ i

_Smooth transition
Note (1) from tube to side nozzle

(a) Accepted

NOTE:

(c) Immersion tank covers should be used and
desigied to reduce operator exposure to splashing
during operation as well as to minimize added humidity
to the area around the immersion washer. Both sealed and
nonsegled designs are permitted.

(d) |Sealed (e.g., gasket or O-ring) immersion tank
coverg shall be designed to prevent wash fluid from
leakage during the wash cycle.

(e) INonsealed immersion tank covers should be
desigrled to minimize wash fluid leakage~during the
wash ¢ycle.

(f) Bothsealed and nonsealed types should be designed
to minjmize wash droplet formation above the immersion
tank apd loaded parts.

(g) |Process contact static_Seals used in immersion
washefs shall conform to the requirements of Part MC.

(h) [The external surfates/e.g., frame, immersion tank
0.D.) shall meet the owner/user’s specified requirements
of the [installed locatipn of the equipment.

@

(b) Niet, Accepted

1) Supply tubing and all side nozzles should be drainable, either back through the supply ‘tube header or into the iminersion tank.

(c) Allimmersion baskets/racks should be designed for
disassembly required for inspection and maihtenance.

SD-6.5.4.4 Interfaces. Immersion washefs’ parts are
loaded and unloaded in the same area/room clgssification.
If process flow requires a separation of cleap and dirty
parts, an immersion washer should not be uged.

SD-6.5.5 Design for Bioburden Reduction
SD-6.5.5.1 Drainability

(a) Immersion washer process contact suffaces shall
adhere to SD-2.4.3.

(b) For rectangular immersion tanks sloped both to
center and along the tank length, a minimum lengthwise
slope designation of GSD3 (see Table SD-2.4.3.1-1) should
be used for drainability. Other surfaces slopipg to drain
within the tank are also recommended to have f minimum

slope of GSD3.

xternal surfaces should be insulated to minimize $D-6.5.5.2 Cleaning. The interior suffaces and

heat tlansmissién components of the tank as well as the baskets/racks
are considered process contact surfaces gnd should

SI-6.5.4.3 Baskets and Racks conform to SD-2.4.2 except for SD-2.4.2(ai(4). These
surfaces include the immersion tank wall 1.1}, above an

(a) General load immersion baskets/racks should be
designed to accommodate variable configurations and
load items. Parts used in these baskets/racks do not
require a specific orientation for drainability or to
prevent air entrapment.

(b) Designed load immersion baskets/racks should be
designed for repeatable loading and may be subject to
verification, if required by the owner/user, to assure
removal of entrapped air. Load items as well as the
designed load immersion basket/rack shall be drainable.
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overflow port and the immersion tank cover I.D. surfaces
with the potential to drip onto cleaned parts within the
immersion tank.

(a) Engraving or embossing of materials (for identifi-
cation or traceability) is permitted on exterior process
contact surfaces, such as the exterior of process
contact tubing in the washer. Engraving or embossing
should be limited to only what is needed for unique iden-
tification or traceability.

(22)


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

(22)

ASME BPE-2022

(b) Adherence to SD-2.4.2(a)(2) for the immersion tank
wall I.D. above an overflow port and immersion tank cover
I.D. surfaces should be considered by the owner/user
depending on the criticality of the parts being cleaned.

(c) Final rinse tank level should be higher than wash
solution rinse level to promote quicker achievement of
final rinse conditions.

Parts with recessed holes or cavities should not be
cleaned in immersion washers. Risk of air entrapment
or inability to drain may impede exposure to and

parts from the baskets/racks or immersion tank to avoid
false results due to transfer of residual riboflavin from
other parts.

General load immersion washer baskets/racks are not
subject to the same testing due to the nonrepeatable and
nondesignated loading conditions and variations in parts
being cleaned.

SD-6.5.7.2 Drainability. Drainability testing for
immersion tanks should use methods described in

removal of cleaning solution. SD-?:.“r for vcabcla, withrtire ful‘luvviug additiomragonsid-
erations:
SD-6.5.§ Design for Serviceability, Examination, and (a) Atminimum, the immersion tank should be fflled to
Operation{ Immersion washers should be designed to completely submerge the tank bottom,
enable accpss for inspection and service of components (b) Drainability testing intended foy ‘€nsuring immer-
that are subject to wear, and to allow for periodic calibra- sion tank drainability should be performed withgut any
tion of insfruments. baskets/racks loaded.
. (c) Any outlet strainer or sereéen used in normaljopera-
SD-6.5.7 Testing tion should be installed.
SD-6.3.7.1 Flow Coverage. Designed load immersion (d) Drainability testing ¢an be performed on designed
washer bakkets/racks designed for repeatable loading load baskets/racks and loaded parts to verify draihing of
should hape flow coverage (e.g., riboflavin) testing surfaces on these-components. The baskets/racks and

performed
surfaces.
SD-7.1 is
immersion
used, it is
following 4

(a) Ths
expected r
by all part]
baskets/r
surfaces).

(b) Ribdflavin may be applied while parts aré loaded in
the basketg/racks inside of the immersion tank; or may be
applied to parts prior to loading into the.basket/rack or
immersion tank. Application prior.to-foading may be
required flor parts with limited-aceess areas such as
tubing lengths.

(c¢) Immiersion tank filling 'shiould occur as in normal
operation pnd to the normal operating level. As once-
through rinsing is.\ot applicable to immersion
washers, & complete fill, zone(s) rinsing, and drain
should be| performeéd not less than two times. The
maximum|number of zone rinses (complete fill and
drain) dutging-the riboflavin testing shall not exceed

for verification of liquid coverage of parts’
The spray coverage testing described in
ipplicable to the flow coverage testing for
washers. If Nonmandatory Appendix M is
applicable to immersion washers, with the
dditional considerations:

scope of the riboflavin application and
emoval should be documented and agreed to
es (e.g., parts and baskets/racks only; parts,
hcks, and immersion tank process cortact

parts loading information and configuration shojuld be
recorded, and the immersion tank should be filled to
at minimum above the highest component pf the
basket/rack or loaded part.

SD-6.6 Isolator Systems

SD-6.6.1 General. Isolator systems, hereafter r¢ferred
to asisolators, are used to create a controlled envirgnment
for bioprocessing and quality control testing that is
isolated from operators and the background envirohment.
This section describes the design requirements fpr two
types of isolators, as follows:

(a) asepticisolators, which are designed to protect the
process from the environment, enable aseptic progessing
(e.g., cell bank processing, liquid filling of final prjoduct)

(b) containment isolators, which are desighed to
protect the operator environment from the pfocess
and enable safe processing of potent compounlds (or
other hazards) in an isolated environment

This section does not address equipment/comppnents
used inside the isolator. Requirements of the procgss and
process equipment enclosed by the isolator shojuld be
provided by the owner/user. This section is not appllicable
to restricted access barrier systems, which restrictlaccess

the total number of phases with complete fill and
drain steps during an owner/user’s normal operating
wash cycle. Only the zones applicable to the components
being tested should be used. Pertinent information such as
zones used, time of rinse, and zone sequencing should be
recorded.

(d) Riboflavininspection may occur while parts are still
loaded in the immersion tank, outside of the immersion
tank, or through a combination of both. Inspection outside
of the immersion tank may be needed for parts with
limited access areas. Care should be taken while unloading
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but do not provide environmental isolation.

SD-6.6.2 System Performance Requirements. The
following system performance requirements shall be
defined:

(a) environmental classification inside and outside the
isolator

(b) airflow conditions as unidirectional or turbulent

(c) pressure differential target to background environ-
ment

(d) log reduction for decontamination
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(e) overall cycle time limit for decontamination and
aeration

(f) temperature operating ranges

(g) humidity operating ranges

(h) recirculation air, make-up air, and total exhaust air
flow limitations

(i) allowable decontamination agent (e.g., vapor phase
hydrogen peroxide) concentration at the end of aeration
for product protection

SD-6.6.4 System Design. Isolator systems contain (22)

bioprocessing equipment and normally do not have
product contact surfaces. The owner/user shall specify

(a) surfaces required to be designed for product
contact

(b) isolator designation as aseptic or containment

(c) product sensitivity to decontamination agents

(d) specific environmental requirements (e.g., inert gas
blanketing)

Process contact surfaces should be impervious,

3 Operating Capabilities and System Function

SD-ITB.

SP-6.6.3.1 Differential Pressure Control. Differen-
tial pfessure set points should be adjustable in the
range|of 0.06 in. to 0.18 in. (15 Pa to 45 Pa) of the
water [column. Phase transitions in the isolator system
(e.g., Te-dosing to aeration, aeration to production)
shall Be controlled without loss of pressure balance in
the sufrounding room specified by the owner/user.

[t is permissible for the set point to be positive or nega-
tive tol the surrounding room as defined by the owner/
user tp meet the product manufacturing requirements.
The diffferential pressure (between the isolator interior

terior) should be maintained within 0.02 in. (5

and e}
Pa) of|water column of the set point.

SP-6.6.3.2 Temperature and Humidity. The isolator
shoul{be designed to monitor operational, decontamina-
tion, apd aeration temperatures within the range specified
by the| owner/user.

Hunpidification requirements are application depen-
dent ahd should be agreed to by the owner/user. Consid-
eration should be given to decontamination requirements,
product requirements, potential static electricity
dischdrge, and condensation within the isolator or
conne¢ted equipment (e.g., lyophilizer):

-6.6.3.3 Decontaminatidn; Unless otherwise
d by the owner/user, the,decontamination cycle
monstrate a five log reduction of microorganisms.

peroxide
ture for operator safety Theisolator should be de51gned to
prevent opening during decontamination (e.g., incorpor-
ating door and window interlocks).

