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FOREWORD

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

for the
ASME
by the

CCSonJung 20,1989, with a directive to the Board on Pressure Technology to initiate this project with the following
scope:

This stapdard is intended for design, materials, construction, inspection, and testing of vessels, piping~and
accessorie§ such as pumps, valves, and fittings for use in the biopharmaceutical industry. The rule$,provide
adoption of other ASME and related national standards, and when so referenced become part of the standar

(a) Atthe 1989 WAM, an ad hoc committee was formed to assess the need to develop further the'scope and actio
The comm|ttee met in 1990 and there was consensus concerning the need to develop standards that would m
requiremefts of operational bioprocessing, including

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

(2) the need for special emphasis on the quality of weld surfaces once the required strength is present
(3) thk need for standardized definitions that can be used by material suppliers; designers/fabricators, an
(4) theneed tointegrate existing standards covering vessels, piping, appurténances, and other equipment neg

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

comprising the main committee chair and the subcommittee chairs. The-initial subcommittees were

(1) Ggneral Requirements

(2) D¢sign Relating to Sterility and Cleanability of Equipment

(3) Dimensions and Tolerances

(4) Mpterial Joining

(5) Surface Finishes

(6) Sdals

initial

elated
for the
.
n plan.
bet the

users
essary

mittee

(c) Thrqughout the development of the Standard;.close liaison was made with the European CEN, ASTM, and the 3-A

Dairy Stanglards. The purpose was to develop an'ASME standard that would be distinctive, germane, and not in ¢
with other|industry standards. Wherever possible, the Committee strived to reference existing standards that
plicable to|biopharmaceutical equipment-design and fabrication.
This Standard represents the work of the BPE Standards Committee, and this edition includes the following
(1) Ge¢neral Requirements
(2) Syjstems Design
(3) Mptallic Materials
(4) Pqlymeric and Other\Nonmetallic Materials
(5) Dimensions and ‘Polerances for Process Components
(6) PJI:cess Instrumentation
(7) Sdaling Cormponents
(8) Mpterials\Joining
(9) Pijocess)Contact Surface Finishes

onflict
ire ap-

Parts:

(10) (ertification Requirements

The first edition of this Standard was approved as an American National Standard on May 20, 1997. This edition was

approved by ANSI on February 27, 2019.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN

ASME has established procedures to authorize qualifie
the reqtirementsoftheASM i

autho
the Co

Organ}
beenc
is the

enforc

Based
Certifi
Engineg
staten
Certifi
or per
ASME

The AS
Standd
an ass
advert
only W

ADVERTISING

d organizations to perform various activities in accor

ized. An organization holding authorization to perform various activities in accordance with the requ
des and Standards may state this capability in its advertising literature.

zations that are authorized to use the ASME Single Certification Mark for marking items or.cefistructior
bnstructed and inspected in compliance with ASME Codes and Standards are issued Certificates of Auth
im of the Society to maintain the standing of the ASME Single Certification Mark for the’benefit of th
ement jurisdictions, and the holders of the ASME Single Certification Mark who_cemply with all reg

on these objectives, the following policy has been established on the usagé in advertising of facsin
Fates of Authorization and references to Codes or Standards construction..The American Society of

ers does not “approve,” “certify,” “rate,” or “endorse” any item, consttuction, or activity and there

ents or implications that might so indicate. An organization holdingthe ASME Single Certification Ma
Cate of Authorization may state in advertising literature that items, eonstructions, or activities “are built
ormed) or activities conducted in accordance with the requirements of the applicable ASME Code or St
corporate logo shall not be used by any organization other than ASME.

ME Single Certification Mark shall be used only for stamping and nameplates as specifically provided in
rd. However, facsimiles may be used for the purpose offostering the use of such construction. Such usag
bciation or a society, or by a holder of the ASME, Single Certification Mark who may also use the f
ising to show that clearly specified items will cafyy the ASME Single Certification Mark. General usage i
hen all of a manufacturer’s items are constructed under the rules of the applicable Code or Stand

dance with
jizations so
rements of

s thathave
rization. It
b users, the
uirements.

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

the Code or
b may be by
hcsimile in

permitted
hrd.

STATEMENT OF POLICY ON THE USE OF ASME MARKING TO

The
materi
applic
Stand4

Mar
Marks

IDENTIFY MANUFACTURED ITEMS

ASME Codes and.Standards provide rules for the construction of various items. These include requir
als, design, fabrication, examination, inspection, and stamping. Items constructed in accordance wi

rd.

ements for
all of the

ble rules ‘@f"ASME are identified with the ASME Single Certification Mark described in the governipg Code or

kings.such as “ASME” and “ASME Standard” or any other marking including “ASME” or the ASME Single Crtification
halltiot be used on any item thatis not constructed in accordance with all of the applicable requirementsfof the Code

or Sta

1dard.

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.
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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

Proposirlg Revisions. Revisions are made periodically to the Standard to incorporate changes that appear ned

or desirabl
published

b, as demonstrated by the experience gained from the application of the Standard/Approved revisions
beriodically.

The Conlmittee welcomes proposals for revisions to this Standard. Such proposals-should be as specific as pa

citing the

baragraph number(s), the proposed wording, and a detailed description of the reasons for the pr

including gdny pertinent documentation.

Proposirjg a Case. Cases may be issued to provide alternative rules whenjustified, to permit early implementd

an approveg
immediate
Request

y upon ASME approval and shall be posted on the ASME'Committee web page.
for Cases shall provide a Statement of Need and Background Information. The request should idenf

Standard ajpd the paragraph, figure, or table number(s), and b€ written as a Question and Reply in the same forj

existing Ca
Case appli

Kes. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the pr
S,

Interpretations. Upon request, the BPE Standards.€ommittee will render an interpretation of any requiremen

Standard. I
Committee
Request
formis acc
automatic
If the In

hterpretations can only be rendered in‘response to a written request sent to the Secretary of the BPE Sta

for interpretation should preferably be submitted through the online Interpretation Submittal For
pssible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will rec
e-mail confirming receipt.
juirer is unable to use(the online form, he/she may mail the request to the Secretary of the BPE Sta

Committed at the above addreSs.)The request for an interpretation should be clear and unambiguous. It is furth|
ommended that the Inquirér-submit his/her request in the following format:

Subject:
Edition:
Question:

Proposed Reply(ies):

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

essary
will be

ssible,
posal,

tion of

d revision when the need is urgent, or to provide rules not ¢oyered by existing provisions. Cases are effective

ify the
mat as
posed

[ of the
hdards

m. The
Pive an

hdards
er rec-

vords.
ested.
ble for

generalunderstanding and use, notas a request for an approval of a proprietary de

ignor

situation. Please provide a condensed and precise question, composed in 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 Committee in
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.
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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

Attending Committee Meetings. The BPE Standards Committee regularly holds meetings and/or teleph¢ne confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference-shouldfcontact the
Secretpry of the BPE Standards Committee.
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SUMMARY OF CHANGES

Followingapproval by the ASME BPE Committee and ASME, and after publicreview, ASME BPE-2019 was approved by the

American

ASME BPE

Page

Xviii

0NN

18
19

19
20
20
22
23
23
23
30
37
41
46
48
48
49
50
52
52
52

National Standards Institute on kFebruary 27/, Z019.

2019 includes the following changes identified by a margin note, (19).

Pty

ter,

phs

Location Change
Correspondence With the BPE Moved from Mandatory Appendix I and révised in its entir
Committee

GR-1 New last paragraph added

GR-3 New last paragraph added

GR-4 Revised in its entirety

GR-7 References updated

GR-8 (1) Definitions of direct*visual examination, examination,
High Efficiency Particulate Air (HEPA) filter, inspection,
interrupted eléctropolish, 1SO class 1-9, remote visual
examination, testing, Ultra-Low Penetration Air (ULPA) fil
and videdScope added

(2) Definitions of borescope, dead leg, and haze revised
(3)(Definitions of audit and survey deleted

GR-9 Added

SD-2 Second paragraph revised and new third and fourth paragra
added

SD-2.3 Revised in its entirety

SD-2.4.1.1 First sentence in first paragraph revised

SD-2.4.2 Subparagraphs (a)(1) and (b)(2) revised

SD-2.5 Added

SD-3.1.1 Subparagraph (d) revised

SD-3.1.2.2 Title and first paragraph revised

SD-3.1:2.3 Subparagraphs (g) and (i) revised

SD-3.2.3 Subparagraph (c) revised

SD-3.4.4 First sentence of subpara. (b) revised

SD-3.5.1 Subparagraphs (a) and (e) revised

SD-3.5.5 Second sentence of subpara. (a) revised

SD-3.5.6 Second sentence of subpara. (b) revised

SD-3.6.1 Subparagraphs (a), (c), (e), and (g)(3) revised

SD-3.7.2 Subparagraph (g) revised

Figure SD-3.6.1-1
Figure SD-3.7.2-1
SD-3.7.3
SD-3.7.4

Note (1) revised

Subtitle revised

Subparagraph (a) revised
Subparagraphs (c) and (e) revised

XX
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54 SD-3.7.6 Subparagraph (e) revised
58 SD-3.9.2.3 Subparagraph (a) revised
60 SD-3.13 Second sentence of subpara. (d) revised
61 SD-4.1 Subparagraph (b) revised
61 SD-4.1.1 Second sentence of subpara. (b) revised
61 SD-4.1.2.2 Subparagraph (d) revised
63 SD-4.2.1 Second sentence of subpara. (b) revised
65 SD-4.3.1 First paragraph revised
66 SD-5 Revised in its entirety
85 SD-6 New SD-6 added
104 SD-7 Former SD-6 redesignated
1094 MM-1 Second sentence revised
109 Table MM-2.1-1 Under Duplex Stainless Steels, values for{UNS S32101 added
108 MM-3.2 Revised
108 MM-3.3 Cross reference in subpara. (a) revised
108 MM-3.5 Revised
114 MM-5.2.2 Second paragraph revised
114 Table MM-5.2.1.2-1 Under Product Form column, third and fourth entries fevised
114 MM-5.2.3 Second paragraph, cevised
115 Table MM-5.2.6-1 T UNS Number N07718 added
115 MM-7 Former MM-6'revised and redesignated
114 Table MM-5.3-1 Under Duplex Stainless Steels, values for UNS S32101 added
12d Table MM-5.3-2 Under®uplex Stainless Steels, values for UNS S32101 added
122 Table MM-5.4-1 Under Duplex Stainless Steels, values for UNS S32101 added
122 MM-8 Former MM-7 redesignated
127 MM-9 Former MM-8 revised in its entirety and redesignated econd
124 PM-1 paragraph revised
125 PM-2.2 First paragraph revised
124 PM-2.2.3 Revised in its entirety
127 Table PM-2.2.1-% General Note revised
124 Table PM-2.2(3.2-1 Added
129 PM-3.2 Revised in its entirety
130 PM-44 Revised in its entirety
134 PM-4:6 Revised
134 PM-4.6.1.2 Revised
136 PM-4.6.2 Revised in its entirety
137 DT-3 Second sentence of second paragraph revised
142 Table DT-3-1 (1) In graphic, callout T revised as T,
(2) General Note (d) revised
137 DT-4.1 In third paragraph, T revised as T},
137 DT-4.1.4 Revised
143 Table DT-4.1-1 In second column head, T revised as T,
148 Table DT-4.1.1-8 For Nominal Size 2% in., value in last column revised Values
151 Table DT-4.1.2-4 revised for Nominal Size % in. and ¥, in.
151 Table DT-4.1.2-5 Values revised for Nominal Size % in. and %, in. under column A
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154 Table DT-4.1.2-8 Under column B, values in SI column revised in 27th and 28th lines

138 DT-7 First paragraph revised

138 DT-8 First sentence revised

139 DT-11.1 Subparagraph (a) revised

140 DT-11.1.1 Subparagraph (a) revised

140 DT-11.2 Subparagraph (a) revised

140 DT-11.2.1 Subparagraphs (a) and (b) revised

165 Table DT-7-1 Revised in its entirety

168 Table DT-7-2 New Table DT-7-2 added

171 Table DT-7-3 Former Table DT-7-2 redesignated

178 P1-4.2 Added

181 PI-6.1 Added

209 Figure SG-2.3.1.9-1 [llustration (c) revised

218 SG-3.3.2.3 Subparagraph (a)(7) revised

223 SG-4.3.1.1 Revised in its entirety

224 SG-5.1 Last two paragraphs added

224 SG-5.1.1 Added

225 SG-5.3 Revised in its entirety

225 SG-5.4 Revised in its entirety

228 MJ-3.5 Subparagraph (b)(2).révised

229 MJ-6.3 Last paragraph evised

230 Table MJ-6.3-2 Variable t revised as T, throughout

232 MJ-8.4 First paragraph revised

233 Table MJ-8.2-1 In fourth row, fourth column revised

234 Table MJ-8.3-1 In.fourth row, fourth column revised

235 Table MJ-8.4-1 (1Y In fourth row, second column revised
(2) In fifteenth row, last column revised
(3) In seventeenth row, first column revised
(4) Note (4) revised
(5) Note (8) added

241 Figure MJ-8.4-4 General Note revised

242 Table MJ-8.5-1 (1) In fourth row, second and fourth columns revised
(2) Note (9) revised

246 MJ-11 Revised

247 SF:23 Revised in its entirety

247 SF-2.4 Revised in its entirety

248 Table SF-2.2-1 (1) In first column, first two entries revised
(2) Last row revised

249 Table SF-2.2-2 Revised

249 Table SF-2.4.1-1 Former Table SF-2.4-1 revised and redesignated

250 Table SF-2.6-1 In second column, second entry revised

250 SF-3.3 First paragraph and subparas. (a) and (a)(2) revised

252 CR-2 Revised in its entirety

254 Mandatory Appendix [ Information relocated to the Correspondence With the BPE

Committee page in the front matter
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256 Mandatory Appendix III Added
260 Mandatory Appendix IV Added
264 Form MEL-1 Fourth column head revised
268 D-3 Revised
268 D-4.1 Third paragraph revised
269 D-4.4 First sentence of second paragraph revised
270 Table D-2-1 In second column, first and third entries revised
274 Table D-4.1-1 Under Comments column and in Notes (2) and (4), “product
contact surface” revised as "process contact surtace”
276 E-1 In first paragraph, UNS Number S31503 revised to.read|S31600
279 E-5.1 Penultimate paragraph revised
280 Table E-5-1 In second column, first entry revised
289 H-1 Revised
289 Table H-3.3-1 First column entries revised
29( Nonmandatory Appendix ] Former Nonmandatory Appendix’~redesignated
293 Nonmandatory Appendix K (1) Former Nonmandatory Appéndix ] redesignated
(2) In former ]-1.1, first paragraph revised
(3) Former J-1.2.1 and{J~1:2.2 revised in their entirety
(4) K-1.2.4 added
303 Nonmandatory Appendix L Former Nonmandatory Appendix K redesignated
304 Nonmandatory Appendix M Former Nonmiandatory Appendix L redesignated
309 Nonmandatory Appendix N Former Nonmandatory Appendix M redesignated
309 Nonmandatory Appendix O (1) Former Nonmandatory Appendix N redesignated
(2). In' former N-1.1, first sentence revised
310 Nonmandatory Appendix P Former Nonmandatory Appendix O redesignated
313 Nonmandatory Appendix Q Former Nonmandatory Appendix P redesignated
315 Nonmandatory Appendix R Former Nonmandatory Appendix Q redesignated
314 Nonmandatory Appendix'S Former Nonmandatory Appendix R redesignated
314 Nonmandatory Appendix T Former Nonmandatory Appendix S redesignated
321 Nonmandatory Appendix U Former Nonmandatory Appendix T redesignated
323 Nonmandatory Appendix W (1) Redesignated from former Nonmandatory Appendix U
(2) In former U-1, title revised
(3) Informer U-2, subpara. (a) and third paragraph of subpara. (b)
revised
(4) In former U-3, second paragraph revised
(5) In former U-7, first sentence revised
(6) In former U-8, first sentence of second paragraph yevised
326 Nonmandatory Appendix Y Former Nonmandatory Appendix V redesignated and third
paragraph revised
327 Nonmandatory Appendix Z Added
331 Nonmandatory Appendix AA Added
334 Nonmandatory Appendix BB Added
336 Nonmandatory Appendix CC Added
339 Nonmandatory Appendix DD Added
341 Index Added
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ASME BPE-2019

CHAPTER 1
INTRODUCTION, SCOPE, AND DEFINITIONS

PART GR

(19) GR-1 [INTRODUCTION

The|ASME Bioprocessing Equipment (BPE) Standard
was d¢veloped to aid in the design and construction of
new flhiid 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) romponents 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, filtra-
tion, apd intermediate product storage]

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

Whgn operating under pressure conditions,\systems
shall pe constructed in accordance with the ASME
Boiler|and Pressure Vessel Code (BPV.C),-Section VIII,
and/of ASME B31.3 Process Piping.Cade or applicable
local, pational, or international codes-or standards. The
owner}/user may stipulate additional or alternative speci-
ficatiohs and requirements.

Thig Standard shall govefnythe design and construction
of pipihg systems for hygienic service. For process piping
systenps designed ardd constructed in accordance with
ASME |B31.3, it is«the’ owner’s responsibility to select a
fluid sprvice category for each fluid service. Should any
fluid dervice méet the definition of high-purity fluid
service (ASME B31.3, Chapter X) it is recommended
that sych¢fluid service be selected and the requirements

GENERAL REQUIREMENTS

not be used to override mandatory. regulationg or specific
prohibitions of this Standard,

New editions of the ASME'BPE Standard miay be used
beginning with the daté-ofissuance 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 4o cleaning
and sanitization and/or sterilization includilg systems
that“are cleaned in place (CIP’d) and/or gteamed in
place (SIP’d) and/or other suitable procesdes used in
the manufacturing of biopharmaceutigals. This
Standard also provides requirements for [single-use
systems and components used in the abpve listed
systems and components. This Standard mdy be used,
in whole or in part, for other systems and cpmponents
where bioburden risk is a concern.

This Standard applies to

(a) new system (and component) d¢sign and
fabrication

(b) definition of system boundaries

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

(d) component dimensions and tolerances

(e) surface finishes

(f) materials joining

(g) examinations, inspections, and testing

(h) certification

This Standard is intended to apply to new [fabrication
and construction. If the provisions of this Sthndard are

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 comply with these laws.

Items or requirements that are not specifically
addressed in this Standard are not prohibited.
Engineering judgments mustbe consistent with the funda-
mental principles of this Standard. Such judgments shall

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.

For a system or component to be BPE-compliant, adher-
ence to all applicable parts of this Standard is required.
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GR-3 MANUFACTURER’S QUALITY ASSURANCE
PROGRAM

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

Nonmandatory Appendix Z, Quality Management

GR-4.2 Inspector’s Delegate

Inspector’s Delegate qualifications shall be in accor-
dance with the requirements listed herein. The employer
of the Inspector’s Delegate shall have documented
training and qualification programs to ensure the quali-
fications and capabilities of personnel are met.

The capabilities requirements are listed in Table GR-
4.2-1. It is required that a capability listed for a lower
level of qualification is also required for subsequent

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 exami-
nation, inspection, and testing and other forms of these
terms in  manner consistent with the uses in ASME
BPVC, Sectjon VIII and ASME B31.3. References for exam-
ination, insppection, and testing per this Standard are listed
in Nonmanfdatory Appendix CC. These requirements arein
addition tq the requirements of ASME BPVC, Section VIII
and ASME|B31.3. This Standard also uses the common
language njeaning of these terms. Be aware_of the differ-
ences betyveen the usage as defined in\GR-8 versus
common ufage.

GR-4.1 Inspector/Examiner

Inspectofr and examiner inthis'Standard shall be defined
for the following:

(a) Preskure Vessels.Authorized Inspector, as defined in
ASME BPV[, Section, VIII.

(b) Pipipng, Tubing, and Non-Code Vessels. Owner’s
Inspector,|as defined in ASME B31.3, paras. 340.4(a)
and 340.4(b)/Inspector’s Delegate, as defined in GR-8,

nigner levels or qualliication.

GR-4.2.1 Levels of Qualification. There are four levels
of qualification for Inspector’s Delegate. Examiihati¢n per-
sonnel qualifications are not covered itvthis sectipn but
shall be in accordance with ASME B34.3, para. 342.

(a) Trainee. Anindividual whois netyet certified to any
level shall be considered a traineé. Trainees shall work
under the direction of a €ertified Quality Inspector
Delegate and shall not independently conduct anfy tests
or write a report of test\results.

(b) Quality Inspector Delegate 1 (QID-1). This ind}vidual
shall be qualifiedfo properly perform specific calibrptions,
specific inspections, and specific evaluations for Jaccep-
tance or rejection according to written instructjons. A
QID-1 may“perform tests and inspections according to
the capabilities’ requirements under the supervidion of,
at ayminimum, a QID-2.

(¢) Quality Inspector Delegate 2 (QID-2). This ind}vidual
shall be qualified to set up and calibrate equipmentjand to
interpret and evaluate results with respect to applicable
codes, standards, and specifications. The QID-2 shall be
thoroughly familiar with the scope and limitatijons of
the inspection they are performing and shall ejercise
assigned responsibility for on-the-job training andl guid-
ance of trainees and QID-1 personnel. A QID-2 may
perform tests and inspections according to the cppabil-
ities’ requirements.

(d) Quality Inspector Delegate 3 (QID-3). This ind}vidual
shall be capable of establishing techniques and proce-
dures; interpreting codes, standards, specifications, and
procedures; and designating the particular insgection
methods, techniques, and procedures to be usejd. The
QID-3 shall have sufficient practical background ir] appli-
cable materials, fabrication, and product technology to
establish techniques and to assist in establishing|accep-

meets the additional requirements listed in GR-4.2.

(c) Piping and Tubing. Examiner, defined as a person
who performs quality control examinations for a manu-
facturer 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.

tance criteria when none are otherwise available. The QID-
3 shall be capable of training personnel. A QID-3 may
perform tests and inspections according to the capabil-
ities’ requirements.

GR-4.2.2 Qualification Requirements. The qualifica-
tion requirements listed herein shall be met prior to
consideration for examination/certification.

(a) Trainee

(1) be ahigh school graduate or hold a state or mili-
tary approved high school equivalency diploma
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(2) receive a minimum of 8 hr of relevant docu-
mented training (total 8 hr), including as a minimum
the requirements shown in Table GR-4.2-1

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

(1) be atrainee for a minimum of 6 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-1

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

(-b) completion with apassing grade ofatleast2yr
of englneering or science study in a university, college, or
technifal school
(-c) possessan AWS CWI certificate’ or ACCP Level
II VT dertificate® or international equivalent
(-d) 2 yr of documented relevant experience in
inspection, examination, or testing activities
(4) receive aminimum of 16 additional hr of relevant
documiented training (minimum total = 24 hr), including
as a mjnimum the requirements shown in Table GR-4.2-1
(3) pass a written test and practical performance
examihation, including as a minimum the requirements
shown| in Table GR-4.2-1 for this level

(c) RID-2. To be considered as a QID-2, personnel shall
meet the following:
(1) be a QID-1 for a minimum of 6 months of docu-
mentef relevant industry experience. Alternate methods
for mefeting the work experience requirement are at least
one off the following:
(-a) prior or current certification as a QID-2
(-b) completion with a passing grade ofatleast4 yr
of englneering or science study in a university;.college, or
technifal school
(-c) possessan AWS CWI certificate’ or ACCP Level
II VT (dertificate? or international equivalent
(-d) 2 yr of documented pelevant experience in
inspedtion, examination, or testinig activities of high-
purityfhygienic systems
(4) receiveaminimur 0f16 additional hr of relevant
documiented training (minimum total = 40 hr), including
as a mjnimum the requirements shown in Table GR-4.2-1
(3) pass a written test and practical performance
examihation, ideluding as a minimum the requirements
shown| in Table GR-4.2-1 for this level

(d) RID-3)To be considered as a QID-3, personnel shall
meet thefollowing:

6R-4-2:3—¢€ertification—Ttheemployerismesponsible
for training, testing, and certification of employees. The
employer shall establish a written practice in fccordance
with the guidelines of ASNT SNT-TC-14 including

(a) the requirements listed in-Table GR-4.p-1

(b) training programs

(c) certification testing réquirements

(d) eye examinations as\follows:

(1) Near Vision Actity. The individual [shall have
natural or corrected(near distance acuity fin at least
one eye such that(the individual is capable of reading a
minimum of aJaeger Number 2 or equivaler]t type and
size letterat'a’distance designated on the cjjart but no
less thanl1 2'in. (305 mm). This test shall be a(;ministered
initially.and at least annually thereafter.

{2) Color Contrast. The individual shall d¢gmonstrate
the ‘capability of distinguishing and differentiating
contrast among colors. This test shall be administered
initially and, thereafter, at intervals not exce¢ding 3 yr.

These examinations shall be administg¢red by an
ophthalmologist, optometrist, medical doctor] registered
nurse or nurse practitioner, certified physiciah assistant,
or other ophthalmic medical personnel and shall include
the state or province (or applicable jurisdictiopal) license
number.

(e) certification documentation
The owner/userisresponsible for verifying the require-
ments of this section are met.

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

(a) The employee has proof of prior certification.

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

(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

! 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.

(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.
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Table GR-4.2-1 Inspector’s Delegate Capabilities

Capability

Trainee

QID-1

QID-2

QID-3

Materials
(a) Identify

materials

(1) Fitting type
(2) Tube/pipe

(3) Filler

materials

(4) Elastomers
(5) Process components

(b) Verify nf

>

aterial marking to standard

(c) Measure material dimensions

(d) Measurq material surface finish

(e) Verify njaterial documentation
(1) Materfal Test Reports (MTR)

(2) Certiff

cates of Compliance (C of Cs)

(3) Instryment calibration records
(4) Elastdmers

(f) Evaluate

to acceptance criteria

(g) Verify njaterial compliance to specification

(h) Verify njaterial storage/handling compliance

Equipment
(a) Mirrors
(b) Measuri

(1) Steel

Use
magnifiers
hg devices

Fule

(2) Calipgrs (dial, digital)

(3) Fillet
(4) Radiu
(5) Temp
(6) Slope

pauge
F gauge
Prature-sensitive crayon (tempilstick)

level

(7) Undejcut gauge

(c) Boresco

e/fiberscope

(d) Profilonjeter

(e) Positive
(f) Calibrati

Knowledge|

Understand

material identification (PMI)

bn records (inspection eqdipment)

and SKills

inspection fundamentals

(a) Effectivq oral and written communication

(b) Quality

brocedures

(1) Prepafe dotumentation control requirements

(2) Devel

bp\inspection procedures

=<

Lol T o T o T

Moo X X X X

(c) Review of specifications

(d) Codes and Standards (training)
(1) ASME BPE
(2) ASME B31.3
(3) ASME BPVC, Section IX

(e) Interpret welding symbols and drawings

(1) Detail drawings (mechanical)

(2) P&ID

(3) Single line isometric drawings (weld maps)

(4) Isometric drawings (slope maps)

GR/DT/SF

M]J/SD 3.12

X
Chapter VI
X
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Table GR-4.2-1 Inspector’s Delegate Capabilities (Cont’d)

Capability

Trainee QID-1

QID-2

QID-3

Knowledge and Skills (Cont'd)
(5) General/fabrication arrangement drawings (details)
(6) Interpret welding symbols

(f) Prepare documents/reports in accordance with GR-5.3
(1) Material examination log

(2) Nonconformance reports

(3) Yisual weld inspection
(4) $lope verification (isometric)
(5) Pressure test

(g) Tufnover package
(1) Assemble
(2) Review

(h) Bagic understanding of NDT/NDE
(1) pT
)T
(3) RT
(4) Eddy current

(5) Pressure/leak testing

Inspedtion
(a) Pefform visual inspection (other than weld inspection)
(b) Pefform weld inspection
(c) Evdluate weld inspection results
(d) Pegform slope verification
(e) Wifness pressure tests
(f) Verjfy inspection compliance
(g) Reyiew inspection reports
(h) Verify nonconformance disposition
(i) Perform installation verification
(1) Installation per P&ID
(2) Check for cold spring
(3) Hanger verification

(4) Component installation pen manufacturer’s
recommendations

Vessel| Inspection (additional to above)

(a) Vetify surface finish

(b) Verify drainability

(c) Clepnability~(CIP/riboflavin/sprayball testing)

(d) Verify~dimensions and orientation

L1l o

Moo =< X

B T T

Moo X X

<o

<

C 1. il AGAIL O 1
(e) omprrance- witir aSve Coue (U~ 1)

(f) Documentation review

Welding Procedure Qualification

Verify welding procedures (WPS/PQR) compliance

Welder and/or Welding Operator Performance Qualification

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

Capability

Trainee

QID-1 QID-2 QID-3

Welder and/or Welding Operator Performance Qualification (Cont’d)

Project Planning

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

(d) Prepare purchase specifications

(e) Develop|inspection plan

Training
(a) Provide jon-the-job training for Quality Inspectors

(b) Maintainp records of training

Audit
(a) Perform|vendor audits
(b) Perform| fabricator audits

(c) Prepare [audit and surveillance plan

R X X X

>

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

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

GR-4.4 Arcess for Inspectors

Manufacturers of bioprocessing equipment and compo-
nents shall allow free access to owner/user and author-
ized inspedtion personnel at all times while werk on the
equipmentor components is being performed. The noti-
fication of Jan impending inspection should be mutually
agreed to| by the manufacturer and/the inspector.
Access may be limited to the area.of the manufacturer’s
facility where assembly, fabrication, welding, and testing
of the spdcific equipment @r’\¢components are being
performed| Inspectors shdll_ have the right to audit any
examinatign, to inspect{components using any examina-
tion method specified in the Design Specification
(including [Purchasg.Order), and to review all certifica-
tions and tecords-hecessary to satisfy the requirements
of GR-5. Theymanufacturer shall provide the Inspector

GR-5.2 Document Requirements

Material Test Reports (MTRs) for all metallic grocess
components shall be verified to be in compliande with
the applicable specification. Certificates of Compliance
(C.of Cs) for all polymeric and other nonmgtallic
process components shall be provided. In additipn, the
following documentation shall be provided fo the
owner/user or their designee.

GR-5.2.1 General List of Documents
GR-5.2.1.1 Metallic Materials

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

(a) Materials Documentation
(1) Material Test Reports
(2) Certificates of Compliance
(3) Material Examination Logs
(4) ldentification of the filler metal or consymable
insert used

with work progress updates.

GR-5 DOCUMENTATION
GR-5.1 General

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

(D) Welding, Inspection, and Examination Qualijication
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)

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

(7) Inspector qualifications

(8) documentation of the approval of (7) by the
owner/user prior to welding

(c) Weld Documentation (not required for standard

fittings, valves, and components unless specifically
required by the owner/user)

(1) weld maps

(2)_weld logs

(b) material type

(c) heat number or code traceable to the original heat

(d) chemical composition

(e) AWS classification of filler metal, if used

(f) alloy designation and material specification of
insert, if used

(g) postweld heat treatment documentation, if
applicable

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

(3) weld examination and inspection logs
(4) coupon logs

(d) |Testing and Examination Documentation (as
applicqble)
(1) passivation reports
(4) spray device coverage testing
(3) pressure testing
(4) final slope check documentation
(9) calibration verification documentation
(d4) purge gas certifications
(1) signature logs
(4) number of welds — both manual and automatic
(9) number of welds inspected expressed as a
percerftage (%)
(10) heat numbers of components that must be iden-
tified, [documented, and fully traceable to the installed
systen
(11) surface finish C of Cs
(12) NDE (nondestructive examination) reports
(e) Bystem/Equipment
(1) standard operating and maintenance procedures
and mpnuals
(4) installation procedures
(3) piping and instrumentation diagrams
(4) detail mechanical drawings-and' layouts
(9) technical specification sheets-of components and
instrumentation
(d) original equipment @manufacturer’s data
(1) manufacturer’s data and test reports
(4) any documentation that is specifically needed for
the owner/user’s qualification of a system

GR-5.2.1.1:2- Technical support information to

suppoft the design, operation, and maintenance of equip-

ment ayinctude, but is not limited to, the following:
(a) material handling procedures
(b) ' fsti

(c) shop passivation procedures

GR-5.3 Material Test Reports/Certificates of
Compliance

GR-5.3.1 Metallic Materials. The combination of docu-
ments, including C of Cs and MTRs, for all valves and
fittings having process contact surfaces shall include
the following information, as a minimum:

(a) ASME BPE Standard, including year

specification

MTRs for other components made to-a‘material spec-
ification shall contain the minimum informatidn specified
by the material specification incorporated by reference.

GR-5.3.2 Polymeric and Other-Nonmetalljc Material
Components. The manufacturer of polymeriq and other
nonmetallic components\shall issue a Ceqtificate of
Compliance that the components meet requifements as
shown in Table PM:22.1-1.

GR-5.3.2.1/Seal Documentation. Seal marfufacturers
shall provid€, upon owner/user request, docimentation
(test report) of the USP <88> Biological Reactiyity Test In
Vivo, Clas$'VI and the USP <87> Biological Reaftivity Test
In Vitroe testing on final manufactured seals.

ACertificate of Compliance shall be issued py the seal
manufacturer to certify compliance to this Starjdard when
required by the owner/user. The Certificate of ompliance
shall contain the information listed in Table PM-2.2.1-1.
Additional agreements may be required.

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

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

(a) vendor’s company

(b) owner/user’s name

(c) description of component(s)

(d) identification of the electropolishing|procedure
used
e) final surface finish report (R
owner/user)

if requilred by the

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

(a) owner/user’s name

(b) description of system or component(s)

(c) service provider’s company name

(d) qualified passivation method used

(e) documentation of passivation process, as follows:
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(1) written qualified procedure
(2) documentation of process control of essential
variables
(3) instrument calibration records
(4) certificates of analysis for all chemicals used
(5) process testing and verification
(f) postpassivation verification method(s) used
(g) for material manufacturers/suppliers of compo-
nents whose surfaces have been electropolished and/
or passivated, a Certificate of Compliance for
Passivation} and/or Electropolishing stating that standard
industry ptactices, such as ASTM A967 or ASTM B912, as
applicable fhave been used. If required by the owner/user,
the manufgcturer or supplier may be required to demon-
strate the pffectiveness of their procedure by a method
mutually agreed upon.

eld and Examination/Inspection Log

ts of the welding, examination, and inspection
shall be reqorded on a Weld and Examination/Inspection
Log. The information required to be on the Weld Log may
be in any fgrmat, written or tabular, to fit the needs of the
manufactufer/supplier, installing 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 Weld and Examination/Inspection Log.
This form |includes the required data plus some other
informatiop that is not required. The minimum require-
ments are as follows:
(a) isometric drawing number (including revision
number)
(b) weld number
(c) date|welded
(d) welder and/or welding operator idéentification
(e) size
(f) exanjination
(1) ddte
(2) type of examination
(3) adceptance/rejection
(4) injftials
(g) inspgction
(1) ddte
(2) type of examination
(3) adceptance/rejection

GR-5.5 Records Retention

GR-5.5.1 Vessel Documentation. For all Bioprocessing
ASME Code-stamped vessels, National Board registration
is recommended to maintain vessel data on file.
Manufacturing documentation shall be maintained
throughout the design and manufacture for each compo-
nent, assembly, part, or unit.

All documentation shall be retained by the owner/user.
As agreed to by the owner/user and manufacturer, docu-
for the
agreed-upon duration of time but not less than 3yr 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, VHI.

GR-6 U.S. CUSTOMARY AND SI UNITS

This Standard uses standard units listed in Mandatory
Appendix II. Nonmandatory Appendix U hagd been
provided as a guide for U.S. Customary and §I unit
conversion.

GR-7 REFERENCES

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

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

AWS A3.0M/A3.0, Standard Welding Termls and
Definitions
AWS B2.4, Specification for Welding Procedufe and
Performance Qualification for Thermoplastics
AWS G1.10M, 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

(4) inltiats

(h) identification of blind welds

(i) identification of manual welds

(j) basis of rejection

In addition, heat numbers (or other identification
system for material traceability) and slope shall be
recorded on the Weld and Examination/Inspection Log,
an isometric drawing, or other owner/user-approved
document.

Street, No. 13U, Miami, FI. 33166 (WwWw.aws.org)

ASME B31.3, Process Piping

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

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

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

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

(19)
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ASME MFC-22, Measurement of Liquid by Turbine
Flowmeters

ASME PTC 19.3 TW, Thermowells

ASME PVHO-1, Safety Standard for Pressure Vessels for
Human Occupancy

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

Material specifications for metallic materials are listed by

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

EN 12266-1, Industrial valves — Testing of metallic valves

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

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

prodiuct form 1n Part MM.

ASTM| A380, Practice for Cleaning, Descaling, and
Pasgivation of Stainless Steel Parts, Equipment, and
Systems

ASTM| A967, Standard Specification for Chemical
Pasgivation Treatments for Stainless Steel Parts

ASTM A1015, Standard Guide for Chemical
Vid¢goborescoping of Tubular Products for Sanitary
Applications

ASTM|B912, Standard Specification for Passivation of
Staipless Steels Using Electropolishing

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

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

ASTM P471, Standard Test Method for Rubber Property —
Effeft of Liquids

ASTM |D624, Standard Test Method for Tear Strength of
Conyentional Vulcanized Rubber and Thermoplasti¢
Elastomers

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

ASTM P2657, Standard Practice for Heat FusionJoining of
Polyjolefin Pipe and Fittings

ASTM E112, Test Methods for Determining Average Grain
Size

ASTM|E220, Standard Test Methed for Calibration of
Thermocouples by Comparison Techniques

ASTM[ E230/E230M, Standard Specification and
Tenjperature-Electromotive Force (emf) Tables for
Standardized Thermocouples

ASTM E644, Standard)Test Methods for Testing Industrial
Resistance Thermometers

ASTM[E1137/E1137M, Standard Specification for
Indystrial,Platinum Resistance Thermometers

ASTM [E2500, Standard Guide for Specification, Design,

ANSI/FCI Standard 70-2, Control Valve Seat)l.eakage

Publisher: Fluid Controls Institute (FCI), 13p0 Sumner
Avenue, Cleveland, OH 44115-2851
(www.fluidcontrolsinstitute.org)

FDA, 21 CFR, Parts 210,and 211, Curygent Good
Manufacturing Practices
GMP: Current Good Manuifacturing Practices,|Title 21 of
the Food and Drug\Administration
Publisher: U.S. Foad and Drug Administration (FDA),
10903 New¢Hampshire Avenue, Silver Jpring, MD
20993 (wiww.fda.gov)

[EC 60751, Industrial Platinum Resistance Thefmometers
and‘Platinum Temperature Sensors
Publisher: International Electrotechnical Cpmmission
(IEC), 3, rue de Varembé, Case Postale 131, CH-1211
Geneva 20, Switzerland/Suisse (www.iec.ch)

Recommended Practice 001.6, HEPA and ULPA Filters
Publisher: Institute of Environmental Scikences and
Technology (IEST), 1827 Walden Offige Square,
Schaumberg, IL 60173 (www.iest.org)

IEST-RP-CC001.6, Contamination ControE Division

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

ISO 34-2, Rubber, vulcanized or thermolplastic —
Determination of tear strength — Parft 2: Small
(Delft) test pieces

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

ISO 48, Rubber, vulcanized or thermoplastic —
Determination of hardness (hardness bgtween 10

IRHD and 100 IRHD)
ISQ 815-1

and Verification of Pharmaceutical and
Biopharmaceutical Manufacturing Systems and
Equipment

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

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

Rubber vulcanized or thermd plastic —
Determination of compression set — Part 1: At
ambient or elevated temperatures

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

ISO 816, Superseded by I1SO 34-2

ISO 1817, Rubber, vulcanized — Determination of the
effect of liquids
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ISO 10648-2, Containment enclosures— Part 2:
Classification according to leak tightness and associated
checking methods

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

ISO 10993, Biological evaluation of medical devices

ISO 11137, Sterilization of health care products —
Radiation — Part 1: Requirements for development,

GR-8 TERMS AND DEFINITIONS

annealing: a treatment process for steel for reducing hard-
ness, improving machinability, facilitating cold working,
or producing a desired mechanical, physical, or other
property.

anomaly: a localized surface area that is out of specifica-
tions to the surrounding area, and is classified as
abnormal.

arcgap: fororbital GTAW, the nominal distance, measured

validatipn, and routine control of a sterilization
process for medical devices

ISO 1464441, Cleanrooms and associated controlled envi-
ronments — Part 1: Classification of air cleanliness by
particle foncentration

ISO 1464447, Cleanrooms and associated controlled envi-
ronments — Part 7: Separative devices (clean air hoods,
gloveboges, isolators and mini-environments)

Publisher: [nternational Organization for Standardization
(ISO), Central Secretariat, Chemin de Blandonnet 8, Case
Postale|401, 1214 Vernier, Geneva, Switzerland
(www.isp.org)

ISPE Base
Water a
Publisher
Enginee
Jr. Blvd.,

ine® Pharmaceutical Engineering Guide for
nd Steam Systems — Volume 4
International Society for Pharmaceutical
fing (ISPE), 3109 W. Dr. Martin Luther King,
Tampa, FL 33607 (www.ispe.org)

MSS-SP-67] Butterfly Valves

MSS-SP-72f Ball Valves with Flange or Butt-Welding Ends
for Gengqral Service

MSS-SP-88| Diaphragm Valves

MSS-SP-110, Ball Valves Threaded, Socket-Welding,
Solder J¢int, Grooved and Flared Ends

Publisher: [Manufacturers Standardization Society of the
Valve anf Fittings Industry, Inc. (MSS),127 Park Street,
NE, Vienna, VA 22180 (www.msShg:org)

NIH (BL-1
Publisher;
Rockuvill

BL-4), Biohazard Containment Guidelines
National Instittites of Health (NIH), 9000
b Pike, Bethesda, MD 20892 (www.nih.gov)

Recommerjded Practice’ (RP) No. SNT-TC-1A, Personnel
Qualificption_and Certification in Nondestructive
Testing

Publisher: |Amaerican Society for Nondestructive Testing

prior to welding, from the tip of the electrode to the Jurface
of the weld joint or insert.

arc strike: a discontinuity consisting of any loqalized
remelted metal, heat-affected metal;y6p7change|in the
surface profile of any part of a weld epbase metal repulting
from an arc, generated by the pasSage of electrical qurrent
between the surface of the weld or base material and a
current source, such as a welding electrode, mdgnetic
particle prod, or electropalishing electrode.

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

aseptic processing: operating in a manner that prlevents
contaminationof the process.

autogenous fillet weld: a fillet weld that is prdduced
witheut'the addition of filler metal. (See also seall weld.)

mate-
gsten-

qutogenous weld: a weld made by fusion of the basg
rial without the addition of filler. (See also gas tu
arc welding.)

automatic welding: welding with equipment that pefforms
the welding operation without adjustment of the c¢ntrols
by a welding operator. The equipment may or may not
perform the loading and unloading of the work. (See
also machine welding.)

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

bioburden: the number of viable contaminating orgfnisms

per product unit.

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

biologics: therapeutic or diagnostic products genferated

(ASNT), 1711 Arlingate Lane, P.O. Box 28518,
Columbus, OH 43228 (www.asnt.org)

United States Pharmacopeia and National Formulary
(USP-NF)

Publisher: U.S. Pharmacopeia Convention (USP), 12601
Twinbrook Parkway, Rockville, MD 20852-1790
(www.usp.org/usp-nf)
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1 FN 1
dITU puriircu ITUII IIatul dl SUUTTES.

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

(19)
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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.

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

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

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

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

clean-in-place (CIP): cleaning of process contact surfaces

blind Weld: a weld joint by design that cannot feasibly be
visually inspected internally.

blister
surfac

(polymeric): a localized imperfection on a polymer
b, containing a pocket of fluid.

blister
metal
areas.

ng (metallic): a localized delamination within the
that has an appearance of chipped or flaked-off
Per SEMI F019-0304, section 4.2.1.

borescppe: generic term for a group of optical instruments
for vidqual examinations. This includes rigid borescopes
and flexible borescopes (fiberscopes). Often a camera
chip isymounted to the borescope. (See also videsoscope.)

break:
buffin

surfac

a discontinuity in the face of a fitting.

g: a metal finishing process for smoothing the
b using a grease-suspended abrasive.

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

burr: gxcess material protruding from the edge typically
resultihg from operations such as cutting or facing:

butt jdint: a joint between two members lying @pproxi-
matelyf in the same plane.

cartridge seal: a self-contained seal assembly.

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

certifiqate: a Certificate of Authorization issued by ASME.

Certifi¢ate Holder: an organization holding a Certificate of
Authotization issueddy the Society upon satisfactory
completion of evaluation of ability to comply with the re-

quirenpents of#his Standard.

Certifi¢ate, of Authorization: a document issued by ASME
that aytherizes the use of an ASME BPE Symbol Stamp for a

ofasystem or component without disassemblyeyond the
removal of single-use components.

clean steam: steam free from boiler additives
purified, filtered, or separated. Usually used fo
heating in pharmaceutical applications.

closed head: for orbital GTAW; a welding head
sulates the entire circumference of the tube/J
welding and that contain$ the shielding gas.

at may be
"incidental

that encap-
ipe during

hue across
bctropolish

cloudiness: the appearance of a milky white
some portion of a surface resulting from the el
process.

cluster of pits: two or more pits, the close§t distance
betweenjéach being less than the diameter of any one pit.

cluster porosity: porosity that occurs in clumpsor clusters.

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

compression set: permanent deformation of rLbber after
subscription in compression for a period of tifne, as typi-
cally determined by ASTM D395.

concavity: a condition in which the surface df a welded
joint is depressed relative to the surface of §he tube or
pipe. Concavity is measured as a maximurpn distance
from the outside or inside diameter sufface of a
welded joint along a line perpendiculay to a line
joining the weld toes.

consumable insert: a ring of metal placed betw¢en the two
elements to be welded that provides filler fof the weld,
when performed with fusion welding eqipment. A
consumable insert can also be used for thg root pass
in a multiple-pass weld with the addition off filler wire
(also called insert ring).

specifi

P2 £, ifiad £ irzit
R At o a—Spee I ea—SCopt—oTatavity:

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.

¢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.
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convexiy—aeonditonrtrwhich—the—surface—df a welded
joint is extended relative to the surface of the tube or
pipe. Convexity is measured as a maximum distance
from the outside or inside diameter surface of a
welded joint along a line perpendicular to a line
joining the weld toes.

corrosion: a chemical or electrochemical interaction
between a metal and its environment, which results in
changes in the property of the metal. This may lead to
impairment of the function of the metal, the environment,
and/or the technical system involved.
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cracks: fracture-type discontinuities characterized by a
sharp tip and high ratio of length and width to
opening displacement. A crack may not be detected
with a stylus. A linear crack will produce aliquid penetrant
indication during liquid penetration inspection, X-ray, or
ultrasound.

crater: a depression at the termination of a weld bead.

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

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

downslope: that part of an automatic orbital weld
sequence during which the welding current is gradually
reduced prior to extinguishing of the welding arc. The
downslope portion of a welded joint is seen as a tapering
ofthe end 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.

creep: a tifne-dependent permanent deformation that duplex stainless steel: a group ol stainless steels whose

occurs under stress levels below the yield stress. chemical composition is designed to produee a|room-
] ) temperature microstructure that is a mixture of auptenite

dead .Ie.g: 4 space V\./he're sys'te?m design and operatmg and ferrite.

condition$ result in insufficient process fluid flow, )

presenting|a risk for particulate, chemical, or biological durometer: measgrement_ofhardness_ rel_ated to the resis-

contamination tance to penetration of an indenter péint in to a material as

) o typically determined by ASTMD2240.
defects: digcontinuities that by nature or accumulated ) ) o |
effect (e.g.| total crack length) render a part or product dynamic seal: seal with a component that is in motifon rel-

unable to nheet minimum applicable acceptable standards
or specificqtions. This term designates rejectability. (See
also disconttinuity.)

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

hydroxyl i¢ns.
delaminatipn: separation into constituent layers.

n: a localized area that is dissimilar to the
g areas with a defined boundary.

demarcati
surroundir

dent: a lafge, smooth-bottomed depression whose
diameter ¢r width is greater than its depth and that
will not priopduce an indication.

descaling: the removal of heavy, tightly adherent oxide
films resylting from hot-forming, heat-treatment,
welding, apd other high-temperature dgperations such

as in steam systems.

nl examination: a visualexamination where
ininterrupted opticalpath from the observer’s
rea to be examined\ This can be either unaided
a mirrors, lenses, etc.

direct visu
there is an
eye to the g
or aided v

ative to a second surface.

dynamic spray device:z’)a moving device, desighed to

produce a nonstationary spray pattern.

elastomer: rubber or rubberlike material possessir]g elas-
ticity. (See also elastomeric material.)

elastomeric'material: a material that can be stretdhed or
compressed repeatedly and, upon immediate rel¢ase of
stress, will return to its approximate original sizg.

electropolishing: a controlled electrochemical pfrocess
utilizing acid electrolyte, DC current, anodg¢, and
cathode to smooth the surface by removal of metal.

hmeter
rolling
after

end grain effect: a surface discontinuity of small di
(or linear) cavities located perpendicular to the
direction of the material and appearing
electropolishing.

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

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

examination: as it relates to pressure vessels, vessgls not

Ctions
rector

dirty: a relative term ‘indicating the condition of being rated for pressure service, process piping, and process
contaminated. contact equipment: the quality control fun
discoloratipn: any.change in surface color from that of the _carried out by the manufacturer, fal_)ricator, or ¢

base metal]Usually associated with oxidation occurring on in accordance with ASME BPVC Section VIIL

the weld akd-heat-affectedzone-onthe-outside-diametet exeessive-peretration—weld-penetration—that-exeeeds the

and inside diameter of the weld joint as a result of heating
the metal during welding. Colors may range from pale
bluish-gray to deep blue, and from pale straw color to
a black crusty coating.

discontinuity: interruption of the typical structure of a
weldment, such as a lack of homogeneity in the mechan-
ical, metallurgical, or physical characteristics of the mate-
rial or weldment. A discontinuity is not necessarily a
defect.
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acceptance limit for inside diameter convexity. (See also
convexity.)

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

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

fermentation: the biochemical synthesis of organic
compounds by microorganisms or cultivated cells.
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fermentor (fermenter): a vessel for carrying out
fermentation.

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

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

flash electropolish: an electrochemical process done for a

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

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

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

very short duration of time with a low current density,
which neither significantly alters the surface of the mate-
rial nof meets the acceptance criteria as set forth in Table
H-3.3-Il in Nonmandatory Appendix H of this Standard.

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

flushi
conta
partic

full pe

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

hetration: a weld joint is said to be fully penetrated
when the depth of the weld extends from its face into the
weld joint so that the joint is fully fused. For a tube-to-tube
weld, o unfused portions of the weld joint shall be visible
on the| inside diameter of a fully penetrated weld.

fusion:
or of I

the melting together of filler metal and base metal,
ase metal only, that results in coalescence.

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

gasket: static seal made from deformablesmaterial
compressed between two mating surfaces.

gas tungsten-arc welding (GTAW): an arc'\welding process
that pijoduces coalescence of metals by heating them with
an ard between a tungsten (noncdonsumable) electrode
and tHe work. Shielding is obtained from a gas or gas
mixture. (This process_is sometimes called TIG
weldir]g, a nonpreferred texm.) GTAW may be performed
by addfing filler material to‘the weld, or by a fusion process
in which no filler isTadded.

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

grain houndary: an interface separating two grains, where

High Efficiency Particulate Air (HEPA) filter~a|type of air
filter that removes 99.97% of particles 0.3'w apd larger in
diameter.

higher alloy: a metal containing various alloyir
ents formulated to provide enhanced corrosior
and possibly improved mechatiical propert
those that are typically observed in UNS S316

steel.

g constitu-
resistance
es beyond
3 stainless

in a vessel
drain.

holdup volume: the ,0lume of liquid remaining
or piping system after it has been allowed td

hydrotest: a pressure test of piping, pressure|vessels, or
pressure-centaining parts, usually performed by pressur-
izing theinternal 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 cleanlingss so that
products produced by these systems will nof adversely
affect human or animal health.

pter union
flat faces
ket that is
ng, recess-

hygienic clamp joint: a tube outside diam
consisting of two neutered ferrules having
with a concentric groove and mating gas
secured with a clamp, providing a nonprotrud
less process contact surface.

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

ion, which
d metal on
 excessive

icicles: localized regions of excessive penetra
usually appear as long, narrow portions of we
the weld underbead. (See also convexity an
penetration.)

inclusions: particles of foreign material in a metallic or

polymer matrix.

incomplete fusion (or lack of fusion): aweld discontinuity in

the orientation of the lattice structure changes from that of
one grain to that of the other. Per SEMI F019-0304, section
4.8.2.

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

haze: a localized diminished surface brightness,
commonly produced by gassing or variations of the essen-
tial variables during electropolishing.
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which fusion did not occur between weld metal and 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 the inner
(inside diameter) weld joint with unfused edges.

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

indication: a condition or an anomaly of a localized area
that has not been classified as being accepted or rejected.
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inspection (as it relates to pressure vessels): functions or
actions carried out by an ASME-accredited Authorized
Inspector; normally a regular employee of an ASME-accre-
dited Authorized Inspection Agency (or equivalent for
other applicable codes or standards) in accordance
with ASME BPVC Section VIII.

inspection (as it relates to process piping, tubing, and
process contact surfaces): functions performed by the
owner’s Inspector to verify that all required examinations
and testing-have-been—completed—and-to—evaluate—the

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

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

material manufacturer: an organization responsible for
the production of products meeting the requirements

physical atfributes of the piping to the extent necessary
to be satisfied that it conforms to all applicable
requirements.

Inspector’s
owner’s Iy
referenced

Delegate: a person who is delegated by an
spector to perform inspection functions as
in ASME B31.3, para. 340.4(c).

interrupted electropolish: a break in the continuity of the
electropolished surface appearance, due to a change of
electropoljshing conditions at the overlapping bound-
aries, which may occur when surfaces are electropolished
by zones. [ may be visible as haze, cloudiness, or variance
in luster a¢ross these overlapping boundaries.

IS0 class 149: cleanroom classifications based on air parti-
culate corjcentration as defined by the International
Organizatign for Standardization in ISO 14644-1.

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

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

lamellar teqrs: terrace-like fractures in the'base metal with
a basic origntation parallel to the wrought surface; caused
by the high stress in the thickness diyection that results
from weld]ng.

lamination
resulting

containing
out in the

5: elongated defectsina finished metal product,
rom the rolling-of a welded or other part
a blowhole. Actually, the blowhole is stretched
direction of Tolling.

oI the material specirication(s).

Material Test Report (mill test report or MTR):a'dodument
in which the results of tests, examinatiofis;-repdirs, or
treatments required by the material specification to be
reported are recorded. This documient includeq those
of any supplementary requirements or other rqquire-
ments stated in the order for the fnaterial. This doqument
may be combined with a Certificate of Compliange as a
single document. Whefypreparing a Materidl Test
Report, a material manufacturer may transcribfe data
produced by other’organizations, provided he dccepts
responsibility fot the accuracy and authenticity|of the
data.

material typéya commercial designation for a given|chem-

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 ajwhich
the system must operate for a sustained period df time.
The maximum working temperature should relatq to the
maximum working pressure and the fluids involved.

meandering: of or pertaining to a weld bead that d¢viates
from side to side across the weld joint rather than trfacking
the joint precisely.
ediais
bhness

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

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

h of a

leachables [(polymeric): typically a subset of extractables, flat surfaces.
these chenpicals migrat.e from polymeric articles into the micron (1 u) or micrometer (1 um): one-million
product or] process fluid. meter

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

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

luster: the state or quality of shining by reflecting light.
(See also variance in luster.)
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misalignment (mismatch): axial offset of the joint
members.

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

molded seal: a seal that is manufactured by forming in a
mating cavity.
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mold flash: excess material that is greater than the
designed geometry of a part that is formed in the
molding process.

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

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

nominal wall thickness: a numerical identification of wall

packing: a type of shaft seal formed into coils, spirals, or
rings that is compressed into the seal cavity.

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

passive layer: a chromium-enriched oxide layer on a stain-
less steel surface thatimproves the corrosion resistance of

thicknpss to which tolerances apply.

nonsliding seal: a seal that does not have transverse or
rotatipnal movement between the seal and mating
surfacg(s).

nonunjiform mechanical polishing marks: a localized

surfade polishing pattern that is dissimilar to the
surroynding area.
off angle: a measurement of face-to-face squareness.

off pld

center|

ne: a measurement of the offset between part
ines or two planes.

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

orangg
visiblg
patter

peel: large-featured, roughened type of surface
to the unaided eye whose surface appearance
h is like that of an orange peel.

orbitalwelding: automatic or machine welding of tubes’or
pipe if-place with the electrode rotating (or erbiting)
aroundl the work. Orbital welding can be denewith the
additijon of filler material or as a fusion process
withoyt the addition of filler.

O-ring] ring seal of circular cross section.

outbodrd seal: a seal that is outside the product area in the
outerrhost part of a mechanjcal-Seal assembly.

overlap: the protrusion ofweld metal beyond the weld toes
or weldl root. Also, in amorbital weld, thatamount by which
the end of the weld bead overlaps the beginning of the
weld bead (not<neluding the downslope) on a single-
pass weld.

ownerjfuser-the body upon which final possession or use

rests.

the base metal.

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

PE: polyethylene, polymer matefial composed of carbon

and hydrogen.

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

enetration,

personal care/products: products used fo
hygiene or cosmietic care.

personal

PFA: perflueroalkoxy, copolymer of tetrafluoroethylene
and perfluorovinyl ether.

ufacture of
e, treat, or

pharimaceutical: relating to the use and/or mar
medical drugs or compounds used to diagnos
prevent a medical condition.

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

| descaling
ment, and

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

pit: a small surface void resulting from a localjzed loss of

base material.

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

polymer: a molecule consisting of many smaller groups.
They can be synthesized either through chaip reactions
or by templating. Some examples of polymers 4re plastics,
proteins, DNA, and dendrimers.

polymeric material: a natural or synthetic mat¢rial whose

molecules are linked in a chain.

oxidation: acommon form of electrochemical reaction that
is the combining of oxygen with various elements and
compounds.

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

oxide layer: an area usually located in the heat-affected
zone of the weldment where an oxidation reaction has
taken place.
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polypropylene (PP): polymer material composed of carbon
and hydrogen.

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

pressure rating: pressure at which a system is designed to
operate, allowing for applicable safety factors.
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process component: a component that contacts the product
or process fluid. Process components include, but are not
limited to, piping, fittings, gaskets, vessels, valves, pumps,
filter housings, and instruments.

process contact surface: a surface under design operating
conditions that is in contact with, or has the potential to be
in contact with, raw materials, in-process materials, APIs,
clean utilities (e.g., WFI, CIP, pure steam, process gases), or
components (e.g., stoppers) and where there is a potential
for the sur; : ey Hey;
strength,

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 pf product contact surfaces may include the
interior suffaces of bioreactors, transfer tubing, chroma-
tography cplumns, vessels, and recirculating segments of
CIP systenis.

profilometgr: an instrument for the measurement of the
degree of jurface roughness.

progressivé polishing: a mechanical grinding procedure
rse grit material is used first and the succes-
sive operafions use a finer and finer grit until the desired
surface rofighness is achieved.

PTFE: polytetrafluoroethylene, homopolymer material of
tetrafluoroethylene.

pure steam| steam that is produced by a steam generator
that, when|condensed, meets requirements for water-fox-
injection (WFI).

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

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

pyrogen: alfever-producing substance.
R,: log of the arithmetic mean of the surface profile.
R,max.: th¢ highest value{of.a series of R, readings.

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

reinforcemgnt: see convexity.

remote visyal’examination: a visual examination where

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.

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 o¢durring
in high-temperature environments such as.pure|steam
systems. The system’s color transitions to)geld, tp blue,
to various shades of black, as the layér thickenp. This
surface oxidation initiates as a_ stable layer pnd is
rarely particulate in nature. It,is‘an extremely|stable
form of magnetite (iron sesquioXide, Fe30,4).

sanitary: see hygienic.

sanitary (hygienic) weld: ‘generally considered to be a
groove weld in a square butt joint made by the |GTAW
(or plasma) process‘as a fusion weld without the adldition
of filler material."A sanitary weld must be completely
penetratedon the weld inside diameter (I.D.], with
little or noudiscoloration due to oxidation, and be|other-
wise without defects that would interfere with mainte-
nancé.n a clean and sterile condition.

schedule: dimensional standard for pipe as defiped by
ASTM.

scratch: an elongated mark or groove cut in the surface by
mechanical means, not associated with the predominant
surface texture pattern.

SDR: standard dimension ratio, a sizing syst¢m for
polymer piping systems that relates wall thickress to
pressure rating as defined by ISO.

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

seal point:location of process boundary created by Jompo-
nents in contact (seal), having sufficient contact $tress/
load to create media or environmental isolation.

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

seat leakage: a quantity of test fluid passing thropgh an

there is an Interrupted optical path Trom the observer's
eye to the area to be examined. This covers the use of
photography, video systems, videoscopes, and
borescopes.

rouge: a general term used to describe a variety of disco-
lorations in high-purity stainless steel biopharmaceutical
systems. It is composed of metallic (primarily iron) oxides
and/or hydroxides. Three types of rouge have been
categorized.

Llad ] -tk 1 | e | £l f d
assembledvalveinthe-elosed posttontnderthedefine

test conditions.

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

SEM: scanning electron microscope.

semi-automatic arc welding: arc welding with equipment
that controls only the filler metal feed. The advance of the
welding is manually controlled.

service life: the life expectancy or number of cycles for
which the unit will maintain its performance.
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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.

significant change (polymeric): a change that may affect
form, fit, or function.

superaustenitic stainless steel: a subgroup of austenitic
stainless steels having elevated levels of nickel, chromium,
and molybdenum compared with standard austenitic
stainless steels (e.g.,, UNS S31603) and that may have
other additions (e.g., nitrogen and/or copper) to increase
strength and resistance to pitting corrosion and stress
corrosion cracking in the presence of chlorides.

super duplex stainless steel: those duplex stainless steels
whose chemical composition is designed to result in a
fatleast 40.

size cldg
two gi
seen i
micro
with t

ssification: the size of surface deficits is classified in
oups: macro, referring to indications that can be
h adequate lighting without magnification, and
referring to indications that can be seen only
e aid of magnification.

slag: 4 nonmetallic product resulting from the mutual
dissolfition of flux and nonmetallic impurities in some
weldinjg and brazing operations.

sliding|seal: a seal that has transverse or rotational move-
ment lpetween the seal and mating surface(s).

nincline or deviation from the horizontal. A tube or
stalled in the horizontal plane is said to slope if one
positioned higher than the other.

slope:
pipe in
end is
sparger: a device used to agitate, oxygenate, or aerate a
liquid by means of compressed air or gas.

spatte
do not

- the metal particles expelled during welding that
form part of a weld.

spot electropolishing: a localized electrochemical process
that is|capable of producing the correct Cr to Fe ratios on
the surface of a material and meeting the requirements of
Table H-3.3-1 in Nonmandatory Appendix H.

spray|device: device for the directed distribution
(delivgry) of liquids to defined process‘contact surfaces
of equipment. (See also static sprayydevice and dynamic
spray {levice.)

square
plane.

cut: a tube end cut-perpendicular to the tangent

squargness: face-to-fae€ perpendicularity.
static $eal: a stationary sealing device.

static
produ

spray device: a stationary device, designed to
fe a(fixed directional spray pattern.

steamin=place (SIP): the use of steam to sanitize or ster-

...............

surface finish: all surfaces as defined bypPaift SF of the
current ASME BPE Standard and/or the)owrler/user or
manufacturer and expressed in R, /inches or meters.

h a metallic
s such as
substance
trix.

surface inclusion: particles of foreign material i
matrix. The particles are usually compoun
oxides, sulfides, or silicates/but may be a
foreign to and essentially\ihsoluble in the md

heres to a
prption, or
aining).

surface residual: a foxeign substance that ad
surface by chemical*reaction, adhesion, ads
ionic bonding {e.g., corrosion, rouging, and s
system volumeé: total volume of liquid in t
including equipment, piping, valv]
instrumentation.

he system,
ing, and

tack-weld: a weld made to hold parts of a weldment in
proper alignment until the final welds are mpde.

testing (as it relates to pressure vessels): a fung¢tion of the
manufacturer or fabricator, as witnessed by thie examiner
or ASME Authorized Inspector and verified o witnessed
by the owner’s Inspector or the Inspector’s Delegate
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 equipmdnt): a func-
tion of the manufacturer, fabricator, or drector, as
witnessed by the examiner and may be yerified or
witnessed by the owner’s Inspector or the |nspector’s
Delegate including written documentation in ficcordance
with ASME BPE.

testing (as it relates to process piping): a fung
manufacturer, fabricator, or erector, as witne
examiner or Inspector and verified or witnes
owner’s Inspector or the Inspector’s Delegat
written documentation in accordance with A

tion of the
sed by the
sed by the
b including
PME B31.3.

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.

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

stuffing box: in shaft seals, the casing containing the sealing
material. Seal chamber for shaft seals. (See also packing.)
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testing (as it relates to vessels not rated for pressure
service): a function of the manufacturer, fabricator, or
erector, as witnessed by the examiner and verified or
witnessed by the owner’s Inspector or the Inspector’s
Delegate including written documentation.

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

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

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

tungsten inclusions: tungsten particles transferred into the

user: see owner/user.

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

variance in luster: the appearance of a different shine or
reflectivity resulting from the examination or inspection
technique or from the preconditioning or conditioning of
the electropolished surface.

videoscope: a type of borescope with a camera chip
mounted to the instrument for taking photos or videos

weld depogit by occasional touching of the tungsten elec-
trode used|in the gas tungsten-arc process to the work or
to the molten weld metal. These inclusions are often
considered defects that must be removed and the weld
repaired pfrior to final acceptance. Tungsten inclusions
may be invfisible to the unaided eye, but are readily iden-
tified in a fadiograph.

Ultra-Low Penetration Air (ULPA) filter: a type of air filter

that remoyes 99.999% of particles 0.1 p and larger in
diameter.

unacceptaple leakage: leakage level above which the
system pefformance is considered unacceptable by the
system usdr and applicable regulating body.

undercut: g groove melted into the base metal adjacent to
the weld tde or weld root and left unfilled by weld metal.
underfill: a
extending
metal. (Sed

depression on the weld face or root surface
below the adjacent surface of the base
also concavity.)

uniformly sgattered porosity: porosity thatis distributed in
a weldmerjt in a uniform pattern.

of the area of examination.
waviness: undulations or rippling of the surfaces.

welding operator: one who operates machjne/or autpmatic
welding equipment.

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

weld whitening: a differencelin appearance of grair struc-
ture between weld immetal and base metal| after
electropolishing.
WEFI: water-forzinjection, a classification of [water
according to cempendial standards.
GR-9 NOMENCLATURE

Dimensional and mathematical symbols used fin this

Standard are listed in Mandatory Appendix IV with|defini-
tions for each symbol given in addition to their pqint-of-
use location(s) within the Standard. Uppercase and[lower-
case English letters are listed alphabetically, folloyved by
Greek letters.

18


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

(19)

ASME BPE-2019

CHAPTER 2
DESIGN

PART SD

SD-1
The

PURPOSE AND SCOPE

purpose of Part SD is to establish design guidelines
applicgble to bioprocessing equipment. Wherever “equip-
ment” fis stated in this Part, it shall mean all bioprocessing
equipthent, components, assemblies, and systems.
The|purpose of this Part is to provide requirements for
the spkcification, design, fabrication, and verification of
proceds equipment and systems that are fit for intended
use, apd to minimize risk to the product. Part SD also
provides design guidelines that should be applied at
the digcretion of the owner/user on the basis of assessed
risk tq the product. Figures in this Part are intended to
illustrdte accepted applications of general design princi-
ples apd are not intended to limit alternate designs.
The|scope of Part SD encompasses requirements for
equipment, process systems, and utilities that could
potenJ;;lly impact product quality. Specific guidance is
provigled for bioburden control in manufacturing
procegses, including design requirements-for cleaning,
sanitiZation, and/or sterilization of bioprocess systems.

SD-2 |GENERAL GUIDELINES

All pquipment and/or-systems shall be designed
according to the bioprocessing application, requirements,
and specifications of the owner/user. It shall be the
resporjsibility of the owner/user to specify the cleaning
and/or sanitization*requirements of the equipment and/
or sysfem.

Follpwing installation, to remove construction debris
and/of for€ign bodies, process contact liquid-service
systen
quality water and/or chemically cleaned, per owner/
user’s requirements, 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.

SYSTEMS DESIGN
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The pipe design and the flushing sequencg, including
associated variables (e.g4 velocity), shall meet the
owner/user’s requirements:

SD-2.1 Containment

The containmentlevel of the system or individual pieces
of equipment-should be specified and commynicated by
the owner/user.

The owner/user shall determine the contaigment level
for the particular type of equipment or syster, in accor-
dante with the Centers for Disease Control and [Prevention
(€DC) and guidelines of the National Institutds of Health
(NIH) or directives of the European Union anfl other ap-
plicable local codes or environmental regulations.

SD-2.2 Bioburden Control

[Reserved for future content]

SD-2.3 Bioburden Reduction

SD-2.3.1 Thermal Sanitization. Thermal danitization
is the application of heat to reduce biob
system. Bioburden reduction can be acco

the objectives. Thermal sanitization inqludes the
following: dry heat treatment, SIP for sanitization, SIP
for sterilization, steam out of place (autocljving), hot
liquid sterilization, and hot liquid sanitizatiof.

SD-2.3.1.1 Steam-in-Place. Equipment] parts and
components subjected to SIP should be design¢d and con-
structed to withstand continuous exposure to saturated
steam at a minimum temperature of 266°F (130°C; rep-
resenting 24 psig/1.65 bar under saturated steam condi-
tions) for a duration of at least 100 hr under continuous
steady-state conditions. All process contact surfaces
subjected to SIP shall reach the required temperatures,
under the required saturated steam pressure conditions,
during the SIP cycle. Executing SIP operations at tempera-
tures exceeding 266°F (130°C) may cause degradation of
elastomersand/or damage to other components, resulting
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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) 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 condensate drainage within the SIP

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

When nonmetallic materials are used (e.g., polymeric
materials or adhesives), the owner/user shall specify
which one of these materials shall carry a Certificate of
Compliance. 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
nonmetallic materials of construction are listed in Part PM.

boundary
(c) be dfainable in conformance with SD-2.4.3
(d) hav¢ provisions in place for verification of SIP
performange
(e) have no dead legs within the SIP boundary

SD-2.3.1.1.2 Recommendations. Process systems

subject to FIP should be designed to

(a) avoid concurrent steam supplies from alternate
locations tp prevent stagnant zones/entrained air

(b) monlitor temperature and pressure at appropriate
locations (e.g., vessels) that confirm saturated steam
conditions|within the SIP boundary

(c) monjtor temperature at every SIP boundary point
during performance verification

(d) enaljle continuous verification or periodic confir-
mation of the validated state

(e) maintain the integrity of the system post-SIP

SD-2.3.1.2 Depyrogenation. [Reserved for future
content]

SD-2.3.2
content]

Chemical Sanitization. [Reserved for future

SD-2.4 Fabrication

Fabricatjon shall be performed in facilities where the
process cohtact surfaces are protected from contamina-
tion. During field welding and assembly, surface contam-
ination shdll be prevented.

Systems) equipment, and cemponents shall be cleaned
with a suit@ble cleaning agentand covered for protection
before shipment. The uSe‘of preservative fluids is not
recommenfled.

Any profess contact surfaces that require shipment
with presefvatives' or coatings shall be

(a) mutyally-agreed to, in advance, by the owner/user

SD-2.4.1.2Z Process Compatibility

(a) Materials of construction shall be capable of with-
standing the temperature, pressure, and chemical|corro-
siveness of the process.

(b) Materials shall be compatible with the
bioprocessing conditions, cleaning’solutions, a
conditions, etc., as specified by\the owner/user.

(c) Surfaces exposed to Bieprocessing fluids, clg
and SIP conditions must bé

(1) homogeneous-iir nature

(2) impervious

(3) inert

(4) nonabSorbent

(5) nontoxic

(6) Ansoluble by process or cleaning fluids

(7] fesistant to corrosion, scratching, scorirlg, and
distortion

(d) Materials that are in contact with bioprodessing
fluids shall be identified by an industry-recognizefl stan-
dard (see para. MM-4).

SD-2.4.1.3 Surface Coatings. Clad or electrgplated
surface coatings, plating, and surface preparatory fhemi-
cals may be used provided approval from the owner/user
has been obtained. All surface coatings shall remair) intact
and be tolerant to the process, SIP and CIP fluids, and
temperatures, without peeling or cracking.

stated
hd SIP

aning,

SD-2.4.1.4 Transparent Materials

(a) Transparentmaterials (e.g., glass, polymer) thatare
used in viewing ports shall be rated for the applicable
pressure, temperature range, and thermal shock.

(b) Internally coated glass shall only be used
coating complies with FDA regulations or anothe
latory authority’s regulations and is approved
owner/user.

if the
" regu-
by the

and manufaeturer

(b) clearly identified to all parties

(c) in compliance with FDA or other applicable regula-
tions, as appropriate for the process

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-

20

SD-2.4.2 Cleanability

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

(1) All surfaces shall be cleanable. Surface 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.