SD-6.6.3.4 Venting During Aeration. The isolator
shall be designed to safely exhaust decontamination
gas through a dedicated exhaust system. For example,
if hydrogen peroxide gas is exhausted, a building stack
or catalytic filter may be required to safely convert the
hydrogen peroxide into water vapor and oxygen as it
is released to the environment.
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nonreactive, nonadditive, and resistantsto| cleaning/
decontaminating agents. Metallic process.contact surfaces
shall be fabricated with 316-type or 316L-type stainless
steel by welded construction, unless-otherwisg approved
by the owner/user. Exterior non-process contgct surfaces
may be fabricated with 304;type or 304L-tyfe stainless
steel by welded construction,

All equipment should-be compatible (chem
tant, nonpermeable) with'cleaning and sanitiza
specified by the owner/user, e.g., sporicidal ag
cetic acid, hydrogen peroxide gas, or 70% IP

Glove ports, comprising a glove and sleeve
the wall orwindow of an isolator, shall be made
rials resistant to decontamination agents an
sanitizinig/cleaning agents (e.g., hard coated
stainless steel, UHMWPE).

Unless otherwise specified by the owner/us
contact surfaces of metal construction sho
surface roughness of 35 pin. R, (0.89 un
Unless otherwise specified by the owner/use
rior (non-process contact surfaces) of metal ¢
should have a surface roughness compatible wi
ciated environmental classification. If the exte]
tional environment is ISO class 8, a surface finis
R, (1.2 um) orlessis recommended for metal cg

SD-6.6.4.1 Isolator Shell. The isolaton
main work chamber of the isolator), w
include windows, lights, and openings, should i
to integrate internal equipment with ergono
tions. The isolator shell construction should 1
to accommodate the user-specified pressure
with limited shell deformation. Isolator shell d
limits should accommodate openings where b
rial may be used such as glass windows and

To ensure isolator shell seal integrity, tolg

cally resis-
tion agents
ents, pera-
A,

sealed into
with mate-
H specified
aluminum,

er, process
1ld have a
1) or less.
I, the exte-
nstruction
th the asso-
rior opera-
h of 48 pin.
nstruction.

shell (the
hich may
edesigned
mic opera-
e designed
lifferential
pformation
Fittle mate-
lights.
rances for
ommodate
the potential for weld heat distortion. The shell shall be
fabricated using welded construction unless otherwise
specified by the owner/user.

The isolator shell construction radii of internal corners
and seams should be 0.6 in. (15 mm) or greater to facilitate
cleanability.

The aseptic isolator design should provide a barrier or
sufficient space for the separation of particulate gener-
ating operations (e.g., stoppering and capping) from
the product filling operations.
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SD-6.6.4.2 Isolator Base Plate. The isolator base
plate (the lowest part of the isolator interior interfacing
with the isolator shell) shall be designed to separate the
isolator environment from the area below, which may
contain drives, motors, electrical installation, and other
components. The isolator base plate surfaces exposed
to the isolator environment are considered process
contact surfaces. Isolator base plate penetrations shall
be designed with integral seals to establish a pressure
boundary to avoid contamination. Penetrations should

port shall be designed to provide an integral seal with
the isolator.

For containment isolators, the glove port shall be
designed to allow a glove change without exposing the
used glove to operators.

SD-6.6.4.6 ULPA/HEPA Filters. For aseptic isola-
tors, the total nonviable particulate concentration shall
meet ISO class 5 requirements using ULPA or HEPA
filters. For aseptic isolators, the design should be

use round¢d corners with minimum radii of 0.6 in. (15
mm) to fadilitate cleanability.

The isolgtor base plate thickness shall be designed to
support prpcess equipment specified by the owner/user.

Where idolators are designed for CIP or liquid washing,
the isolatgr base plate shall be sloped to one or more
drains in the isolator base plate.

When th isolator manufacturer does not fabricate the
base plate, limensions and tolerances for tight integration
with the iqolator shell shall be provided to the isolator
manufactyrer by the isolator base plate fabricator or
owner/usdr.

SD-6.6.4.3 Doors/Windows. Doors/windows should
be designed, installed, and sealed to maintain the shell
integrity 4nd cleanability. The design shall provide
access to dlean the inside of the windows.

Both fixgd and operable window designs are permitted.
Door and operable window designs should consider inter-
locks to prievent opening during decontamination.

SD-6.6.4.4 Lighting. Lights should be designéd,
installed, and sealed to allow illumination of the isolator
interior while maintaining the shell integrity and\without
compromising cleanability. The owner/user should
specify prjoduct sensitivities to certainswavelengths
(e.g., UV wavelengths) or to light intensity levels. The
type and intensity of light at the work’location should
be specifigd by the owner/user(to, meet ergonomic re-
quirementf (e.g., fluorescent lighting at 75 foot-candles
to 80 foot{candles (0.026 lumens/m? to 0.028 lumens/
m?) or LHD lighting at™45 foot-candles to 50 foot-
candles (0.p16 lumensym? to 0.017 lumens/m?). If speci-
fied, the d¢sign should accommodate different levels of
lighting within theisolator (e.g., atleast one for processing
and one fdr cleamng/samtlzatlon) The placement and

and glare on the windows.

SD-6.6.4.5 Glove Ports. The design of an isolator
should include a mock-up activity to determine the
final position of any glove port. The mock-up should
include a life-size model of the isolator and the equipment
planned for use in the isolator for verifying ergonomics
and accessibility. Both oval and circular shapes are
permitted. Glove seal construction inside the isolator
shall be free of crevices, threaded fasteners, or any
areas difficult to clean and decontaminate. The glove
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during
't/ min
b.2 cm
bulent
nation

Ldpdblt Ur ullidil CLLiUlld‘l (LlUWllel d) dil ﬁUVV
normal operation with airflow velocity of90
(0.46 m/s) * 20% as measured 6 in. to 12(in(1
to 30.5 cm) below the diffuser membrane. Turj
airflow conditions are permitted during'd€contami
and aeration.

For containmentisolators, ULRPAfilters are recommend-
ed. Airflow breach velocity (e.g».as measured from ajn open
glove port) should be betwee100 ft/min and 125|ft/min
(0.51 m/sand 0.64 m/s), unless otherwise specified by the
owner/user.

SD-6.6.4.7 Transfer Ports. The aseptic igolator
design shall previde for aseptic transfer of comppnents
required forithe operation (e.g., caps, stoppqrs for
filling). The design should accommodate compgonent
transfer“for initial setup and to replenish sujpplies
during’ operation.

Connected tubing from a final filter into filling h¢ads in
an isolator shall have an integral seal at the isolatof shell.
Therecommended location for the final filter is outsjide the
isolator.

A rapid transfer port (RTP, sometimes referred tp as an
alpha-beta port) in which mating ports betwepn the
isolator and another container or system, ywhose
exposed door surfaces become sealed when interflocked
to each other, shall be designed to maintain isolatior} integ-
rity while transferring materials into and ouf of an
isolator. The mating surfaces of RTPs shall crleate a
seal such that opened ports do not expose the igolator
environment to surfaces that have not been decontami-
nated.

RTPs should be located to accommodate the oy
access through glove ports and allow adequate cle
from internal equipment when open. Sizes sho
specified to include the beta contalner seal cle

erator
hrance
uld be
hrance
. panical
interlock should be provided to prevent the alpha door
from being opened when the beta container is not
docked. The use of RTPs for powder transfers that
come into direct contact with seals is not permitted.

Split valves that use the same interface technology as
RTPs, except that the interlock acts as a butterfly valve,
may be used for liquid or solids additions into an isolator.
Split valves are permitted for use in both aseptic and
containment isolators.
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Pass-in/pass-out holes (openings that allow the
transfer of material into and out of isolators while in
operation) shall be designed to be sealed by an external
door during a decontamination cycle. The design of aseptic
isolators should not permit opened doors of pass-in/pass-
outholes torestina position above the aseptic operations.
The isolator shall be designed to maintain specified pres-
sure differentials and airflow velocities with open pass-in/
pass-out holes during normal operation.

the aseptic environment. Where seals are exposed to
cleaning or decontamination processes, they are consid-
ered process contact surfaces and shall be resistant to
cleaning and decontamination fluids. Process contact elas-
tomers shall conform to the applicable requirements in
Part PM or Part MC. The potential for seal degradation
and chemical absorption and subsequent desorption
should be considered in the selection of seal materials.
For example, silicone and EPDM offer resistance to
many cleaning and decontamination agents.

SP~-6-6-4-8—Airtock/Becontamination—Chamber:
Airlodk/decontamination chambers, compartments
with ah inner door and outer door used for moving mate-
rial info and out of the isolator, shall be designed with
doublg-interlocked doors, which prevent the outer
door (to room) from being opened while the inner
door (fo isolator) is open. Both doors should also be inter-
locked| from opening during the decontamination cycle.
The iffner door shall be interlocked such that it can
only bg opened after a successful decontamination cycle.

SI-6.6.4.9 Internal Components. For piping/tubing,
all wetted process contact tubing shall conform to SD-2.4.2
and shpll be either sloped or provided with an air purge, or
both, tp enable liquid removal from lines per SD-2.4.3 and
Nonmégndatory Appendix C. Welded joints are preferred. If
disasgembling of the pipe/tube system is required,
hygienic process connections shall be used. Exposed
threads (e.g., the exterior of hygienic clamps) should
be avdided within the isolator.

Bra¢kets or other equipment shall not be locdated
directly above open containers in aseptic isolater.inter-
iors.

SD-6.6.4.10 Instruments

(a) \Hydrogen Peroxide DetectiomyWhen hydrogen
peroxfide is used as a decontadminating agent, the
systen} should be designed to detect residual hydrogen
peroxide above specified critical levels for product and
persornel safety. For personnel safety, residual hydrogen
peroxide shall be less,than'1 ppm. The owner/user shall
specify the residualdeyel limit to protect the product. The
measurement prihciple and detection limit of sensors
should be agreed on between the manufacturer and
owner}/user~The sensor position shall provide for moni-
toring[the worst-case location within the isolator.

Inflatable seals and static seals are permitted. For
example, inflatable seals are acceptable”for doors/
windows that are designed to be opéened dyring setup
and cleaning procedures. The pdtential for occluded
areas should be considered in the.design and yse of infla-
table seals. Inflatable seals shall’have a continuous leak
check, using either constant{ptressure or congjtant flow.

Seals between the isolator shell and matinglequipment
(e.g., depyrogenation~tunnel, lyophilizer) [should be
designed to accommodate the effects of the thermal dila-
tion/contractiof of the mating equipment. Thle tempera-
ture at these interfaces should be considgred in the
selection of/seal material.

When.ah isolator system comprises multipld connected
isolators, seals between isolators shall be designed to
expose seal surfaces to decontamination aggnts during
a‘decontamination cycle. Single or doublg seals are
permitted between isolator chambers.