(19)
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Table SD-2.4.3.1-1 Slope Designations for
Gravity-Drained Lines

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

to 10 in. (25 cm) in length (or longer with advance
approval of the owner/user) that are level or have a posi-
tive slope less than the slope designation are acceptable if
the section is fitting-bound.

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

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

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

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

(b) [The following provisions are applicable to tubing,
equiprhent, or systems intended to be cleaned in place:
(1) Internal horizontal surfaces should be
zed.

(4) The equipment should be drainable and free of
areas Where liquids may be retained. The equipment shall
be freg of areas where soil or contaminants could collect.
The equipment should be free of areas of low flow and
velocify or impact where soil or contaminants could

mini

(3) Design of corners and radii should meet the
followjng requirements: All internal angles-0f~135 deg
orlessfon surfaces shall have the maximum radius possible
for ease of cleanability. Where possihle)these surfaces
shall Have radii of not less than % @ny (3.2 mm) except
wherd required for functional ‘teasons, such as the
bonnet/body connection. For special cases, the radii
may bp reduced to Y in. (1.6 mm) when agreed to by
the oyner/user. When the ¢ in. (1.6 mm) radii
cannof be achieved for essential functional reasons
such ak flat sealing’surfaces and flow control apertures,
the sugfaces of these internal angles shall be readily acces-
sible fpr cleaningrand examination.

SD-2.4.3”Drainability

(’b) Eimes—thataresteanrsteritizedm p‘ldL should be
sloped to facilitate gravity drainage of condepsate.

(c) Lines that are cleaned in place shiould b sloped to
facilitate gravity drainage of cleaning fluids.

The physical characteristics of the‘system (elg., line size,
materials, fluid viscosity, fluid Susface tension) will influ-
ence drainability at a givefr slope and shoyld also be
considered. The owner/user'may apply additignal criteria
in the selection of slope'désignation to address fssues such
as product recovery of maintenance. Fluid refention due
to capillary action)should be considered when using
tubing less,than %, in. (20 mm). Systerh leveling
should bergonsidered for mobile equipment that is
gravity-drained.

SD-2.4.3.3 Slope Considerations. The rechommended
minimum slope designation for gravity-drainfed process
contact lines is GSD2.

SD-2.4.3.4 Drain Points

(a) Piping and equipment should be insfalled with
designated drain points to maximize self-drainfng proper-
ties. The number of drain points should be minjmized. The
equipment manufacturer shall indicate the prpper orien-
tation to optimize drainability. The ownerfuser shall
ensure that proper orientation is achieved.

(b) Systems or equipment that cannot Be gravity-
drained shall use forced expulsion with pfessurized
gas where line drainability is required.

SD-2.4.4 Miscellaneous Design Details
SD-2.4.4.1 Lubricants

(a) Grease and other lubricating fluids thatfare used in
gearboxes, drive assemblies, etc., shall be cqntained to
prevent leakage of the lubricants or procgss, either
directly or indirectly (e.g., through seepage, §eal leaks).

SD-Z.23.T General. For the purpose ol bioburden
control and cleaning, gravity is an effective way to facil-
itate drainage. To achieve gravity drainage, lines should be
pitched to designated points at a specific slope. Refer to
Nonmandatory Appendix C for suggested method of slope
measurement. For gravity-drained piping/tubing
systems, the owner/user may define the system slope
in accordance with one of the designations listed in
Table SD-2.4.3.1-1. Gravity-drained piping/tubing
systems shall have a continuous pitch that is equal to
or greater than the slope designation. Line sections up

(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, manufactur-
er, and grade and shall conform to FDA or other applicable
regulatory codes.
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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 cleaning solu-
tions. Such equipment shall conform to the following:

(a) Materials of construction should be corrosion resis-
tant, easily maintained, cleaned, and sanitized without
flaking or shedding.

(b) Finishes shall be compatible with the area/room
classification as agreed to by the owner/user and
manufacturer.

but not limited to, valve sequencing, parameter measure-
ment, and controls. The owner/user and designer should
evaluate the design across all operations to confirm that
the design mitigates contamination risk to the product and
to identify installation, operational, and performance veri-
fication testing 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

A . CO ulitigdu: COTTtanTTatior TisK: Tu‘uc/pipc branches

Cle{:iegozfsgegtesaizznge (izzsii (;\fak;il: f chemically closed during CIP/SIP operations, designed to“me¢et the
(@ A'll ]:111'1‘5 or welt'i maII)‘ks shall be rem(‘)ved minimal dimensional and orientation criteria detailed

' in SD-3.1.2.2, are not dead legs if they are opgrated,

(e) Hinges should be easily removable and/or
cleanable.
(f) Equi
the enviro

(g) Ski
allowing W

bment mounted on cabinets that are exposed to
iment should be mounted flush.

s should have no openings in the frame
ater retention. Supporting skid frame struc-
tures and |modules should be constructed from fully
sealed tubgs or pipes, which are easily cleaned. Frames
should have rounded rather than sharp edges.

(h) Motgrs, gearboxes, and similar equipment should
not retain ffluids or cleaning solutions on their external
surfaces.

(i) Nameplates for tagging equipment should be con-
structed frpm corrosion-resistant material, such as stain-
less steel of polymeric material, and should have minimal
crevices. The nameplates should be attached and sealed or
attached with a corrosion-resistant wire loop.

(j) Therg should be adequate clearance below or under
the equipnjent for cleaning, and a clearance for discharge
should be|provided. Elevated equipment under’ open
frames shquld have a minimum clearance of 6:in. (150
mm) for wash-down and cleaning. In-ether cases a
minimum ¢f 4 in. (100 mm) would be adequate.

(k) Joings and insulation materials shall be sealed and
impervioug to moisture and cleafiing agents.

(1) Electrical enclosures and conduit should be clean-
able and uge materials of construction that are compatible
with clean]ng agents.

(m) Paimted surfaces-shall be identified by the fabri-
cator and |have the-advance approval of the owner/
user. All piint systems shall be FDA compliant.

SD-2.4.4:3-Surface Finishes. The finishes of process

cleaned, or sanitized under specified conditions (e.g., velo-
city, temperature, time). Tube/pipe,branches tHat are
open during CIP/SIP shall be designed to enable flow
of cleaning/sanitizing fluids undeér specified conditions.
Tube/pipe branches with vdlves that are cycled during
processing operations¢should be designed to mfitigate
cross-contamination risk and are not dead legs |f they
are toggled, cleaned; or sanitized under specified|condi-
tions (e.g., flowyimpingement, steam penetyation,
temperature, time).

SD-2.5.2."Tube/Pipe Instruments. Process tfibing/
piping~instrumentation and associated connpction
points'should be designed to mitigate the risk of cgntam-
ination due to extended ferrule connections afd any
annular space around the sensor. Instrument tlees or
short-outlet tees conforming to DT-4.1.2 shopild be
used where feasible, maintaining L/A < 2 [see Figure
SD-3.4.3-1, illustration (a)]. When an instrument|tee or
short-outlet tee is not used, the tee should be orfiented
such that cleaning and sanitization fluids circulafe into
the branch and annular space around the instrument
sensor, and air is not trapped, to avoid the forgation
of a dead leg. The system designer shall identify |nstru-
ment locations where L/A or L/d < 2 is not met.

SD-2.5.3 Equipment Nozzles. Equipment nozzl¢s used
to accommodate agitators, controls, instrumentatjon, or
process fluid transfer should be designed to mftigate
contamination risk due to extended connections|or the
annular space around the inserted appurtenapce by
meeting the dimensional and orientation criteria dptailed
in SD-3.5.1 and SD-3.4.3. Equipment nozzles closed during

contact surfaces stratt-bespecified by the owner/user 1
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 hygienic physical (general arrangement)
design shall be integral with its operations including,

22

CiP/StPoperationssitattbedesigmed tomeet 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 pen-
etration, temperature, time).
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SD-3 PROCESS COMPONENTS

SD-3.1 Connections, Fittings, and Piping
SD-3.1.1 General

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

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

valve or instrument. For valves, L shall be measured to
the seal point of the valve. Tables SD-3.1.2.2-1 and SD-
3.1.2.2-2 indicate L/d values based on the BPE definition
for various tubing 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 determining if
the branch could lead to contamination. With sufficient
flow through a primary pipeline, a branch may not consti-
tute a dead leg.

ownerj/user and manufacturer.

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

(d) Ferrules and ferrule connections should not consti-
tute a dead leg. The use of short welding ferrules should be
incorpprated into the design to promote enhanced clean-
ability|or bioburden reduction of the system.

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

(f) Threaded fittings, exposed to process fluid, are not
recommended (see Figure SG-2.2.2-5).

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

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

(i) Pipingsystems described in PartSD refer to hygiénic
tubing|systems. Caution should be exercised iflusing pipe
(insteqd of tube) to ensure that the requirements of this
Standqrd are met. The requirements of hygienic tubing
(e.g., gurface finish, dimensions, and:;tolerances) are
not typically met by pipe.

(7
v

3.1.2 System Design
SD-3.1.2.1 General

Product holdup)velume in the system should be
zed.

d connections to in-line valves should be of

Oction where feasible, pra al, and
agreed to by the owner/user and manufacturer. To
ensure the highest degree of hygienic design, the
piping systems should use welded connections except

where make-break connections are necessary.

SD-3.1.2.2 Closed Tube/Pipe Branches. Closed tube/
pipe branches will be measured by the term 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 extension
or leg of a tubing fitting or the nominal dimension of a

23

The orientation of a branch is critical to the ¢leanability
of the system. The branch shall be oriented toayoid a dead
leg (e.g., a vertical branch with an L/d 6f 2-or lgss may still
resultina dead leg with trapped gas©r residualimaterials).

For high-purity water systemds{ an L/d of 2 or less is
attainable with today’s manufdcturing and dpsign tech-
nology. For other bioprocessing systems, such ps purifica-
tion, filtration, and fermentation having cluster, block, and
multiport valves, afiL/d of 2 or less is achievable.
However, it may nothe achievable with certainjequipment
and process cofifigurations as they are curreptly manu-
factured. An¢L/d of 2 or less is recommended but shall
not be construed to be an absolute requirgment. The
system-designer and manufacturer shall njake every
attempt to eliminate system branches with an L/d
greater than 2. It will be the responsibility of the
system manufacturer or designer to identify where excep-
tions exist or where the L/d of 2 or less canfiot be met.

An L/d of 2 or less may not be achievable fof weir-type
valves clamped to tees and certain sizes of clpse welded
point-of-use valves, as shown in Figure SD-3.1.2-1, illus-
trations (a), (d), (e), (f), and (g). For the headef and valve
size combinations where the L/d of 2 cannot bg¢ met using
these configurations, a specific isolation valvg design, as
shown in Figure SD-3.1.2.2-1, illustrations (b) dnd (c), may
be required to achieve the desired ratio.

SD-3.1.2.3 System Piping

(a) Routing of piping should be as direct apd short as
possible to ensure a minimal quantity of CIP sojution to fill
a circuit and eliminate excessive piping and fittings.

(b) Cross-contamination of process streams shall be
physically prevented. Methods of separatipn used in
industry are
(1) removable spool piece

(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.

(19)
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Figure SD-3.1.1-1 Flat Gasket Applications

(a) Flange With Flat Gasket (b) Flange'With O-Ring

| —
'

M
| —

2 S5 B g

(c) Stub-End / Lap Joint (d) Weld Neck (e) Slip On

|
.

(f) Socket Weld (g) Threaded

24
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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

e

f
|

L =—1.D. —
|
|

N &

R W
Nominal Wall I.D. L/d

Size, in. Thickness ()] Branch, L (Branch)

a 0.035 0.180 2.16 12.00
3/8 0.035 0.305 2.10 6.88
P 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 2344 1.30
2Y, 0.065 2.370 2.44 1.03
3 0.065 2.870 2.44 0.85
0.083 3834 2.83 0.74
6 0.109 5.782 4.24 0.73
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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

R |
by N
|
Nomil‘al Nominal Tee Wall Branch Wall Branch L.D., L/d
Tee Sizd, in. Branch Size, in. Thickness Thickness d Branch, L (Brangh)
A Y 0.035 0.035 0.180 0.85 4.7
A Y 0.065 0.035 0.180 0.82 4.5
Y % 0.065 0.035 0.305 0.82 2.6]
A Ya 0.065 0.035 0.180 0.69 3.8
A A 0.065 0.035 0.305 0.69 2.24
% A 0.065 0.065 0.370 0.69 1.8¢
1 Y 0.065 0.035 0.180 0.69 3.8
1 A 0.065 0.035 0305 0.69 2.24
1 Y 0.065 0.065 0.370 0.69 1.84
1 A 0.065 0.065 0.620 0.69 1.1
1Y%, Y 0.065 0.035 0.180 0.69 3.8
1Y%, % 0.065 0.035 0.305 0.69 2.2
1Y%, Y 0.065 0065 0.370 0.69 1.8
1Y, % 0.065 0.065 0.620 0.69 1.1
1Y%, 1 0.065 0.065 0.870 0.69 0.7
2 Y 0.065 0.035 0.180 0.69 3.8
2 % 0.065 0.035 0.305 0.69 2.24
2 A 0.065 0.065 0.370 0.69 1.84
2 A 07065 0.065 0.620 0.69 1.1
2 1 0.065 0.065 0.870 0.69 0.7
2 1Y%, 0.065 0.065 1.370 0.69 0.5
2% Ya 0.065 0.035 0.180 0.69 3.8
2Y, 7 0.065 0.035 0.305 0.69 2.24
2%, V5 0.065 0.065 0.370 0.69 1.84
2% A 0.065 0.065 0.620 0.69 1.1
2%, 1 0.065 0.065 0.870 0.69 0.7
2%, 1Y, 0.065 0.065 1.370 0.69 0.5
2% 2 0.065 0.065 1.870 0.69 0.37
3 Y 0.065 0.035 0.180 0.69 3.83
3 % 0.065 0.035 0.305 0.69 2.26
3 Y 0.065 0.065 0.370 0.69 1.86
3 % 0.065 0.065 0.620 0.69 1.11
3 1 0.065 0.065 0.870 0.69 0.79
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
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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 L.D., L/d
Tee Size, in. Branch Size, in. Thickness Thickness d Branch, L (Branch)
4 A 0.083 0.035 0.180 0.71 3.93
4 A 0.083 0.035 0.305 0.71 2.32
4 Y 0.083 0.065 0.370 0.71 191
4 A 0.083 0.065 0.620 0.71 1.14
4 1 0.083 0.065 0.870 0.71 0.81
4 1% 0.083 0.065 1.370 0.71 0.52
4 2 0.083 0.065 1.870 0.71 0.38
4 2%, 0.083 0.065 2.370 0.74 0.30
4 3 0.083 0.065 2.870 071 0.25
6 A 0.109 0.035 0.180 0.86 4.77
6 A 0.109 0.035 0.305 0.86 2.82
6 Y 0.109 0.065 0.370 0.86 2.32
6 A 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 0.63
6 2 0.109 0.065 1.870 0.86 0.46
6 2% 0.109 0.065 2.370 0.86 0.36
6 3 0.109 0.065 2.870 0.86 0.30
6 4 0.109 0.083 3.834 0.86 0.22
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Figure SD-3.1.2.2-1 Accepted Point-of-Use Designs

B)

\—Note (2)

Note (1)
]

i

(a) (b)

/— Typical'short-outlet tee

Minimal span
J__ (room for
clamp only)

Q- 0 (0
)

iy )
JD\Note(Z) ﬁéﬁ NOt:em T

Note (1)

o ﬁ)
=

)

(e)

(d)

Branch may
be full or
reduced size
Short outlet —'
Not¢ (1)  to minimize
branch
length
Tangential side outlet
CD (to provide full drainage)
(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

1 F—\ ] F—\
(A : (A :
@ @al & @
Prqcess 1 — — — — Process 2
_\
B

(f) The system shall be designedito eliminate air
pockets and prevent or minimize air-entrainment.

(g) Field bending of tubing is-permitted for diameters
up toahd including % in. (15 mm)<The centerline radius of
field-Hent tubes should bé™not less than 2.5 times the
nominfal tube diameter.to.-mitigate the risk of interior
surfacp damage (e.gS«wrinkles, striations, and cracks).
Field hending of tubing in larger diameters or smaller
bend [radii may\be used with the approval of the
owner}/user. Wheén appropriate examination techniques
and pfocedures (e.g., visual, borescope, and sectioning)
are uspd:

[ l

O o

AN J

\ Bleed valve

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

SD-3.1.2.4 Hygienic Support Systems

(a) Hygienic supports should be used withih classified
spaces. Hygienic support design should incorpqrate drain-
able geometry to facilitate cleanability, have no exposed
threads, and have minimal potential for collecting and
trapping debris or liquids on the hanger. Materials of
construction shall be corrosion resistant and Fompatible

(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.

with the chemical, thermal, and physical performance re-
quirements of the installed location. The materials shall
have adequate strength and durability to withstand the
application of continuous and/or cyclic thermal exposure
that may be encountered in the designed service.

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

(c) The support systems shall provide for, and control,
the intended movement of the system. The designer
should take into account system and equipment move-
ment when planning the design. Anchoring systems
should be designed to avoid piping motion in any of

that may embed or cause damage to the pipe exterior.
These are commonly available in stainless steel or fiber-
glass reinforced plastic (FRP) materials. These 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 assemblies shall be

the three [Cartesian axes. Guiding systems should be
designed fo allow piping axial motion due to thermal
or mecharnical loads. An anchor serves to secure the
piping in place, and a guide will allow axial motion of
the pipingland is used to allow for thermal expansion.

(d) Supports/hangers should be installed close to each
change in firection of piping. The only exception is on
short subagsemblies using small-diameter tube [<1.000
in. outside diameter (0.D.)] that is installed in a drainable
does notbear any additional weights or loads
process equipment. Hangers shall be of
adequate [strength and durability to withstand the
imposed lopds per MSS SP-58, Table 1. Per manufacturer’s
recommenfations, supports/hangers should be installed
as close as|possible to (and on both sides of, if possible)
concentratpd loads including valves, instrumentation, and
filter housings.

SD-B.1.2.4.1 Pipe Hangers and Supports for
Metallic Hiping. Metallic piping system hangers and
supports shall be installed in compliance with MSS SP=
58, MSS SK-69, MSS SP-89, and ASME B31.3 standards.
The metallic pipe or tube to be installed shall megt the
straightnegs criteria of ASTM A1016 to optimizé drain-
ability. Th¢ support spacing shall not exceed\a distance
that will permit the piping to deflect undeér operating
conditions

SD-
Nonmetal

.1.2.4.2 Pipe Hangers and Supports for
c Piping

(a) Nonmetallic piping{system hangers and supports
shall be ehgineered based on the specific materials
selected. When properly installed, stress concentration
points willl be miftimized. Considerations shall be made
to ensure |drainability and overcome any deflection,
such that pooling is minimized. Refer to manufacturer’s

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

(b) Hose assemblies shall be installéd to avoid strain on
end connections. Hose assemblies ‘shall not be us¢d as a
substitute for rigid tube fittings,0r as tension or conpres-
sion elements.

(c) Hose assembly length“should be minimizg
fitted for purpose.

(d) Hose assemblies'shall be easy to remove for
ination and/or cleaning.

(e) Hose assembly shall be clearly marked or
with the design-allowable working pressure/v
and design.temperature range.

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

installed and supported to be self-draining [see;LFigure

d and
exam-

fagged
hcuum

SD-3.2.2 Flexible Element

(a) The flexible element of the hose assembly shall be
constructed of materials that permit the apprdpriate
degree of movement or drainable offset at installation.

(b) The interior surface of the flexible element shall be
cleanable and drainable.

(c) The materials used shall comply with the appllicable
requirements in Part PM and/or Part SG with regard to
biocompatibility. The materials used must also be Jompa-
tible with cleaning and/or SIP conditions.

SD-3.2.3 End Connections

(a) End connections shall be of a material and
sufficiently rigid to withstand the combined forced
burst pressure rating of the flexible element a
compression forces required to affect the secure asj
with the flexible element. [Refer to Figure SD-3.2.1-

design
of the
hd the
embly
|, illus-

recommendations for spacing, which 1s based on calcula-
tions that take into consideration the piping material,
density, modulus of elasticity, diameter and wall thickness
of the pipe, specific gravity of the fluids being transported,
operating temperature, and thermal expansion
properties.

(b) The requirement of a continuous support shall be
determined based on the operating temperatures and the
specific gravity of the process fluid being transported.
Support channels may be available in a “V” or “U”
section and shall be manufactured with no sharp edges

30

trations—te;andtd-]

(b) End connections shall be of a material compatible
with the process fluid, cleaning solutions, and steam
where applicable. Materials shall meet the requirements
of SD-2.4.1 or Part PM.

(c) End connections shall meet all surface finish re-
quirements of Part SF.

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

(19)


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

Figure SD-3.2.1-1 Flexible Hygienic Hose Design

Low point

Eguinment
Srene

Drainable

(a) Accepted

Hlexible element

THH

Process [ — ———
region [{} Hi1}}

TR

Supstantially
flush

Uniform sealing force
(c) Accepted

SD-3.3 Pumps
SD

3.3.1 Diaphragm Pumps

(a) Diaphragm pumps may be used in positive displace-
ment pump applications. Some diaphragm pumps are
available that provide low shear, constant flow or pres-
sure, Ipw pulsation, high turndown ratig (e.g.,, 1,000:1),
and/of low particle generation.

(b) [The owner/user shall evaltuaté whether holdup
volump and drainability characteristics of a diaphragm
pump [are acceptable for the application. Some process
applicptions require the process system, including the
diaphjagm pump, to rémadin continuously flooded with
sanitiZing solution jnstead of being drained.

(c) Process contaet diaphragms, O-rings, gaskets, and
seals ghall comply*with Part SG. Process contact metallic
materjals of.gonstruction shall comply with Part MM.
Nonmletallic process contact surfaces including

Securing collar or ring
[ Flexible element
HHHY 5
T

with hose barbs

Flex hose in horizontal

(b) Not Accepted

Band-type clamp
/ Gap
IEH A
f

\—Hygienic Fitting

with hoge barbs

Gap

Nonuniform sealing force

(d) Not Accepted

SD-3.3.2 Hygienic Pumps
SD-3.3.2.1 General

(a) Pumps shall be cleanable. Pumps shall pe selected
according to the operating conditions determ{ned by the
owner/user (e.g., process, CIP, SIP, passivatign).

(b) Allprocess contact connections to the pump shall be
of a hygienic design (see Figures SG-2.2.2-1,[SG-2.2.2-2,
SG-2.2.2-3, and SG-2.2.2-4).

SD-3.3.2.2 Centrifugal Pumps

(a) Hygienic centrifugal pumps shall be cappble of CIP.
(b) All process contact surfaces shall be drainable
without pump disassembly or removal.
(c) Shrouded/closed impellers should nqt be used.
Figure SD-3.3.2.2-1 illustrates open, semi{open, and
closed impeller configurations.
(d) The impeller shall be attached to the shdftin such a

diaphriagins shall comply with Part PM

(d) Where applicable, check valves shall comply with
SD-3.13

(e) Where used, diaphragm fasteners shall be attached
within the pump head such that crevices or threads are not
exposed to the process fluids.

(f) The owner/user should consider leak detection
and/or leak path design of the pump to identify a
failure that can lead to process contamination and/or
biohazards.

way that all crevices and threads are not expbsed to the
process. Threads, such as in an impeller nut/bolt, shall be
sealed by an O-ring or hygienic gasket. Refer to Figure SD-
3.3.2.2-2. The use of O-rings or hygienic gaskets shall be
consistent with Part SG.

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

(f) Casing drains shall be at the lowest point of the
casing, to ensure drainage (see Figure SD-3.3.2.2-3).
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Figure SD-3.3.2.2-1 Pump Impeller Configurations

Q
OO (ZaN
2 <
{
(a) Open (b) Semi-Open (c) Shrouded/Closed

Figure SD-3.3.2.2-2 Acceptable Impeller Attachments

/—Sealing re

hion

(a) Impeller Nut With O-Ring

(b) Impeller Nut With Hygienic Gasket
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(c) No Impeller Nut
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Figure SD-3.3.2.2-3 Casing Drain Configurations

)

(a) Horizontal (k) Vertical

Figure SD-3.3.2.2-4 Casing Drain"L/d Ratios

0
i

(@] :}?
i d
{ o ) o
\T——/ PEITN N
L
(a) Weir-Style (b) Radial-Style (c) Capped
Diaphragm Valve Diaphragm Valve
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Figure SD-3.3.2.4-1 Rotary Lobe Pump Rotor Attachment

Rotor —\

/_ Pump cover
A
Rotor fastener
Shaft \ v

(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-3.4.1 General. This section defines the require-
ments that should be met in the design, fabrication,
and supply of pressurized and nonpressurized biophar-
maceutical vessels.

(a) Design and fabrication of vessels and internal parts

Asure-that-surh £ Fevices,

all Hfa a3 £ da
Stram—t arCtrrat Sur racts—ar CIr CCoT e a g tSTtT

J

O-ring /

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 fyll venting of the casing (see Figure SD-3.3.2.2-
3).

(i) All pymp seals should be designed to minimize seal
material d¢gradation.

(j) Shaff] seals shall conform to Part SG.

(g) The

SD-3.3
(a) Wh

.2.3 Positive Displacement Pumps

kn possible, positive displacement pumps
should be|configured with vertically mounted-inlets
and outlet§ to promote drainability and venting,

(b) Whdn using internal bypass pressure relief devices,
they shall be of a hygienic design. It is preferred that an
external, pJping-mounted relief device/(hygienic rupture
disk) rathdr than a pump-mounted-bypass be used.

SD-3.3
(a) The

.2.4 Rotary Lobe Pumps

bwner /user shall specify the chemical, thermal,
and hydraplic operating.€onditions of the pump (e.g,.
process, CIP, SIP) to erisure proper component selection.
Hygienic rptary loheé pumps are temperature sensitive
(e.g., rotor|to casing contact due to thermal expansion).

(b) The punmipshould be designed and installed to mini-

pockets, and other surface irregularities. If mote'jestric-
tive tolerances are required, they shall be included ps part
of the fabrication specifications for the project.

(b) All heat transfer surfaces should*be drainah
ventable.

(c) Reinforcing pads, doubler/plates, poison pads, etc.,
should be constructed of the same material as the v¢ssel. If
the vessel material of construction is a superausgtenitic
stainless steel, 316L-type alloys or other highel alloy
stainless steels may bejused for these componejnts on
non-process contatt’surfaces only. No telltale holes are
allowed on proeess contact surfaces and those that are
outside should be cleanable.

(d) Vessels that are to be exposed to temperjatures
above 176°F (80°C) [e.g., SIP, hot water-for-injection
(WFK5 hot U.S. Pharmacopeia (USP) waters, and hot
CIR\solutions] should be designed for full vicuum
service [maximum allowable working pressure-external
of 15 psig (1 barg)].

(e) Topandbottom heads on vessels that are cleg
place shall be self-draining. Dished heads such as
flanged and dished (F&D), elliptical, and hemispher
the most common types. Flat or conical heads shoulfl slope
at not less than 4 in./ft (10 mm/m) to a common| drain.

(f) Allinternal surfaces should be sloped or pitched for
drainability.

(g) Testprotocols for drainability shall be agreefl upon
in advance by all the parties (see SD-7.4). All yessels
should be checked for drainability during fabricafion.

le and

nedin
ASME
cal are

SD-3.4.2 Vessel Openings

(a) Nozzles that are designed to be cleaned by 4 spray
device should have the smallest L/d ratio possibjle. For
non-flow through nozzles, an L/d of 2 or less is fecom-
mended (see Figure SD-3.4.2-1).

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 againstthe pump body by
means of an O-ring or hygienic gasket.

(e) All process contact O-rings, gaskets, and shaft seals
shall comply with Part SG.

34

(b) Nozzlesless than 1 In. (Z5 mm) in diameter are not
recommended unless the system design provides for SIP
and CIP through the nozzle.

(c) Bottom-mounted agitators, valves, pads, etc., shall
not interfere with the drainability of the vessel.

(d) All instrument probes and any sidewall penetra-
tions (see Figure SD-3.4.2-2) shall be sloped for drainage,
unless the instruments used require horizontal mounting
(see Figure SD-3.4.2-3).
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Figure SD-3.4.2-1 Nozzle Design

Minimum 1 in. between fittings I— Minimize

Minimize

Vertical Nozzles Radial Nozzles

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

Same digtance

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

e

(c) [Note (5)]

NOTES:
(1) Less dead space.

(2) Better CIP/SIP capabilities.

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

(4) Dead space: stagnant areas.

(5) All L/d ratios to be calculated on long-side dimensions for vessel heads.
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Figure SD-3.4.2-2 Side and Bottom Connections

Dished head or shell

\Radius
| |

Note (1) (a) Accepted

Nondraining edge
A /

Note (2)

(b) Accepted (c) Not Accepted

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

Figure SD-3,4.2-3 Sidewall Instrument Ports

0 deg or 15 deg

f

Minimize ———I v
landing

W

(a) Accepted (b) Accepted (c) Accepted
[Note (1)]

NOTE: (1) May also be pitched similar to illustration (b).
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Figure SD-3.4.2-4 Vessel Design Tangential Nozzles

=

(1) Asrequired by the process, inlet nozzles tangential
to the vessel surface may be used (see Figure SD-3.4.2-4
and Figure PI1-9.1.3.3-1).

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

(n) Flanges that have metal-to-metal contact on the
process contact side shall not be used.

(o) All nozzles should be flush with the interior of the
vessel except where projections are required to ensure
additives are directed into the process fluid (e.g., chemical

.

)

il

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

GENERAL NOTE: CIP through nozzle is recommended.

(e) Blank covers or hygienic plugs used in process
contadt applications shall*iave the same finish as the
vessel |internals.

(f) Drain valves should optimize drainability and mini-
mize Hranch L/d:

(g) [The numbet and location of spray devices should be
selectdd to eliminate shadowing at internal parts such as
mixer [shafts, dip tubes, and baffles.

addition) (see Figure SD-3.4.2-5).

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-(d), SD-3.4.1(f), and SD-
3.4.1(g). Sparger and dip tubes’shall incorporate low-
point drains [where applicdble, i.e., horiz¢ntal lines
should slope at not less-than % in./ft (10 mn/m)] and
be properly supportéd-to ensure drainability. Refer to
Table SD-2.4.3.1-1"to determine the appropfiate slope
designation.

(b) Dip tubes and spargers mounted in the nozzle neck
should havé.an annular space between the 0.1). of the dip
tube or sparger and the L.D. of the nozzle nedk in accor-
dange with Table SD-3.4.3-1. An L/A of 2 or legs is recom-
mended (see Figure SD-3.4.3-1). If a larger LJA exists, a
method for cleaning this space shall be specjfied. In all
cases, sufficient annular space to allow accg¢ss for CIP
coverage shall be provided.

(c) Internal support members shall be sqlid, rather
than hollow, which have a higher risk of fhtigue and
contamination problems (see Figure SD-3.4.3-2).

(d) Mitered fittings for internal pipe work shall only be
fitted with the prior agreement between the dqwner/user
and manufacturer. When mitered joints are|used, they
shall be designed and fabricated in accordance with
the appropriate Codes.

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

SD-3.4.4 Fabrication

(a) For process contact surfaces, butt weld$ should be
used and the use of lap joint welds should be minimized.
Stitch welding shall not be used on process contact

(h) The mumber of shell-side Nnozzles and connectons
should be minimized.

(i) Manways on the side shell of a vessel shall be
installed only by agreement of the owner/user. If side-
shell manways are required, they shall be sloped for
drainage.

(j) Sample valves shall be designed in accordance with
SD-3.11.

(k) Sample valves shall be installed in accordance with
SD-3.11.

SUridces.

(b) Flanges are notrecommended, and their use should
be minimized. The bore of weld neck flanges shall be the
same as the L.D. of the connected pipe or tubing to prevent
ledges and nondrainable areas.

(c) Where slip-on nondrainable flanges are used, the
bore-side bevel weld shall be designed to eliminate poten-
tial drainability and CIP difficulties.
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Figure SD-3.4.2-5 Typical Nozzle Detail

Outside groove design

Inside groove design ‘

(a) Swage/Butt Weld Design

—_

\ccepted: If Vessel Wall Is
Thin Enough to Flare)

Table SD-3.4.3-1 Annular Spacing Recommendations for
Hygienic Dip Tubes

= Radius

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

Dip Tube Size

Mount Nominal

Tube 0.D. Size
in. mm in mm
Y 1277 2 50
A 191 2 50
1 25.4 3 75
1Y%, 38.1 3 75
2 50.8 4 100
2Y 63.5 4 100
3 76.2 6 150
4 101.6 6 150
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Figure SD-3.4.3-1 Accepted Nozzle Penetrations

Mechanical seal area

Jl/UIIL

(a) Dip Tube or Sparge
[Notes (1) - (3)]

NOTES:
(1) Ngzzle and dip tube size per Table SD-3.4.3-1.
(2) L/ less than 2:1.

(3) Refguirements also apply to nozzles with instrument penétrations.

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

7

(b) Agitators
[Notes (2) and (4)]
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Figure SD-3.4.3-2 Internal Support Members

T 11 —~~T
5 deg
% =
Round_/
bar stock
<’ I — :
PN

Support brace
can be deleted if
design allows

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

/— Continuous weld
T~ Drainable

™ Welded pad or

doubler plate

Capable of CIP
(no shadows)

(c) Good Design
(Accepted)

CIP

4

1.
o I
—

Cascading

Vv

~~/ Thermowell

Shadow \/

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

Stitchoweld:
. not drainable
crevice

:|\ Doubler plate

\ Not capable of
Q}Q% CIP (shadow)

(d) Poor Design
(Not Accepted)

<

Pooling
potential

Droplet formation

Z

Thermowell

b ded—’  action //
=

(e) Positive Slope in All Directions
(Accepted)

=

(f) Positive Slope in Only One Direction

(Accepted)
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SD-3.4.5 Finishes

(a) Surface finishes shall be specified in R, values (see
Table SF-2.4.1-1) and measured as required by Part SF.
Surface finish coupons shall be submitted when agreed
to by the owner/user and manufacturer.

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

(b) Process contact surfaces should be self-draining
and shall not inhibit drainage of the vessel.

(c) Machined transitions (shaft steps, coupling
surfaces, wrench flats, etc.) should be smooth, with 15-
deg to 45-deg sloped surfaces.

(d) The annular space between the agitator shaft and
the agitator nozzle shall, for cleaning purposes, have an
L/A of 2 or less, or aminimum of 1 in. (25 mm) gap, which-
ever is larger, to facilitate CIP spray coverage [see Figure
SD-3.4.3-1, illustration (b)].

(9

shall extend up to the first seal point.

anbl LI £ : £ 1 1t
[ TTC DUILSIIIITE Ul 4 CUTIIIECUUITNTAUE, DUUY 11d1IET, TLL.,

SD

(a) Bightglasses on the vessels should be designed with
referefice to SD-3.4.2(a). Sight glasses on vessels should be
designed with the smallest L/d possible and incorporate
cleanaple O-ring designs when applicable (see Figure SD-
3.4.6-1).

(b) |Refer to PI1-9.1.2.3 for additional sight glass
requirpments.

(c) Purface finish for the metal frame shall meet the
requirpments of Part SF in this Standard.

(d) Bight glasses shall be marked with the glass type,
maximum pressure, and temperature rating per DT-11.1
and DT-11.1.1.

(e) PartSGrequirements shall be met when mounting a
sight dlass.

(f) Preferred sight glass mountings are shown in Figure
SD-3.46-1.

SD-B.4.7 Portable Tanks. Portable tanks shall be
designed in accordance with SD-3.4.

(a) |Casters shall be cleanable and compatible with
cleanipg solutions used for external cleaning.

(b) LCasters should be designed for'the environment in
which |the vessel will be used.

(c) Flexible hosesused to connect portable vessels shall
meet the requirements of SD-3.2.

(d) Provisions for stati¢grounding should be evaluated
and inforporated into-the'vessel design, if required. The
connegtions for staticgrounding should be designed to be
cleanaple.

3.4.6 Sight Glasses

content]

SD-3.5 Agitators and Mixers
SD-3.5.1 General

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

41

(e) Cleaning and sterilization parametefs shall be
provided by the owner/user prior to design-ofthe agitator.
The manufacturers of agitators and mixers shall verify the
cleanability of their equipment as specified anfl agreed to
with the owner/user.

(f) Top-entering mixers with.shaft seals afe typically
mounted to a vessel using.d.flanged or hygienic clamp
connection [see Figure-SD-3.5.1-1, illustrations (a), (b),
and (c)]. The designéersshall ensure that

(1) the use of{O-rings or hygienic gasiets to seal
between mating surfaces shall be consisterjt with the
current guidahce provided in Part SG (see [Figure SG-
3.3.2.2-1).

(2)~the selected mounting arrangement will support
the agitator mounting design loads while adhieving an
appropriate seal.

(3) the flange and nozzle construction is
with requirements of other applicable codes
dards (e.g., ASME BPVC, Section VIII; ASME H

(g) Sockethead cap screws shall not be useq
contact applications.

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

(i) The use of in-tank nonwelded connectfions (shaft
couplings, impeller hub-to-shaft, impeller bldde-to-hub,
etc.) should be avoided to minimize potential ¢leanability
issues.

consistent
and stan-
31.3)

in process

SD-3.5.2 In-Tank Shaft Couplings

(a) Welded in-tank shaft connections are preferred.
(b) The use of in-tank shaft couplings shall Qe agreed to
by the owner/user.
(c) In-tank couplings shall be

of an accept¢d hygienic

(d) In-tank coupling location should be driven by
process and mechanical considerations.
(e) Threaded shaft connections are accepted for in-
tank couplings [see Figure SD-3.5.2-1, illustration (a)].
(1) Shaft rotation is limited to a single direction for
threaded shaft connections to ensure that shaft sections
do not separate.
(2) The designer will ensure that the use of a
threaded shaft connection is appropriate for the selected
shaft diameter and design loads.
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Figure SD-3.4.6-1 Sight Glass Design (Accepted)

S S

(a) Full Flange Sight Glass (b) Hygienic Clamp on Hygienic Pad Connection
on Hygienic Pad Connection

ey aywd

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

(e) Typical Vessel Sight Glass Mounting Tangent to Tank Head
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Figure SD-3.5.1-1 Agitator Mounting Flanges

——

\~
(}/

\I\

]
/

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

L

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

15 deg to 45 deg

l ; |
15 deg to 45 deg %\

Ul

|
< Wrench flats

(a) THreaded Coupling
(Accepted)

NOTE: (1) S¢e Figure SD-3.5.2-3 for alternative bolt seals.

(3) Hygienic bolted coupling construction‘may be
used wheile appropriate for the particulartapplication
[see Figurg SD-3.5.2-1, illustration (b)].

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

(g9) The preferred location for fastener hardware is on
the underpide of couplings<‘Accepted fastener types
include

(1) hdgx-head cap seréws

(2) adorn-head cap-screws

coupling matmg surfaces F1gure SD-3. 5 2-2 presents the
following acceptable approaches for seal applications:
(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.

Note (1)

il

— | I

(b) Bolted Coupling
(Accepted)

(2) Alternate construction for O-ring locate

dina

groove just inboard of the coupling O.D. [see Figure

SD-3.5.2-2, illustration (b)]; O-ring restrained by

lip at

coupling circumference with clearance space prpvided

as above to ensure cleanability of the coupling af

(3) Alternate construction for O-ring loc3
grooves in both coupling halves inboard of the cd
0.D. [see Figure SD-3.5.2-2, illustration (c)]; ou
clearance space provided as above to ensure clear
of the coupling area.

ea.
ted in
upling
board
ability

(4) O-ring with attached inboard flat segment

located between coupling faces [see Figure SD-3.

5.2-2,
ded as

illustration (d)] outboard clearance space provi

(]) Bolted ﬂanges shall be sealed Examples ofaccepted
fastener seals are shown in Figure SD-3.5.2-3 as follows:

(1) O-ring seal [illustration (a)]
(2) O-ring seal alternate [illustration (b)]
(3) seal washer with metal core [illustration

SD-3.5.3 Shafts and Keyways

()]

(a) One-piece shaft construction, without mechanical

couplings, is preferred.

(b) Solid shafts are preferred over hollow shafts.
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Figure SD-3.5.2-2 Shaft Coupling Seal Arrangements

N
\

(a)

N
L
Q

T s

hreaded Coupling.Example

O-ring groove detail

(b)

(c)

(d)

Detail, Accepted Altern|

ptives
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Figure SD-3.5.2-3 Fastener Seal Arrangements: Alternative Bolting Designs

IR

> .

747

it

-

(a) Accepted

(c) Hollpw shafts, if used, shall be of sealed (welded)
constructi¢n, inspected for integrity, and accepted per
criteria given in Part M] prior to installation.

(d) Keyways exposed to the process are not
recommenfled.

(e) Keyways, where employed due to mechanical
design conkiderations, shall have edge radii as specified
by SD-2.4.2(b)(3).

(f) Keyways may require additional design and/or
cleaning practice to ensure drainage and clednability
(e.g., spray ball and/or wand additions, increased CIP
flow, and 4djusted spray coverage).

(g) Permanentshafthardware, installed on the process
contact side, that may be required for-routine mainte-
nance (e.g.|support collars for mechanical seal installation
and removhl, lifting eyes for shaft-and/or impeller instal-
lation and removal) shall be fully“drainable and cleanable.

SD-3.5.4 Hubs and Impellers

(a) All-welded inipeller assemblies (e.g., hubs, blades)
are preferged.

(b) Imptller-hubs welded to the shaft are preferred
over remoyablé hubs.

17 WD

(b) Accepted

(c) Accepted

(3) Remaovable hardware (e.g., impeller hyb and
shaft, impeller set-screws and hub) should be sealed in
a mannérconsistent with the guidance provided [for in-
tank ‘couplings (see SD-3.5.2).

{d) Removable impellers and impellers with flaf, hori-
zontal surfaces (e.g., flat-blade disk turbines, copcave-
blade disk turbines) may require additional ¢lesign
and/or cleaning practice to ensure drainage and|clean-
ability, e.g., drain holes, spray ball and/or wand additions,
increased CIP flow, adjusted spray coverage, injpeller
rotation.

SD-3.5.5 Impeller and Shaft Support Bearinls

(a) Normal operation of a shaft-steady beari
magnetically driven mixer with in-tank impeller ¢r shaft
support bearings (see Figures SD-3.5.5-1 and SD-3.5.5-2)
generates particulate debris. It is the responsiHility of
the owner/user to establish compliance with applicable
standards (e.g., USP limits for particulate matg¢rial in
injectables) as appropriate.

(b) Tank plates that support bottom-mounted magne-
tically driven mixers shall not interfere with draipage of

gora

(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
considerations.

(1) Removable impellers may be one-piece or split
hygienic construction.

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

xxxxxxxxx

(c) When an application mandates the use of shaft-
steady/foot bearings, design features and/or procedures
are required to ensure cleanability (e.g., drain holes, spray
ball and/or wand additions, increased CIP flow, operating
the steady bearing immersed in CIP fluid).

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

(e) Shaft-steady bearing pedestal support members
may be of solid or hollow construction. Hollow pedestal
supports, if used, shall be of sealed (welded) construction,

(19)
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Figure SD-3.5.5-1 Shaft-Steady Bearing

Mixer shaft

Bushing (press fit
into housing)

Chamfer radius

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

Weld in place

Tank bottom

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

Hygienie set screw
with O-ring
=
N
I
Detail A
DetaitA
(b) Alternative Bushing Securing Method O-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 —|

inspected for integrity, and accepted per criteria givenlin
Part MJ afffer installation.

(f) Magpjetically driven mixers require designfeatures
and/or procedures to ensure cleanability (e.g$drain holes,
spray ball|and/or wand additions, increased CIP flow,
operating|the agitator with the magnetically driven
impeller imlmersed in CIP fluid).

(g) The prrangement of wear sunfaces (bushing, shaft,
or shaft sl¢eve) shall facilitate\drainage.

SD-3.5.4 Mechanical Seatls

(a) Mechanical shaftseals shall incorporate design
features fpr draindbility, surface finish, material of
constructiqn, eteas outlined in Part SD, and shall be suit-
able for the,application (e.g., process, CIP, SIP,

|mpn||nv blades

SD-3.6 Heat Exchange Equipment

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

SD-3.6.1 General

(a) Straight tube heat exchangers are easier t¢ clean
and inspect. The tubes can be seamless or fulltfinish
welded, as agreed to by the owner/user and manufafcturer.

(b) The heat exchanger process and non-plocess
contact surface inspection shall be possible by cpnven-
tional means.

(c) The technique used to form U-bend tubef shall
ensure the bending process does not create strictural
imperfections (e.g., cracks, voids, delaminationql). The

passivationy:

(b) Normal operation of a mechanical seal generates
particulate debris. It is the responsibility of the owner/
user to establish compliance with applicable standards
(e.g., USP limits for particulate material in injectables)
as appropriate.

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

(d) Refer to Part SG of this Standard for specific seal
design details.

technique should minimize surface imperfections (e.g.,
orange peel, rippling). If requested by the owner/user,
the manufacturer shall supply a sectioned sample of
the bend area.

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

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

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

(19)
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(d) The internal surface of the U-bends shall be free of
relevant liquid penetrant indications, as defined by ASME
BPVC, Section VIII.

(e) The 1.D. of the U-bends shall be large enough for a
borescopic examination.

(f) Minimum recommended bend radii for heat exchan-
gers should be as follows:

Nominal Tube 0.D. Minimum Bend Radius

(b) The cleaning and steaming conditions shall be
provided by the owner/user prior to the design of the
heat exchanger.

SD-3.6.3 Gaskets and Seals

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

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

in. mm in. mm

P design
0.B75 95 0625 1572 5
0.p00 12.7 0.750 19.1

SD-3.7 Transfer Panels

0.p25 15.8 0.938 23.8
0.¥s50 19.1 1.125 28.6 SD-3.7.1 General
1.p00 25.4 1.500 38.1

ist to aid draining, such as an air.blowdown.
In the specified orientation, the shell side shall
also be¢ drainable (e.g., WFI condensers).

(4) Transverse baffles . with notches should be
provided, when necessary,~te_allow for proper draining
of the [shell.

) The heat exthanger bonnet shall be match
marked with the oatéer tubesheet for proper orientation
to enspire drainability or cleanability.

(i) Heat exchahger thermal and mechanical calcula-
tions shallbeperformed for both operating and SIP cycles.

(j) In‘shell-and-tube heat exchangers, the design pres-
sure fortt s Tta e S Took: '
greater than the design pressure of the utility side.

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

SD-3.6.2 Cleaning and Steaming

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

49

(a) The transfer panel shall bé€onstructed|so that the
process contact surfaces can bé\cleaned by a CIP fluid or
other method specified by\the' owner/user. The process
contact surfaces shall e free of crevices, pgckets, and
other surface irregularities.

(b) The transfer-panel nozzle elevation shgll be prop-
erly designed withrespect to the connecting lequipment
such as tankand pump to ensure drainability, deanability,
and bioburden control during process transfgr, CIP, and
SIP.

(c) Design and fabrication of the transfer
associated components must ensure that
system can be fully drained when properly
This is not to imply that panel nozzles and/or s
should be 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
the piping

installed.
ubheaders

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 Table M]-
8.5-1.

(c) Each front nozzle connection shall be of a hygienic
design and the horizontal projection minimiged to opti-

e a design
bf internal
the nozzle

(d) To ensure proper panel functionality and joint
connection integrity, panel nozzles shall not be sloped
(see Figure SD-3.7.2-1).

(e) Nozzle-to-nozzle clearance shall be such that
jumper drain valve interference, if applicable, will not
occur when jumpers are connected in 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.

(19)
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Figure SD-3.6.1-1 Double Tubesheet Heat Exchanger Bonnet Design
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Figure SD-3.7.1-1 Transfer Panel Looped Headers
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Figure SD-3.7.2-1 Transfer Panel Tolerances (Reference Table DT-7-3)
Inspection
planes for
/_ reference \ Ii!
| Note (1)\_ \
Center Center
to to Note (2)
center center
i Nete (1) H’
NOTES:
(1) Flatnesq tolerance defines the maximum gap «allowed across the entire sealing surface relative to the inspection planes showi] above.
(2) Toleranfes applied to related nozzles (defined by jumper paths).
(g) Nozzle center-to-center and-latness tolerances are SD-3.7.4 Jumpers or U-Bends
extremely fritical to proper panel{functionality and shall . .

y proper b ty (a) Jumpers shall be constructed with hygienic cpnnec-
be agreed)on by the manufacturer and owner/user. tions on both ends designed to mate with the| panel
Recommehded tolerances-are per Table DT-7-3 and g p
Figure SD-B.7.2-1 nozzles.

g e (b) Jumpers may have a low-point drain to provide
SD-3.7.3 Headers.or Pre-Piped Manifolds both complete drainage and vacuum break after the
o liquid transfer has been completed (see Figufe SD-

(a) Whgn a-1ooped header design is employed, the 37 4.1, The branch L/d of a low-point drain conrjection
branch lerigth at capped or unused nozzles, or to the should-be-rinimized—Zero-static-diaphrasm—valves are

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 and/or unlooped subheader
is not recommended.

(b) To optimize the drainability at all nozzles, regard-
less of use, subheaders and pre-piped manifolds shall not
be sloped. All-encompassinglines includinglong runs with
the exception of subheaders, manifolds, and nozzles may
be sloped as defined in SD-2.4.3.

o
SHO Ut o T Z e oAt o—Statrc—traprtragti—var

recommended for low-point drains if available from
the manufacturer [see Figure SD-3.7.4-1, illustrations
(a) and (d)]. Low-point drain designs that incorporate
a spool piece allow for full rotation of the drain valve
[see 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.
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Figure SD-3.7.4-1 Transfer Panel Jumpers
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(c) Jumper center-to-center and flatness tolerances are
extremely critical to proper panel functionality.
Recommended tolerances are per Table DT-7-3 and
Figure SD-3.7.2-1.

(d) The use of reducing jumpers is not recommended
due to drainability concerns based on jumper orientation.
Any reduction in line size should be made behind the
primary nozzle connection (behind panel structure),
thus allowing all connections to be the same size on
the front of the panel.

area. The acceptance criteria for welds joining the
sensor stem to the jumper shall meet the requirements
of Table M]J-8.5-1.

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

(e) The proximity switch mounting shall be structurally
sound to maintain the specified design location. The proxi-

(e) The joverall panel design should be such that the
quantity df unique jumper centerline dimensions is
minimized

(f) The|same jumper should be used for process
transfer, C|P, and SIP.

(g) If a pressure indicator is installed on a jumper, it
shall be a lygienic design and mounted in a manner that
maintains [drainability in all jumper positions. The L/d

should be P or less.

SD-3.7.1l Drain or Drip Pans

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

(b) Draih pans shall slope [preferred minimum of %,
in./ft (21 jmm/m)] to a low point and be piped to the
process drhin. The depth of the drain pan is determined
by calculating the largest spill volume and accommodating
it with a spfficient pan holding volume. Consideration
should be given to increasing the drain port connection
size in liey| of increasing pan depth. The preferred drain
port locatipn is central bottom draining or central back
draining.

(c) The plevation of the pan should take into account
the clearanjce required for the jumper drain'yvalve position
when a cornection is made to the bottém row of nozzles.
The pan shHould extend horizontally to accommodate the
furthest cohnection and/or drain point from the face of the

mity switch shall not interfere with the functionsel¢aning,
or maintenance of the transfer panel to-whidh it is
mounted.

SD-3.8 Filters

SD-3.8.1 Code7 Cartridge Lock Design. The ASNIE BPE
Code 7 lock is designed to be.used with filter carfridges
using an SAE AS 568-226 deuble O-ring seal and fa two-
locking-tab design.

SD-3.8.1.1 Design-Features. This design congists of
the following features:

(a) a socket/dbore that is machined into a bpse or
cartridge plate into which the filter cartridge D-ring
adapter is“inserted.

(b).aXocking tab retainer mechanism that captufes the
cartridge locking tabs when the cartridge is insertgd into
thessocket bore.

(1) Table DT-4.5.1-1 shows a recessed tapers¢
retainer design in which the locking tab retaing
machined into a plate and the machined re
capture the cartridge locking tabs as the cartr
rotated into position.

(2) Table DT-4.5.2-1 shows an external tapered lock
retainer design in which a set of metal cages captufes the
cartridge locking tabs as the cartridge is rotatdd into
position.

(c) the locking tab retainers shall be designed [with a
taper to provide a secure lock for the cartridge. The

d lock
rs are
Cesses
dge is

panel. cartridge tabs shall travel through the narrowing tab retai-
SD-3.7.6 Proximity Switches ners until a tight fit is achieved. The taper shall befon the
L . upper portion of the tab retainer. Full capture of caftridge
(@) Prox1m1ty_sw1tches gre used to det_e(.:t the presence tabs by the locking tab retainers is not required to [secure
or absenced of a jumpéer with a stem positioned between cartridges for operation.
selected n¢zzlgs. ) L ) (d) all surfaces of the cartridge socket shall mget the
(b) The [uSpot magnetic proximity switches that are required finish for the wetted surfaces as specified|by the
mounted behimdthe pamnet structure to avoid penetration

ofthe panel face is preferred. This elimination of structural
penetration removes any unnecessary cracks, crevices, or
threads at the point of attachment, effectively mitigating
risk of process fluid entrapment and/or contamination
concerns.

(c) Jumpers will contain a magnetic stem to activate the
corresponding proximity switch. The use of a ferrous
magnetic material is required; however, it shall be
fully encapsulated to ensure that the ferrous material
does not contaminate the classified manufacturing

54

owner/user.
(e) the cartridge O-ring(s) shall be completely
contained within the socket bore.

SD-3.8.1.2 Testing. The cartridge manufacturer shall
validate that its cartridge design fits, seals, and remains in
place with one of the housing designs shown in Tables DT-
4.5.1-1 and DT-4.5.2-1.
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Figure SD-3.9.1-1 Dynamic Spray Device: Single Axis

(5) cleaning system capacity

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

(7) cleaning cycle time

(8) cleaning chemistry compatibility with materials
of construction

(9) potential orifice erosion (e.g., from CIP and SIP)

(f) Spray devices are either static or dynamic.

(1) Static spray devices continuously produce a

defined impact pattern by stationary direct spray.

GENERAL NOTE: Spray pattern is for illustration purposes.

SD-3.9 Spray Devices

SD-3.9.1 General. This section covers spray devices
intended for use in bioprocessing equipment, intended
to renpain in place or be removed during production.
Reconjmendations in this section are valid for water-
based fleaning solutions. The flow rate recommendations
in this| section are for metallic vessels.

(a) Spray devices distribute rinse and cleaning selu-
tions fo interior surfaces of bioprocessing equipment
by dirpct spray and use sheeting action for remaining
target¢d areas. Spray devices are also used id other appli-
cationg [e.g., water systems to maintain coverage of the
storagp tank head space and in clean-eut*of-place (COP)
cabinet washers].

(b) [The differential pressure acrass the spray device
generptes liquid velocity exitihg through the spray
devicq orifices, nozzles, orslots. Differential pressure
and its resulting flow are key parameters of spray
devicegs. Flow is thedecommended control parameter
becauge it is independent of temperature and location
of the measurenient device.

(c) The spray-pattern, as it exits the device, is deter-
mined|by the spray device design. Spray patterns are typi-
cally sfreams/jets or fans.

Static spray devices have no moving parts~Ekamples of
static spray devices include static spray.balls) stationary
nozzles, and spray wands.
(2) Dynamic spray devices aré-either single axis or
multiaxis. Both produce a defined impact pattern by
moving multidirectional sptay(s). Dynamic spray
device rotation is rinse water/cleaning solufion driven
or motor driven. Dynamic'spray devices have moving
parts, which may include bearings, gears, angl turbines.
(-a) Single-axis dynamic spray devices [ see Figure
SD-3.9.1-1). When the orifices/nozzles/slots aile manufac-
tured at an afigle, the resulting force spins the $pray head.
Rotation_can also be turbine or motor driver].
(=b) Multiaxis dynamic spray devicef 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 turns the body around one axis as pell as the
nozzle(s) around a second axis, creating a fepeatable
indexed pattern. When motor driven, the|body and
nozzles are turned mechanically by the motdr.
(g) Spray devices can be designed as removable,
retractable, or to remain in place.
(h) Spray device(s) are specific to the appljcation and
equipment. Spray devices are generally not irffterchange-
able without considering the specific flow| pressure,
equipment design, spray pattern, and draipability of
the spray device(s).

SD-3.9.2 Spray Device Requirements

(a) Materials of construction shall complly with SD-
2.4.1.2 or as otherwise agreed on with the ofvner/user.
(b) When installed, spray devices shall b¢ drainable
and cleanable inside and outside or othlerwise as
agreed on with the owner/user.

manufac-

(d) Thetmpact patternis determined Dy the Interaction
over time of the spray pattern and the geometry of the
equipment.

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

(1) residue characteristics

(2) equipment geometry and appurtenances

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

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

() Sunrav dovicals) chall bhao inctallad no
L A e 7 T

turer’s instructions.

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

(e) Effective coverage shall not be affected by flow rate
variations of 10% or otherwise agreed on by the owner/
user.

(f) Spray devices shall be accessible for functionality
verification, inspection, and maintenance.
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Figure SD-3.9.1-2 Two-Axis Dynamic Spray Device

GENERAL NQTE: Number of jets is for illustration purposes.

(g) Rempovable spray device(s) shall be capable’ofbeing
re-installed in a repeatable manner by unique.identifiers
to ensure proper installation location.

(h) Sprdy device selection, orientation, and location
shall be designed to ensure the(equipment and the
targeted syirfaces of its appurtenances (e.g., manways,
dip-tubes, paffles, nozzles, agitator shaft, and impellers)
are exposed to rinse watery/¢€leaning solution.

(i) Spray device(s) shall be provided with a level of
documentation that<issconsistent with the equipment
for which [it is toyb€&/installed and in accordance with
GR-5 documentation requirements.

(j) Procgss,contact surface finishes of spray devices

-

SD-3.9.2.1 Static Spray Device Requirements

(a) Static spray devices shall have a positioning|device
(preferred) or mark to allow for proper orientation 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 a slip-joint/clip-on-
style static spray device(s) is used.

(c) Aportion of the flow is directed toward the gpecific
appurtenances.

(d) The flow rate guideline for vertical cylijdrical
vessels with dished heads is 2.5 gal/min/ft to |3 gal/

should be 'eotrsistent-with—the—equiprrentfor-which—it
is installed or otherwise specified by the owner/user
and in accordance with the definitions of Part SF.

(k) Spray devices shall notuse lubricants other than the
processliquid. Dynamic devices are typically lubricated by
the rinse/cleaning solution(s).

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 upper head
to ensure coverage of appurtenances and provide the
sheeting action.

(e) The flow rate guideline for horizontal cylindrical
vessels with dished heads is 2 gal/min/ft to 3 gal/
min/ft (25 L/min/m to 37 L/min/m) of perimeter (2L
+ 2d). Reference Figure SD-3.9.2.1-3. The majority of
the flow is directed toward the upper one-third of the
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Figure SD-3.9.2.1-1 Static Spray Device
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Figure SD-3.9.2.1-2 Flow Rate Guideline for Vertical 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

O Static spray devices
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vessel to ehsure coverage of appurtenances and provide
the sheetir]g action.

(f) Flow requirements for the specific application
should be qonfirmed with the spray device and/or equip-
ment manfifacturer or other subject matter experts.

SD-3.p.2.2 Single-Axis Dynamic Spray Device
Requirements

(a) Rot3tion and/or frequency verification shall be
agreed on jwith the owner/user.

(b) Weldl-on or self-cleaning slip-joint/clip-on connec-
tions are afceptable. Other hygieni¢.alternatives shall be
agreed on [with the owner/user:

(c) The|flow rate guidelinevfor vertical cylindrical
vessels with dished heads)is 1.9 gal/min/ft to 2.3 gal/
min/ft (2B.6 L/min/fn)to 28.6 L/min/m) of inner
vessel circqimference~The majority of the flow is directed
toward th¢ upperihiead to ensure coverage of appurte-
nances and provide the sheeting action.

(d) The|flowTate guideline for horizontal cylindrical

40 45 50 55 60

taken‘to restrict gas flow through the spray flevice
according to the manufacturer’s recommendation.

SD-3.9.2.3 Multiaxis Dynamic Spray Qevice
Requirements

(a) Rotation and/or frequency verification shall be
agreed on with the owner/user.
(b) The time to complete a full impact pattern (see
Figure SD-3.9.2.3-1) at a specified pressure ofr flow
rate shall be provided by the manufacturer.
(c) Weld-on or self-cleaning slip-joint/clip-on cpnnec-
tions are acceptable. Other hygienic alternatives shall be
agreed upon with the owner/user.
(d) The flow rate guideline for vertical cylifdrical
vessels with dished heads is 1.3 gal/min/ft to 1|5 gal/
min/ft (16.1 L/min/m to 18.6 L/min/m) of|inner
vessel circumference to ensure coverage of apjpurte-
nances and provide the sheeting action.
(e) The flow rate guideline for horizontal cylifdrical
vessels with dished heads is 0.8 gal/min/ft to 1|2 gal/

vessels with dished heads 1s 1. gal/min/It to 2.1 gal/
min/ft (17.4 L/min/m to 26.1 L/min/m) of perimeter
(2L + 2d). 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.

(e) Flow requirements for the specific application
should be confirmed with the spray device and/or equip-
ment 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

min/Tt (9.9 L/min/m to 14.9 L/min/mJ ol perimeter
(2L + 2d) to ensure coverage of appurtenances and
provide the sheeting action.

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

(g) High-velocity gas flow from air-blows or steam
passing through liquid-driven spray devices can result
in wear to bearing surfaces. Consideration should be
taken to restrict gas flow through the spray device
according to the manufacturer’s recommendation.
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Figure SD-3.9.2.3-1 Impact Pattern Buildup
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|1 Sampling Systems
8.11.1 General

Sampling equipment in the biopharmaceutical
Iy is used for the collection of samples that then
go chemical or microbiological evaluation.
ng may be either aseptic or nonaseptic.
Sampling systems shall not adulterate the process
eing sampled nor affect the sample characteristics
fested.

Aseptic sampling systems shall be steaniable or
rilized single-use.

Hygienic sampling systems shall eitherbe cleanable
le-use.

Aseptic sampling systems shall'be closed to isolate
bcess; protect the sample, Sample container, and
e transfer process from the environment; and
representative samples.

8.11.2 Aseptic Sampling Systems

SD-3.11.2.1 Basic Requirements

Steamable sample systems shall meet the relevant
bments \of’SD-2.3.1.1.
Sampling systems intended for multiple-use shall

be cle

nable.
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Consideration should be givén to ease of as{
subsequent handling of-the sample.

SD-3.11.2.3 Sample Collecting

(a) When using-single-use collecting devid
eration shall bg*given to maximum pressure
valves, adaptors, and bags.

(b). Cousideration should be given to thd
absorption and off-gassing that could lead to
sentative samples. Polymeric material requir
leachables and extractables are listed in Part]

SD-3.11.3 Nonaseptic Sampling. [Reserve
content]

SD-3.12 Steam Traps

(a) Steamtrapsarenotconsidered hygienic
bodies shall have an internal surface finish (ex
bellows assembly) as agreed to by all parti

embly and

es, consid-
ratings of

impact of
nonrepre-
ements for
PM.

| for future

Steam trap
cluding the
bs. Surface

finish specification shall match the clean steqm conden-

sate tube finish specification unless the conden
stream of the trap is used in the process or s
quality assurance.

sate down-
hmpled for

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

capable of effectively venting air.

(c) Where installed on process systems, trg
maintainable to allow easy examination an
Welded traps are acceptable if agreed
owner/user.

ps shall be
1 cleaning.
to by the

(d) Thetrap design and mode of operations

hall be such

(c) Sample valves shall meet the requirement of SG-
3.3.2.3.

(d) Inseptum sample devices, the needles shall be ster-
ilized prior to insertion into the vessel or process line.

(e) Collecting devices shall be designed, connected, and
disconnected in ways that maintain the integrity of the
sample.

SD-3.11.2.2 Installation. The sampling device shall
be installed to maintain the aseptic barrier between
the process fluid being sampled and the environment.

that the risk of soil attachment to the wetted surfaces is
minimized, especially around the bellows and seat (see
Figure SD-3.12-1).

(e) The trap shall be sized and installed to operate such
that there is no backup of condensate into the process
equipment and clean steam system under operating
conditions. Operating conditions include heat-up, hold,
and cool down.

(f) The trap shall be designed such that the normal
mode of mechanical failure will be in the open position.
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Figure SD-3.12-1 Steam Traps for Clean Steam Systems

Radius internal corners
(where practical)

LS

Sealed bellows
e :

(a) Serviceable Trap

(g9) Theymostatic steam traps, installed in vertical trap
legs, are pfeferred for use in clean steam systems (see
Figure SD-B.12-1).

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

SD-3.13 Check Valves

(a) Chegkvalves that are used in product contact appli-
cations shdll be of hygienic design. They shall be designed
for CIP. (revices and holdup volumes should be
minimized

(b) Chegkvalves in process contact applications shiould
be installed in a manner that permits self-draining) Non-
self-drainipg valves may be used for liquid streams that
flow contipuously (e.g., a compendial water loop) or
where valves are wetted with a sanitizing medium
when not [n use (e.g., chromatography system that is
filled with |sodium hydroxide solutien between uses).

(c) Thelflow direction andsrequired orientation for
drainability should be clearly identified on the device.
Where the valve is integralte-equipment (e.g., diaphragm
pumps, homogenizers) indication of the flow direction is
not requir¢d.

(d) The|use of ‘chiéck valves with springs in product
contact shquld(be'avoided. The owner/user should deter-
mine whether'check valves that use a spring are accept-

Sloped for drainability
(b)Welded Trap

SD-3.15 Relief Devices

(a) Rupture disks (oF other hygienic pressurg relief
devices approved by the owner/user) shall be inktalled
in a hygienic manner without compromising the|safety
or efficiency of\the system.

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

(c) Rupture disk (or other hygienic pressurq relief
devices approved by the owner/user) installatioh shall
comply with 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.

(e) Relief devices, including discharge piping, shall be
installed in compliance with applicable codes (e.g|, flam-
mable liquids and combustibles in accordance witl) NFPA
30).

(f) Pressure relief valves that are used in product
contact applications shall be of hygienic design oh both
sides of the valve seat. Crevices and holdup vdlumes
should be minimized.

(g) Safety pressure relief valves that are uped in
product contact applications shall be of hygienic [design
up to the valve seat.

(h) Pressure and safety pressure relief valves shall be

able for other process contact applications. Applications
where spring check valves are typically acceptable include
condensate removal lines and dry process gases.

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

SD-3.14 Orifice Plates

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

installed in a manner that permits self-draining on both
the process and discharge sides of the valve seat.

(i) Pressure relief valves that are used in product
contact applications shall be CIP capable. If required
for CIP or SIP, an override that allows flow through
the valve shall be included.

(j) Pressure relief valves that are used in product
contact applications shall comply with SG-3.3.2.3.
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SD-3.16 Liquid Pressure Regulators

(a) Regulators should be installed to be fully drainable
through the outlet and/or inlet ports.

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

SD-4.1.2.2 Critical Design Criteria for Point-of-Use (19)
Assemblies

(a) All point-of-use assemblies should be designed to
optimize drainability through the POU valve.

(b) Assemblies should be designed to promote the
ability to CIP, SIP, and/or purge with clean gases.

(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

242 20

(c) Pue to the mherent design characteristics of sell-
contained regulators, manual means of override may
be required to allow full cleanability and drainability.

SD-4 [PROCESS UTILITIES
SD-4.1 Compendial Water Systems

(a) |Compendial water systems, such as USP Grade
Watertfor-Injection (WFI), USP Grade Purified Water
(PW), and Highly Purified Water (HPW), shall be designed
as looped circulatory systems, rather than noncirculating,
dead-gnded, branched systems.

the compendial water, feed water, or condensate/blows
down produced by the units shall be constructed of 316-Jor
316L-type stainless steel or other material as spetified by
the owner/user.

(b) Connections to the compendial water;.feed water,
or conflensate/blowdown compendial water by the units
shall He made by the use of hygienic design fittings. All
fittingp should be constructed in such a manner as to
avoid flead legs and crevices.

(c) Pnits should be completely drainable and should
not copntain any areas where agents used to clean, de-
scale, [and/or passivafe-the units are trapped or not
easily fflushed during finsing operations.

1.1.2 Compendial Water Distribution Systems

SD-4.1:2.1 Point-of-Use Piping Design for
Compéndial’ Water Systems. Point-of-use (POU) can be
defin ed—as—ateeatior—ra—compendiat—wvate
where water is accessed for processing and/or sampling.
Typically, the point-of-use assemblies are composed of the
following elements:

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

(b) POU valves, equipment, and instruments

Additional process components and equipment may be
added to satisfy application and/or system requirements
and will be discussed further in this Part (see Figure SD-
4.1.2.1-1).

LDCC [o) v 4 J.L.L.L).

(d) Sample valves should be integral to the'design of the
primary valve and should not constitute\deagl legs.

(e) Sample valves should be installedienly ag needed on
the main loop.

(f) Sample valves should be’installed whefe water is
used for the process to demafstrate water quality compli-
ance to compendial monegraphs.

(g) Any valve used te“provide clean utility [services to
the POU assembly¢(e'g., steam or clean gas)| should be
fabricated in such a'manner as to achieve dn L/d of 2
or less downstream from the primary POU|valve [see
Figure SD-4yh2.1-1, illustrations (a) and (c)].

(h) The length of tubing from POU valves
equipment should be minimized [see Figure
1, illustrations (a) and (b)].

(i) If evacuating the system is not possible, gppropriate
porting of the primary POU valve should be ac¢omplished
to facilitate sanitization.

(j) When heat exchangers are used as POU doolers [see
Figure SD-4.1.2.1-1, illustration (c)], the dgsign shall
comply with SD-3.6.

(k) Physical breaks shall be employed between hoses,
drain valves, or any other component leading fo drains or
sinks to avoid back-siphoning into the POU asdembly [see
Figure SD-4.1.2.1-1, illustrations (d) and (e)]. The distance
H of the physical break should be at least twide the inner
diameter of the hoses, drain valves, or any other compo-
nent leading to drains or sinks to avoid baci-siphoning
into the POU assembly. The break shall be at least 1
in. (25 mm) for hoses, drain valves, or other chmponents
with internal diameters less than or equal to % |n. (13 mm)
(see Figure SD-4.1.2.2-1).

() Tubing and other piping materials should be a
minimum of %, in. (19 mm) in diameter t¢ facilitate

to process
SD-4.1.2.1-

indicated in

(n) A POU may include a venturi or orifice plate, if the
restriction of water flow is required. Where used, the addi-
tions of these components will require a blowdown to
ensure 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 may be
internally electropolished. All 316L-type internal surfaces
shall be passivated.
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Figure SD-4.1.2.1-1 Point-of-Use Piping
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Figure SD-4.1.2.2-1 Physical Break in Point-of-Use
Piping

A —»l d |<—

(d) Distribution systems shall 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).

GENERAL NOTE: H = 2d or H = 1 in. (25 mm) if d < % in. (13 mm).

(p) When compendial water systems are constructed of
polympr materials, the surface finish should be less than or
equal fo 25 pin. R, or 0.6 pum.

SD-4.p Clean/Pure Steam Systems

Thig section is applicable to both clean and pure steam
systenjs.

SD-4.2.1 Clean/Pure Steam Generation

(a) WAll surfaces that come into direct contact with-the
clean/pure steam, feed water, or condensate/blowdown
produfed by the units shall be constructed'of316- or
316L-fype stainless steel or other material*as specified
by the| owner/user.

(b) Connections to the clean/puresteam, feed water, or
condefsate/blowdown produced by the units shall be
made py the use of hygienic desjgn fittings. All fittings
should be constructed to be ftee of dead legs and crevices.

(c) Pnits should be cotnpletely drainable and should
not cojntain any areas\where agents used to clean, de-
scale, [and/or passivate the units are trapped or not
easily fflushed during rinsing operations.

SD-4.2.2 .Clean/Pure Steam Distribution System

(a) [Thedistribution system shall have adequate provi-

(f) Trap legs should be installed at least-eyery 100 ft
(approximately 30 m), upstream of control. arjd isolation
valves, atthe bottom of vertical risers, @nd-at anly other low
points.

(g9) Condensate shall be allowed to drain tp and from
steam traps. The use of overhead,direct-couplgd, pressur-
ized condensate return systéms should be ayoided (see
Figure SD-4.2.2-2).

(h) Where possiblépall components within the distri-
bution system should be self-draining.

(i) Dead legs’should be avoided by design ¢f runs and
the use of steam'traps to remove condensate (pee Figures
SD-4.2.2-1%and SD-4.2.2-2).

(j) Branches and points-of-use should be rputed from
the top-of the steam header to avoid excessive ¢ondensate
loads’at the branch (see Figure SD-4.2.2-2).

(k) Sampling points for clean/pure steam| should be
located to collect representative samplg(s) of the
system (e.g., generator outlet, distribution h¢ader ends,
critical points-of-use, autoclaves, or SIP statigns).

SD-4.2.3 Clean/Pure Steam Valves. This|paragraph
covers isolation, regulation, and control valves that are
part of the steam system and are subject to fontinuous
steam service.

(a) Valves for steam service shall be designed for drain-
ability and should have minimal fluid holdug volumes.