SD-6.6.4.12 External Surfaces. Exterior]
quirements of SD-2.4.4.2 are applicable tg
The external surfaces of an asepticisolator shal
tible with the environmental classification {
interfaces. The following design practices
considered:

(a) All cables should be covered.

(b) Gaps between the isolator and other
such as depyrogenation tunnels or lyophiliz
be sealed.

design re-
isolators.
be compa-
o which it
should be

Pquipment,
brs, should

SD-6.6.5 Design for Bioburden Control

SD-6.6.5.1 Drainability. Horizontal proc
surfaces of the isolator shall be drainable. If
isolator is specified, all permanently install
liquid distribution piping (e.g., spray wands) should be
sloped to meet the requirements of Table SP-2.4.3.1-1

Pss contact
CIP of the
bd internal

(b
create ISO class 5 conditions shall include continuous
active air sampling for viable particle monitoring
during active processing.

(c) Nonviable Particle Indicators. The isolators
designed to create ISO class 5 conditions shall include
continuous particle monitoring for nonviable particles.

SD-6.6.4.11 Seals. All elastomer seals shall meet 21
CFR177.2600 or equivalent. Gaskets and O-ring seals used
to seal the isolator are not considered product contact
surfaces, but should be nonshedding where exposed to

Ziable Particle Indicators-Theisolators r‘ncignnr‘ to
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category GSD2 where possible or supplied with an air
purge to facilitate liquid removal per SD-2.4.3 and
Nonmandatory Appendix C.

SD-6.6.5.2 Cleaning. Selection of cleaning agents
should be made with consideration of all process
contact materials including elastomer seals and
sensors. If CIP of the isolator is specified, all process
contact surfaces shall be exposed to cleaning solutions
and accessible for visual verification.
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SD-6.6.5.3 Chemical Sanitization/Sterilization. All
transport systems shall be set in a position (or in
motion) such that all process contact surfaces are
exposed to the chemical agent used for the decontamina-
tion cycle.

SD-6.6.5.4 Thermal Sanitization/Sterilization.
[Reserved for future content]

SD-6.6.5.5 Post-Use Storage. Aseptic isolators
should be designed to maintain an ISO class 5 environment

methods consistent with the certification standards for
an ISO class 5 cleanroom should be applied.

SD-6.6.7.4 Mock-Up. Unless otherwise agreed to by
the owner/user, a mock-up at the factory or user site
should be conducted prior to fabrication of aseptic isola-
tors to assess aseptic operations through glove ports and
associated ergonomics. When possible, the actual equip-
ment or models of the actual equipment should be in place
for the mock-up.

under dyngmic and static conditions for a period of time SD-6.6.7.5 Airflow Verification and Visualization
specified By the owner/user. A post-use storage time Testing. The design of airflow in asepti€ |isglators
under stafic conditions should be specified by the should be verified to maintain ISO class 5\cenditjons.
owner/usqr and verified through environmental moni- Airflow visualization studies should be condlucted
toring. under specified conditions (e.g., ISO%class 5) to demon-
SD-6.6.6 Design for Serviceability, Examination, and strate that th.e upidirec.tional airﬂow minimizes the
Operation{ The isolator systems should be designed to risk of Contamlpatlon fiurmg nRfation. It should demor?-
enable saf¢ access for inspection and service of compo- s.trate 4 sweeping action G and away from ths .sterl-
. . . lized/decontaminated eduipment, product, contpiners,
nents that pre subject to wear, and to allow periodic cali- and closures.
bratlon- of nstruments. . . Airflow visualizdtion studies should document the
The isolptor systems should be designed to provide . . . .
adequate kpace for maintenance accessibility of all a11-"ﬂow pat‘Fe-rns Q@yter Stat.lc condltl(?ns, dy.namlc (oper-
mechanica| components. ating) con(.iltlons, and the a.urﬂow during all intervgntions
(e.g., clearing\a jammed vial).
SD-6.6.7 Testing
. SD-7-DESIGN CONFORMANCE TESTING
SD-6.6.7.1 Isolator Leak Testing. Both the pressure
decay and pressure hold methods of leak-rate testing are Design conformance testing shall not result|in the
acceptable| When choosing a test method, consideration formation of any surface anomalies or contamipation.
should be given to the size of the isolator, time required for~, All design conformance tests and test results documenta-
testing, an{d external influences that may affect testing tion shall have the date and time recorded. Each tesf docu-
(e.g., room femperature changes, room pressure changes). ment shall include a record of personnel who performed
The maximum leak rate shall be no greater thdn;1% of ~ and confirmed the test results.
the isolator volume per hour with all pass:in/pass-out .
holes and [RTP fittings closed and sealeds(ISO 14644-  SD-7.1 Spray Device Coverage Test
7:2004, ISP 10648-2:1994 class 3). Leak-rate test pres- An acceptable spray device coverage test proceflure is
sures shopld be selected at 3 times-to 5 times the provided in Nonmandatory Appendix M. The purgose of
working gressure as agreed to-by/owner/user. The  thespray device coverage test is to demonstrate and docu-
temperatyre during the leak-test shall not change  pentliquid coverage of the process contact surfacps. The
more than|0.9°F (0.5°C). test provides information about liquid coverage and the
SD-6.6.7.2 Glove Lkeak Testing. System integrity conditions necessary to achieve this coverage as a|prere-
should be [confirmed_by-a glove leak test. A glove port ~ quisite for cleaning of the process equipment. Effective
assembly fester isirecommended to locate a potential coverage shall be visually determined using a fluorjescent
glove leak. [It is reeommended to test both the installation ~ Solution and an ultraviolet lamp or by other veriffcation
and the gl¢ve_ sléeve. methods as agreed to by the owner/user and mgnufac-
Leak testing methods found in 1SO 14644.7 are accept turer. The minimum acceptable water quality is ngncom-

able. Unless otherwise specified by the owner/user, the
maximum permissible leak of 0.5% of volume per hour is
recommended. The use of a completely automated device
that uses pre-assigned test recipes is recommended.

SD-6.6.7.3 ULPA/HEPA Testing. The isolator design
shall include integral DOP (dispersed oil particulate) or
PAO (polyalphaolefin) ports for HEPA filter integrity
testing with dioctyl phthalate or other approved
testing aerosol challenge. For aseptic isolators, the
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pendial purified water (e.g., reverse osmosis or
deionized). Acceptance criteria and coverage test protocol
should be agreed to by the owner/user and manufacturer.
Spray device coverage tests are not intended to demon-
strate system cleanability. System cleanability is achieved
through the equipment design, the spray design, knowl-
edge of the soils, cleaning agent selection, and cleaning
process parameters. Cleanability is verified using a
complete CIP per protocol during cleaning validation.
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SD-7.2 Cleaning, Steaming, and Bioburden Control (a) The vessel shall be in its intended operating orien-
Testing tation within a tolerance agreed to by the owner/user.

(b) The vessel shall be filled with water approximately

Cleaning, steaming, and bioburden control testing (in ¢, the weld seam that joins the shell to the bottom head.

addition to spray device testing) shall be. as agreed to (c) The outlet valve shall be opened, the vessel shall be
by the owner/user and manufacturer, and in accordance  yented to atmosphere, and the vessel shall be allowed to
with accepted industry standards. drain.

(d) There shall be no puddles of water left on the vessel
other than that retained due to surface tension.

Where leak testing is required, the following fluids shall Residual water may be present in the form of droplets
be usgd: that typically do not exceed a diameter of 0:2 jn. (5 mm).
(a) Hydrostatic testing shall use clean purified or deio- Residual water droplets adhere to process sutfaces due to
nized water filtered at 25 p or better, unless otherwise surface tension and are not indicative/of-a veskel’s drain-
agreed to by the owner/user. ability. Observed puddles that are displaced wjth a 1.0-in.
(b) Pneumatic testing shall use oil-free clean dry air, (25-mm) rubber dowel applied/perpendictilar to the
nitroggn, or inert gas filtered at 25 p or better, unless puddle and re-form at the point.ef displacemgnt indicate
otherwise agreed to by the owner/user. a flat or unintended low point, and that area shall be
repaired. Puddles thatcaare displaced with a 1.0-in. (25-

SD-7.4 Vessel Drainability Test mm) diameter rubbér-dowel applied perpefdicular to

the puddle and do mot return to the point of digplacement
are considered#o be large droplets and do not ¢onstitute a
test failure,

Spedific steps or operations in a bioprocess may require
vessels to be drainable. A drainability test for such vessels
shall He conducted to confirm that the vessel has been
desigged and manufactured without any low point NOTE: This vessel drainability testis notintended fof flat-bottom
other than its intended outlet or outlets. As a proposed ~ cartridgesmount filter housings.
test pfjocedure, the following should be considered:
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CHAPTER 5
PROCESS COMPONENTS FOR MULTIUSE

PART DT

DIMENSI

DT-1 PURPOSE AND SCOPE

The purpose of this Part is to provide requirements that
ensure prdcess component fit-up and compatibility.

This Part specifies dimensions, tolerances, and all
supplemenjtary conditions for process components.

DT-2 PRESSURE RATING

Table DT-2-1 shows the maximum allowable working
pressure dnd temperature ratings for metallic fittings
manufactufed per DT-4.1 and manufactured from mate-
rials listed |n Tables MM-2.1-1 through MM-2.1-3, with the
exception jof automatic tube weld caps listed in Table
DT-4.1.5-1

Metalli¢ fittings manufactured to pressure and
temperatufe ratings that exceed those in Table DT-2-1
must be justified by methods accepted by ASME B31.3.

Metallic [fittings listed in Table DT-4.1.5-1 (automatic
tube weld|cap) shall meet or exceed the pressure and
temperatufe ratings shown in Table DT-2<«1.

Special gngle branch connections per{DT-4.3 shall be
rated per the manufacturer’s pressure.ahd temperature
ratings.

Valves nfanufactured to this Partshall be rated per the
manufactufer’s marked presstireand temperature recom-
mendations.