(b) Ball valves are an acceptable industry sfandard for
isolation purposes on continuous steam servfice. Three-
piece-body ball valves should be used Jnstead of
single-body designs for both cleanability and maintain-
ability. The bore of the ball valve assembly ghall match
the inside diameter of the tube (see Figure SG-2.3.1.3-1).

(c) All components shall be suitable for ¢ontinuous
steam service at the temperatures and pressur¢s specified
by the owner/user.

sion toTemove airduring start-up armd moTat operations:
The use of air vents installed at locations where air is likely
to be trapped, such as at the ends of steam headers, can
assist in this requirement.

(b) The horizontal distribution lines should be sloped
in the direction of flow as indicated in SD-2.4.3. Where
necessary, increases in height should be achieved by
vertical risers (see Figure SD-4.2.2-1).

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

{d)Requirentents for operation umnder C1P and SIP
conditions [see SG-3.3.2.3(a)(11) and SG-3.3.2.3(a)(13)]
can be relaxed when agreed to by the owner/user.

(e) Secondary stem seals with telltale connections are
not required for steam service.

(f) Valves shall be accessible for maintenance.
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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

|
Clean steam Trapped condensate
header (with valve closed)
Accepted
Clean steam ] /

Clean steam
user

SD-4.B Process Gases

SD-4.3.1 Process Gas Distribution Systems. For this
sectiof, a process gas distribution system is one, that
extends from the bulk supply source (including cylinders)
to the|points of use as defined by the owner/usér.

(a) [The installation of process gas delivety and distri-
bution| systems for use within the scope.of this Standard
requires appropriate selection of piping materials. All
compdnents shall be supplied or rendered both hydro-
carboi free (e.g., oil free) and particulate free prior to
installgtion and/or use.

(b) For materials of construction, the owner/user shall
specify all materials. When“copper is used, it should be
hard firawn and idstalled in accordance with the
current edition of NEFPA 99, Chapter 5. When copper is
specified in a ¢lean room or area, the owner/user shall
confirfn that all*planned cleaning and sanitizing agents
are C(‘)/]:patible with copper and all materials of construc-
tion. When stainless steel tubing is specified, the materials

H specification

12in. (30 cm) Accepted Not Accepted
uninsulated Clean steam p p
section condensate
specification
Steam trap
Air gap Clean steam
at drain condensate header

(d) Gassystemsare notdesigned or configured with the
intent or provisions to be cleaned, passivateq, or chem-
ically treated after installation. Features sudh as slope,
high-point vents, and low-point drains need n¢t 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) Tt is important to select appropriate pr
final system filters. The final point-of-use gas
comply with the process requirements.

(g9) Gas systems testing and sampling shall cpmply with
21 CFR 211 and ICH Q7 (International Conference on
Harmonization, Good Manufacturing Practic¢ Guidance
for Active Pharmaceutical Ingredients).

bfilters and
burity shall

SD-4.4 Process Waste Systems

This section addresses process waste systeins because
the reliable function of the waste system CanT;educe the

of choice are 304L-type or 316L-type alloys. Orbital
welding is the recommended joining method. Inside
clean rooms, the materials of choice are 304L-type or
316L-type stainless steel tubing and fittings. The
owner/user and manufacturer shall agree on all
joining methods, levels of inspection, and acceptance
criteria for all joints prior to installation.

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

risk of contamination to the process. By designing systems
that can be cleaned and rendered safe for access and
preventive maintenance, reliable operation may be
achieved.

SD-4.4.1 General. The manufacturing of biologics
generates liquid waste in various quantities that may
or may not contain viable microorganisms. The liquid
waste comes directly from the process fluids and may
include cleaning solutions mixed with product compo-
nents, buffers, or media.
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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-inacti-
vation systems where heat or chemical dosing is used, or
where biosafety containment is required.

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.

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 hnncing of suitable material.

SD-4.4.2 Bio-Inactivation Systems. Depending on the
type of wapte, the treatment method is chosen based on
effectivenefss, efficiency, and jurisdictional requirements.
The ownerj/user shall define the inactivation conditions
and verify the effectiveness of the system with respect to
these requjrements. Bio-inactivation may be designed to
be continupus or batch type and is achieved using one or
more of thee following methods:

(a) thermal

(b) chernical

(c) radigtion

The syste¢m design should minimize fouling and buildup
of solids ahd films. Bio-inactivation systems should be
cleanable fo allow safe disassembly and maintenance.
Where bigsafety containment is a requirement, the
system shdll be sanitizable.

In bio-ipactivation systems, piping design features
specified [in SD-2 and SD-3 may help in achieving
proper arld repeatable operation of these process
waste systpms.

SD-5 PROCESS SYSTEMS
SD-5.1 B

SD-5.1.1 General. For this section, tiie;terms “fermen-
tors” and “pioreactors” are interchangeable. A bioreactor
or fermenfor shall be defined as ajvessel-based system
used in thg growth of microorgahisms or plant, mamma-
lian, or insect cells.

reactors and Fermentors

SD-5.1.4 System Design

SD-5.1.4.1 Inket Gas Assembly. The inlet gas
assembly fhallbe defined as a piping assembly that
has the abjlity_te deliver controlled amounts of filtered

gases intd-a‘biereactor—vessel—The-assemblyshall— — SD=5145 Inlet Gas Piping

include but is not limited to the items in SD-5.1.4.2
through SD-5.1.4.5.

SD-5.1.4.2 Flow Control Devices

(a) Flow control devices (e.g., rotameters, mass flow
controllers, and modulating control valves) shall be
installed outside of the sterile boundary; therefore,
piping requirements within this section may not apply.
However, provisions shall be included within the

66

The inlet filter assembly shall be defined as the)flter(s)

local to the bioreactor.
(b) Inletfilter assemblies shall be designed for S]P with

provisions to remove entrapped air and condenshte.

(c) If multiple inlet filters are used<in series, then the
filter assembly closest to the bipreactor shall be 3 steri-
lizing filter.

(d) Provisions shall be made for integrity testing
inlet filter assembly in situ™or out of place.

(e) If the inlet housing(s) are included in a clpaning
circuit, the filter element(s) shall be removed pfior to
introduction of.cleaning solutions.

(f) Gas filtersishould be installed above the biogeactor
liquid level.

of the

SD-5/1.4.4 Gas Sparging Assemblies

(@) Spargers shall be defined as mechanical devices
normally located below an impeller used to difperse
gases within a charged bioreactor. This section 3pplies
to sparge lances, wands, rings, and other devicgs (see
Figures SD-5.1.4.4-1 through SD-5.1.4.4-4) that rhay be
mounted in the bioreactor vessel to introduce Various
gas streams for process operations. Sparge device 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 fparge
element cannot be CIP’d, provisions shall be mpde to
remove the sparge assembly from the bioreactor [for re-
placement or cleaning out of place.

(d) The removable sparger shall be supplied wijith the
means to ensure that the installation orientatiop is in
compliance with design intent.

(e) Ifacheckvalve is installed in the sparge line[within
the sterile envelope, it shall be designed for CIP apd SIP.

(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.

SD-5.1.4.6 Exhaust Gas Assembly. The exhaust gas
assembly is defined as a piping assembly that maintains
the integrity of the sterile boundary with respect to
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Figure SD-5.1.4.4-1 Gas Sparging Assembly — Lance

Plan
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Elevation
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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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sterility 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.

(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.

and inoculum). Feed lines shall be designed with the
appropriate piping system to allow CIP and SIP of the bior-
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.

(c) ltf redundant sterilizing-grade exhaust filters are
used if 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 cage of cleaning out of place.

(e) Provisions shall be made for integrity testing of the
exhaugt filter assembly.

(f) Xf the exhaust filter housing(s) are included in a
cleanipg circuit, the filter element(s) shall be removed
prior fo introduction of a cleaning solution

(g) |To prevent the exhaust filters from becoming
blindef by condensate saturation during operation, the
exhaust gas assembly may include exhaust condensers
(Figuge SD-5.1.4.7-1), exhaust heaters (Figure SD-
5.1.4.7-2), or steam jacketed or electrically heat traced
filter fousings (Figure SD-5.1.4.7-3). These items shall
be dedigned for SIP and CIP.

S

(a) [The exhaust gas assembly withinthe-sterile
envelgpe shall meet the requirements as.defined in
SD-3.1}2.

(b) [The design of exhaust gas piping from the bior-
eactorfshould ensure that there is 1o condensate accumu-
lation fin the line downstream ©of the system.

-5.1.4.8 Exhaust Gas Piping

SI-5.1.4.9 Back Pressure Control Devices

(@)

modu

[f required, back pressure control devices (e.g.,
ating contrglh\valves or regulators) should be
installed outsidesef.the sterile boundary.

(b) Back préssure control devices shall not hinder the
bioreaftor’s ¢capability of being SIP’d and CIP’d.

(c) Ifa,vapor-liquid separator is used in the exhaust

(’b) Remmmovabte Llip tubes (:,t:c Figuu: SP-3- .3-1) shall
be inserted through a hygienic fitting. The relxrovable dip
tube shall be supplied with the means_to‘ensyre that the
installation orientation is in compliance with design
intent.

(c) Bioreactor dip tubes shdllybe designed
cleaning out of place (COPY)

SD-5.1.4.12 Harvest Valves/Bottom Outlet Valves.
This section applies to-all valves installed in| the vessel
bottom head.

(a) Harvestwyalves shall meet the requiremlents of SG-
3.3.2.3.
(b) Bioreactor harvest valves shall be designed for SIP
and CIP.er COP.

SD-5.1.4.13 Agitation Assemblies. THis section
applies to mechanical agitator assemblies mounted in
the bioreactor for achieving one or moje mixing-
related unit operations (e.g., blending, mags transfer,
heat transfer, and solids suspension).

(a) Agitators shall meet the requirements

(b) Agitators with double mechanical seals [see Figure
SG-2.3.2.3-2) or magnetic couplings (Figure $D-3.5.5-2)
are recommended to isolate bioreactor confents from
the environment.

(c) Agitator seal or magnetic coupling c
shall be designed for CIP and SIP.

SD-5.1.4.14 Mechanical Foam Breaker Itsemblies.
This section applies to mechanical foam breaker assem-
blies that may be mounted in the bioreactor f¢r reducing
or eliminating foam accumulation in the vapor §pace of the
bioreactor.

(a) Foam breaker assemblies shall meet the require-
ments of SD-3.5.

(b) Foam breakers with either double mechpnical seals
(Figure SG-2.3.2.3-2) or magnetic couplings ([Figure SD-

for CIP or

of SD-3.5.

mponents

'th' £l 4 al 1 ik claall Lo < H A £ Faldn)
within=erre-sterire—enverope T snamrocaesighrea ot

and SIP.

SD-5.1.4.10 Feed Lines. This section applies to bior-
eactor piping systems used to feed liquid ingredients (e.g.,
pH control reagents, antifoam reagents, media, nutrient,
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3.5.5-2) are recommended to isolate bioreactor contents
from the environment.

(c) Foam breaker seal or magnetic coupling compo-
nents shall be designed for CIP and/or SIP as appropriate.
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Figure SD-5.1.4.7-1 Exhaust Gas Condenser

Cooling
outlet

Inlet from '
vessel =¥ . .
Insulation with

sheathing

Cooling
inlet

Figure SD-5.1.4.7-2 Exhaust Gas Heater

Steam
inlet

Inlet from
vessel

Insulation with
sheathing

Condensate
outlet
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Figure SD-5.1.4.7-3 Electrically Heat Traced Filter
Housing

Outlet

SD-5.1.4.18 Instrumentation

(a) Instruments installed within the sterile envelope or
boundary shall be designed for SIP. Consideration should
be made in the design for instrument removal for
calibration.

(b) Instruments installed within the sterile envelope or
boundary shall be designed for CIP or removed for COP.

(c) Temperature-sensing elements should be installed
in thermowells. Piping associated with in-line thermo-

Ins;fllation with
eathing

N

ctric heat trace \

E

o)

S
S

Tempgerature
cpntroller

Inlet from vessel

SID-5.1.4.15 Internal'Coils

(a)
(b)

Internal coil§ should be avoided where possible.
Product edéntact surfaces of internal coils require
provisfons fotn\CIP and SIP.

SP-5.1.4.16 Baffles. Baffle assemblies shall meet the

1l 1 111 - 1 1l e
weltsshattbe-sizedtoattowsuffictentsteanrand conden-

sate flow.

SD-5.1.5 Design for Bioburden Control

(a) The area within the bioreactor  sterile gnvelope or
boundary shall be designed for€léanability and bioburden
control. As a minimum, the bioreactor sterile gnvelope or
boundary shall include.the following (see Higures SD-
5.1.5-1 and SD-5.1.5-2):

(1) vessel intérnals

(2) inlet gas piping from the filter element(s) to the
vessel and any ‘installed isolation valving (If|lredundant
sterilizing-grade filters are used in serieq, the inlet
filter element farthest from the reactor vessel shall
define<the sterile boundary.)

{3) exhaust gas piping from the vessel
exhaust filter(s) to the vessel and any install¢d isolation
valving (If redundant sterilizing-grade filters pre used in
series, the exhaust filter farthest from the reqctor vessel
shall define the sterile boundary.)

(4) agitation assembly including all interpal surfaces
of the impellers and the shaft up to the mechnical shaft
seal in contact with the product

(5) feed systems from the vessel to the[seat of the
isolation valve nearest to the bioreactor vessel or if
the feed stream is being filter sterilized, the |sterilizing-
grade filter element

(6) sampling system

(7) product harvesting system from the vessel to the
seat of the isolation valve nearest to the bioregctor vessel

(b) A bioreactor is made up of a number of|subassem-
blies. Process-contacting subassemblies reqyire special
design consideration for cleaning and bioburden control.

(c) The bioreactor design for cleanability and sterility
shall take into consideration the biosafety leyel require-
ment for the system. A bioreactor shall be designed in

side of the

requirenments 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
operations.

(a) Spray device assemblies shall meet the require-
ments of SD-3.4.2 and SD-3.9.

(b) If not removed during processing, spray device
assemblies shall be designed for SIP.
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accordance with a biosafety level requirement as
defined by the National Institutes of Health or equivalent
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/or the owner/user’s preferences. To
meet a specific biosafety level requirement, special opera-
tional considerations (e.g., steam blocks) may have to be
addressed within the bioreactors’ subassembly designs. If
the bioreactor has been used to grow an organism that
requires biohazard containment, provision shall be
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Figure SD-5.1.5-1 Fermentor Sterile Envelope
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Figure SD-5.1.5-2 Bioreactor Sterile Envelope
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made {

0 decontaminate all sutfaces that may have come in

(b) xha as piping within the sterile envelope sha
meet slope requirements as defined for GSD3 in Table SD-
2.4.3.1-1.

(c) All wetted surfaces of sparge devices shall be sloped
to drain by gravity into the vessel.

(d) Feed line valves and piping orientation shall be
designed to provide complete drainage during CIP and SIP.

(e) All wetted surfaces of dip tube(s) shall be sloped to

drain by gravity into the vessel.
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»E»(@é <Ai
—>E}<@<5<Ga

Probe

(typical)

[

(f) Bottom outletvalves shall be drainable and installed
in such a way as to ensure complete drainage pf the bior-
eactor contents.

(g) Bottom-mounted agitators shall not int
free and complete drainage of bioreactor corf

brfere with
tents.

SD-5.1.5.2 Cleaning

should be
't be CIP’d,
cement or

(a) The area within the sterile envelope
the design shall allow removal for repla
manual cleaning out of place.

(b) If instruments will be cleaned out of place, blind
caps or 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
between CIP solutions and product.
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(d) 1f dip tube(s) are cleaned in place with the vessel,
both the inside and outside of the dip tube(s) shall be
cleaned.

(e) Provisions shall be included in the design to clean
the product contact surfaces of impellers. Additional spray
elements may be required to achieve coverage.

(f) CIP for sparge devices that use porous material for
gas distribution requires particular attention. These
devices should be evaluated for CIP cleanability and
should be removed from the bioreactor for external

SD-5.2 Cell Disrupters
SD-5.2.4 System Design

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

(b) The design shall incorporate nonshedding compo-
nents and parts.

SD-5.2.5 Design for Bioburden Control
SD-5.2.5.1 Drainability

cleaning apd/or replacement when CIP is not feasible.

SD-5.1.5.4 Thermal Sanitization/Sterilization

(a) The|area within the sterile envelope should be
designed fpr SIP. For those components or assemblies
that cannof be SIP’d, the design shall allow removal for
steam sterilization using an autoclave as long as additional
provisions|are provided for sterilizing the interface (e.g.,
steam blo¢k) once the components or assemblies are
reconnectdd to the remainder of the bioreactor system.
Autoclaved components or assemblies shall be capable
of being steam sterilized without degradation to any of
the elastonpers or polymers that make up the components
or assemblies.

(b) If the bioreactor is sterilized with media in the
vessel, thle SIP operation shall direct steam flow
sparge device.
bioreactor is sterilized with media in the
vessel, and dip tube(s) extends below the working
level of th¢ media, the SIP operation shall direct steam
flow through the dip tube into the vessel.

(d) For dip tube(s), the SIP operation shall diréct or
balance stgam distribution to establish and maintain ster-
ilization temperature within the tube(s) during ‘the ster-
ilization hqld period.

(e) Spegial considerations for sprayydevices are as
follows:

(1) The SIP operation shall direct or balance steam
distributipn to establish and maintain sterilization
temperatufe within the spray-device during the steriliza-
tion hold period.

(2) With the exception of a combination sparger/
spray device, intefnal spray devices should be located
above the pioreactor operating liquid level.

(3) If|the bioreactor is sterilized with media in the

(a) The device shall be designed with the ability ]0 opti-
mize drainability.

(b) Safety rupture disks shall be oriented for
ability while maintaining system integrity and sa

SD-5.2.5.2 Cleaning. The disrupter shall be dgsigned
for ease of disassembly to allow for COP.

drain-
fety.

SD-5.3 Centrifuges

SD-5.3.1 General. Centrifugation is a process ysed to
separate suspendeddnaterials of different densitie§ using
centrifugal force)Centrifuges may be used for colledtion of
solids such as.harvest of cells, inclusion bodies of preci-
pitated protein, or clarification of bioprocess sollitions.
Different’types of centrifuges include disk stack fentri-
fuges$;. tubular bowl centrifuges, single-use centrfifuges,
and-ultracentrifuges.

SD-5.3.2 Process Parameters. The owner/user ghould
define the following process parameters:

(a) whether the centrifuge will be used for colledtion of
solids, for clarification, or for both

(b) whether the centrifuge is intended for open,
or briefly exposed operation(s)

(c) the biosafety level containment and room dlassifi-
cation requirements of the process and system

(d) product phase (e.g., supernatant or solids)

(e) cleaning requirements (e.g., CIP or m
cleaning)

(f) sanitization requirements (e.g., SIP)

(g) batch size

(h) process liquid feed flow rate

(i) solids cell type or particle size and distribuftion

(j) solid concentration [in packed cell volume [PCV)]

(k) feed pressure

() process temperature

rlosed,

anual

Vessel’ and he cprqy device accnm]ﬁ]y evtendsorislocated

beneath the working level of the media, the SIP operation
shall direct steam flow through the device into the vessel.

SD-5.1.7 Testing. The bioreactor vessel should be
pressure/vacuum and temperature rated per the
owner/user’s design criteria. The vessel shall be con-
structed, tested, inspected, and stamped in accordance
with local ordinances, regulations, and codes.
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(m) density difference between solvent and suspended
solids

(n) viscosity and surface tension of liquid

(o) physical properties of solids (e.g., shear sensitivity,
rheology)

For each parameter, the user may also define warning
and alarm tolerances or limits. Additional process require-
ments may be defined by the owner/user.
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SD-5.3.3 Performance Requirements. The owner/
user shall define the following system performance
requirements:

(a) maximum allowable processing and cleaning/sani-
tization times

(b) desired purity (e.g., PCV in supernatant or % solids)

For each parameter, the user may also define warning
and alarm tolerances or limits. Additional performance
requirements may be defined by the owner/user.

SD-5.3.4.1.2 Sterilization/Sanitization. The
owner/user shall inform the manufacturer of the sterili-
zation/sanitization and storage requirements (e.g.,
temperature, pressure, chemistry) and storage condition
(e.g., flooded or dry). The owner/user and manufacturer
shall define the sterile envelope or boundary.

Centrifuges that will be SIP’d shall be designed in accor-
dance with SD-2.3.1.1, and, in certain jurisdictions, may be
considered pressure vessels (see GR-1). The manufacturer
shall demonstrate saturated steam penetration across

oade . Ill ‘UiUlJl ULCbbillg, Lll€
ck centrifuge is typically used as a continuous unit
ion to separate cells from cell broth, cell debris or
ecipitates from liquid, or to recover inclusion
after homogenization of microbial cells. A disk
stack dentrifuge consists of a cylindrical bowl containing
astaclof conical disks separated by spacers, which reduce
the didtance and increase the surface area for particulate
settling when under centrifugal force.

SD-5.3.4.1 Operating Capabilities and System
Functipn. The centrifuge shall be capable of the following
functigns:

SD-5.3.4.1.1 Cleaning. Centrifuges should be
desigrled for CIP. Different parts within the centrifuge
may have different cleaning requirements or procedures.
Centrifuges that will be CIP’d shall be constructed of mate-
rials compatible with the chemistry and conditions of the
cleanipg process (SD-2.4.1.2). Centrifuges designed for:
CIP shpll comply with SD-2.4.2. Additional requirements
for disk stack centrifuges subject to CIP include the
follow|ng:

(a) [The manufacturer shall ensure that-all*product
contagt surfaces are cleanable with the CIP process.
This ifcludes adequate velocity of cleaning solutions in
piping per SD-6.3.5.2. The use_adf instrument tees
conforming with Tables DT-4.1.2510 and DT-4.1.2-11 is
recommended for instruments.)However, all product
contaqt branches (e.g., instrument tee/ports, process
brancljes) shall be exposed\to cleaning fluids during CIP.

(b) [The manufacturershould design the equipment to
includ¢ sample colléction points that allow for represen-
tative|cleaning werification/validation of all product
contadt branchés:

components that define the sterile boundary of the
system.

Centrifuges that will be chemically sanitizpd shall be
sanitized with an agent and pracess that have been
proven to achieve the bioburden‘zeduction requirements
of the system.

The manufacturer shouldrecommend the
conditions (e.g., sanitizing agent supply flow
speed, discharge rate) required to ensure effe
ical sanitization.

operating
rate, bowl
tive chem-

SD-5.4 Filtration Systems
SD-5.4.4%System Design

(a)*All wetted surfaces should be accgssible for
cledning and examination.

{b) The filter housing shall be designed tp allow for
complete venting and draining. Liquid tee-type|filter hous-
ings should be installed vertically, and vent-fype in-line
filter housings should be installed vertically with the
condensate/drain port directed downward (see Figure
SD-5.4.4-1).

(c) All nozzle connections shall be of a hygi¢nic design.

(d) Baffle plates, when used, should be clepnable and
designed for SIP.

(e) The housing assembly, tube sheets, end
connections should be designed to prevent b
process fluid around the element.

(f) Parts forming internal crevices shoul
disassembled to enable access for cleaning.

(g) Vent filters for hot process services should be heat
traced or steam jacketed. Other methods for preventing
moisture accumulation in vent filters, such as vent heaters
or condensers, could be considered.

plates, and
passing of

|l be easily

(c) Bpray devices shall conform with SD-3.9. . i . i

(d) [The-manufacturer shall recommend CIP solution SD-5.4.4.1 Micro/Ultrafiltration Systems
Suppll Tate amd pressure requirentents for effective {aJ Skid pumps designed for both process and CIP shall
cleaning. be designed to provide turbulent flow for cleaning. All

(e) Due to fluctuations in flow (e.g., bowl discharge),
use of recirculating CIP flow paths may require break-
tanks, bypass flows, and pumps that can generate
suction when run dry.

(f) The centrifuge manufacturer shall identify all areas
of primary and incidental product contact that require
manual cleaning in addition to CIP. Centrifuges that
are not designed for CIP shall be capable of disassembly
and reassembly for cleaning and examination.
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process piping systems that include piping, tubing, and
fluidic components shall be sloped for adequate drainage.
For all low points in the system, a drain port shall be
installed. A common drain port on the skid is preferred.

(b) Piping and equipment holdup volume shall be
minimized.

(c) Ultrafiltration cartridge housings shall be designed
with connections and covers that will allow the unit to
drain completely.
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Figure SD-5.4.4-1 Tank/Vessel Vent Fillers

BN

(a) In-Line Design
(Accepted)

SD-5.4.3 Design for Bioburden Control. The owner/
user is responsible for defining the sanitization require-
ments basdd on the level of bioburden control required for
the unit operation. All components and filter elements
shall be either compatible with the selected sanitization
agents and conditions or capable of being remeved or
isolated prior to the sanitization process while“main-
taining a flow path through the system.

SD-5.4.5.2 Cleaning

(a) Filtrption systems that are degigned for CIP shall be
designed ih accordance with SDf24.2 unless otherwise
agreed to by the owner/user,and manufacturer.

(b) Tangential flow filtration elements may be
designed fpr repeated usé and cleaned along with the
system. When multiple<use elements are cleaned in
place, sysfem design'shall ensure suitable conditions
(e.g., flow rjates)te\properly clean the filtration elements.

(c) Directflow filtration elements are typically not
reused an i i i

SD-5.4.5.3 Chemical Sanitization/Sterilization.
Equipment intended to be chemically sanitized shall be
designed to ensure contact between process contact
surfaces and the sanitization solution.

SD-5.4.5.4 Thermal Sanitization/Sterilization.
Temperature, flow direction, and differential pressure
of the thermal sanitization or sterilization process shall
be defined by the owner/user. The properties of the
filter elements shall be considered to confirm compat-

(b) T-Type Design
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Low-point drain

(Accepted)

ibility of the element with the exposure conditiops of a

thermal sanitization process.

SD-5.5 Chromatography Systems

For this section, the term “system” is intended t
the chromatography piping skid, not including th
ciated column.

SD-5.5.5 Design for Bioburden Control

cover
P ASSO-

SD-5.5.5.2 Cleaning. Chromatography systenjs shall
be designed for CIP. Systems should be designed inJaccor-
dance with SD-3.1 unless otherwise agreed to py the
owner/user and manufacturer.

SD-5.5.5.3 Chemical Sanitization/SteriliZation.
Chemical sanitization processes are used to feduce
bioburden. All process contact surfaces of system dompo-
nents shall either be compatible with the selected|saniti-
zation agents or be capable of being removed or ijolated
rior to the sanitization process.

SD-5.5.5.4 Thermal Sanitization/Sterilization.
Chromatography systems may be designed for thermal
sanitization. If a system is designed for thermal sanitiza-
tion, components shall be designed for the specified condi-
tions, or shall be removed or isolated prior to the
sanitization process. Note that if items are removed for
sanitization, they should be sanitized separately and rein-
stalled in a controlled environment to avoid contami-
nating the system.
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SD-5.5.5.5 Post-Use Storage. Chromatography
systems are typically stored flooded with a sanitizing solu-
tion to maintain 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

applies to lyophilizers in which product is
loaded onto shelves. Other designs that use methods
and cgmponents not described in this section should
be ev3dluated and agreed upon by the owner/user. A
lyophilizer comprises a number of interconnected compo-
nents.[Components with process contact surfaces and/or
produ¢t contact surfaces shall be designed for cleanability
and bipburden control.

Lyophilizer surfaces of components, piping, equipment,
or sysfems that are isolated by design from both product
and piocess fluids are not process contact surfaces nor

surfaces include the exterior surfaces of equip-
rain lines, vacuum lines, and systems containing
hydromic or hydraulic fluids.

SD-5.6.2 Components. A lyophilizer is comprised of
functipnal components/systems, as shown in Figure
5.6.2-1, which are designed for isolation, cleanability,
and/of bioburden control. These components/systéms
have the potential to affect product quality and.include
the following:

(a) lyophilizer chamber

(b) fondenser vessel

(c) lyophilizer shelves

(d) wvacuum systems

(e) |solation bellows

(f) internal moving parts

(g) bpray devices

(h) gas filter assemblies

(i) doors and door’seals

() valves

(k) jnstruments

Sll)-5.6.2.1 General

SD-5.6.2.2 Lyophilizer Chamber

(a) The interior surfaces of the lyophilizer chamber
(chamber vessel) are considered process contact surfaces.

(b) The lyophilizer chamber includes all necessary
fittings and closures (e.g., doors, bellows, isolation
valves). The chamber floor shall be self-draining.

(c) The surface finishes of the chamber internal
surfaces (i.e., door, walls, ceiling, and floor) shall be speci-
fied by the owner/user using the designations in Table SF-

(d) Where the chamber interfaces with,the flean room
orisolator, the surfaces shall meet the oviner/user’s speci-
fied requirements.

SD-5.6.2.3 Condenser Vessel

(a) The condenser vgssel, used to cqntain the
condenser heat exchanger, is connected to the
chamber vessel and may-be separated by a majn isolation
valve.

(b) All surfaces'shall be self-draining.

(c) In systems designed with backstreamiphg preven-
tion (i.e., prevention of reverse flow from the vacuum
pumps)ythe condenser vessel is downstr¢am of the
chambet. The condenser vessel surfacqs are not
proeess contact surfaces and do not have sufface finish
requirements.

(d) In systems not designed with backistreaming
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-5.6.2.4 Lyophilizer Shelves

(a) Theflatsurfaces of shelves supporting cqntainers of
product (e.g., vials containing product) are fonsidered
process contact surfaces.

(b) The flat surfaces of shelves are considered product
contact surfaces if product without containeqs is placed
directly on the shelves.

(c) Surfaces of the structural components offthe shelves
are considered process contact surfaces.

(d) The shelf heat transfer performance depends on
shelf flatness. The loading/unloading and initigl container
closure performance require the shelves tp be level.
Therefore, shelves are not required to lpe sloped.

(a) All components shall be rated for the applicable
pressure, vacuum, temperature range, thermal shock,
and exposure to sanitizing agents [e.g., vaporized
hydrogen peroxide (VHP)] when applicable.

(b) Process contact surfaces made from metallic mate-
rial should comply with SD-2.4.1.1 through SD-2.4.1.3.

(c) Process contact surfaces made from nonmetallic
material should comply with SD-2.4.1.1, SD-2.4.1.2, SD-
2.4.1.4, and Part PM.

Methods other than self-draining may be required to
remove residual CIP liquid (e.g., collapsible shelves
may be contracted to remove residual CIP liquid from
shelf surfaces followed by a process that facilitates
drying, such as SIP followed by a vacuum hold).

(e) The surface finishes of shelves shall be specified by
the owner/user using the designations in Table SF-2.4.1-1.
A rougher surface may be specified for the bottom side of
the shelves by the owner/user to meet process require-
ments (e.g., stopper adhesion prevention).
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Figure SD-5.6.2-1 Typical Lyophilizer Component Assembly
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SD-5.6.2.5 Vacuum Systems

(a) The lyophilizer vacuum pumps and condenser
cooler establish a pressure gradient during lyophilization
from the chamber vessel through the condenser vessel
resulting in single-direction flow toward the lyophilizer
vacuum pumps. To maintain an environment appropriate
for aseptic processing in the chamber vessel, the vacuum
system shall prevent reverse flow (backstreaming).

(b) The lyophilizer vacuum pumps are not hygienic
compgqrre arTd e i i
sterile|boundary.

(b) |The surfaces of the bellows and its mounting
conneftions exposed to the inside of the lyophilizer
are copsidered process contact surfaces and should be
assesspd for cleanability. The bellows shall be extended
during the cleaning cycle to provide access to all exposed
proceds contact surfaces.

(c) Thebellows shall be sealed at each end to isolate the
inside pf the lyophilizer from external conditions. Bellows
may b¢ bolted or welded into place. A bellows sealed by a
bolted| flange connection with an O-ring seal within-the
chambler vessel facilitates replacement and maintenance.
The inside of the bellows may be evacuated, yented, or
pressyrized to facilitate retraction or extension of the
bellows. The lyophilizer may be provided with a leak-
test sylstem to ensure the bellows.are/intact.

(d) When specified, the bellows-shall be suitable for
steriligation and shall allow forfull penetration of the ster-
ilizing|agent at all surfaces-inside the sterile boundary.

SP-5.6.2.7 Internal*Moving Parts. The following
should be considered in the design of moving parts
(e.g., the raising.anhd lowering of the shelves) within
the chhmber anhd/or condenser vessels:

(a) Nonnietallic material (e.g., PTFE, PEEK, UHMWPE)
may b¢ used’'for moving parts in order to reduce friction.

SD-5.6.2.8 Spray Devices

(a) Spray devices are used in lyophilizers to facilitate
the cleaning of surfaces inside the chamber and condenser
vessels. Spray devices in the condenser vessel may also be
used for directing spray at the condenser cooler to facil-
itate defrosting of the condenser cooler.

(b) Spray devices designed for cleaning should provide
sufficient flow and force to clean flat surfaces (e.g.,
shelves) by direct spray. Cleaning the internal surfaces

itize ire Ty TS ireasppply pres-
sure and flow rate that are substantially highpr than are
typical for cleaning an empty vessel. The supply pressure
and flow rate should meet the manufacturer’s fecommen-
dation for these spray devices.

(c) Both static and dynamie/Spray devices pre accept-
able for use in lyophilizers.«<The use and application of a
particular spray device {esign should be agreed upon
among the owner/user; lyophilizer manufaqturer, and
CIP system integrator. The number of sprpy devices
may be reduced (f the shelves are allowef to move
during cleaning( Spraying of shelves should He designed
to avoid the‘interference of spray streams df opposing
directions.

(d)<The use of threaded connections for spray devices
shalbonly be used when agreed upon by the owner/user.

(e) Spray devices shall meet the provisions pf SD-3.9.2.

(f) Spray device design, location, and orientation shall
ensure appurtenances (e.g., nozzles, bellpws, shelf
supports, and hoses) are exposed to complete spray
coverage.

Ul d1yUp Yy U 9, )% )% cyu

SD-5.6.2.9 Gas Filter Assemblies

(a) For the purpose of this paragraph, thp gas filter
assembly is defined as those filters installed for the
purpose of filtering process gases supplied to [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 bo]:ndary and
be designed for the chosen means of bioburdef reduction
(e.g., SIP or VHP). This filter shall be a steriljzing-grade
filter. If a redundant sterilizing filter is fised, both
filters shall be included within the sterile bojindary.

(c) Filter assemblies that are steamed in place shall be
designed to

The selection-of the material should considerminimizing
5

particle generation.

(b) Contact surfaces between moving parts shall be
exposed to solutions used for cleaning and bioburden
control.

(c) Abellows may be used to isolate the chamber and/
or condenser from moving parts that are not of hygienic
design.

(1) limit the pressure drop across the filter to within
the manufacturer’s specifications in the specified flow
direction

(2) permit temperature monitoring in a location
representative of the coldest location

(3) accommodate the integrity testing of the prox-
imal filter, either in situ or out of place

(d) If CIP of the gas filter assembly is specified, provi-
sions shall be made in the design for removal of the filter
element(s) prior to the CIP. Filter elements shall be rein-
stalled prior to sterilization of the filter assembly.
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SD-5.6.2.10 Doors and Door Seals

(a) Lyophilizer doors and door seals shall be designed
to withstand vacuum, cleaning, and sterilization
conditions.

(b) Lyophilizer doors shall be accessible, cleanable, and
replaceable and should be capable of undergoing inspec-
tion without dismantling.

(c) For multiple-door systems, the doors shall be inter-
locked to allow the opening of only one door at a time

SD-5.6.2.12 Instruments

(a) All instruments within the sterile boundary should
comply with all applicable sections of Part PI, including PI-
2.1, PI-2.1.2(c), PI-2.1.2(f), and PI-2.2.2.

(b) Instruments in process contact should be of
hygienic design.

(c) Instrument probe surfaces and side port penetra-
tions shall be oriented for self-drainage.

(d) Instruments installed within the sterile boundary

during nor

(d) Doo
clean room

(e) Both

(f) Doorn
table seals.
either the

(9) The
flange edg
conditions

(h) Conpression of a single static seal to achieve a
metal-to-fnetal contact is preferred to avoid a gap
between dpor and chamber vessel.

(i) The dloor static-seal design shall provide access for
manual sapitization 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.

(k) Door seal lubricants shall not be used in aseptic
processing|applications.

() Refex to Part SG for specifications of sealgused in
bioprocessjing.

llldl UPCI dLiUll.

's and locking hardware that interface with the
should not be retracted to uncontrolled space.
sliding and swing door designs are acceptable.
seals can be made with either static or infla-
Static seal grooves that hold the seal may be on

Hoor or the chamber.

Keal groove may be set back from the chamber

e to keep the seal in position during vacuum

SD-5.6.2.11 Valves

(a) Valve design and selection for. service shall follow
SG-3.3.2.3(p) and Part SD as apprepriate. The application
of a specifi¢ valve type for a givenrservice should be agreed
on by the nanufacturer and owner/user.