DT-3 WALL THICKNESS

The nontinal wall' thickness of the fittings and process
components at the point of joining shall be the same as the

NS AND TOLERANCES FOR PROCE

MPONENTS

DT-4 DIMENSIONS

Fittings and process compongnts are designed for use
with nominal outside diameter;{0.D.) tubing for thie sizes
listed in Table DT-4-1. The,ditmensions are accompanied
with soft metric convetsions from the U.S. Customary
units and are listed for reference only (see GR-§). For
nominal metric sizé\tubing and fittings, refer to the pppro-
priate internatienal standards.

DT-4.1 Fitting Dimensions

Diméensions for fittings that are governed by thif Stan-
dard are grouped and categorized into tables.
All sizes shown in these tables are nominal O.D.
sizes.
All automatic weld end fittings shall have mifimum
tangent lengths per Table DT-4.1-1. The tangent |ength,
T,, is defined as the straight length measured fr¢m the
welding end.
The categorized groups in DT-4.1.1 through DT-4.1.5
designate specific fitting dimensions.

DT-4.1.1 Elbows/Bends. Refer to Tables DT-4.1.1-1
through DT-4.1.1-10.

tube

DT-4.1.2 Tees/Crosses. Refer to Tables DT-4.1.2-1
through DT-4.1.2-13. The branch shall not intersgct the
longitudinal weld of the run.

DT-4.1.3 Reducers. Refer to Tables DT-4.1.3-1 through
DT-4.1.3-3.

DT-4.1.4 Ferrules. Refer to Table DT-4.1.4-1. Metallic

tube to which H'\py arewelded. The thickness of the weld
ends shall conform with the tolerances listed in
Tables DT-3-1 and DT-3-2.

After fabrication and surface treatment, the wall thick-
ness in any formed part of the fitting or process compo-
nent, excluding tube, beyond the control portion as
defined in DT-7, shall be a minimum of 65% of the
nominal wall thickness. For guidelines regarding welds,
refer to Part MJ. All welds shall meet the provisions of
M]-8 and Figure M]-8.4-1.

hvaienice-clarmmp-ferrule-diensions-are-spect ifiadid
- Etee-erainprerrure-aiReRSioRsare-SpectHieatr

Table
DT-7.1-1. Polymeric hygienic clamp ferrule dimensions
are specified in Table DT-7.1-2.

DT-4.1.5 Caps. Refer to Tables DT-4.1.5-1 and
DT-4.1.5-2.

DT-4.2 Nonstandard Fitting Dimensions

Fittings not specifically described in Tables DT-4.1.1-1
through DT-4.1.5-2 may be constructed using combina-
tions of centerline-to-end dimensions from the tables.
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For tees and crosses, use Tables DT-4.1.2-4 and
DT-4.1.2-8 for standard clamp leg lengths; Tables
DT-4.1.2-2 and DT-4.1.2-7 for short-outlet branch
clamp lengths; Table DT-4.1.2-3 for short-outlet run
clamp lengths; and Table DT-4.1.2-1 for weld end
lengths. Consideration shall be made for clamp clearances
when fabricating fittings not depicted in Tables DT-4.1.1-1
through DT-4.1.5-2.

DT-4.3 Special Angle Fittings Dimensions

DT-7 TOLERANCES

DT-7.1 Fitting and Process Component Tolerances

Tables DT-3-1, DT-3-2, DT-7.1-1 (metallic), and
DT-7.1-2 (polymeric) list the required tolerances for fabri-
cated fittings and process components, excluding tube,
depicted by this Standard. Table DT-7.1-1 lists the
required tolerances for metallic machined hygienic
clamp ferrule profiles. Table DT-7.1-2 lists the required

Spe
all DT
Table
not be

ial angle fittings can be offered if in accordance with
tables, with the exception of “0” (off angle) in
DT-3-1. Fittings furnished to this Standard shall
mitered.

DT-4.4 Valve Dimensions

The|dimensions of the valve or valve fabrication shall
conform to the manufacturer’s standards, or as agreed to

by the| purchaser and manufacturer.

The|categorized group in DT-4.4.1 designates specific
valve @limensions.

DT-#.4.1 Two-Way, Weir-Style Diaphragm Valves.
Refer to Table DT-4.4.1-1. All sizes shown are nominal
0.D. tybe sizes.

DT-4.5 Filter Dimensions

Stanldard dimensions for filter components covered by
this Standard are referenced in SD-3.8 and are given,in
Tableg DT-4.5.1-1 and DT-4.5.2-1.

DT-1.5.1 Code 7 Tapered Locking Tab\Retainer:
Recessed. Refer to Table DT-4.5.1-1.

DT-#.5.2 Code 7 Tapered Locking.Tab Retainer:
External. Refer to Table DT-4.5.2-1!

DT-4.

Tuble dimensions shall meet the nominal outside
diameter (0.D.) tubingssizes and tube wall thicknesses
listed |n Table DT-4-1

6 Tube Dimensions

DT-5 |MATERIALS

Materialsised in the manufacture of fittings and other
proceds components shall conform to one of the material

le profiles.
fomponent
T-3-1 and

LU}CI dlICTS fUl lJUl_ylllCl iL llysitfllil, lelll}) fCllL
When metallic ferrules are welded to a progess
and polished, then the tolerances in Tables I
DT-3-2 shall apply.

These tolerances shall apply aftet heat ahd surface
treatment. The control portiotef the fitting [or process
components (refer to C in the Table DT-3-1 illustration)
is the length from the welding end over which|tolerances
for wall thickness and O:D. are maintained. THe length of
the control portion is fixed for all sizes at 0.75 ip. (19 mm).
For exceptions, see)Table DT-4.1.4-1 for ferrple lengths
and Table DT-4{1.5-1 for automatic tube welfl caps.

DT-7.2 Tubing Tolerances

For*tubing tolerances, refer to ASTM A27(
Supplement 2. The squareness of the tu
outside diameter shall not exceed 0.015 in. |(0.38 mm)
per inch of diameter. After weld joint pjeparation
according to MJ-3.4, this value shall meet the requirements
for dimension B of Table DT-3-1.

, including
be face to

DT-7.3 Transfer Panel Nozzle and Jumper
Tolerances

Table DT-7.3-1 lists the required tolerances for transfer

panel nozzles and jumpers.

DT-8 WELD ENDS

Where austenitic stainless steels listed|in Tables
MM-2.1-1 and MM-2.1-3 are specified, welld ends of
process components that are to be autpgenously
welded shall conform to the requirements fdr chemical
composition as prescribed in MM-5.2.1.1(a). F¢r nonauto-
matic weld ends, the chemical composition shdll meet the
requirements of the applicable ASTM specifi¢ation.

Automatic weld ends furnished to this Standrd shall be

specifications listed 1n Part MM.

DT-6 TESTS

Hydrostatic testing of each fitting is not required in this
Standard; however, fittings shall be capable of with-
standing a hydrostatic test pressure of 1.5 times the pres-
sure rating shown in Table DT-2-1 at 100°F (38°C).
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furnished 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
MC-2.2.2.
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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 MC. Gasket seal performance in
the clamp union shall be based on the principles of MC-4
and shall conform to the dimensional requirements of
Figure MC-4.2-1 when the union assembly is tightened
to an amount recommended by the manufacturer.

the following criteria, as a minimum. It is not a require-
ment that the packaged components be removed from the
original packaging, provided the following can be verified:

(a) manufacturer’s name, logo, or trademark

(b) alloy/material type

(c) description including size and configuration

(d) heat number/code

(e) process contact surface finish designation [only one
surface finish (SF) designation allowed]

(f) reference to ASME BPE

Gasket seaf WidtiT as shiown T Figure MC-24-2-1 shait be
a maximurh of 0.095 in. in the uncompressed condition
prior to intallation.

DT-93 C

Connect
are consig
designs ar

(a) dimg

(b) dimg

bnnections

ons meeting all dimensions of Table DT-7.1-1
ered interchangeable. Alternative sealing
e acceptable, provided the following are met:
nsions A, B, C, and D of Table DT-7.1-1
nsions A and B of Table DT-9.3-1

In the cage of non-flow-through connections, dimension
B of Table PT-7.1-1 shall not apply. All connections shall
meet the applicable requirements of SD-3.1, MC-3.3.2.1,
and MC-3.3.2.2.

DT-9.4 Hygienic Clamps

Hygienid clamps shall be designed and manufactured
through thp entire range of all union component dimen-
sional tolefances to accomplish the following:

(a) completely retain all components in a fully sealed
state to meget the requirements of DT-2

(b) maiptain proper component alignment-during
installatior] and operation per MC-3.3.2.1

(c) causp the ferrules to be aligned to meet a uniform
nominal gap per Figure MC-4.2-1 when installed and tight-
ened to th¢ proper design specifications

(d) cause the gauging and contdctjdiameter between
the ferrul¢s and the mating surfaces of the clamp to
occur at fthe gauging diameter (A) specified in
Table DT-9.3-1 when installed and tightened to achieve
the nomingl gap per Figure MC-4.2-1
NOTE: Asth
ances of the
gauging and

s is anominaldesign condition, manufacturing toler-
compornents will cause some variation in the actual
contact diameter at assembly.

(e) avold'any interference with any clamp union

(1) ASME BPE Certificate of AuthorizationyHolders
shall mark the reference to this Standard by applying
their ASME Certification Mark with BRE ‘Designator.
Refer to Figure CR-1-1.

(2) Non-ASME BPE Certificate/of Authorifzation
holders shall only mark “BPE.”

(g) pressure rating for valves
(h) no damage or other nmonconformances

DT-10.2 Documentation Verification

Refer to Part GR for documentation verification ré
ments.

quire-

DT-10.3 Physical Examination

For this paragraph, a “lot” shall be defined as a gpecific
combination of size, configuration, and heat numbper for
fittings and process components including, but not limited
t0; tubing, valves, pumps, filter housings, and instjumen-
tation in a single shipment.

When required by the owner/user, a percentage
incoming lot shall be physically examined for
following criteria:

(a) wall thickness (for weld ends only)

(b) outside diameter (for weld ends only)

(c) surface finish (as specified)

(d) visual

When required examination reveals a defect(s), ah addi-
tional 10% of that lot shall be examined for the gpecific
defect(s). If this examination reveals another defect, an
additional 10% of that lot shall be examined for tlhe spe-
cific defect(s). If additional defects are found, p¢rform
100% examination or reject the balance of the |ot. All
examined and accepted material in this lot npay be
retained and used.