(b) Hyg|enic valves shall'be used inside the sterile
boundary.

(c) Diaphragm valves are acceptable for hygienic fluid
service.

(d) Buttperfly-valves may be used as part of the sterile
boundary [when piping/tubing is larger than 2 in. in

shoutdbe dcaigucd for-CiP-amd-steritizatiomtrstryments
not designed for CIP should be removed for cleanihg and
reinstalled for sterilization.

(e) Locations with product-sensing insttuments (e.g.,
thermocouples and RTDs) and wine tead-throughs
should be considered when desigiing for cleanipg and
sterilization.

(f) Instrumentation with integral seals or diaphragm
seals is preferred within the€ sterile boundary. The risk
of using instrumentation without integral sdals or
diaphragm seals (e.g., Pirani gauges) should be assessed
based on the risk to\product quality as determined|by the
owner/user.

SD-5.6.3 Sterile Boundary. For the purpose of fidenti-
fying areasthat should be exposed to sterilizing agents, the
followingareas within the chamber and condenser yessels
define'the sterile boundary as indicated in Figure SJ}-5.6.3-
L

(a) the inside surfaces of the chamber vessel
chamber door isolation seal.

(b) the inside surface of the condenser vessel
condenser door isolation seal.

(c) the chamber and condenser drains to the first isola-
tion drain valve.

(d) thevacuum pump inlet connection in the con
vessel to the first isolation vacuum valve closest
condenser vessel.

(e) the vacuum break/gas inlet line to the sterjile gas
filter. If redundant sterilizing filters in series ar¢ used,
the sterile boundary ends at the membrane jof the
filter farthest from the chamber vessel.

(f) the CIP/SIP inlet lines to the first CIP/SIP isplation
valve that is closed during the lyophilization progess.

(g) the sealing surface on all instruments connefted to
the chamber and condenser vessels.

(h) thermocouple/RTD seals connected directly

to the

to the

Henser
to the

to the

diameter.

(e) Ball valves may be used outside the sterile
boundary to establish positive isolation.

(f) Pressure relief devices or rupture disks of hygienic
design may be used as part of the sterile boundary.

(g) If the lyophilizer is designed for isolation between
the chamber and condenser, the isolation valve may take
the form of a mushroom valve, butterfly valve, or other
proprietary valve design.

82

chamber and condenser vessels.
(i) the exposed surface of the pressure relief valve or
rupture disk.

SD-5.6.4 Internal Connections and Fasteners

(a) Threads sealed by an O-ring or hygienic gasket are
acceptable. The use of exposed threads within the lyophi-
lizer sterile boundary should be avoided. If other means of
fastening are not practical, the use of exposed threads may
be permitted with the agreement of the owner/user. The
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Figure SD-5.6.3-1 Lyophilizer Sterile Boundary
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surfades of exposed threads should be among those
assesspd for cleaning and penetration of sterilizing agents.

(b) For process contact surfaces, the use of pins, clevis
rods, shap rings, and clips may be required to mount hard-
ware ipside the sterile boundary but sheuld be minimized
and only be used if agreed on by the)owner/user. The
surfades of these fasteners should be among those
assesspd for cleaning and penetration of sterilizing agents.

(c) pocket head cap screws'and counterbored holes
inside|the sterile boundaxry-shall only be used with the
agreerpent of the owneryuser.

SD

(a) Systems.used to clean lyophilizers shall comply
with §D46+3.3(a), SD-6.3.3(b), and SD-6.3.3(c).
Cleandbility requirements of SD-2.4.2 are applicable to

5.6.5 CIP of.Lyophilizers

Chamber and condenser drains up to

first isolation valve

mining the required coverage. The acceptarjce criteria
for coverage shall be agreed to by the mahufacturer
and owner/user. Nonmandatory Appendix } provides
an acceptable procedure for spray device coverpge testing.

(d) The process contact surfaces within thelcondenser
vessel may be cleaned via internal spray [devices to
provide the coverage agreed on between the njanufactur-
er and owner/user.

(e) Internalliquid distribution piping shall Qe sloped to
meet the requirements of GSD2 to facilitdte gravity
draining.

(f) Externalliquid distribution piping shall he designed
with valve actions that facilitate gravity drainirjg. The pipe
slope shall meet the requirements of GSD2.

(g) The liquid level in the chamber and |condenser
vessels should be minimized during once-through CIP

lyophilizers except for SD-2.4.2(b)(1), which does not
apply to lyophilizer shelves.

(b) ltis accepted practice to use water as the CIP fluid
for cleaning water-soluble compounds. Water for injection
shall be used for the final rinse in aseptic processing
applications.

(c) The chamber vessel, which includes internal
shelves, should be cleaned via internal spray devices
designed to provide coverage of targeted surfaces. Risk
to product quality should be considered when deter-

by correct sizing of the daraim and by providing slope
to the respective drain. A CIP drain pump may be used
to assist draining of the chamber and condenser vessels.
(h) When recirculated CIP is used, the following re-
quirements apply:
(1) Recirculated systems, including pump casing(s),
shall be drainable.
(2) Recirculated systems shall be capable of
removing residual chemicals and debris during the
final rinse.
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(i) The chamber and condenser vessels shall be self-
drainable.

(1) Process contact surfaces shall be sloped to meet
the requirements of GSD3 for drainage of CIP fluids and to
prevent the collection of condensate during the steaming
processes.

(2) Interior surfaces of nozzles penetrating the
vertical walls of the vessel shall be sloped to meet the
requirements of GSD3.

(3) The floor of the vessel shall be sloped toward the

SD-5.6.6.2 Hydrogen Peroxide Sterilization. When
designing lyophilizers for sterilization with hydrogen
peroxide gas under vacuum

(a) the system should be designed to be dried and have
a surface temperature that meets the supplier’s specifica-
tion for the hydrogen peroxide supply system [typically
59°F (15°C) and 176°F (80°C)] prior to the start of the
sterilization process.

(b) the system should be designed to verify that the
residual hydrogen peroxide levels are below the estab-

drain conpection to meet the requirements of GSD3,
unless otherwise agreed to by the manufacturer and
owner/us€r.

SD-5.6.6 Bioburden Reduction in Lyophilizers.
Lyophilizdrs designed for bioburden control should
consider thhe following:

(a) prespure or vacuum hold testing in preparation for
the bioburflen reduction process. Refer to SD-5.6.7.

(b) evaquation of air from the chamber and condenser
vessels to reduce the potential for air to be trapped during
the bioburglen reduction process. Effective air evacuation
may be acljieved through the use of a liquid ring vacuum
pump or sjmilar.

SD-5.6.6.1 Steam-in-Place. When designing lyophi-
lizers for steam-in-place
should enter the lyophilizer at only one point
at a time tq minimize the potential to trap air or conden-
sate. If steqm needs to enter through multiple locations
simultanedusly, the design should create flow paths that
avoid air ¢ntrapment. The design should ensure that
condensatg¢ will freely flow toward low-point drains-

(b) a dupl control design may be used to deliver high
steam flow]rates thatare often required during the heating
phase and [to maintain tight control of temperature and
pressure during the exposure phase.For“example, one
regulator and/or control valve may.be used for the
heating phase and a separate regulator and/or control
valve may e used for tight control during the exposure
phase.

(c) avaduum drying phaSe should be used to eliminate
any condehsate remaining within the sterile boundary
following $IP.

(d) if cqolingsand drying are accomplished with the
introductidn of-@process gas with open drains, a positive
pressure differential shall be maintained to
sterile boundary during this operation.

(e) temperature monitored throughout the SIP cycle
should include coldest (worst-case) locations. If routine
monitoring of worst-case locations is not practical, the
temperature of locations that have been correlated to
the actual worst-case locations may be monitored instead.

(f) to minimize cold locations during SIP, horizontal
penetrations should be sloped to allow condensate to
drain.
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lished thresholds, after the sterilization process has
been completed. Threshold levels should be"agreed on
by the owner/user for both operator’s safety apd the
potential impact on the product quality.

SD-5.6.7 Leak Rate

zation
esting
sterile
ations

(a) Lyophilizers designed. forvaseptic lyophil
processes shall be designédyto meet leak-rate {
criteria as agreed to by'\the owner/user. The
boundary should be leak tested before aseptic ope
begin. The leak ratesis calculated as follows:

_ APV

U=y W

where
Qi< ="leak rate, mbar-L/s

the lyophilizer system volume subject|to the

vacuum, adjusted to exclude the volume occupied

by internal hardware, L

the absolute pressure rise during the test

the test duration, sec

AP
At

mbar

(b) Leak-rate testing should be performed on g clean,
dry, and fully assembled and insulated system wjth the
condenser cooler in operation to capture refgidual
vapor. Typically, leak rates less than 0.02 mbar-L/s are
acceptable for new installations. Leak-rate tesfing is
intended to confirm vacuum integrity of the systém.

(c) Leak-rate tests are performed at high vicuum
conditions with an absolute pressure typically pn the
order of 0.01 mbar.

(d) Sufficient stabilization time will avoid misinterpre-
tation of the vacuum leak rate due to virtual leaks. Virtual
leaks are identified by a leak rate that stabilizes ovdr time.

(e) Individual component assemblies, whith are
rbjected—to—va tti fom leak
tested prior to final installation.

uge OTIC O ) OUId Ot CITU

SD-5.6.8 Branch Connections

(a) The provisions of SD-3.1.2.2 are applicable to
liquid-service process contact piping leading to the
lyophilizer.

(b) Nozzles within the sterile boundary should be
designed to allow for full exposure to the sterilizing agent.

(c) Nozzles and other appurtenances that are cleaned
by liquid spraying should allow complete coverage.
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(d) Lyophilizer internals should be designed to avoid
low points where fluid can be trapped.

SD-5.7 Solution Preparation Systems

Solution preparation systems are used for the prepara-
tion, storage, and distribution of buffer solutions, media
solutions, and other reagents used in bioprocessing,
formulation, and filling operations. Systems may
include components for transfer and mixing of solids
and ligu S —r-H IREFS;
equiprpent, intermediate bulk containers). The systems
may also include tanks/vessels for solution preparation
and fof solution storage. Systems may also include compo-
nents designed specifically for bioburden reduction or
solutidn conditioning. Examples of these include filtration
systen}s and thermal conditioning systems such as ultra-
high-temperature/high-temperature short-time (UHT/
HTST)| systems.

SD-5.7.1 Operating Capabilities and System
Function. The owner/user shall define which process
contadt surfaces require cleaning and/or sanitization
(e.g., vpssel internals, solids transfer equipment, solution
transfer lines, vent lines) and which cleaning methods
(e.g., CIP, COP, water rinses) and/or sanitization
methdds (e.g., chemical sanitization, SIP, hot-water
flush) fare to be used. When a solution sterilizing-grade
filter |s SIP’d with the system, the sterile envelope
shallijclude the filter membrane. In practice, this requires
a design that achieves sterilization conditions across'the
filter thembrane.

For [systems that require closure, controls.to.achieve
and mpintain a functionally closed system(aftér mixing
may irjclude

(a) |equipment to achieve required bioburden reduc-
tion ir] prepared solutions (e.g., sterilizing-grade filters,
HTST, [sterilization vessels)

(b) |technologies that prepare-equipment for use (e.g.,
CIP, SIP, use of gamma-irradiatéed single-use components)

(c) Iprocedures and designs to maintain control during
procegsing and holds/after bioburden reduction (e.g.,
system closure aftersanitization, drying equipment for
holds, Jand hold and processing time limits)

SD

SID- D 3
be taken to contain powders that are added to mixing
tanks and to contain aerosols that may be generated
during solution preparation to mitigate the risk of
cross-contamination between operations. The owner/
user shall assess the risk of cross-contamination
between operations. Controls to mitigate the risk of
cross-contamination may include

(a) physical separation (e.g., separate rooms, isolators)
(b) airflow controls (e.g., dust collection systems, filtra-
tion of circulated air, flow direction)

.7.2_System Design

ion Control. Me e noiid

85

(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 contamination and
growth of adventitious agents such as bacteria, fungi,
and viruses in solutions during processing and hold times.

SD-5.7.3 Design for Bioburden Reduction

tion may require a filter to reduce bioburden dyring trans-
fers to downstream systems, particularly-swhen the buffer

is growth-promoting or is transferred t¢,a hold
before use.

ing system

SD-5.7.3.2 Preparation Tanks. Prepardtion tanks
may be designed for opetations that afe briefly
exposed to the room environment (e.g., dddition of
reagents through an epen port) when afgpropriate
measures are exércised for bioburden cqntrol and
other particulate’contamination (e.g., filtration to
reduce bioburden after reagents are dissolveld).

SD-5.7.3.3 Tanks for Long-Term Storgge. Tanks
used for'long-term storage of solutions should e designed
to be,sterilized unless the intended solution is hactericidal
or{ bacteriostatic.

SD-5.7.3.4 Thermal Sanitization/Stefilization.
Systems used for aseptic processing shall have pll surfaces
that contact sterile process streams downstream of the
bioburden control device capable of being|sterilized.
This includes interfaces between componenjts that are
sterilized separately.

SD-6 PROCESS SUPPORT SYSTEMS
SD-6.1 Cabinet Washers

SD-6.1.1 General. This section describes the require-
ments for washers that are designed to clepn various
materials and components such as glasswdre, drums,
containers, hoses, pallets, and accessories |[(washable
items) that are not cleaned in place. Requifements in
this section are intended to be applied fo cabinet
washers, but may be applied to other types pf washers
as appropriate.

6 asherssha uHiay aticland should
be capable of multiple cycle types for various load condi-
tions. Cabinet washers may be designed with an integrated
chemical addition system or receive cleaning solutions
from a CIP system.

(b) Cabinet washers shall include racks or holding
systems designed to enable repeatable exposure of wash-
able items to cleaning solutions.

(c) The documentation requirements of GR-5 are ap-
plicable to process contact components/instruments of
cabinet washers.
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SD-6.1.3 Operating Capabilities and System Function

(a) Cabinet washers shall be capable of delivering
cleaning solutions and of the subsequent rinsing of
cleaning solutions from washed surfaces.

(b) Cabinet washers should have the ability to perform
the following general phases during the cycle:

(1) prewashing
(2) washing
(3) rinsing

SD-6.1.4.1 Wash Chamber

(a) Theinterior surfaces of the chamber are considered
process contact surfaces. These surfaces, which have the
potential to drip onto washed items, shall have complete
spray coverage (see SD-6.1).

(b) The interior of the chamber shall comply with SD-
2.4.2. Internal surfaces that may be difficult to clean (e.g.,
wheels, cabling, external surfaces of exposed hygienic-
clamp connections) should be minimized and assessed

(4) fl dl lillbillg
(5) diying with heated filtered air
(6) cdoling with filtered air

SD-6.1.3.1 Rinse Requirements

(a) The final rinse step may be performed using recir-
culated walter integrated with drain steps or as a single-
passrinse (or series of single-pass rinses) to remove resi-
dual cleanihg 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).

(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 dravy by other users) and its impact on the flow rate.

(2) ude of a water break-tank. The break-tank shall
be self-drajnable and vented. Rinse water from the break-
tank shall ot contribute to the soiling or bioburdenload it
the cabinef.

(c) The hydraulic conditions (i.e., pressure and.flow
rate) for the rinsing phases shall be consistent with
those estat]?ished for washing phases to ensure.consistent
rinsing of fhe washable items, the chambep interior, and
the complgte hydraulic circuit.

SD-6.1.4 System Design

(a) Materials of Constructioh
(1) Process contact surfaces shall comply with the
requiremefts of SD-2.4(1.
(2) All weldednietallic process contact surfaces shall
be passivated in decerdance with SF-2.6.
(3) Esternalsurfaces of the washer cabinet shall be
fabricated with-material that is resistant to cleaning and

fUl LllC lib}\ [4e) Pl UL‘IL[LL L{udlil._y.
(c) Allinternal surfaces shall be sloped for drain
with a slope agreed on between the owner/user an
cator. Where possible, a slope of not lessthair % in
mm/m) is recommended.
(d) External surfaces should be {nsulated to mihimize
heat transmission and promote{cleaning and dryjng.
(e) Breastplates, reinforeing pads, doubler plates,
poison pads, etc., which areréquired for welding dissim-
ilar material to the chambéfr, should be of the samd mate-
rial as the chamber,
(f) Lubricants shallnotbe used where they may qgomein
contact with cleahing solutions or washable items.

ability
| fabri-
ft (10

SD-6.1.4,2 Chamber Openings

(a) Nazzles that are designed to be cleaned by g spray
deviceshould have the smallest L/d ratio practidal. For
non-flow through nozzles, an L/d of less than 2 is fecom-
mended (see Figure SD-3.4.2-1).

(b) Sidewalls and chamber-ceiling nozzles shquld be
flush with the interior of the chamber (see Figure SD-
3.4.2-5).

(c) Blank covers shall have the same surface fi
the chamber internals.

(d) Process valves shall meet the requirements|
3.3.2.3.

(e) Sample valves shall meet the requirements
3.11.2.1.

(f) Sightglasses on the chamber shall meet the r¢
ments of Figure SD-3.4.6-1. Sight glasses sho
designed with the smallest L/d practical and should
porate cleanable seal designs.

hish as
of SG-
of SD-

quire-
hld be
incor-

SD-6.1.4.3 Washer Door and Door Seals

(a) Washer doors and door seals shall be designed to
prevent wash fluid leakage during the entire waslj cycle.

sanitizing agents as specified by the owner/user.

(4) Process contact polymeric materials shall comply
with Part SG and Part PM.

(5) Process contact metallic materials shall comply
with Part MM.

(b) Surface Finish. The surface finishes for the interior
surfaces of the chamber, wetted process contact tubing,
and exterior surfaces exposed to cleaning solutions shall
be specified by the owner/user using designations
provided in Table SF-2.4.1-1. Electropolishing is not
required unless specified by the owner/user.
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(b) For multiple-door systems, the doors shall be inter-
locked to allow the opening of only one door at a time for
loading and 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) Construction of the door shall meet SD-2.4.1.

(f) The internal surface finish of the door shall be the
same as specified for the chamber internal surfaces.
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(g) Solid or inflatable door seals shall meet the require- (a) Loading-rack spray systems may have interchange-
ments of SD-2.4.1.1 (e.g., conforming to FDA 21 CFR 177 able spray devices to accommodate a variety of washable
and USP Section <88> Class VI). items in a single rack.

(h) Refer to Part SG for specifications of seals. (b) Translational/reciprocating spray devices in the

cabinet using mechanical devices (e.g., pulleys and
SD-6.1.4.4 Internal Components PTFE sheathed cables) should be designed for ease of

(a) Washer cabinet internal components include disassembly for inspection and maintenance.
loading racks and supports, thermowells, spray manifolds, (c) Mechanical devices used in the chamber shall be
etc. compatible with the process fluids and shall be cleanable.

(b) D671 emicat-Additiom-Systems. When

cleaning solutions are not provided by, a-CJ[P system,
the following provisions are applicable;

(a) A number of chemicals that function ag pH adjus-
ters, emulsifying agents, and/op-s6il remové¢rs may be
added during the cabinet wdsher cycles. The design
considerations should include positive identjfication of
each chemical delivery and‘connection.

(b) Concentrated chemicals may be delivg¢red to the
Loading racks shall secure the washable items  y3sher from bulkedi$tribution systems or [from local
the wash cycle. holding containers, The design of concentratdd chemical
Loading racks may be designed to distribute  gelivery and stbfage systems should consider fninimizing
human contaet.
(c) Design of concentrated chemical storagg and distri-

butiofitcomponents should consider safety [provisions
meets|the surface finish requirements of the chamber. enumerated in SD-6.3.4(d).

oading racks/accessories
The racks are designed to support the cleaning of

(d) The design should include monitoring ¢f adequate
bulk chemical supply (e.g., level) for the entire wash cycle.

comply with SD-3.1.2.3. SD-6.1.4.8 Recirculation Pumps

(a) The pump shall have sufficient capacity (flow rate
and pressure) for all spray configurations ysed in the

washer.
SD-6.1.4.5 Air Drying, Intake, and Exhaust Systems. (b) Pumps shall comply with SD-3.3.2.
Wherq specified by the owner/user to‘dry washed items, (c) Pump seals shall comply with Part SG.
the following provisions are applicable:
(a) [The air intake system shall‘be filtered. A prefilter SD-6.1.4.9 Heat Exchangers
and HEPA filter system are recommended to protect the (a) Heat exchangers included in cabinet yashers to

heat cleaning solutions, rinse water, etc., shall comply
(b) [The drying system shall provide heated, filtered air with SD-3.6.

to thq chamber, thethydraulic circuit, and in-line (b) Heat exchangers using steam or a thefmal liquid
compnents.. ' ) ) may include shell-and-tube, coil, or tube typgs.

] (c) [The filteredair used for drying may be supplied (c) Electric heat exchangers may be direct|or indirect
rom 2

controlled or uncontrolled environment. immersion type heaters.
(d) [Teniperature and humidity variability of intake air
should be”considered in system design. SD-6.1.4.10 Instrumentation
(e) The exhaust ducting should be designed to direct
condensate to a drain.

(a) All process contactinstruments should comply with
the applicable sections of Part PL
SD-6.1.4.6 Spray Systems. Design of spray systems (b) The design should enable operators to monitor
in cabinet washers requires the integration of manifolded process parameters without having to pass through
spray devices in the chamber with those installed in changes in room classifications.

loading racks. Spray systems in cabinet washers may SD-6.1.4.11 Interfaces. Where the chamber inter-
use both static and dynamic spray devices that comply faces with the clean room, the external surfaces shall

with SD-3.9. meet the owner/user’s specified requirements.

87


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

SD-6.1.5 Design for Bioburden Control

(a) Cabinet washers shall comply with the fabrication
requirements of SD-2.4.1.

(b) Tubing within the process contact boundary should
be orbital-welded tubing where possible and shall comply
with Part MJ.

(c) All wetted process contact surfaces shall be of
hygienic design per the applicable sections of this
Standard.

(b) Mechanical components and instruments that
require maintenance may be located in an unclassified
space where the maintenance can be performed.

(c) The washer design considerations should include
integration with the space where maintenance is
performed (e.g., minimizing moisture due to
condensation).

(d) Pumps should be designed and configured to enable
access for removal, inspection, and maintenance.

o617 T

SD-6.1

(a) The|provisions of SD-3.1.2.2 are applicable to
liquid-seryice process contact piping leading to the
chamber ahd delivering cleaning solutions to the spray
manifolds.

(b) Liqy

.5.1 Branch Connections

id-service branch connections with an L/d
greater thdn 2 shall be provided with low-point drains
that are opened between each phase of the washing
cycle to avpid cross-contamination.

SD-6.1

(a) The
fabrication|
for drainal
parties.

(b) Instfument probes and sidewall penetrations (see
Figure SD-B.4.2-2) shall be sloped for drainability, unless
the instrurpents used require horizontal mounting (see
Figure SD-B.4.2-3).

(c) Loading racks shall be self-drainable.

.5.2 Drainability

Chamber drainability should be verified during
Verification methods and acceptance criteria
ility shall be agreed on in advance by all the

SD-6.1
(a) The

.5.3 Cleaning

design should enable multiple chemical addi-
tions during the prewashing and washing processes.

(b) Cleaping solution temperature shall’be controlled
and monitpred during washing and-rinsing phases.

all be
manu-
bed in
ystems
idition

SUT0.1.7 1 .
defined by the owner/user and agreed to by,the
facturer, and may include tests beyond thosé descr
this section. These tests apply to newly installed s
and to modifications of existing systems (e’g., the a
of a loading rack to an existing system).

hbinet
spray
hterior
r. The
is ap-
verage
bendix
owing

SD-6.1.7.1 Spray DevicetCoverage Test. C
washers should be testedsto~confirm complete|
coverage of the specified Washable items and the i
process contact surfaces of the washer chambsg
spray device coverage testing described in SD-7.1
plicable to cabinét)washers. The spray device co
test procedure<described in Nonmandatory Ap
M may be used for cabinet washers with the fol
additional eonsiderations:

(a)~Fésting should include empty configurations (i.e.,
loading rack only).
{b) Testing should include racks loaded to cappcity.

(c) It is acceptable to bypass the drying phase|of the
cycle to examine the wet conditions. If parts are dry
when inspected, they should be gently rewettefl with
ambient or cold water to observe any residual ribpflavin
fluorescence.

(d) The sequence in which parts are examined ghould
be documented to prevent false positive results due to
transfer of residual riboflavin from one washable item
to a clean washable item.

(c) The pressure and flow rates\of cleaning solutions . .
supplied tq dynamic and stati¢”spray devices within the . .SD-6.1.7.2 Dralnabllllty Test. The proposed|drain-
chamber ahd/or loading ragks\should be monitored. ablhlty test prpcedure mn SD'_7'4 for VeSSG.IS may be

(d) If clpaning solutiohs-are recirculated during the a.pplled to.cabm.et washers with the following pxcep-
cycle, the recirculationspump shall meet the requirements t10ns/c0.r151derat10ns: . .
of SD-3.3.1 (a) Itisnotnecessary to fill the chamber with thq outlet

(e) The Hesign $hduld provide final rinse water at an closed. The chamber should be wetted by liquid delivered
elevated température [e.g., >149°F (65°C)] for sanitization through the spray syst?m. .
and improjed drying efficiency. (b) The chamber drainability test should be performed

(f) The system shall be designed to provide analytical
verification of final rinse water quality (e.g., conductivity
and/or total organic carbon).

SD-6.1.6 Design for Serviceability, Examination, and
Operation

(a) Cabinet washers should be designed to enable
access for inspection and service of components that
are subject to wear and to allow periodic calibration of
instruments.
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withrout draiT pump asSIStarce:

SD-6.1.7.3 Cycle Performance Test. The perfor-
mance test should demonstrate the ability to clean
loaded items based on an initial list of washable items
agreed to by the owner/user and manufacturer. 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 require-
ment) at the drain within a specified period of time.
The test should verify that the process contact surfaces


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

within the washer are also cleaned to the same specifica-
tions used for the washable items.

SD-6.2 Steam Sterilizers/Autoclaves

SD-6.2.1 General. For this section, “autoclaves” and
“steam sterilizers” shall be used synonymously. This
section describes the requirements of autoclaves that
are used in bioprocessing for the steam sterilization of
hard, dry wrapped and 11qu1d materlals

Thisseettendoe A 0 e
lene oxide), VHP (vaporlzed hydrogen perox1de) or CIOZ
(chlorine dioxide) type sterilization equipment. The man-
ufactuter shall define the sterile boundary of the system.

SD-6.2.3 Operating Capabilities and System
Functjon. Autoclaves should be capable of multiple
cycle kypes for various load conditions. Autoclaves
shall ¢nly be used to sterilize the types of goods for
which|[they are designed. The most common load types
are spgcified in SD-6.2.3.1 through SD-6.2.3.3.

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.
Unwrdpped goods can often be effectively autoclaved
using ¢ither a single vacuum pull or gravity air displace-
ment. These goods can sometimes be autoclaved at higher.
tempelatures. Multiple vacuum pulse preconditioning is
requirpd for wrapped goods to ensure proper evacuation
of noncondensable gases from both the autoclave
chamber and autoclaved goods. Steam sterilizers used
for the processing of wrapped or porous goods shall
be able to pull vacuum to levels helew 1 psia [69
mbar]|and maintain the vacuum withya maximum leak
rate of 0.1 psi/5 min (6.9 mbar/5 min). Cooling, drying
(pulse} vacuum) is an optional gycle 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 rubbersstoppers. Exhaust rates and
heating rates should be adjustable for pressure-sensitive
materials.

SP-6.2.3:2"Liquid Cycles. Forced air removal
preconpditioning is an optional cycle used to evacuate
the ndtlcondensable gases from the autoclave chamber.

supply of sterile air for cooldown phases of autoclave
loads.

SD-6.2.4 System Design. Materials in contact with
steam shall resist corrosion from steam and steam
condensate. The materials shall not affect steam
quality and shall not release any substances known to
be toxic or that could adulterate the product. Piping/
tubing and fittings shall be pressure and vacuum tight.
The plpmg/tublng layout should be deSIgned to eliminate
g within the
sterlle boundary should be orbital- Welded stalinless steel
tubing where possible and shall comply with Part MJ
(Table MJ-8.4-1) acceptance criteria. A|l process
contact surfaces within the sterileboundary including
tubing, chamber, and componénts shall be pgssivated.

The autoclave shall be erclosed with paneling that is
resistant to corrosion and.is cleanable.

The surface finish within the sterile boundaty need not
exceed 35 pin. R,¢(0{89 pm). Electropolisiiing is not
required for stear sterilization systems.

Elastomers-shall comply with SG-3.1.1, SG-3.]L.2, and SG-
3.3. Elastomers shall be resistant to corrosfion and to
chemicalhand thermal degradation. Elastomgrs 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 SG-4.2.

SD-6.2.4.1 Chamber. Autoclave chamberfs are pres-
sure vessels and shall be pressure and temperpture rated
per the owner/user’s design criteria with 4 minimum
pressure rating of 25 psig at 266°F (1]7 barg at
130°C). The chambers shall also be vacuum rated.

For systems used in the processing of materjals used in
the European market, autoclaves may also be fequired to
comply with Pressure Equipment Directive (PED) 97/23/
EC and/or EN-285.

SD-6.2.4.2 Doors. Autoclave door(s) sha]l be acces-
sible, cleanable, and replaceable, and should bg¢ capable of
undergoing inspection without dismantling. THe door seal
shall be resistant to clean steam and clean steqm conden-
sate. The door on the nonsterile side shall be| capable of
reopening after closing without undergoing 4 cycle. The
door(s) shall not be capable of opening duringa steriliza-
tion cycle. The doors shall be constructed of mdterials that

Liquid cooling cycles should be provided to efficiently
cool the autoclave chamber. Providing the chamber
with overpressure helps prevent the liquid goods from
boiling over during the cooldown phase. Liquids can
also be cooled by slow-rate exhaust. Heating rates
should be adjustable to help compensate for differences
in heating profiles of items in mixed loads.

SD-6.2.3.3 Air Filter Sterilization. An independent
air filter SIP sterilization cycle should be provided for
the in situ sterilization of the chamber vent filters ensuring

dre TESTSTATt tO CIealT SteanT ard ctear steanr condensate.
For multiple-door systems, the doors shall be interlocked
to allow the opening of only one door at a time. The
unloading (“sterile-side”) door shall remain sealed in
standby mode. Refer to Part SG for specifications of
seals used in bioprocessing.

SD-6.2.4.3 Sterile Air/Vent Filters. Where the ster-
ilization cycle requires admission of air into the chamber,
the air should be filtered with a sterilizing filter (0.22 um
or less). The filter element shall be replaceable. Provisions
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for the steam in place of the vent filter elements should be
provided.

SD-6.2.4.4 Steam Traps. Refer to SD-3.12 for re-
quirements of steam traps.

SD-6.2.4.5 Loading Carts/Trays. Carts and trays
exposed to clean steam shall be constructed of materials
resistant to clean steam and clean steam condensate.
Carts, trays, and chamber shall be accessible or removable
and cleanable.

(b) Insulation. External surfaces should be insulated 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
Microbiological and Medical Labs (BMBL) and Centers
for Disease Control (CDC) guidelines for these special
conditions.

SD-6.3 CIP Systems

SD-6.2.4.6 Valves. Valves and sealing materials
located within the sterile boundary shall comply with
SG-3.3.2.3.Valves within the sterile boundary are typically
d to clean steam service and chemical(s) used
ivation. Exposure to these conditions should
red when selecting a valve type for this

.2.4.7 Check Valves. Provisions to prevent
ing into the service feed systems should be

.4.8 Jacket. The jacket shall be constructed
ials that are resistant to corrosion and degra-
steam or clean steam and clean steam conden-
licable.

SD-6.2.4.9 Instrumentation. Autoclave pressure
and tempetature shall be displayed at all doors. All instru-
ments within the sterile boundary should be of hygienic
design. Insfruments shall be capable of being calibrated
and replag¢ed. The instrumentation shall includethe
following:

(a) Temperature. Independent temperature eleients
(one or twg for monitoring and recording andan indepen-
dent one fgr controlling temperature) shall\be provided.
The chamler temperature recording element should be
located ip the chamber drain. Each temperature
element shall be accurate to *0:1'8°F (0.1°C) with a
sensor response time <5 sec{The element installation
shall not affect the maximum-leak rate. The temperature
elements shall be temperatlire and clean steam resistant.

(b) Prespure/Vacuum.-Pressure/vacuum instruments
shall be p
monitor th
for recordi
cycles shall bé included.

SD-6.3.1 General

(a) The following terms are defined forythis sqction:
(1) CIP circuit: the sum of paths within & procgss unit
operation thatare cleaned as part of asingle CIP cycle (e.g.,
bioreactor, buffer hold vessel).
(2) CIP cycle: the executed x€cipe of rinses, washes,

and air blows used to clean-soiled equipment.
(3) CIP path: the specifie‘destination contactdd with
cleaning solution/rins& water during a CIP cyclg (e.g.,
spray device pathy ineculum line path, additidn line
path). Multiple paths within a circuit may be cleaned
simultaneously.
(4) cleanxin-place (CIP) system: a system used in the
preparatioly, distribution, delivery, and subsqquent
remoyalwf cleaning solutions to soiled equipmenit.
(b)™All in-circuit components of the CIP systerp (e.g.,
filter housings, pumps, vessels, heat exchangers, tfansfer
panels, instrumentation, valving, piping) shall be dejsigned
to be cleanable, drainable, and of hygienic design pppro-
priate for use in contact with process fluids per the ap-
plicable sections of this Standard.

SD-6.3.2 System Performance Requirements

(a) The following cleaning variables should be ¢onsid-
ered in the design of the CIP system and CIP cycle:
(1) time of exposure (contact time) to wash anfd rinse
solutions
(2) temperature of wash and rinse solutiong

(3) chemical concentration of wash solution

(4) fluid hydraulics

(b) A CIP system should include the capability to

rovided.,The pressure instruments shall  control directly or indirectly (monitor and record if ap-
e chamber and jacket pressures. Provisions plicable) the following CIP variables:
g chiamber pressure during active autoclave (1) timing of CIP cycle

(2) path being cleaned (e.g.. valve position Indica-

(c) Date/Time. Provisions for recording the date and
time during an autoclave cycle shall be included.

(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 comply with owner/user specifications. The
owner/user shall specify discharge temperature require-
ments to the manufacturer.
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tion, pressure/flow verification, manual setup
verification)

(3) CIP supply temperature (or return if applicable)

(4) conductivity, volume of cleaning chemical added,
or cleaning chemical concentration for wash solutions

(5) final rinse conductivity or residual cleaning
chemical concentration

(6) CIP supply flow rate

(7) totalized flow (if timing not monitored)

(8) CIP supply pressure
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(9) spray device rotation (if used)

(10) interruption or unacceptable decrease in flow
to a path

(11) pressure of clean compressed air supply (ifused
in air blow)

SD-6.3.3 Operating Capabilities and System Function

(a) The CIP system shall be capable of delivering and
subsequently removing cleaning solutions to soiled equip-

ment in-averifiable and rnprr\dnrihln manner

SD-6.3.4.3 Supply Pump

(a) The CIP skid should have flow control, either via
pump output or by means of flow control valves.

(b) CIP supply pumps shall be designed and fabricated
per SD-3.3.2. The pump design should consider the han-
dling of a gas/liquid mixture.

SD-6.3.4.4 Return Pump
(a) CIP return pumps (if required) shall be designed

(b) |The CIP system shall be capable of removing
procegs soils to an owner/user-determined acceptance
criterig.

(c) [The CIP system shall be capable of removing
cleanipg chemicals to a verifiable amount characteristic
of the[final rinse solution.

(d) [The CIP skid should be designed to deliver feed
water) inject cleaning chemicals, heat, and supply the
cleanipg solution to the soiled equipment. The skid
shall dlso be designed to remove all residual cleaning
chemi¢als added during the cycle.

(e) [The CIP distribution system shall be designed to
delivef the cleaning solution to the soiled equipment.
The distribution system may also return the solution
to the|CIP skid, if applicable.

SD-6.3.4 System Design
(a)

integr

(b)

rinset

A CIP system is a distributed system of properlj
ted components.

For this section, a CIP skid consists of a wash andyor
hink with all requisite valves, pumps, and instrtiimen-
tation.|Provision for separation of feed watersand wash
solutidns should be considered. CIP skids may be located
inafixpd, centralized location or may bejportable and used
adjaceht to the soiled equipment.

(c) [The CIP system design sheuld consider the CIP
circuitf volume for water consunmption, location of skid
in facillity (if fixed), chemical.consumption, waste effluent,
and enjergy required to cléan a given circuit.

(d) [The design should consider hazardous operation of
cycle donsidering choice of cleaning chemicals. Chemical
segregation, spill~eontrol, addition handling, material
compdtibility;Secondary containment, and personnel
safety [should-be considered.