The completed Material Examination Log shall d¢scribe

bf each
hll the

components or itself that would prevent proper assembly
when assembled with all components (see Figure
DT-9.4-1)

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 in-
strumentation, each item shall be visually examined for

158

all of the features listed above. The results of the exam-
ination shall be recorded on a Material Examination Log.
This documentation may be one line item for the total
quantity of a particular size, configuration, and heat
number. The information required to be on the Material
Examination Log may be in any format, written or tabular,
as long as all information is included or referenced.

Refer to Forms MEL-1 and MER-1, which have been
provided as a guide for the Material Examination Log
(see Nonmandatory Appendix B).
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DT-11 MARKING DT-11.1.1 Exceptions

(a) Where the available marking area does not permit
complete marking, the process component shall be
marked, at a minimum, with the items identified in
Except as specified in DT-11.1.1, each process compo-  Table DT-11.1.1-1.

DT-11.1 Fittings, Valves, and Instrumentation
Marking Information

nent shall be permanently marked to maintain traceability (b) Where the markings have been removed due to
by any suitable method not injurious to the process fabrication into another component or system, the heat
contact surface to show the following: number or manufacturer’s code and material type shall

(a) a number or unique identifier that provides trace-  be re-marked on the fitting or process component.

arking per this

UlY o (LU U cUu C

appticabie v atertar te Eporty, P s g
surface test report, or other certifications. This number section (see PM-2.2.2).

dr, marked on each process contact component. DT-11.2 Modified Surfaces

When the surface finish of a process compongnt is modi-
fied, the surface finish designation markirg shall be
i changed to match the final(surface finish designation
eference to this Standard (ASME BPE). according to Table SF-2:431*1. Only the final (finish desig-

ASME BPE Certificate of Authorization holders nation shall be indicated’
ark the reference to this Standard by applying After removal of the original markings, all dlimensions
their ASME Mark with BPE Designator. Refer to 444 tolerances shall conform to Table DT-3-1and, as ap-

anufacturer’s name, logo, or trademark.

Figure] CR-1-1. plicable, Table\DT-3-2.
(4) Non-ASME BPE Certificate of Authorization
holders shall Only mark “BPE. . - DT_12 PACKAGING
(f) process contact surface designation for the appro-
priate BPE specification [only one surface finish (SF) des- Allend connections of fittings or process cpmponents
ignatiqn allowed]. shall be protected with end caps. Additionally, fittings

NOTE: |JAll marking of a process component should be made shall be sealed in transparent bags or shrink wrapped.

outsidd of the control portion to optimize welding fit-up and~~ Additional packaging for process compongnts, other
identification. than fittings, shall be as agreed to by the [purchaser

and manufacturer.

Table DT-2-1
Metallic Fittings: Rated Internal Working Pressure
Temperature <3 im 3 in. 4 in. 6 ip.
°F °C psig kPa psig kPa psig kPa psig kPa
100 38 200 1379 200 1379 200 1379 150 1034
200 93 200 1379 200 1379 200 1379 150 1034
300 149 188 1293 188 1293 188 1293 141 970
400 204 170 1173 170 1173 170 1173 128 880

GENERAL NOTES:

(a) Thgse pressurefatings apply to metallic fittings, including butt welded or hygienic clamped connections.
(b) Forlinstallation practices of hygienic clamp connections, refer to Figure DT-9.4-1.

(c) Mapufacturers may publish higher pressure ratings; see DT-2.
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Table DT-3-1
Final Tolerances for Mechanically Polished Fittings and Process Components, Excluding Tube

I
|
| R q
|
|
|
! ] [
|
i E
AL
: |
Squareness Equivalent Centerline
Face 'to Angle Radjus
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
Ya +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
% +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
%, +0.005 #0.13 +0.005/-0.008 ,+0:13/-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 +0.13/-0.20 0.008 0.20 0.025 0.64 14 0.030 0.76 1.500 [38.10
1Y%, +0.008 +0.20 +0.005/-0)008 +0.13/-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 40:005/-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 +0.010 025 +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 +0.015.7+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 —U.USU TU.70 TU.ULS/=U.ULO TU.50/=U.50 U.USU U.70 U.150 .40 1.0 U.U0U 1.04 Z7.UU0U 228'
60

GENERAL NOTES:

(a) Tolerance on end-to-end and center-to-end dimension E is £0.050 in. (1.27 mm) for all fittings and process components depicted. For those
not 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) See Table DT-4.1-1 for T, tangent length dimensions.

(e) Tolerance for centerline radius (CLR) is #10% of the nominal dimension (R).

(f) Refer to DT-7.2 for tubing tolerances.
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Table DT-3-2

ASME BPE-2022

Final Tolerances for Electropolished Fittings and

Process Components, Excluding Tube

Table DT-4-1
Nominal 0.D. Tubing Sizes

Tube Wall

Nominal Wall Thickness Nominal Tube 0.D. Thickness
Size, in. in. mm Size, in. in. mm in. mm
A +0.003/-0.006 +0.08/-0.15 Ya 0.250 6.35 0.035 0.89
% +0.003/-0.006 +0.08/-0.15 % 0375 9.53 0.035 0.89
Y +0.005/-0.010 +0.13/-0.25 ¥ 0.500 12.70 0.065 1.65
%, +0.005/-0.010 +0.13/-0.25 Vs 0.750 19.05 0.065 1.65
1 +0.005/-0.010 +0.13/-0.25 1 1.000 25.40 0.065 1.65
1Y +0.005/-0.010 +0.13/-0.25 1% 1.500 38.10 0065 1.65
2 +0.005/-0.010 +0.13/-0.25 2 2.000 50.80 0.065 1.65
2% +0.005/-0.010 +0.13/-0.25 2% 2.500 63.50 0.065 1.65
3 +0.005/-0.010 +0.13/-0.25 3 3.000 76,20 0.065 1.65
4 +0.008/-0.012 +0.20/-0.30 4 4.000 101.60 0.083 2.11
6 +0.015/-0.017 +0.38/-0.43 6 6.000 152.40 0.109 2.77

GENERAL NOTE: Refer to DT-7.2 for tubing tolerances.

GENERAL NOTE: Refer'to DT-7.2 for tubing tolerance
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Table DT-4.1-1
Tangent Lengths

ASME BPE-2022

Nominal

Tangent, T,

Table DT-4.1.1-1
Automatic Tube Weld: 90-deg Elbow

0.D. Tube A
Size, in. in. mm
Y4 1.500 38.10
A 1.500 38.10
B 1.500 38.10 4 P |
A 1.500 38.10 / s
1 1.500 38.10
1% 1.500 38.10 /
2 1.500 38.10 A //
2Y, 1.500 38.10 /
I
1.750 4445 :
4 2.000 50.80 :
6 2.500 63.50 :
GENERAL NQTES: |
(a) Minimupm tangent lengths for ferrules do not apply. See
Table D[l-4.1.4-1, dimensions B and C, for available length A
options. Nominal Size, in in mm
(b) Minimurp tangent length for %, in. to %, in. size automatic tube T i .
weld: 180 deg return bend does not conform (see /a 2.625 66.68
Table DT-4.1.1-7, dimension B). /) 2.625 66.68
(c) Minimuin tangent lengths for Tables DT-4.1.2-2, DT-4.1.2-3, A 3.000 76.20
DT-4.1.2}7, DT-4.1.3-1, and DT-4.1.3-2 do not apply. Y, 3.000 76.20
1 3.000 76.20
1% 3.750 95.25
2 4.750 120.65)
2Y, 5.500 139.70
3 6.250 158.75
4 8.000 203.20]
6 11.500 292.10
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Table DT-4.1.1-2

Automatic Tube Weld:
Hygienic Clamp Joint, 90-deg Elbow

ASME BPE-2022

Table DT-4.1.1-3

Hygienic Clamp Joint: 90-deg Elbow

A

1
I A !
! |
! . : .
| |
|
|
: Nominal Size, in. in. mm
| Y 1.625 41.28
i %% 1.625 41.28
A 1.625 41.28
A % 1.625 41.28
Nominjal Size, in. in. mm in. mm
Y 2.625 66.68 1.625 41.28 1 2.000 50.80
A 2.625 66.68 1.625 41.26 1% 2.750 69.85
Y 3.000 76.20 1.625 41.28 2 3.500 88.90
% 3.000 76.20 19625 41.28 2% 4.250 107.95
1 3.000 76.20 2.000 50.80 3 5.000 127.00
1Y%, 3.750 95:25 2.750 69.85 4 6.625 168.28
2 4,750 120.65 3.500 88.90 6 10.500 266.70
2Y, 5.500 139.70 4.250 107.95
3 6250 158.75 5.000 127.00
4 8.000 203.20 6.625 168.28
6 11.500 292.10 10.500 266.70
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Table DT-4.1.1-4 Table DT-4.1.1-5
Automatic Tube Weld: 45-deg Elbow Automatic Tube Weld:
Hygienic Clamp Joint, 45-deg Elbow

B
49 deg
i //,/ 45 deg
] ’/|(l/
]
]
I L,
\ : "
|
|
|
|
i
: A
A
Nominal {ize, in. in. mm
Ya 2.000 50.80
% 2.000 50.80
Y 2.250 57.15
% 2.250 57.15
Nominal A B
1 2.250 57.15 Size, in. in. mm in. mmm
1Y 2.500 63.50 Y 2.000 50.80 1.000 25.40
2 3.000 76.20 % 2.000 50.80 1.000 25.40
2 3.375 85.73 Y 2.250 57.15 1.000 25.40
% 2.250 57.15 1.000 25.40
3 3.625 92.08
4.500 114.30 1 2.250 57.15 1.125 28.58
6 6.250 158.75 1Y, 2.500 63.50 1.438 36.53
2 3.000 76.20 1.750 44.45
2%, 3.375 85.73 2.063 5p.40
3 3.625 92.08 2.375 60.33
4 4.500 114.30 3.125 79.38
6 6.250 158.75 5.250 133.35
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Table DT-4.1.1-6
Hygienic Clamp Joint: 45-deg Elbow

ASME BPE-2022

Table DT-4.1.1-7
Automatic Tube Weld:
180-deg Return Bend

A

45

7 B
/
7 !
7 /
’ | /
Iy
Iy
I
A I
I
|
I
1
L T
|
|
Nominal A B
Size,\im. in. mm in. mm
Nominal Size, in. in. mm 14 4.500 114.30 2.625 66.68
Ya 1.000 25.40 Y 4500 114.30 2625 66.68
% 1.000 2540 Y, 4.500 114.30 3.000 76.20
Y 1.000 25.40 %, 4500 114.30 3.000 76.20
A 1.000 2540
1 3.000 76.20 3.000 76.20
1 1125 28.58 1Y%, 4500 114.30 4500 114.30
1% 1.438 36.53 2 6.000 152.40 5.000 127.00
2 1750 44.45 2Y, 7.500 190.50 5.750 146.05
2% 2.063 52.40
3 9.000 228.60 6.500 165.10
3 2.375 60.33 4 12.000 304.80 8.500 215.90
4 3425 79.38 6 18.000 457.20 11.500 292.10
6 5.250 133.35

GENERAL NOTE: Nominal sizes Y in. to %, in. do no
Table DT-4.1-1.

t conform to
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Table DT-4.1.1-8
Hygienic Clamp Joint:
180-deg Return Bend

A

ASME BPE-2022

Table DT-4.1.1-9

Automatic Tube Weld: 88-deg Elbow

B
Nominal 4
Size, in. in. mm in. mm
14 4.500 114.30 3.125 79.38
A 4.500 114.30 3.125 79.38
A 4.500 114.30 3.500 88.90
%, 4.500 114.30 3.500 88.90
1 3.000 76.20 3.500 88.90
11/2 4.500 114.30 5.000 127.00
2 6.000 152.40 5.500 139.70
2%, 7.500 190.50 6.250 158.75
9.000 228.60 7.000 177.80
12.000 304.80 9.125 231.78
6 18.000 457.20 13.000 330.20

88 deg
Nominal Size,\in. in. mn|
Y 2.700 68.58
A 2.700 68.%8
B 3.065 77.85
% 3.065 77.85
1 3.050 77.47
1Y%, 3.800 96.52
2 4810 122.17
2Y, 5.560 141.32
3 6.310 160.37
4 8.065 204.85
6 11.580 294.13
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Table DT-4.1.1-10

Automatic Tube Weld: 92-deg Elbow

ASME BPE-2022

Table DT-4.1.2-1
Automatic Tube Weld: Straight Tee and Cross

A __________________________________
92 deg
A
I
A |
|
:
I
Nofmninal Size, in. in. mm : A
Ya 2.530 64.26 :
% 2.530 64.26 :
Y, 2.930 7442 oS> o ___l___»x
%, 2.930 74.42 |
|
1 2.950 74.93 |
1Y, 3.690 93.73 i
2 4.690 149113 !
2% 5.440 138.18 !
:
3 6.190 157.23 ! A
4 7.930 201.42 '
6 11410 289.81 A
Nominal Size, in. in. mm
Ya 1.750 44.45
A 1.750 4445
Y 1.875 47.63
A 2.000 50.80
1 2.125 53.98
1% 2.375 60.33
2 2.875 73.03
2%, 3.125 79.38
3 3.375 85.73
4 4125 104.78
6 5.625 142.88
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Table DT-4.1.2-2

Automatic Tube Weld:
Short-Outlet Hygienic Clamp Joint Tee

Y

ASME BPE-2022

Table DT-4.1.2-3
Hygienic Mechanical Joint: Short-Outlet Run Tee

B
X JERPRR R S S _
A
Nominal
Size, in. in. mm in. mm
Y 1.750 44.45 1.000 25.40
A 1.750 44.45 1.000 25.40
Y 1.875 47.63 1.000 25.40
%, 2.000 50.80 1.125 28.58
1 2.125 53.98 1.125 28.58
1Y%, 2.375 60.33 1.375 34.93
2 2.875 73.03 1.625 41.28
2%, 3.125 79.38 1.875 47.63
3 3.375 85.73 2.125 53.98
4 4.125 104.78 2.750 69.85
6 5.625 142.88 4.625 147.48

C
L
A
Nominal
Size, in. in. mm in. mm in. mm
Y 0.875 22.23 1.750 4445 1.750 |44.45
% 0.875 2223 1.750  44.45 1.750 |44.45
Bz 0.875 22.23 1875 47.63 1.875 |47.63
VA 1.000 2540 2.000 5080 2.000 |50.80
1 1.125 28.58 2.125 5398 2.125 53.98
1Y%, 1.375 3493 2375 6033 2375 |60.33
2 1.625 41.28 2.875 73.03  2.875 73.03
2% 1.875 47.63 3.125 79.38  3.125 79.38
3 2.125 5398 3.375 85.73 3.375 |85.73
4 2.750 69.85 4.125 104.78 4.125 [104.78
6 4.625 11748 5.625 142.88 5.625 [142.88
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Table DT-4.1.2-4
Hygienic Clamp Joint: Straight Tee and Cross

ASME BPE-2022

Table DT-4.1.2-5
Hygienic Clamp Joint:
Short-Outlet Tee

| A
A
Ngminal Size, in. in. mm
Ya 2.250 57.15
% 2.250 57.15
7 2.375 60.33
3 2.500 63.50
1 2.625 66.68
1Y%, 2.875 73.03
2 3.375 85.73
2Y, 3.625 92.08
3 3.875 98.43
4 4.750 120.65
6 7.125 180.98
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|
|
|
|
|
' A
e 1 X |
T
: |
! 1 !
! L |
, 1
1 I
|
r—rr———"—"—"—"—-- T — | A
|
|
|
: Nominal A B
| - Size, in. in. mm in. mm
A 2.375 6033 1.000 25.40
| A A 2.500 63.50 1.125 28.58
i 1 2.625 66.68 1.125 28.58
) : g 1Y, 7875 73.03 1.375 34.93
: 2 3.375 85.73 1.625 41.28
| 2% 3.625 92.08 1.875 47.63
| A
: 3 3.875 98.43 2.125 53.98
l 4.750 120.65 2.750 69.85
| 6 7.125 180.98 4.625 117.48
I
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Table DT-4.1.2-6 Table DT-4.1.2-6
(22) Automatic Tube Weld: Reducing Tee Automatic Tube Weld: Reducing Tee (Cont’d)
y Nominal Size,
. in. A B
i X Y in. mm in. mm
|
|
l B 4 A 4.125 104.78 3.625 92.08
| 4 A 4.125 104.78 3.625 92.08
| 4 1 4.125 104.78 3.625 92.08
X : 4 1Y, 4125 104.78 3.625 42.08
! 4 2 4.125 104.78 3.875 48.43
: 4 2%, 4.125 104.78 3.875 48.43
I A l 4 3 4.125 104.78 3875 48.43
Nominal Sjze, 1
in. a B 6 Y, 5.625 142.88 4.625 1)17.48
3
X . in mm in mm 6 A 5.625 14288 4.625 1)17.48
3, 2 1750 4445 1750 44.45 6 1 5.625 142.88 4.625 1)17.48
6 1Y%, 5.625 142.88 4.625 1)17.48
n 2 1.875 4763 1.875 4763 6 3 5.625 142.88 4.875 1p3.83
1 . 1.875 4763 1.875 4763 6 2%, 5:625 142.88 4.875 1p3.83
6 3 5625 142.88 4.875 1p3.83
5 6 4 5.625 142.88 5.125 1B0.18
A s 2.000 50.80 2.000 50.80
A A 2.000 50.80 2.000 50.80
A A 2.000 50.80 2.000 50.80
1 A 2125 53.98 2.125 53.98
1 A 2125 53.98 2125 53.98
1 A 2125 53.98 2125 53.98
1 A 2.125 53.98 2125 53.98
1Y%, A 2.375 60.33 2.375 60.33
1Y, A 2.375 60.33 2375 60.33
1Y, il 2.375 60.33 2375 60.33
2 4 2.875 7303 2.625 66.68
2 A 2.875 7303 2.625 66.68
2 il 2.875 73.03 2.625 66.68
2 1% 2.875 73.03 2.625 66.68
2%, 4 3125 79.38 2.875 73.03
2% A 3.125 79.38 2.875 73.03
2% 1 3125 79.38 2.875 73.03
2%, 1Y%, 3.125 79.38 2.875 73.03
2%, 2 3.125 79.38 2.875 73.03
3 Y 3.375 85.73 3.125 79.38
3 A 3.375 85.73 3.125 79.38
3 1 3.375 85.73 3.125 79.38
3 1Y%, 3.375 85.73 3.125 79.38
3 2 3.375 85.73 3.125 79.38
3 2%, 3.375 85.73 3.125 79.38
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Table DT-4.1.2-7 Table DT-4.1.2-7
Automatic Tube Weld: Short-Outlet Hygienic Clamp, Automatic Tube Weld: Short-Outlet Hygienic Clamp,
Joint Reducing Tee Joint Reducing Tee (Cont’d)
v Nominal Size, in. A B
X Y in. mm in. mm
Tﬁ T 4 2%, 4125 104.78 2.625 66.68
B 4 3 4125 104.78 2625  66.68
D T - — —l— 6 Y 5.625 142.88 3.625 92.08
6 e 5625 +43-68 3625 92.08
6 1 5.625 142.88 3625 92.08
I A 6 1Y 5.625 142.88 325 92.08
Nominh size, in. 1 B 6 3 5.625 142.88 3.625 92.08
- - 6 2Y, 5.625 142.88 3.625 92.08
X Y in. mm in. mm
% 1 %0 e 000 40 6 3 5.625 142,88 3.625 92.08
6 4 5.625 142.88 3.750 95.25
A A 1.875 47.63 1.000 25.40
A A 1.875 47.63 1.000 25.40
A A 2.000 50.80 1.000 25.40
%, A 2.000 50.80 1.000 25.40
%, Y 2.000 50.80 1.000 25.40
1 Ya 2.125 53.98 1.125 28.58
1 % 2125 53.98 1.125 28.58
1 Y 2125 53.98 1.125 28.58
1 % 2.125 53.98 1.125 28.58
1Y%, Y 2.375 60.33 1.375 34.93
1Y%, %, 2.375 60.33 1.375 3493
1Y% 1 2.375 60.33 1.375 34.93
2 Y 2.875 73.03 1.625 41.28
2 % 2.875 73.03 1625 41.28
2 1 2.875 73.03 1.625 41.28
2 1Y, 2.875 73.03 1.625 4128
2Y% A 3.125 79.38 1.875 47.63
2Y, A 3.125 79.38 1.875 47.63
2Y%, 1 3.125 79.38 1.875 47.63
2% 1Y%, 3(125 79.38 1.875 47.63
2Y, 2 3125 79.38 1.875 47.63
3 7 3.375 85.73 2.125 53.98
3 % 3.375 85.73 2.125 53.98
3 1 3.3/9 02./5 Z.125 23.90
3 1Y% 3.375 85.73 2.125 53.98
3 2 3.375 85.73 2.125 53.98
3 2Y, 3.375 85.73 2.125 53.98
4 Y 4125 104.78 2.625 66.68
4 A 4125 104.78 2.625 66.68
4 1 4125 104.78 2.625 66.68
4 1Y, 4125 104.78 2.625 66.68
4 2 4.125 104.78 2.625 66.68
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Table DT-4.1.2-8
Hygienic Clamp Joint: Reducing Tee
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Table DT-4.1.2-8