SID-6.3.4.1 Wash/Rinse Tank

and fabricated per 5D-3.3.Z2. Centrifugal pumps are
preferred for CIP return applications. If a]éas/liquid
mixture is anticipated, then hygienicAiquid 1jing pumps
are recommended.

(b) When a vessel is included 41 the circuit)CIP return
pumps should be placed as cloSe as possible t¢ the vessel
bottom outlet and at the 1gw point of the cirfuit.

(c) Provision shall be.thade to flush through the casing
drain of CIP return pumps.

(d) CIP return pumps shall be designed tp maintain
hydraulic balance-{supply and return flow)|of the CIP
circuit.

SD-6.3.4.5 CIP Return Eductors

(a) “For this section, a CIP “return eductor” i§ defined as
adevice that uses a motive fluid to create a pressure differ-
ential that returns the CIP solution.

(b) Special design factors shall be considpred when
using CIP return eductors (e.g., vapor pressfire, return
line size).

SD-6.3.4.6 CIP Distribution Piping

(a) General

(1) The use and application of a particul
tion design or combination of designs is to be
the owner/user.

(2) The use of looped headers, transfer panels, and
valve types (e.g., divert, mix-proof, multiport, gero-static,
and diaphragm) should all be considered in the design of
the CIP distribution system.

(b) Looped Headers (see Figure SD-6.3.4.641)

(1) The dimension from the looped header to the
isolation valve weir or seat should conform to SD-
3.1.2.2 (see Figure SD-3.1.2.2-1 for details). [The use of

short-outlet tees or zero-static valves $hould be
decided by the n\Amnr/ncnr

hr distribu-
decided by

(a) Thewash/rinse tank(s) shall be designed and fabri-
cated per SD-3.4. The tank(s) shall be designed for clean-
ability per SD-6.3.5.3 and shall be equipped with a spray
device(s) per SD-3.9.

(b) If used on wash/rinse tanks, a hydrophobic vent
filter shall be designed to prevent moisture accumulation
in the vent filters and shall be fabricated per SD-5.4.

SD-6.3.4.2 Heat Exchanger. Heat exchange equip-
ment shall be designed and fabricated per SD-3.6.1.
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(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).

(5) The entire looped header shall be cleaned during
a CIP cycle.
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Figure SD-6.3.4.6-1 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)

(c) Transfer Panels. Transfer panels shall be designed
and fabricdted per SD-3.7.1.

(d) Mulfiport Valves. For this section, a CIP distribution
“multiportfvalve” is defined as a multiple valve assembly
fabricated|as a single body to minimize distances and
maximize firainability [see SG-3.3.2.3(a) for details].

(e) Zero}Static Chains (see Figure SD-6.3.4.6-2). For this
section, a JIP distribution “zero-static chain” is defined as
a manifold|of circuit-specific zero-static valves. Provision
shall be mdde to flush the manifold in a zero-static chain.

(f) Swing Elbows and Piping Spools (see Figure SD-
6.3.4.6-3).|For this section, a “swing elbow” or\“piping
spool” is defined as a removable section 6f pipe used
to provide| a positive break between two\paths. Swing
elbows or piping spools shall be connected to adequately
supported [piping to maintain line slope and connection
alignment.

(g) The {distribution piping.and components in a recir-
culated CIR circuit shall be-hygienic for design and fabri-
cation as ger SD-3.1.2 and\SD-2.4.3 .

(h) The distribution‘piping and components in a once-
through CIP circuit/or path (not recirculated) shall be
hygienic fqr desigh*and fabrication as per SD-3.1.2 and
SD-2.4.3 ugstream of the location of cleaning performance
verification

To/from CIP skid

g Capped zetosstatic
> valve ‘fGture)

SD-6.3.4.7 Instrumentation. Instrumentati¢n and
controls architecture (if applicable) should be designed
to commumnicate, monitor, and synchronize the CIP
cycle, and report CIP variables.

SD-6.3.5 Design for Bioburden Control
SD-6.3.5.1 Drainability

(a) Processvesselsshould be cleaned via internal spray
device(s) designed to consistently expose all iffternal
surfaces to the cleaning variables described in SI)-6.3.

(b) CIP return eductors shall be designed and inftalled
to be drainable.

SD-6.3.5.2 Cleaning: CIP Flow Rate Guidelines for
Process Lines

(a) For effective cleaning, the CIP flow rate shall be
sufficient to ensure that the cleaning agent and finsing
solutions wet all targeted surfaces within tlhe CIP
boundary. The CIP flow rate should be greater than
the process flow rate.

(b) Table SD-6.3.5.2-1 details flow rates that gnsure
solution contact in straight horizontal and vertical
lines for line sizes up to 2 in. (50 mm) without brgnches,
fittings, and other in-line components. These flow rates

(i) CIP supply piping should be sized to ensure that the
fluid flow meets or exceeds the guidelines stated in SD-
6.3.5.2 and SD-6.3.5.3.

(j) The distribution circuits shall be designed such that
fluid flow will maintain a positive pressure relative to the
process drain, preventing backflow.

(k) CIP return piping shall be designed to maintain
hydraulic balance (supply and return flow) of the CIP
circuit.

correspond to a flow velocity of 5 ft/sec (1.5 m/s),
which is well into the turbulent range and typical for
CIP solutions that are within the scope of this section
and all line sizes referenced in Part DT.

(c) CIP flow rate requirements should be considered in
conjunction with other CIP process variables (e.g.,
temperature, chemical concentration, and time).

(d) Air trapped in branches may inhibit full contact of
cleaning agent and rinsing solution to those process
contact surfaces. The flow direction, line orientation,
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Figure SD-6.3.4.6-2 Zero-Static Chain

From CIP skid —3p

Minimum

To CIP

}_| skid or drain

\
CIP circuit or path
#1 supply

Figure SD-6.3.4.6-3 Swing Elbow Arrangement

To/from

CIP Eircuit #2 To/from CIP skid

Swling elbow
tansition point To/from

CIP circuit #1

Table SD-6.3.5.2-1 Flow Rates to Achieve
5 ft/sec (1.52 m/s)

Sanitary Tube Size

0.D. | L.D. Flow. Rate
in. mm in. mm gal/min L/min
0.5 12.7 0.37 9.4 1.7 6.3
0.75 19.1 0.62 15.7 4.7 18
1.0 25.4 0.87 221 9.3 35
1.5 38.1 1.37 3438 23 87
2 50.8 1.87 47.5 42.8 162

line size, and presence~and orientation of branches,
fitting$, and other equipment can have a significant influ-
ence on the flow_rdate required to remove air. Adequate
solutign contact may be achieved at a flow velocity of
5 ft/spc (1$54m/s) with 1.5 in. (38 mm) and larger
short-putlet/tees (Table DT-4.1.2-5). Smaller-diameter
short-butlet tees and tees with Inngpr branches mavy

CIP circuit or path

#2 supply

(5) orienting branches sosthe’flow of|the liquid
entering the tee is directed toward the blocked branch
(e) Branches with risk of incomplete solutjon contact
should be considered warst-case locationg that may
require local cleaning veérification.

NOTE: Factors that may mitigate the risk of insufficjent cleaning
due to incomplete air removal from branches include

(a) CIP flow rates higher than process flow rafes are likely
to wet all surfaces that were soiled.
(b) Instruments or other devices protruding into the flow
path miay’create additional local turbulence.
(c) Condensate generated during hot washes ¢r hot rinses
as_ part of a CIP cycle may provide some additionpl rinsing of
surfaces.
(d) Dynamic flow conditions during route trapsitions and
air blows may assist wetting.

SD-6.3.5.3 Cleaning: Design Guidelines for Cleaning
Process Vessels

(a) Processvesselsshould be cleaned viainternal spray
device(s) designed to consistently expose 4ll internal
surfaces to the cleaning variables described in SD-6.3.

(b) The use and application of a particular spray device
design to satisfy these requirements shall be [decided by
the owner/user. Spray devices shall be designefl and fabri-
cated per SD-3.9 (also see Figure SD-3.9.2.1-[L for static
spray device design considerations).

(c) Dished-head vertical vessels should haye cleaning
solutions delivered with the majority of floy directed
toward the upper head and sidewall area afj the upper
knuckle radius. Cylindrical horizontal vessels should
have cleaning solutions delivered with the majority of

require velocities greater than 5 ft/sec (1.5 m/s) for
adequate solution contact. Solution contact in branches
can be enhanced in the design by

(1) strategic use of zero-static valves

(2) flow through branch or bleeding air from branch

(3) orienting blocked branches in the horizontal
position

(4) use of flush-mounted instrument fittings, short-
outlet tees, gauge tees, or minimum L/d “instrument cups”
for small lines

flow directed toward the upper one-third of the vessel.
(1) Ifa static spray device is used, gravity provides a
solution sheeting over the side wall and bottom head
(vertical vessels) or lower surfaces (horizontal vessels).
(2) 1f adynamic spray device is used, the device may
directly spray areas throughout the vessel or rely on
sheeting action.
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(3) Figure SD-3.9.2.1-2 details ranges of flow recom-
mendations for static spray devices on vertical process
vessels under typical cleaning loads. The recommenda-
tions in Figure SD-3.9.2.1-2 ensure sufficient coverage.

(4) The criteriato ensure sufficient coverage on hori-
zontal process vessels vary with geometry and size.

(d) Spray device design and location shall ensure
appurtenances such as manways, baffles, dip tubes,
agitator impellers, and nozzles are contacted with
cleaning solution. Some appurtenances may require addi-

systems may have process fluid on both sides of a heat
exchanger.

heating equipment: heat exchangers and/or direct steam
injection equipment. Direct steam injection refers to use of
a steam injector valve (typical) or a steam infusion
chamber.

high-temperature short time (HTST): processing at a
combination of temperature and required residence
time that is designed to achieve a desired level of

tional proyisions for cleaning.

(e) Spraly devices only ensure coverage of the exterior
of installedlappurtenances and equipment. If not removed
during CIP| cleaning solutions shall flow through appur-
tenances t§ clean their interior.

(f) The fluid level should be minimized in the process
vessel during CIP. Proper hydraulic balance (supply and
return flow) of the CIP circuit and sizing of the bottom
outlet valve should be considered to minimize fluid level.

(g) Vortex formation during CIP may adversely affect
the operation. The installation of a vortex breaker may be
required.

(h) Vortex breaker design should be decided by the
owner/usqgr. Vortex breaker surfaces shall be sloped to
eliminate [pooling during CIP and positioned to not
adversely affect the hydraulic balance of the CIP circuit.

(i) For process vessels equipped with an agitator, the
impeller sHould be rotated at an appropriate speed during
the CIP cygle.

SD-6.3.64 Design for Serviceability, Examination, and
Operation] CIP return eductors shall be designed tobe
removable|for examination.

SD-6.3.Y Testing. During the cleaning.of-process
vessels, sphfficient exposure shall be~confirmed by
coverage tgsting per SD-7.1 at the site ofequipment manu-
facture andl/or installation.

SD-6.4 Thermal Treatment Systems
SD-6.4.1 General

.4.1.1 Terminology. The following terms are
s section:

time.)

coil heat exchanger: a coiled tube for process liquid flow,
inside a shell or a second tube containing heating/cooling
medium.

cooling equipment: heat exchangers and/or a flash cooler
used to cool the process liquid after the retention tube.

energy recovery 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

broburden reduction or viral mactivation. Tredtment
conditions (i.e., exposure temperatures and.resfdence
times) for HTST systems range broadly, dependjing on
the performance goal of the system.

required residence time: the minimium’ exposurg time
required at the specified temperature to a¢hieve
desired results.

retention tube: a section of-tubing used in HTST/UHT
systems to retain the process liquid (typicdlly an
aqueous solution) at amelevated temperature for 4 speci-
fied time.

ultra-high temperature (UHT): processing at tempetatures
above 275°F\[135°C) with rapid heating and coolihg and
short exposure times to achieve what is generally
accepted’as a sterile condition.

Thermal treatment system example configuratigns 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 s¢ction
addresses thermal treatment systems used in biogroces-
sing to reduce or eliminate viable microorganisrs and
viruses in a liquid under continuous flow conditions
while minimizing degradation of the produdt or a
product intermediate. Thermal systems may be designed
to achieve goals that do not require sterilization]of the
process liquid, such as inactivation of viruses or 4 parti-
cular bacterial species. Bio-inactivation (waste treafment)
systems (SD-4.4.2) and food pasteurization systemns are
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 time at treatment tempgrature

(d) discharge temperature range

(e) maximum heating surface temperature, 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 parameters
required to confirm system capabilities, including speci-
fying the process fluid’s incoming temperature and other
properties, should be provided by the owner/user.
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Figure SD-6.4.1.1-1 Example of HTST Process Flow Schematic Diagram

I

GENER{
(a) Onl
(b) Ad
1) p
(2) m
(3) C
“4) s
(5) a
(6) s
(7) 14
(8) n
(9) e

via a break-tank

Vaterpure steam)>

Media

direct energy
recovery heat|
exchanger

AL NOTES:

Fessure safety

P requirements

ergy recovery

major piping and instruments are shown.
itional or alternative piping, valves, instruments, and equipmént may be required for the following purposes, includiy

P or hot water sanitization requirements
ternative skid startup sanitization methods
Ingle-pass media startup sanitization methods
w-pressure condensate return

aintenance and calibration requirements

edia prefiltration with differential pressure monitoring
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Figure SD-6.4.1.1-2 Example of Direct Steam Injection UHT Process Flow Schematic Diagram

{ Treated media ZAN

Compressefl

Indirect energy
recovery/preheating
heat exchange loop

Watgr supply may
be dither directly
conpected (with

|
|
|
|
|
: Retention tube
: suitalple safeguards

|

|

|

|

|

|

Optional water
break-tank

againgt backflow) or
via p break-tank

5]

Water/pur @— --------------
Medip %

GENERAL NQTES:
(a) Only major piping and instruments are shown.
(b) Additionfl or alternative piping, valves, instruments, and equipment.may be required for the following purposes, including:
(1) pressufe safety
(2) media prefiltration with differential pressure monitoring
(3) CIP requirements
(4) SIP or hot water sanitization requirements
(5) alternafive skid startup sanitization methods
(6) single-pass media startup sanitization methods
(7) low-prgssure condensate return
(8) maintehance and calibration requirements
(9) energy|recovery

; Steam injector or
1 . .
> infusion chamber

SD-6.4.3 Operating Capabilitiesiand System Function SD-6.4.3.3 Temperature Stabilization. ThHermal
treatment systems shall be designed to stabilize the
temperature of the liquid before initiating forward
flow to the destination. Heating, cooling, flow rate, and
back pressure control loops shall be enablgd and
allowed to stabilize prior to heat treatment.

If the system uses a priming liquid, such as
system shall be designed to stabilize the tempé

SD-6.4.3.1 Priming. The System shall be capable of a
priming oplration to fill thepiping with liquid, remove air,
and establlish pressuré _and flow control. The thermal
treatment| systemsshould be primed by the process
liquid to bq treated:or’a priming liquid (e.g., WFI), or both.

SD-6.4.3.2-Thermal Sanitization. The owner/user
shall definle—the-sanitizationcondition {e-gtime and using dand-the ansitio
temperature) capabilities required for the system. UHT meet the performance requirements using the process
systems shall be designed to enable sanitization. HTST liquid. Stabilization using the process liquid should
systems shall be designed to enable sanitization when continue until all the priming liquid has been cleared
the treated process liquid has the potential to be compro- from the system, at which point the system shall initiate
mised by the priming activities. For a functionally closed forward flow of the heat-treated process liquid to the
system, the owner/user shall define which components destination.

Chiber) must be thermally santized to meet e fne. | SD-6+4:3:4 Heat Treatment. The system shall be
y designed to deliver heat-treated process liquid to the

tional closure criteria. o . .
destination only if the performance requirements are
met. If they are not met, the system shall divert the

96
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liquid to another destination (typically to a drain or a
collection vessel). If the heat treatment conditions are
not maintained, the owner/user shall specify 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

ated such that the pressure of the treated process liquid is
higher than the pressure of the utility 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 and/or
maximum process contact surface temperature).

Direct energy recovery heat exchangers with process

priming liquid to maximize recovery at the conclusion
of the [process batch.

SPD-6.4.3.5 Post-Use Sequence. The owner/user
shall dpecify whether the system shall be designed to
perforym a cold flush of the HTST or UHT equipment
prior fo cleaning to minimize soil buildup at the end of
procegsing. The post-use sequence should finish by
draining the system or promptly initiating the CIP
sequence.

SD

.4.4 System Design

(a) [The following parameters shall be monitored and
controllled 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) The 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- HFST/UHT systems:

(1) Cyclic temperature and-pressure conditions may
shortep the life of materiats,

Solutions at high temperature may accelerate the
rate ¢f metal cortesion or elastomer/polymer
degradation.

(3) High-temperature operating conditions used in
UHT systemsimay exceed the temperature ratings of
typical bigprsocessing equipment or components.

(e) Although UHT processing conditions are above the

fluids on both hot and cold sides (FigurecSQ}-6.4.1.1-1)
shall be of hygienic design on both.sides. Indirect
energy recovery heat exchangers (Figure S[}-6.4.1.1-2)
shall be of hygienic design on the¢process flyid side.

The following types of heat exchangers may| be used in
thermal treatment systems:

(a) Shell and Tube. Shell4and-tube heat exchangers may
be straight tube or U-tube. The effect of bypass through the
bonnet drain slots andslippage between the bonnet and
tube sheet shall belconsidered in thermal design of the
heat exchanger:

(b) Coil-inzShell. Coil-in-shell heat exchangg
installed, inda self-drainable vertical orientatipn.

(c) Electric. Electric heat exchangers shall He designed
to provide uniform heating (e.g., where electrif current is
applied directly to the process contact tube).

(d) Tube-in-Tube. Process liquid should flqw through
the inner tube. Process fluid may also flow through the
outer tube in direct energy recovery heat exthangers.

(e) Plate-and-Frame. See cautions in SD-3.6 regarding
use of plate-and-frame heat exchangers befgre consid-
ering use in this application.

rs shall be

SD-6.4.4.2 Steam Injectors

(a) Steam injectors shall introduce stean
pure steam) directly into process liquids.

(b) Steam injectors shall be installed such that 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 penmit 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

(typically

temperature limit specified in SD-2.3.1.1, process contact
materials used for these systems shall be selected to meet
the higher temperature requirements of the process.

SD-6.4.4.1 Heat Exchangers. Heat exchangers shall
be designed to meet the performance requirements in SD-
6.4.2 and the applicable design criteria of SD-3.6. Heat
exchangers shall be designed to achieve fully developed
turbulent flow conditions during process and CIP opera-
tions, on the process liquid contacting side(s) of the
exchanger. Heat exchangers should be designed and oper-
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iniection—value
J

(d) Media dilution and changes in retention time due to
condensate addition shall be accounted for in the system
design.

SD-6.4.4.3 Flash Chambers. [Reserved for future
content]

SD-6.4.4.4 Pumps. Process contact pumps used in
HTST/UHT systems shall be hygienic and shall comply
with SD-3.3.
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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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NOTES:

(1) “Not fully treated” fluid is defined as fluid whose retention time is less.than the required retention time.
(2) “Base lemgth” is the average fluid velocity in the retention tube multiplied by the required retention time.

SD-6.4.4.5 Retention Tube

(a) To gccount for axial dispersion in the piping;-the
average residence time necessary to achieve the tequired
residence fime shall be defined by the owner/user.

NOTE: The gverage residence time should be/Specified so as to
meet the owper/user-defined probability that gach process fluid
particle is retained for the required residence time. As an
example, the Taylor equation for axjaldiSpersion in turbulent
flow was uspd to develop Figure SD+<64.4.5-1 which shows the
theoretical gdditional retentiontubélength required for a water-
like liquid treated at 216°F (X02°C) for 10 secin a 1-in. (25-mm)
nominal ret¢ntion tube to dccpunt for axial dispersion, assuming
aninsignificant numberofbends. In the figure, to ensure thatless
than 1 particle out 0f4,012 has less than the 10-sec required
residence time at*9:2"gal/min (35 L/min), the retention tube
length would have to increase by 24%. Actual retention tube
geometry, quch as the number and radii of elbows, coils, or

Flow Rate, L/min

(d) The retention tube shall be designed to maiptain a
consistent temperature within the tube during heaf treat-
ment (e.g., the tube should be insulated and shall n¢t have
branches or tees that could result in low| local
temperatures).

(e) No device shall be permitted for short-circyiting a
portion of the retention tube (e.g., bypass valyes) to
compensate for changes in the process liquid floyv rate.

(f) The retention tube shall have a continuous upward
slope toward the discharge complying with Talle SD-
2.4.3.1-1 category GSD3 to ensure that air is gurged
from the retention tube during operation. It shall bgdrain-
able during cleaning and/or sterilization operatidns.

(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

U-bends, may impact the results.

(b) The retention tube diameter should be no larger
than the main system piping diameter to minimize the
residence time range due to axial dispersion.

(c) The retention tube shall be designed to enable
visual inspection at its inlet and outlet. The owner/
user shall specify whether inspection is required for
two-phase flow during operation and/or for cleaning
effectiveness.

controlled and monitored to ensure proper system
operation.

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 process
fluid boiling pressure, until the treated fluid has been
cooled or until it reaches a flash chamber for cooling.
A pressure of at least 10 psi (0.7 bar) above the
boiling pressure is recommended.
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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.

(b) The owner/user shall specify whether system sani-
tization/sterilization ends within the system boundary or

extends hpynnd the svstem hnnnd:n'y to upstream or

(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.

(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

downsgtream equipment.

(c) To design appropriate interfaces with source and
destinption 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
thermgl treatment system is intended to be implemented
as part of an open, functionally closed, or briefly exposed
process.

SD-

S
portio

.4.5 Design for Bioburden Control

D-6.4.5.1 Drainability. The process contact
s of the system shall be drainable per SD-2.4.3.

SD-6.4.5.2 Cleaning. Thermal treatment systems
shall Be designed for CIP of process contact surfaces,
unlesq other methods are specified where necessary.
Wherg fouling of heated surfaces may occur, cleaning
and operational procedures (e.g., visual inspection)
should address potential fouling of those segments)of
the syftem. When compendial water from a break-tank
is useld in nonrecirculating mode to conditiéon and
flush the system, provision shall be made for\the sanitiza-
tion of the water tank and its piping atha minimum.

SP-6.4.5.3 Chemical Sanitization/Sterilization. If
chemifal sanitization or sterilization of the system is
requirgd, the area within the stérile’envelope or boundary
shall bg designed for exposure to and removal of the sani-
tizing pgent while maintaining the sanitized state.

-6.4.5.4 Thermal Sanitization/Sterilization. If
thermpl sanitization’ or sterilization of the system is
requirgd, the area'within the sterile envelope or boundary
shall e designed for SIP or for sanitizing/sterilizing the

the owner/user, the heating surface temperafure should
be verified. For electrically heated tubing, the exterior
surface temperature may be measurgd’ to
indirect, but conservative, meaSure of the interior
surface temperature. For steam<liquid or liquid-liquid
heat exchangers, the utility-Side (e.g., stepm or hot
water) inlet temperature may be measured to provide
an indirect, but conservative, measure of the tube
surface temperature.

(d) Initial testing‘of new equipment should document
the heat suppliéd to meet the process requirements. The
heat supplied cah be documented as power ingut for elec-
trically heated tubes, steam pressure for §team heat
exchangers, and non-process liquid inlet pnd outlet
temperatures for liquid-liquid heat exchangers.

(€} Initial testing of system performance should docu-
ment the steady-state pump speed, pump {ifferential
pressure, flow rate, system back pressure, and back pres-
sure control valve position.

SD-6.5 Immersion Washers

SD-6.5.1 General. This section describes the require-
ments for immersion washers used in bioprodessing that
are designed to clean parts out of place from their typical
installation. Immersion washers are a subdategory of
clean-out-of-place (COP) washers, which includes
cabinet washers (see SD-6.1). When using |mmersion
washers, parts are completely submerged|within an
immersion tank throughout the cleaning cycle.
Requirements in this section are intenfed to be
applied to immersion washers, but may be|applied to
other types of washers where appropriate.

The following terms are defined for this sgction:

designed load immersion basket/rack: a baskef or rack to
hold parts that is designed for a specific, fepeatable

2oy 1c £
. [RESETVEU 10T TULUIE

content]

SD-6.4.6 Design for Serviceability, Examination, and
Operation. [Reserved for future content]

SD-6.4.7 Testing. System performance requirements
(e.g., residence time at temperature) to be tested for
HTST or UHT shall be defined by the owner/user. The
system design should accommodate test instrumentation
required to verify the system performance and confirm
the control/monitoring process performance.

99

loading configuration. A designed load basket or rack
is used for geometrically complex parts where there is
concern with cleanability of the part due to it requiring
specific orientation or placement, liquid holdup after
system draining, or entrapped air during a cleaning cycle.

end nozzle zone: ahydraulic circuit with nozzles or jets that
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
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load basket or rack is used for geometrically simple parts
(e.g., gaskets) and/or non-process contact surface compo-
nents (e.g., clamps, tools) where repeatable orientation is
not critical.

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,

(g9) Immersion washer pumps should have sufficient
capacity (flow and/or pressure) for all zones used in
the washer.

(h) For immersion washer heat exchanger require-
ments, see SD-6.1.4.9.

SD-6.5.4 System Design

(a) Immersion baskets/racks (general or designed
load) should incorporate thermoplastic or thermoset

and accessPTies material r‘nmpnnnhfc to prnvnnf ct‘r:\h‘hihg p:n'f‘ and/
' or immersion tank L.D.
side nozzle| zone: a hydraulic circuit with nozzles or jets (b) Materials of construction of immension Washer
that encoufages rotational flow within an immersion tank. process contact surfaces shall adhere to thé $ame réquire-
SD-6.5]2 System Performance Requirements. ments set forth in the cabinet washerS&ection [dee SD-
Immersior] washers shall be capable of delivering and 6.1.3(a)].
removing|cleaning solutions from surfaces of parts (c¢) Materials of construction and general desigr] of the
across multiple phases of a cleaning cycle. Immersion immersion tank shall follow tequirements for [vessel
washers may be self-contained, or receive cleaning solu- general design (see SD-3.4(1)> The full vacuum gervice
tions from p CIP system. The following are typical general design requirement is ngt-applicable to atmospheric
phases of gn immersion washer cleaning cycle: immersion tanks.
(a) pre-finse (d) The surface finishes for the interior surfaceq of the
(b) wash immersion tank;process contact tubing surfaces, apd any
(c) rins other process_contact surfaces shall be specified.[:yy the

(d) finall rinse

owner/usersusing designations provided in Talple SF-

The desifgn should allow for multiple chemical additions ~ 2-4-1-1. Electropolishing is not required for immersion
during waphing phases. The hydraulic conditions (i.e., washets.
pressure and flow rate) of all rinsing phases should be (é) The surface finish of baskets/racks, supports, ther-
the same [as for wash phases to ensure consistent mowells, guards, and other internal tank comppnents
rinsing of parts, immersion tank interior, and hydraulic should meet the surface finish requirements [of the
circuit. Thefinal rinse may be performed with recirculated tank. Surface finish verification may not be possiple for
final rinse [water integrated with drain steps to remave all components of an immersion washer’s basketsfracks.
residual dleaning solutions. The design should be (f) The internal surface finish of the immersion tank
capable of|providing a final rinse phase at an elévated cover should be the same as specified for the immersion
temperatyre [e.g., >149°F (65°C)] to improve air- tank internal surfaces.
drying effigiency. SD-6.5.4.1 Zone Design

SD-6.5.3 Operating Capabilities@nd System Function (a) Immersion washer design can include mpltiple

. . zones to clean parts through various methods{ Zone

) () The jmmersion washe_r Ly c_:ontrol and mon_ltor piping design shall follow SD-3.1.2.2, with the congidera-
time of exposure (contact time) during wash and rinse tion that zone branch connections shall be opened
phases. . . . between each phase to avoid carryover. All|zones

(b]_ The [mmersion @her shall f:ontrol and rpomtor should be targeted during each phase to provide fonsis-
c.lea'nlng splution temperature during all washing and tent flushing.
rinsing ph 195 Q . (b) Turbulence is critical for cleaning within an immer-

(c) The jmmersion washe.r should monltor the. pres- sion washer, and zone design should provide adpquate
sure anq O.I' flOW. of Clea_nlng solutions S}lpplled. to turbulence to all part surfaces For example tuh ing or
zones within the immersion tank and/or immersion similar parts that are not exposed to turbulence on the
basket/rack.

(d) Theimmersion washer shall be designed to provide
analytical verification of final rinse water quality (e.g.,
conductivity, TOC, number of final rinse steps).

(e) For immersion washer capabilities for chemical
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).
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I.D. from a side nozzle zone would require an end
nozzle zone or direct connection to a zone to provide
adequate 1.D. flow.

(c) For zones with piping manifolds within the immer-
sion tank, baskets, and/or racks, the fabrication of the
piping manifolds shall comply with the applicable sections
of system piping (see SD-3.1.2.3).


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

Figure SD-6.5.4.2-1 Immersion Tank Side Nozzle Design

Immersion tank I.D.

L.D. not fully welded/

L_Nonsmooth transition
tube to side nozzle

\ .
—Smooth transition

Note (1) from tube to side nozzle

(a) Accepted

leading to crevices

(nondraining)

(b) Not‘Accepted

NOTE: [1) Supply tubing and all side nozzles should be drainable, either back through the supply-tube header or into the imipersion tank.

SP-6.5.4.2 Tank and Cover Openings

(a) l[mmersion tank and cover opening design shall
adherp to the same requirements used for cabinet
washefs (see SD-6.1.4.1).

(b) Bide nozzles shall be of hygienic design (see Figure
SD-6.5(4.2-1).

(c) Immersion tank covers should be used and
designied to reduce operator exposure to splashing
during operation as well as to minimize added humidity
to the grea around the immersion washer. Both sealedand
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 dropletformation above the immersion
tank apd loaded parts,

(g) |Process contact static seals used in immersion
washefs shall comply with the requirements of Part SG.

(h) [The external surfaces (e.g., frame, immersion tank
0.D.) shallimeet the owner/user’s specified requirements
of the |installed location of the equipment.

(b) Designed load immersion baskets/rack$ should be
designed for.repeatable loading and may be| subject to
verification, if required by the owner/user| to assure
remoyal of entrapped air. Load items as well as the
desjigned load immersion basket/rack shgll be self-
drainable.

{c) Allimmersion baskets/racks should be designed for
disassembly required for inspection and maihtenance.

SD-6.5.4.4 Interfaces. Immersion washeys’ partsare
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 used.

SD-6.5.5 Design for Bioburden Reduction
SD-6.5.5.1 Drainability

(a) ITmmersion 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 to facilitate self-draining. Other surfacefs sloping to
drain within the tank are also recommended to have a
minimum slope of GSD3.

SD-6.5.5.2 Cleaning. The interior sufrfaces and

(i) EXternal surfaces should be insulated to MINIMIZE
heat transmission

SD-6.5.4.3 Baskets and Racks

(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 self-drainability or to
prevent air entrapment.

components of the tank as well as the baskets/racks
are considered process contact surfaces and should
comply with SD-2.4.2 except for SD-2.4.2(a)(4). These
surfaces include the immersion tank wall .D. above an
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
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should be limited to only what is needed for unique iden-
tification or traceability.

(b) Adherenceto SD-2.4.2(a)(2) for theimmersion tank
wall L.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

of the immersion tank may be needed for parts with
limited access areas. Care should be taken while unloading
parts from the baskets/racks and/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.

R o279 N

cleaned in|immersion washers. Risk of air entrapment
or lack of|drainability may impede exposure to and
removal of cleaning solution.

SD-6.5.6
Operation
enable acc
that are su
tion of ins

Design for Serviceability, Examination, and
Immersion washers should be designed to
bss for inspection and service of components
bject to wear, and to allow for periodic calibra-
ruments.

SD-6.5.7

SD-6.3.7.1 Flow Coverage. Designed load immersion
washer bagkets/racks designed for repeatable loading
should hajve flow coverage (e.g., riboflavin) testing
performed for verification of liquid coverage of parts’
surfaces. The spray coverage testing described in SD-
7.1 is applicable to the flow coverage testing for immer-
sion washdrs. If Nonmandatory Appendix M is used, it is
applicable fo immersion washers, with the following addi-
tional congiderations:

(a) Theg scope of the riboflavin application and
expected rpmoval should be documented and agreéd to
by all partjes (e.g., parts and baskets/racks only; jparts,
baskets/racks, and immersion tank process, contact
surfaces).

(b) Ribg
the baskets
applied to |
or immers
required fq
lengths.

(c) Imm
operation
through

Testing

flavin may be applied while parts are loaded in
/racks inside of the immersion tank, or may be
arts prior to loading inte'the basket/rack and/
on tank. Applicationprior to loading may be
r parts with limited\access areas such as tubing

ersion tank filling should occur as in normal
and to thesnormal operating level. As once-
insing\ls not applicable to immersion
washers, & camplete fill, zone(s) rinsing, and drain
should be| performed not less than two times. The

rainabitity—Brirabit; ing for

immersion tanks should use methods described|in SD-
7.4 for vessels, with the following(addifional
considerations:

(a) Atminimum, the immersion tankshould be f]
completely submerge the tank bottom.

(b) Drainability testing intended for ensuring i
sion tank drainability should<be performed withg
baskets/racks loaded.

(c) Any outlet strainer of screen used in normal
tion should be installed)

(d) Drainability-tésting can be performed on de
load baskets/racks/and loaded parts to verify drai
surfaces on-these components. The baskets/rac
parts loading information and configuration sho
recorded, and the immersion tank should be fi
at mihimum above the highest component
basket/rack or loaded part.

SUTU.J. 1.4 U
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SD-6.6 Isolator Systems

ferred
nment
hat is
hment.
br two

SD-6.6.1 General. Isolator systems, hereafter re
toasisolators, are used to create a controlled enviro
for bioprocessing and quality control testing
isolated from operators and the background enviro
This section describes the design requirements f
types of isolators, as follows:

(a) asepticisolators, which are designed to prot]
process from the environment, enable aseptic pro
(e.g., cell bank processing, liquid filling of final py

(b) containment isolators, which are desig
protect the operator environment from the p
and enable safe processing of potent compoun|
other hazards) in an isolated environment

This section does not address equipment/comp
used inside the isolator. Requirements of the procgss and
process equipment enclosed by the isolator shojuld be

pct the
essing
oduct)
hed to
Focess

ds (or

pnents

maximum number of zone rinses (complete fill and
drain) during the riboflavin testing shall not exceed
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
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provided by the owner/user. This section is not applicable
to restricted access barrier systems, which restrict access
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
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(c) pressure differential target to background
environment

(d) log reduction for decontamination

(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

or catalytic filter may be required to safely convert the
hydrogen peroxide into water vapor and oxygen as it
is released to the environment.

SD-6.6.4 System Design. [solator systems contain
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 and/or containment

hydrogen peroxide) concentration at the end of aeration
for preduct protection

SD-6.6.3 Operating Capabilities and System Function

SD-6.6.3.1 Differential Pressure Control.
Differgntial pressure set points should be adjustable in
the rapge 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., Ye-dosing to aeration, aeration to production)
shall He controlled without loss of pressure balance in
the sufrounding room specified by the owner/user.

It 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 differential pressure (between the isolator interior
and ejterior) should be maintained within 0.02 in. (5
Pa) of|water column of the set point.

SD-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 gnd should be agreed to by the‘owner/user.
Consideration should be given to de¢ontamination re-
quirenpents, product requirements; potential static elec-
tricity |discharge, and condensation-within the isolator or
connefted equipment (e.g., lyephilizer).

-6.6.3.3 Decontamination. Unless otherwise

to reduee_the level of the residual decontamination
agent toa—concentrationto-bespecified by the owne
user. If vapor phase hydrogen peroxide is used, the aera-
tion shall reduce the residual vapor phase hydrogen
peroxide to <1.0 ppm at the specified operating tempera-
ture for operator safety. The isolator should be designed 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 though a dedicated exhaust system. For example, if
hydrogen peroxide gas is exhausted, a building stack

(Lj PT oatct m—:uaiLiviLy todecomtaniation agents

(d) specificenvironmental requirements‘(efg., inert gas
blanketing)

Process contact surfaces shouldibe injpervious,
nonreactive, nonadditive, and reSistant to| cleaning/
decontaminating agents. Metalli¢:process contgct 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 cénstruction.

All equipment should be compatible (chemically resis-
tant, nonpermeable) with cleaning and sanitization agents
specified\by'the owner/user, e.g., sporicidal agents, pera-
cetic acid, hydrogen peroxide gas, or 70% IPA.