Hygienic Clamp Joint: Reducing Tee (Cont’d)

Nominal Size,

Y in. B
: ) X Y in. mm in. mm
i 3 2%, 3.875 98.43 3.625 92.08
|
i B 4 A 4750 120.65 4125 104.78
! 4 %, 4750 120.65 4.125 104.78
! 4 1 4.750 120.65 4.125 144.78
: 4 1Y% 4750 120.65 4125 144.78
X-pHf--t-——-———"-——"--- o - — 4 2 4750 120.65 4375 111.13
: 4 2Y, 4750 120.65 4375 111.13
: 4 3 4.750 120.65 4.375 111.13
|
| A 6 Y, 7.125 180.98 5.125 140.18
! 6 %, 7.125 180.98 5.125 140.18
Nominal Sigze, 6 1 7.125 180.98 5.125 140.18
in. 6 1Y% 7.125 180.98 5.125 140.18
X y in, mm in. mm 6 2 7125 180.98 5.375 146.53
% iA 2.250 57.15 2.250 57.15 6 2% 725 180.98 5.375 14653
b, " S a7 6033 S a7 6033 6 3 7.125 180.98 5.375 146.53
. ] 6 0) 7.125 180.98 5.750 146.05
Y, A 2.375 60.33 2.375 60.33
% Y, 2.500 63.50 2.500 63.50
A % 2.500 63.50 2.500 63.50
% bA 2.500 63.50 2.500 63.50
1 A 2.625 66.68 2.625 66.68
1 5 2.625 66.68 2.625 66.68
1 1 2.625 66.68 2.625 66.68
1 1. 2.625 66.68 2.625 66.68
1Y% ;A 2.875 73.03 2.875 73.03
1% 1 2.875 73.03 2.875 73.03
1Y% | 2.875 73.03 2.875 73.03
2 kA 3.375 85.73 3.125 79.38
2 1. 3.375 85.73 3.125 79.38
2 | 3.375 85.73 3.125 79.38
2 1l 3375 85.73 3.125 79.38
2%, b A 3.625 92.08 3.375 85.73
2Y, A 3.625 97.08 3.375 85.73
2Y, 1 3.625 92.08 3.375 85.73
2Y% 1Y 3.625 92.08 3.375 85.73
2Y, 2 3.625 92.08 3.375 85.73
3 Y 3.875 98.43 3.625 92.08
3 %, 3.875 98.43 3.625 92.08
3 1 3.875 98.43 3.625 92.08
3 1Y 3.875 98.43 3.625 92.08
3 2 3.875 98.43 3.625 92.08

172


https://asmenormdoc.com/api2/?name=ASME BPE 2022.pdf

ASME BPE-2022

Table DT-4.1.2-9 Table DT-4.1.2-9
Hygienic Clamp Joint: Short-Outlet Reducing Tee Hygienic Clamp Joint: Short-Outlet Reducing Tee
(Cont’d)
Y

] Nominal Size,

'Tﬁ' T in, ) B
: B X Y in. mm in. mm
| i 4 Y, 4.750 120.65 2.625 66.68
X-Hbocoo o _ b __ | 4 %, 4.750 120.65 2.625 66.68
| 4 1 4.750 120.65 2.625 66.68
i J 7z 17, 2,750 120.65 2.625 66.68
| A | 4 2 4750 120.65 2625 66.68
: ' 4 2% 4.750 120.65 2.625 66.68
Nomial Size, 4 3 4750 120.65 2.625 66.68
in. A B
X Y in. mm in. mm 6 Y 7.125 180.98 3.625 92.08
A Y 2.250 57.15 1.000 25.40 6 A 7.125 180.98 3.625 92.08
6 1 7.125 180.98 3.625 92.08
s Ya 2375 60.33 1.000 25.40 6 1% 1% 180.98 3.625 92.08
Y % 2375 60.33 1.000 25.40 6 2 7125 180.98 3.625 92.08
6 2Y, 7.125 180.98 3.625 92.08
% Y 2.500 63.50 1.000 25.40 6 2 7.125 180.98 3.625 92.08
% % 2.500 63.50 1.000 25.40 6 4 7.125 180.98 3.750 95.25
%, Y, 2.500 63.50 1.000 25.40
1 Y, 2.625 66.68 1125 28.58 _ Table DT-4.1.2-10
5 Automatic Tube Weld: Instrument Tiee
1 A 2.625 66.68 1.125 28.58
1 A 2.625 66.68 1.125 28.58 y
1 %, 2.625 66.68 1.125 2858 [ ; ] T
|
: B
1Y%, Y 2.875 73.03 1.375 34.93 ! l
1Y% A 2.875 73.03 1:375 34.93 : ===
1Y, 1 2.875 73.03 1.375 34.93 I
V222577
|
2 A 3.375 85.73 1.625 41.28 |
2 %, 3.375 85.73 1.625 41.28 A '
2 1 3.375 85.73 1.625 41.28 Nominal Size, in. 4 B
2 1Y, 3.375 85.73 1.625 41.28 X Y in mm in mm
% x 1% 2500 6350  0.875 2223
2% k2 3.625 92.08 1.875 47.63 3, x 1% 2500 6350  1.000 25.40
2Y, R 3.625 92.08 1.875 47.63 1 x 1Y% 2.500 63.50 1.125 28.58
2Y, 1 3.625 92.08 1.875 47.63
2Y, 75 3525 9208 875 1763 A X 7 7750 5985 T.000 25.40
2Y% 2 3.625 92.08 1.875 47.63 3, x 2 2.750 69.85 1.125 28.58
1 x 2 2.750 69.85 1.250 31.75
3 A 3.875 98.43 2.125 53.98 1% x 2 2.750 69.85 1.500 38.10
3 % 3.875 98.43 2.125 53.98
3 1 3.875 98.43 2.125 53.98
3 1Y, 3.875 98.43 2.125 53.98
3 2 3.875 98.43 2.125 53.98
3 2Y, 3.875 98.43 2.125 53.98
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Table DT-4.1.2-11 Table DT-4.1.2-12
Hygienic Clamp Joint: Instrument Tee Automatic Tube Weld:
Standard Outlet Hygienic Clamp Joint Tee

<——>

i —_— ———
I
A !
Nominal §ize, in. A B - .l_ _______
X Y in. mm in. mm
Y x 1% 3.000 76.20 0.875 22.23
% x 1Y% 3.000 76.20 1.000 25.40
1 x 1Y% 3.000 76.20 1.125 28.58 A
A x 2 3250 8255  1.000  25.40 1 B
%, % 2 3.250 8255 1.125 28.58 Nominal Size, in. in. mm in. mm
1 x 2 3.250 82.55 1.250 31.75 1/4. 1.750 44.45 2.250 57.15
1% x 2 3.250 82.55 1.500 38.10 3/8 1.750 44.45 2.250 57.15
1/2 1.875 47.63 2.375 60.33
Y 2.000 50.80 2.500 63.50
1 2.125 53.98 2.625 66.68
1Y, 2.375 60.33 2.875 73.03
2 2.875 73.03 3.375 85.73
2%, 3.125 79.38 3.625 92.08
3 3.375 85.73 3.875 98.43
4.125 104.78 4.750 120.65
5.625 142.88 7.125 180.98
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(22)

Standard Outlet Hygienic Clamp Joint Reducing Tee

Table DT-4.1.2-13

Automatic Tube Weld:

ASME BPE-2022

Table DT-4.1.2-13

Automatic Tube Weld:
Standard Outlet Hygienic Clamp Joint Reducing Tee

(Cont’d)
C Y ) Nominal Size, in. A B
f X Y in. mm in. mm
| 3 2 3.375 85.73 3.625 92.08
| 3 2% 3.375 85.73 3.625 92.08
! B
A 4 % 4.125 104.78 4.125 104.78
| 4 % 4.125 104.78 4425 104.78
: 4 1 4.125 104.78 4425 104.78
X~F—-————— T T T T~ 4 1Y 4125 104.78 4.125 104.78
4 2 4.125 104,78 4375 111.13
4 2%, 4125 104178 4.375 111.13
4 3 4.125 104.78 4375 111.13
Nominhl Size, in. y 6 3 5.625 142.88 5.375 136.53
- - 6 5.625 142.88 5.750 146.05
X Y in. mm in. mm
A Y 1.750 44.45 2.250 57.15
A Y 1.875 47.63 2.375 60.33
A A 1.875 47.63 2.375 60.33
%, Y 2.000 50.80 2.500 63.50
A % 2.000 50.80 2.500 63.50
% Y 2.000 50.80 2.500 6350
1 Ya 2125 53.98 2.625 66.68
1 A 2125 53.98 2.625 66.68
1 Y 2.125 53.98 2.625 66.68
1 % 2125 53.98 2.625 66.68
1Y, A 2.375 60.33 2.875 73.03
1Y, VA 2.375 60.33 2.875 73.03
1Y%, 1 2.375 60.33 2.875 73.03
2 Y 2.875 73.03 3.125 79.38
2 %, 2.875 73.03 3.125 79.38
2 1 2.875 73.03 3.125 79.38
2 1Y 2.875 73.03 3.125 79.38
2%, Y 3.125 79.38 3.375 85.73
2% A 3.125 79.38 3.375 85.73
2% 1 3.125 79.38 3.375 85.73
2% 1Y%, 3.125 79.38 3.375 85.73
2%, 2 3.125 79.38 3.375 85.73
3 A 3.375 85.73 3.625 92.08
3 A 3.375 85.73 3.625 92.08
3 1 3.375 85.73 3.625 92.08
3 1Y, 3.375 85.73 3.625 92.08
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Table DT-4.1.3-1

Automatic Tube Weld: Concentric and Eccentric Reducer

~—— 4
|<— L4 ——I R1 R2
= >
L1 = 13 -]
X 1 Y X+— /
\ i f=— 12—
a ¢ Y
R
R2
A A
I.D.
Nominal Overall Tangent, L.D. Tangent, | 0.D. Tangent, | 0.D. Tangent, Internal Internal Extdrnal
Size, Length, Large End, Small End, Small End, Large End, Taper, Radius, Radius,
in. A L1, min. L2, min. L3, min. L4, min. @ Mg R1, min. R2, nin.
X Y in. mm in. mm in. mm in. mm in. mm deg in. mm in. mm
% Y 11625 41.28 0375 9.53 0.875 22.23 0.750 19.05 0.750 19,05 30 0.250 6.35 0.031 | 0.79
1/2 14 1.875 47.63 0.375 9.53 0.875 22.23 0.750 19.05 1.000\725.40 30 0.250 6.35 0.031| 0.79
Y % 11875 47.63 0375 9.53 0.875 22.23 0.750 19.05 ~1:000 25.40 30 0.250 6.35 0.031 | 0.79
A % 12.000 50.80 0.375 9.53 0.875 22.23 0.750 .19205 1.000 25.40 30 0.250 6.35 0.031 | 0.79
A % 12125 5398 0.375 9.53 1.125 2858 1.000~25.40 1.000 25.40 30 0.250 6.35 0.031| 0.79
1 Y 12500 63.50 0375 9.53 1.125 28.58,~1.000 2540 1.000 25.40 30 0.250 6.35 0.031 | 0.79
1 %, |2125 5398 0.375 9.53 1.125 2858 1.000 25.40 1.000 25.40 30 0.250 6.35 0.031| 0.79
1% 3%, |3.000 7620 0375 9.53 1.125" 28,58 1.000 2540 1.000 25.40 30 0.250 6.35 0.031 | 0.79
1Y, 1 |2.500 63.50 0375 9.53,-~1.125 2858 1.000 2540 1.000 25.40 30 0.250 6.35 0.031 | 0.79
2 1 |3.375 85.73 0375953 1.125 28.58 1.000 2540 1.000 25.40 30 0.250 6.35 0.031 | 0.79
2 1% |2.500 63.50 0.375y79.53 1.125 2858 1.000 25.40 1.000 25.40 30 0.250 6.35 0.031 | 0.79
2% 1% |3.375 85.73-¢ 0.375 9.53 1.125 2858 1.000 2540 1.000 25.40 30 0.250 6.35 0.031 | 0.79
21/2 2 2.500 63.50 0.375 9.53 1.125 2858 1.000 2540 1.000 25.40 30 0.250 6.35 0.031| 0.79
3 1% |4.250°0107.95  0.375 9.53 1.125 2858 1.000 25.40 1.500 38.10 30 0.250 6.35 0.031| 0.79
3 2 | 31375 85.73 0375 9.53 1.125 28.58 1.000 2540 1500 38.10 30 0.250 6.35 0.031 | 0.79
3 2% 025 66.68  U.375 9.53 IL.IZ5 28.58 1000 2540 1500 38.10 30 U250 6.35 0.03r_  0.79
4 2 5.125 130.18 0.375 9.53 1.125 2858 1.000 2540 1.500 38.10 30 0.250 6.35 0.031 0.79
4 2% 4250 10795 0375 9.53 1125 2858 1.000 25.40 1.500 38.10 30 0.250 6.35 0.031 0.79
4 3 3.875 9843 0375 9.53 1.625 41.28 1500 38.10 1.500 38.10 30 0.250 6.35 0.031 0.79
3 7250 184.15 0375 9.53 1.625 41.28 1.500 38.10 2.000 50.80 44 0.250 6.35 0.031 0.79
4 5625 14288 0375 9.53 1.625 41.28 1.500 38.10 2.000 50.80 44 0.250 6.35 0.031 0.79
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Table DT-4.1.3-2
Hygienic Clamp Joint: Tube Weld Concentric and Eccentric Reducer

R1

R2

L1—]
‘<— [2 —=]
X Y X -— e
fl | 14 e
3 1 y
D R1 y
2 |
| A [
L.D. Tangent, | LD. Tangent, | O.D. Tangent, Internal Internal External
Nominal Overall Large End, Small End, Small End, L3, Taper, Radius, Radius,
Size,|in. Length, A L1, min. L2, min. min. Q, R1, min. IR2, min.
max.,
X Y in. mm in. mm in. mm in. mm deg in. mm ip. mm
% Y 2.125 53.98 0.375 9.53 0.875 2223 0.750 19.05 30 0.250 6.35 0.Q31 0.79
1/2 1/4 2.375 60.33 0.375 9.53 0.875 22.23 0.750 19.05 30 0.250 6.35 0.031 0.79
A A 2.375 60.33 0.375 9.53 0.875 2223 0.750 __19.05 30 0.250 6.35 0.Q31 0.79
A % 2.500 63.50 0.375 9.53 0.875 2223 Q%50 19.05 30 0.250 6.35 0.Q31 0.79
%, B 2.625 66.68 0.375 9.53 1.125 28.58 (/1.000 25.40 30 0.250 6.35 0.31 0.79
1 1/2 3.000 76.20 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.931 0.79
1 A 2.625 66.68 0.375 9.53 1.125,» 28,58 1.000 25.40 30 0.250 6.35 0.Q31 0.79
1Yy, A 3.500 88.90 0.375 9.53° 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
11/2 1 3.000 76.20 0.375 _958° 1.125 28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
1 3.875 98.43 0:375" 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
1% 3.000 76.20 0375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
2% 1% 3.875 9843 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
21/2 2 3.000 76.20 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
1% 4750 120.65 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
2 3.875 98.43 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
2¥5<73.125 79.38 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.Q31 0.79
4 2 5.750 146.05 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.031 0.79
4 2Y, 4875 123.83 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.031 0.79
4 3 4.500 114.30 0.375 9.53 1.625 41.28 1500 38.10 30 0.250 6.35 0.031 0.79
8.000 203.20 0.375 9.53 1.625 4128 1500 38.10 44 0.250 6.35 0.031 0.79
6.375 161.93 0.375 9.53 1.625 41.28 1.500 38.10 44 0.250 6.35 0.031 0.79
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Table DT-4.1.3-3
Hygienic Clamp Joint: Concentric and Eccentric Reducer

R1

R2

I X -
X- Y \
f J | L2
1
M ' Y
4 \ b/ \
&/ L 4
- A - A }
Internal Internal

I.D. Tangent, L.D. Tangent, Taper Radius, Exterpal

Nominal Size, Overall Large End, Small End, a ’ R1, Radius,

in. Length, A L1, min. L2, min. ma;(. min. R2, mlin
X Y in. mm in. mm in. mm deg in. mm in. mm
A v 2.625 66.68 0.375 9.53 0.875 22.23 30 0.250 6.35 0.031 0.79
A v 2.875 73.03 0.375 9.53 0.875 22.23 30 0.250 6.35 0.031 0.79
Y % 2.875 73.03 0.375 9.53 0.875 22.23 30 0.250 6.35 0.031 0.79
% A 3.000 76.20 0.375 9.53 0.875 22.23 30 0.250 6.35 0.031 0.79
% A 3.125 79.38 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
A 3.500 88.90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
¥ 3.125 79.38 0.375 9.53 1:125 28.58 30 0.250 6.35 0.031 0.79
1Y, 2 4.000 101.60 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
1Y%, 1 3.500 88.90 0.375 9:53 1.125 28.58 30 0.250 6.35 0.031 0.79
1 4.375 111.13 0375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
1Y 3.500 88.90 0)375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
2%, 1Y 4.375 11118 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
2Y, 2 3.500 88:90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
13 5.250 133.35 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
2 4375 111.13 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
23 3.625 92.08 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
4 2 6.250 158.75 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
4 2Y, 5.375 136.53 0.375 9.53 1.125 28.58 30 0.250 6.35 0.031 0.79
4 3 5.000 127.00 0.375 9.53 1.625 41.28 30 0.250 6.35 0.031 0.79
3 8.500 215.90 0.375 9.53 1.625 41.28 44 0.250 6.35 0.031 0.79
4 7.000 177.80 0.375 9.53 1.625 41.28 44 0.250 6.35 0.031 0.79
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Table DT-4.1.4-1
Automatic Tube Weld: Ferrule

ASME BPE-2022

Table DT-4.1.5-1
Automatic Tube Weld: Cap

i A
l ! |
N : ~
|
|
|
|
A B, C |
| M
! P
| \< é
|
|
|
L
|
I B
Nomiral ¢
Size, in. in. mm in. mm in. mm . L )
1 Nominal Size, in. in. mm
A 1.750  44.45 1.125 28.58 0.500 12.70 1
3 /2 1.500 38.10
78 1.750  44.45 1.125 28.58 0.500 12.70 3
1 /4 1.500 38.10
7 1.750  44.45 1.125 28.58 0.500 12.70
% 1.750  44.45 1.125 28.58 0.500 12.70
1 1.500 38.10
1 1.500 38.10
1 1.750  44.45 1.125 28.58 0.500 12.70
1 2 1.500 38.10
1% 1.750  44.45 1.125 28.58 0.500 12.70 1
275 1.500 38.10
2 2.250 57.15 1.125 28.58 0.500 12.70
2%, 2.250 57.15 1.125 28.58 0.500 12.70
3 1.750 44.45
4 2.000 50.80
2.250 57.15 1.125 28.58 0.500 12.70
6 2.500 63.50
2.250 57.15 1.125 28.58 0.625 15:88
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