Glove ports, comprising a glove and sleeve sealed into
the wall or window of an isolator, shall be madelwith mate-
rials resistant to decontamination agents anf specified
sanitizing/cleaning agents (e.g., hard coated [aluminum,
stainless steel, UHMWPE).

Unless otherwise specified by the owner/uger, process
contact surfaces of metal construction shopld have a
surface roughness of 35 pin. R, (0.89 pm) or less.
Unless otherwise specified by the owner/usef, the exte-
rior (non-process contact surfaces) of metal c¢nstruction
should have a surface roughness compatible wifh the asso-
ciated environmental classification. If the extejrior opera-
tional environment is [SO class 8, a surface finigh of 48 pin.
R, (1.2 pm) orlessis recommended for metal cgnstruction.

SD-6.6.4.1 Isolator Shell. The isolator] shell (the
main work chamber of the isolator), which may
include windows, lights, and openings, should e designed
to integrate internal equipment with ergonomic opera-
tions. The isolator shell construction should He designed
to accommodate the user-specified pressure Hifferential
with limited shell deformation. Isolator shell deformation
limits should accommodate openings where brittle mate-
rial may be used such as glass windows and lights.

To ensure isolator shell seal integrity, tolerances for
isolator shell and connection points should accommodate
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.
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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.

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

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
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.

componengs: Fhretsotatorbase p‘ldLC surfaces UApuacd
to the isolator environment are considered process
contact suffaces. Isolator base plate penetrations shall
be designgd with integral seals to establish a pressure
boundary fo avoid contamination. Penetrations should
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 thg isolator manufacturer does not fabricate the
base plate, limensions and tolerances for tight integration
with the idolator 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 designegd, installed, and sealed to maintain the shell
integrity 4nd cleanability. The design shall provide
access to dlean the inside of the windows.

Both fixgdd and operable window designs are permitted.
Door and operable window designs should considerinter-
locks to prievent opening during decontamination.

SD-6.6.4.4 Lighting. Lights should be designed,
installed, and sealed to allow illumination of the isolator
interior whjile maintaining the shell‘integrity and without
compromising cleanability. The owner/user should
specify prjoduct sensitivitiés o certain wavelengths
(e.g., UV wavelengths) or'to-light intensity levels. The
type and iptensity of light'at the work location should
be specifigd by the,owner/user to meet ergonomic re-
quirement$ (e.g., fliorescent lighting at 75 foot-candles
to 80 foot{candles*(0.026 lumens/m? to 0.028 lumens/
m?) or LHDJighting at 45 foot-candles to 50 foot-

SD-6.6.4.6 ULPA/HEPA Filters. For aseptiq isola-
tors, the total nonviable particulate concentratiop shall
meet ISO class 5 requirements using, ULPA or|HEPA
filters. For aseptic isolators, the désign shofild be
capable of unidirectional (downward) airflow fluring
normal operation with airflow velocity of 90 ft/min
(0.46 m/s) * 20% as measured"6 in. to 12 in. (1p.2 cm
to 30.5 cm) below the diffdser membrane. Turpulent
airflow conditions are permitted during decontamjnation
and aeration.

For containmentisolators, ULPA filters are recommend-
ed. Airflow breachwvelocity (e.g.,as measured from ajn open
glove port) should be between 100 ft/min and 125ft/min
(0.51 m/sand0.64 m/s), unless otherwise specified by the
owner/yser.

SD-6.6.4.7 Transfer Ports. The aseptic is
design shall provide for aseptic transfer of comp
required for the operation (e.g., caps, stoppqrs for
filling). The design should accommodate comgonent
transfer for initial setup and to replenish sujpplies
during operation.

Connected tubing from a final filter into filling h
an isolator shall have an integral seal at the isolatoj
Therecommended location for the final filter is outs|
isolator.

A rapid transfer port (RTP, sometimes referred t
alpha-beta port) in which mating ports betwe
isolator and another container or system, }
exposed door surfaces become sealed when inter
to each other, shall be designed to maintain isolatior
rity while transferring materials into and out
isolator. The mating surfaces of RTPs shall cr
seal such that opened ports do not expose the i
environment to surfaces that have not
decontaminated.

olator
bnents

bads in
I shell.
ide the

D as an
bn the
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locked
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of an
eate a
olator
been

candles (0.5t Tumens/mto 0.0t 7 tumens/m3 - spect
fied, the design should accommodate different levels of
lighting within the isolator (e.g., atleast one for processing
and one for cleaning/sanitization). The placement and
orientation of the lighting should minimize reflection
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
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RTPs should be located to accommodate the operator
access through glove ports and allow adequate clearance
from internal equipment when open. Sizes should be
specified to include the beta container seal clearance
when docked. In containment applications, a mechanical
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.
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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.

Pass-in/pass-out holes (openings that allow the
transfer of material into and/or 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-

(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
the aseptic environment. Where seals are exposed to
cleaning and/or decontamination processes, they are

outholes torestin a position above the aseptic operations.
The is¢lator shall be designed to maintain specified pres-
sure differentials and airflow velocities with open pass-in/
pass-ojut holes during normal operation.

SP-6.6.4.8 Airlock/Decontamination 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 ifjner 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 comply with SD-
2.4.2 3nd shall be sloped and/or provided with an air
purge| to allow draining of lines per SD-2.4.3 and
Nonméandatory Appendix C. Welded joints are preferred.
If disgdssembling of the pipe/tube system is required,
hygienic process connections shall be usedsEkposed
threads (e.g., the exterior of hygienic clamps) should
be avdided within the isolator.

Bragkets or other equipment shall*not be located
directly above open containers in’aseptic isolator
interiqgrs.

SD-6.6.4.10 Instruments

(a) |[Hydrogen Peroxide Detection. When hydrogen
peroxfide is usedsasia decontaminating agent, the
systen} should be designed to detect residual hydrogen
peroxide aboyesspecified critical levels for product and
persotnel safety. For personnel safety, residual hydrogen

peroxifde.shall be less than 1 ppm. The owner/user shall
Specif} the residuallevel limit to prnfprf the prnt’h|r‘f The

tonstdered PTOTESS CoTTtactsur facesamdstattpe resistant
to cleaning and/or decontamination fluids. Process
contact elastomers shall comply with_the applicable re-
quirements in Part PM or Part SG. The poftential for
seal degradation and chemical absorption and jubsequent
desorption should be considergd,in the selecfion of seal
materials. For example, silicane and EPDM offef resistance
to many cleaning and decohtamination agents.

Inflatable seals and-static seals are perrmitted. For
example, inflatable Seals are acceptable for doors/
windows that are{désigned to be opened dyring setup
and cleaning-pfocedures. The potential fof occluded
areas should be considered in the design and yse of infla-
table sedls. Inflatable seals shall have a contihuous leak
checkicusing either constant pressure or congjtant flow.

Seals between the isolator shell and matinglequipment
(exg., depyrogenation tunnel, lyophilizer) [should be
designed to accommodate the effects of the thermal dila-
tion/contraction of the mating equipment. Thle tempera-
ture at these interfaces should be considgred in the
selection of seal material.

When an isolator system comprises multiplg
isolators, seals between isolators shall be d
expose seal surfaces to decontamination agg
a decontamination cycle. Single or doublg
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 aseptic isolator 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.

connected
esigned to
nts during
seals are

design re-
isolators.
be compa-
o which it
should be

bquipment,
brs, should

measurement principle 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.

(b) Viable Particle Indicators. The isolators designed to
create ISO class 5 conditions shall include continuous
active air sampling for viable particle monitoring
during active processing.
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SD-6.6.5 Design for Bioburden Control

SD-6.6.5.1 Drainability. Horizontal process contact
surfaces of the isolator shall be self-draining. If CIP of the
isolator is specified, all permanently installed internal
liquid distribution piping (e.g., spray wands) should be
sloped to meet the requirements of Table SD-2.4.3.1-1 cat-
egory GSD2 where possible or supplied with an air purge
to allow for draining per SD-2.4.3 and Nonmandatory
Appendix C.
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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.

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

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
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

exposed tortirechrermicat dgeIIC usedt-for-tiredecomtarimas shoutd-becomducted plim tofabricatiomrof aachi isola-
tion cycle. tors to assess aseptic operations through glove ports and
SD-6.p6.5.4 Thermal Sanitization/Sterilization. associated ergonomics. When p(.)SSlble' the aCtual. edup
ment or models of the actual equipment should be ih place
[Reserved for future content]
for the mock-up.
SD-6.5.5.5 Post-Use Storage. Aseptic isolators . Y . ..
X o 9 pHic ? S$D-6.6.7.5 Airflow Verification’ and Visualization
should be designed to maintain an ISO class 5 environment X ) . . L
. . . . . Testing. The design of airfloew/in aseptic isdlators
under dyngmic and static conditions for a period of time e .o .
. . should be verified to maintain.I1SO class 5 conditjons.
specified By the owner/user. A post-use storage time . - o .
. e s Airflow visualization Studies should be condlucted
under stafic conditions should be specified by the e L
o . under specified conditions (e.g., ISO class 5) to demon-
owner/uder and verified through environmental . . . L
monitoring strate that the unidirectional airflow minimizes the

SD-6.6.6 Design for Serviceability, Examination, and
Operation| The isolator systems should be designed to
enable saf¢ access for inspection and service of compo-
nents that pre subject to wear, and to allow periodic cali-
bration of fnstruments.

The isolptor systems should be designed to provide
adequate space for maintenance accessibility of all
mechanical components.

SD-6.6.%

SD-6.6.7.1 Isolator Leak Testing. Both the pressure
decay and pressure hold methods of leak-rate.testing are
acceptable] When choosing a test method; consideration
should be given to the size of the isolatof, time required for
testing, anf external influences that,may affect testing
(e.g., room femperature changes, foom pressure changes).

The maxtimum leak rate shall\be no greater than 1% of
volume per heur*with all pass-in/pass-out
holes and [RTP fittings closed and sealed (ISO 14644-
7:2004, ISQ 10648-2:1994 class 3). Leak-rate test pres-
sures shopld be Selected at 3 times to 5 times the
working gressireas agreed to by owner/user. The
temperatyre during the leak test shall not change
more thanlQ.9°F {0.5°C)

Testing

risk of contamination during operation. It should d
strate a sweeping action over and away from thg
lized/decontaminated equipment, product, cont
and closures:.

Airflew visualization studies should documg
airflow patterns under static conditions, dynamic
ating) conditions, and the airflow during all intervd
(e.g., clearing a jammed vial).

emon-
steri-
hiners,

nt the
(oper-
ntions

SD-7 DESIGN CONFORMANCE TESTING

Design conformance testing shall not result[in the
formation of any surface anomalies or contamipation.
All design conformance tests and test results documenta-
tion shall have the date and time recorded. Each tesf docu-
ment shall include a record of personnel who performed
and confirmed the test results.

SD-7.1 Spray Device Coverage Test

An acceptable spray device coverage test proceflure is
provided in Nonmandatory Appendix M. The purpose of
the spray device coverage test is to demonstrate and docu-
ment liquid coverage of the process contact surfacgs. The
test provides information about liquid coverage and the

conditions necessary to achieve this coverage as a[prere-

SD-6.6.7.2 Glove Leak Testing. System integrity
should be confirmed by a glove leak test. A glove port
assembly tester is recommended to locate a potential
glove leak. It is recommended to test both the installation
and the glove sleeve.

Leak testing methods found in ISO 14644-7 are accept-
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.
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quisite for cleaning of the process equipment. Effective
coverage shall be visually determined using a fluorescent
solution and an ultraviolet lamp or by other verification
methods as agreed to by the owner/user and manufactur-
er. The minimum acceptable water quality is noncompen-
dial purified water (e.g., reverse osmosis or deionized).
Acceptance criteria and coverage test protocol should
be agreed to by the owner/user and manufacturer.
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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.

SD-7.2 Cleaning, Steaming, and Bioburden Control
Testing

(a) The vessel shall be in its intended operating orien-
tation within a tolerance agreed to by the owner/user.

(b) The vessel shall be filled approximately to the weld
seam that joins the shell to the bottom head.

(c) The outlet valve shall be opened, the vessel shall be
vented to atmosphere, and the vessel shall be allowed to
drain by gravity.

(d) There shall be no puddles of water left on the
bottom of the vessel greater than as agreed to by the
owner/user and manufacturer.

Cleaﬂlills, bLCdlllills, dlld biUbul l,‘lCll CUIILL Ul LCDLills (ill
additipn to spray device testing) shall be as agreed to
by the|Jowner/user and manufacturer, and in accordance
with afcepted industry standards.

SD-7.]

Wh
be use

(@)
nized
agreed

(b)
nitrog
othery

8 Fluid Requirements for Leak Testing

re leak testing is required, the following fluids shall
d:

Hydrostatic testing shall use clean purified or deio-
vater filtered at 25 p or better, unless otherwise
to by the owner/user.

Pneumatic testing shall use oil-free clean dry air,
b1, or inert gas filtered at 25 p or better, unless
ise agreed to by the owner/user.

SD-7.

Spe
vessel
vessel
As a p
consid|

I Vessel Drainability Test

ific steps or operations in a bioprocess may require
5 to be self-draining. A drainability test for such
5 shall be conducted as agreed to by all parties:
roposed test procedure, the following should-be
ered:

It is generally understood that residual waker may be
present in the form of droplets that typicalljrdonot exceed
a diameter of 5 mm. Residual water droplet§ adhere to
process surfaces due to surface tension and afe not indi-
cative of a vessel’s drainability. Observed puddles that are
displaced with a 1.0-in. (25;mf) rubber dowyel applied
perpendicular to the puddle/and re-form af the point
of displacement indicate a flat or unintgnded low
point, and that area shall be repaired to the $atisfaction
of the owner/user.-Puddles that are displaced|with a 1.0-
in. (25-mm) diameter rubber dowel applied perpendi-
cular to the puddle and do not return to the point of dis-
placement'are considered to be large droplets|and do not
constitutera test failure.

NOTE: Filter housings are available in several desi
caSes, flat-bottom filter housings are specified by
useér based on their risk-assessed process and eq
quirements. Flat-bottom cartridge-mount filte
including those that will be steamed in place,
from this test, and the equipment shall be installg
by the manufacturer and owner/user.

bns. In some
the owner/
uipment re-
r housings,
Are exempt
d as agreed
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CHAPTER 3
MATERIALS

PART MM

MM-1 PURPOSE AND SCOPE

The purpose of this Part is to identify metallic materials
considered acceptable for use in hygienic service. It iden-
ial specifications, grades and alloys, appro-

metals, and other attributes necessary for
this servige. It also specifies the data that must be
submitted| to the MM Subcommittee for any new or
unlisted alloy that is proposed for inclusion in Part MM.

MM-2 ALLOY DESIGNATIONS

MM-2.1 General

This Parf identifies for use those metallic materials of
constructiqn that have demonstrated the ability to meet
welding ar]d surface finish criteria as set forth in other
parts of this Standard. It is the responsibility of-the
owner/usdr to ensure that any metallic materialsselected
for use froth those listed in Tables MM-2.1-1 through MM-
2.1-4 are qppropriate for the intended application.

The guidelines and criteria listed in this Part of the
Standard indicate a general acceptahility for use and
donotaddfess the specifics of fabricatioh or requirements
of any givgn service.

MM-3 USES OF SPECIFICATIONS

MM-3.1 General

The docgiments listed in MM-4.2 through MM-4.7 may
contain referehces to codes, standards, or specifications
not listed i this Part of this Standard. Such unlisted codes,

METALLIC MATERIALS

provided they meet all requir€ments of those
specifications.
Austenitic stainless steel.tube shall be capdble of
passing the weld decay test*in ASTM A249/AR49M,
Supplement S7 and either the intergranular corrosion
test in ASTM A270/A270M, Supplement S1 ¢r ISO
3651-2 Method B,
Fittings shallbe purchased to the requirements pf Part
DT.
Valves shall meet the requirements of SG-3.3.2|3.
Materjals used in applications governed by this
Standard shall conform to a specification listed|in the
abeve paragraphs, except as provided in MM-3.3

MM-3.3 Unlisted Specifications

Alloys in specifications not listed in MM-4.2 thhrough
MM-4.7 may be used for applications governed by this
Standard provided they conform to a published sp¢cifica-
tion covering composition, physical and mechanical prop-
erties, method and process of manufacture, heat
treatment, and quality control, and otherwise m¢et the
chemical composition requirements of one of the| speci-
fications listed in MM-4.2 through MM-4.7. Alloys not
listed in Tables MM-2.1-1 through MM-2.1-4 may be
used for applications governed by this Standard prpvided
the following requirements are met:

(a) The applicable requirements of MM-9 are met.

(b) The specific written permission of the owner/user
is obtained.

Materials listed in MM-5.2.6 are exempt from
quirements of MM-3.3.

he re-

standards, or specifications are to be used only in the
context of the listed documents in which they are refer-
enced. Where documents listed in MM-4.2 through MM-
4.7 contain design rules that are in conflict with this
Standard, the design rules of this Standard shall govern.

MM-3.2 Listed Specifications

Materials purchased to specifications listed in the
appropriate sections of MM-4.2 through MM-4.7 may
be used for applications governed by this Standard,

MM-3.4 Unknown Materials

Materials of unknown origin or specification shall not be
used in hygienic service.

MM-3.5 Reclaimed Materials

Reclaimed pipe/tube and other piping components may
be used with owner/user authorization, provided they are
properly identified as conforming to a published specifi-
cation listed in MM-4.2, MM-4.3, MM-4.4, MM-4.5, or MM-

(19)

(19)
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(19) Table MM-2.1-1 Wrought Stainless Steels: Nominal Compositions (wt. %)
UNS
Number EN
[Note (1)] Designation C Mn N Cr Ni Mo Cu
Austenitic Stainless Steels

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

S30403 0.030 2.00 0.10 17.5-19.5 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

$31600 0.08 2.00 0.10 16.0-18.0 10.0-14.0 2.00-3.00
1.4401 0.07 2.00 0.10 16.5-18.5 10.0-13.0 2.00-2:50

S31603 0.030 2.00 0.10 16.0-18.0 10.0-14.0 2.00-3.00
1.4404 0.030 2.00 0.10 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

Superaustenitic Stainless Steels

S317003 0.030 2.00 0.10 18.0-20.0 11.0-15.0 3.0-4.0
1.4438 0.030 2.00 0.10 17.5-19.5 13.0170 3.0-4.0

N08904 0.020 2.00 0.10 19.0-23.0 230-28.0 4.0-5.0 1.0-2.0
1.4539 0.020 2.00 0.15 19.0-21.0 24.0-26.0 4.0-5.0 1.20-2.00

N08367 0.030 2.00 0.18-0.25 20.0-22.0 23.5-25.5 6.0-7.0 0.75

S31254 0.020 1.00 0.18-0.25 19.5-20.5 17.5-18.5 6.0-6.5 0.50-1.00
1.4547 0.020 1.00 0.18-0.25 19.5-20.5 17.5-18.5 6.0-7.0 0.50-1.00

N08926 0.020 2.00 0.15-0.25 19.02210 24.0-26.0 6.0-7.0 0.5-1.5
1.4529 0.020 1.00 0.15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0.50-1.50

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 0.10-0.80
1.4162 0.04 4.0-6.0 0.20-0.25 21.0-22.0 1.35-1.70 0.10-0.80 0.10-0.80

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 NOTES:

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

(b) Valpes listed in this Table are primary-elements only and are not complete chemical compositions as listed in specific product fype material
spefcifications. Alloy composition is typically at the low end of the ranges indicated above. Refer to appropriate product fype material
spegification for complete material jcomposition 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 ip the Unified

Numbeting System, latestedition.
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Table MM-2.1-2 Wrought Nickel Alloys: Nominal Compositions (wt. %)

UNS
Designation
[Note (1)] EN Number C Cr Ni Mo Cu Other
N06625 0.10 20.0-23.0 58.0 min 8.00-10.0 .. Fe: 5.0 max,
(Nb + Ta): 3.15-4.15
2.4856 0.03-0.10 20.0-23.0 58.0 min 8.0-10.0 0.5 Fe: 5.0 max,
(Nb + Ta): 3.15-4.15,
Ti: 0.40 max.
N1027 0.01 14.5-16.5 balance 15.0-17.0 W: 5.0-4.5
2.4819 0.01 14.5-16.5 Balance 15.0-17.0 0.5 W:3.0-4.5
Co: 2.5 maxy,"\Mn: 1.p max.
N0602 0.015 20.0-22.5 Balance 12.5-14.5 . W: 25435
2.4602 0.01 20.0-22.5 Balance 12.5-14.5 e Wi 25-35

Fe:\2.0-6.0, Co: 2.5 max.

GENERAL NQTES:

(a) Maximugn, unless range or minimum is indicated.

(b) Values listed in this Table are primary elements only and are not complete chemical compositions as listed in specific product type material
specifications. Alloy composition is typically at the low end of the ranges indicated above. Refefto appropriate product type material
specific:{ion for complete material composition requirements.

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

NOTE:

(1) For crosstreferencing of the UNS numbers listed above to common alloy names, refer.to SAE Metals and Alloys in the Unified Numbering
System, latest edition.

110
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Table MM-2.1-4 Wrought Copper: Nominal Compositions

Designations (wt. %) (Cleaned for Oxygen Service)
Approximate Wrought UNS EN
Equivalent Number Designation Cu + Ag P 0
UNS ACI EN UNS EN €10200 99.95 0.00010 max.
Designation Designation Designation Designation Designation C12000 99.90  0.008-0.012
Austenitic Stainless Steels
192600 CF8 530400 C12200 99.90 0.015-0.040

1.4308 1.4301 CW024A 99.90  0.015-0.040
]92500 CF3 S30403 GENERAL NOTES:

1.4309 1.4307 (a) Minimum, unless range or maximum is indicated.

. 1.4306 (b) Copper grades listed between horizontal lines arenpt equivalent,
192400 CF8M 531600 but comparable.

. 14408 14401 4.6 or to a published specification ot listed in fhose para-
1928400 CF3M S31603 . . i .

14409 14404 graphs and otherwise meeting the minimum require-
14435 ments of MM-9. When reclaiming superauktenitic or
Superaustenitic Stainless Steels duplex stainless steel compon?nts, refer spdcifically to

192499 CG3M 531703 MM-5.2.2 or MM-5.2.3,(respectively.

. 1.4412 1.4438 . . . .
Toads1 N3N 08367 MM-3.6 Designation of Alloy and Fluid|Service
]93354 CK3MCuN S31254 The user isresponsible for designating the specific alloy,

1.4557 1.4547 from MM-2)to’be used for each system having a process
Duplex Stainless Steels contactsurface. The useris also responsible forfidentifying
192305 CD3MN $32205 the appropriate fluid service category for piping or tubing,
1.4470 1.4462 in accordance with the definitions in the currerjt edition of
Nickel-Based Alloys ASME B31.3, Process Piping.
N26625 CWeMC N06625

- 24856 MM-4 REFERENCED SPECIFICATIONS
N30902 CW12MW N10276

- 24343 MM-4.1 General
N26455 CW2M N10276

24610 Standards and specifications adopted by reference in

- 24819 this Standard are listed by product form in this Part. It
N30p07 CweM N10276 is not considered practical to identify tHe specific

- 2.4819 edition of each standard and specification ligted in the
N26p02 CXzmMw 26022 following listing; therefore, the most current edition is

24602 implied. Sources for procuring any of the list¢d material

GENERAL NOTE: specifications are found in Nonmandatory Agpendix Y.
Alloys listed between horizontal lines are not equivalent, but Material manufactured in accordance wiith earlier
comparpble. editions of the referenced standards and [that in all
other respects conforms to this Standard will|be consid-

ered to be in conformance with this Standardl.

The ASME Boiler and Pressure Vessel Code [BPVC) has
adopted many of the listed ASTM material spdcifications.
Materials furnished to the latest edition of these ASME
specifications are also considered to be in cdnformance

111

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.

MM-4.2 Tubing/Piping

Tubing and piping manufactured in accordance with the

following specifications may be used:
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ASTM A213/A213M, Specification for Seamless Ferritic
and Austenitic Alloy — Steel Boiler, Superheater,
and Heat-Exchanger Tubes

ASTM A249/A249M, Specification for Welded Austenitic
Steel Boiler, Superheater, Heat-Exchanger, and
Condenser Tubes

ASTM A269, Specification for Seamless and Welded
Austenitic Stainless Steel Tubing for General Service

ASTM A270/A270M, Specification for Seamless and
Welded Austenitic and Ferritic/Austenitic Stainless

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

ASTM A743/A743M, Specification for Castings, Iron-
Chromium, Iron-Chromium-Nickel, Corrosion
Resistant, for General Application

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

ASTM A890/A890M, Specification for Castings, Iron-
Chromium-Nickel-Molybdenum Corrosion-Resistant,

Steel Samitary Tubing

ASTM A31R/312M, Specification for Seamless, Welded,
and Heavily Cold Worked Austenitic Stainless Steel
Pipes

ASTM A511, Standard Specification for Seamless Stainless
Steel Mgchanical Tubing

ASTM A789/A789M, Standard Specification for Seamless
and Welded Ferritic/Austenitic Stainless Steel Tubing
for Gengral Service

ASTM A799/A790M, Standard Specification for Seamless
and Welded Ferritic/Austenitic Stainless Pipe

ASTM B61), Specification for Welded Nickel and Nickel-
Cobalt Allloy Pipe

ASTM B62p, Standard Specification for Seamless Nickel
and Niclel-Cobalt Alloy Pipe and Tube

ASTM B62p, Specification for Welded Nickel and Nickel-
Cobalt Allloy Tube

ASTM B67p, Specification for UNS N08367 Welded Pipe

ASTM B676, Specification for UNS N08367 Welded Tube

ASTM B690, Specification for Iron-Nickel-Chromium-
Molybdgnum Alloys (UNS N08366 and UNS N08367)
Seamles$ Pipe and Tube

ASTM B81p, Standard Specification for Seamless.Copper
Tube foi] Medical Gas Systems

DIN 17744 Wrought nickel alloys with melybdenum and
chromiumn — Chemical composition

DIN 17751f Tubes of wrought nickel-alloys — Properties

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

EN 10217-f, Welded steel tlibes for pressure purposes —
Technicdl delivery cenditions — Part 7: Stainless steel
tubes

EN10312,

Welded stainless steel tubes for the conveyance
of water pnd'other aqueousliquids —Technical delivery
conditiops

Duplex (Austenitic/Ferritic) for General Application
ASTM A995/A995M, Standard Specification for,Cqstings,
Austenitic-Ferritic (Duplex) Stainléss’Stepl, for
Pressure-Containing Parts
EN 10213, Steel castings for pressure’purposes
EN 10283, Corrosion resistant steel.castings

MM-4.4 Forgings

Forgings manufactured in accordance wi
following specifications may be used:

'h the

ASTM A182/A182M, Specification for Forged or
Alloy and\Stainless Steel Pipe Flanges, H
Fittings,"and Valves and Parts for High-Temp¢
Seryicé

ASTM-B462, Specification for Forged or Rolled UNS
N06030, UNS N06022, UNS N06035, UNS N§6200,
UNS N06059, UNS N06686, UNS N0802(, UNS
N08024, UNS N08026, UNS N08367, UNS N10276,
UNS N10665, UNS N10675, UNS N10629, UNS
N08031, UNS N06045, UNS N06025, an¢l UNS
R20033 Alloy Pipe Flanges, Forged Fittings, and
Valves and Parts for Corrosive High-Tempefature
Service

ASTM B564, Specification for Nickel Alloy Forgin

EN 10222-5, Steel forgings for pressure purposes
5: Martensitic, austenitic, and austenitic-ferritig
less steels

EN 10250-4, Open die steel forgings for general engi-
neering purposes — Part 4: Stainless steels

Rolled
orged
rature

bS
— Part
stain-

MM-4.5 Plate, Sheet, and Strip

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

e with

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

MM-4.3 Castings

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

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

112

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

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

ASTM B443, Specification for Nickel-Chromium-
Molybdenum-Columbium Alloy (UNS N06625) and
Nickel-Chromium-Molybdenum-Silicon Alloy (UNS
N06219) Plate, Sheet, and Strip
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ASTM B575, Specification for Low-Carbon Nickel-
Chromium-Molybdenum, Low-Carbon Nickel-
Chromium-Molybdenum-Copper, Low-Carbon Nickel-
Chromium-Molybdenum-Tantalum, and Low-Carbon
Nickel-Chromium-Molybdenum-Tungsten Alloy Plate,
Sheet, and Strip

ASTM B688, Specification for Chromium-Nickel-
Molybdenum-Iron (UNS N08366 and UNS N08367)
Plate, Sheet, and Strip

DIN 17744, Wrought nickel alloys with molybdenum and

EN 10272, Stainless steel bars for pressure purposes

For austenitic stainless steels, hollow products and bar
stock are acceptable for nozzles and may be used where
permitted by the owner/user.

MM-4.7 Copper Alloy Fittings

Fittings manufactured in accordance with the following
specifications may be used where permitted by the
owner/user:

chrdgmium — Chemical composition

DIN 17750, Strip and sheet of nickel and wrought nickel
alloys — Properties

EN 10p28-1, Flat products made of steels for pressure
purposes — Part 1: General requirements

EN 10p28-7, Flat products made of steels for pressure
purposes — Part 7: Stainless steels

ASME B16.22, Wrought Copper and Copper, Alloy Solder-
Joint Pressure Fittings
ASME B16.50, Wrought Copper and, Copper Alloy Braze-
Joint Pressure Fittings

EN 10088-2, Stainless steels — Part 2: Technical delivery MM-5 BASE METALS.-AND FILLER MATERIALS
conflitions for sheet/plate and strip of corrosion
resisting steels for general purposes MM-5.1 General
EN 1095, Heat resistant steels and nickel alloys This section{rovides requirements and redjommenda-
tions for the base metalslisted in Tables MM-2.1-1 through
MM-4.6 Hollow Products, Rod, and Bar Stock MM-Z.l-f}.The use of.base m.etals other than th s,ellst?d in
this section is permitted with the owner/usdr’s written
Hollpw products, rod, and bar stock manufactured in approval (see MM-3.3).
accordance with the following specifications may be used: This section also recommends filler metals apd consum-
able inserts for welding these alloys in order [to produce
ASTM 276, Standard Specification for Stainless Steel Bars '\ eldments whose weld metal has corrosion| resistance
and|Shapes consistent with that of the base metal. Detail§ necessary
ASTM A479/A479M, Specification for Stainless Steel Bars ¢4 welding are provided in Part MJ.
and|Shapes for Use in Boilers and Other Pressure
Vesgels MM-5.2 Base Metals
ASTM|B574, Specification for Low-Carbon Nickel- .l .
Chrpmium-Molybdenum, Low-Gafbon Nickel- MM-5.2.1 Austenitic Stainless Steels
Mollybdenum-Chromium-Tantalum, Low-Carbon MM-5.2.1.1 Weld Ends. Weld ends that are to be
Nickel-Chromium-Molybdenum=-Gopper, and Low-  autogenously welded shall have a sulfyr content
Carbon Nickel-Chromium-Molybdenum-Tungsten between 0.005 wt. % and 0.017 wt. % [sde also M]-
Alloy Rod 2.1.1(a)]. This requirement applies to the austgnitic stain-
ASTM|B691, Specification for Iron-Nickel-Chromium- less steels listed in Tables MM-2.1-1 and MM{2.1-3. This
Molybdenum Alloys (UNS N08366 and UNS N08367) requirement does not apply to materials used in the
Rod| Bar, and Wiré construction of process components, only tp the weld
DIN 17744, Wroughtnickel alloys with molybdenum and ends of process components in their final fofm.
chrgmium —<,Chemical composition . . . .
DIN 17752, Wrotght nickel and nickel alloy rods and bars - MM-5.2.1.2 Ferrite. If specificferrite levels in al.lStEI.‘I-
: . itic stainless steels are deemed necessary tp maintain
— Requirements and testing tai ties th hall ik ired
EN 10088-3, Stainless steels — Part 3: Technical delivery Eer .aln properties, the ?wper/‘us?r sha sp?cl y requlre:
TCTTICC TAIEgES stpdrdtely 10T tIe odst mmeddl, 101 welds in

conditions for semi-finished products, bars, rods, wire,
sections and bright products of corrosion resisting
steels for general purposes

EN 10095, Heat resistant steels and nickel alloys

EN 10263-1, Steel rod, bars and wire for cold heading and
cold extrusion — Part 1: General technical delivery
conditions

EN 10263-5, Steel rod, bars and wire for cold heading and
cold extrusion — Part 5: Technical delivery conditions
for stainless steels

113

the solution-annealed condition, and for welds left in the
as-welded condition. As a general rule, material with high
ratios of Nito Cr show lower ferrite levels in the base metal
and subsequent to welding. See Table MM-5.2.1.2-1 for
predicted ferrite number ranges for various austenitic
stainless steel product forms. These are not acceptance
criteria. The listed ferrite numbers refer to as-solidified
austenitic stainless steels and therefore indicate predicted
ferrite levels of the respective autogenous welds, welds
with filler metal, or castings. Additional information
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Table MM-5.2.1.2-1 Predicted Ferrite Number (FN)
Ranges for Various Austenitic Stainless Steel Product
Forms and 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/GTA}
[Note (1)]

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

CF8M and CF3M castings 5to 15

GENERAL NQTE: FN ranges determined from D. ]. Kotecki and T. A.

Siewart, “WRC-1992 Constitution Diagram for Stainless Steel Weld

Metals: A Modification of the WRC-1988 Diagram,” Welding

Journal 71(5), p. 171-s, 1992.

NOTES:

(1) SFA 5.945.9M, Specification for Bare Stainless Steel Welding
Electrodps and Rods.

(2) Nitrogenpickup or weld metal dilution could resultina 3 FN to 4
FN loss In the as-deposited weld metal.

(3) SFA 5.445.4M, Specification for Stainless Steel Electrodes for
Shielded| Metal Arc Welding.

(4) Electrodps with a restricted FN usually require a special order,
with thg exception of 2 FN maximum product for cryogenic
temperafures.

(5) FN in th¢ as-deposited weld is influenced by welding technique
and is lgwered by nitrogen pickup or weld metal dilution.

regarding ferrite can be found in Nonmandatory Appendix
G.

MM-5.2
superauste
MM-2.1-3
secondary
This prec
1,000°F t
concern d
processes,
desirable t
range to a|minimum,

Exposurg time toundesirable temperatures reached
during high-temperature service, heat treatment, or a

.2 Superaustenitic Stainless Steels. The
nitic stainless steels in Tables MM-2.1-1 and
hre prone to the precipitation-efiundesirable
intermetallic phases such @s;sigma and chi.
pitation typically occurs.in the range of
p 1,900°F (540°C tg 17040°C). This is a
iring welding and<ther thermomechanical
including solution-annealing. It is, therefore,
b keep exposure time within this temperature

(650°C to 1 000°C). Exposure time to undesirable
temperatures reached during high-temperature service,
heat treatment, or a joining procedure should be mini-
mized. The material manufacturer should be consulted
for specific instructions regarding heat treatment.

MM-5.2.4 Castings. When cast alloys discussed in this
section solidify, microsegregation of chromium and
molybdenum occurs. Segregation reduces corrosion resis-
tance and is corrected in castings by a full solution anneal

the solution-anneal procedure shall meet the ti
temperature requirements of the prodtet specifiration.
Any weld repair by the casting{manufacturer shall
meet the requirements of the specification or shall be
as specified by the owner/user,

ved in

opper
stems.

MM-5.2.5 Copper Alloys:"In applications allo
Part SD and/or approved by the owner/user,
tubing may be used/forprocess gas distribution sy

MM-5.2.6 Special Alloys. When specified py the
owner/usernsalloys listed in Table MM-5.2.6-1 rhay be
used for pregess contact surfaces in unique applidations,
such as ogiginal equipment manufacturer (OEM) gdrocess
instrumentation, pump internals, etc. These alloys} when
serving as process contact surfaces, shall meet all appli-
cable surface finish requirements of this Standardl.

MM-5.2.7 Unlisted Alloys. Alloys not listed in Part MM
and having corrosion resistance less than that tygical of
UNS S30403 may be used for process contact surfhces in
unique applications such as OEM instrumentatior] when
the owner/user has determined that the proposed mate-
rial is suitable for the intended service.

MM-5.3 Filler Materials

Filler material shall conform to a published sp
tion. Table MM-5.3-1 lists the recommended filler
for welding the listed austenitic, superaustenit
duplex stainless steels and nickel alloys.

Table MM-5.3-2 lists the recommended materia
which consumable inserts may be made for use in W
the listed superaustenitic and duplex stainless st

bcifica-
Imetals
¢, and

s from
elding
pels.

joining procedire should be mlnlmlzeq. .The mate.rlal Filler materials other than those listed in Tablds MM-
manufactuterishould be consulted for specificinstructions AUVt V) ] ETRR N : 1of
Jorana v JooTz May e useawitirtire prrorapproval o

regarding heat treatment.

MM-5.2.3 Duplex Stainless Steels. The corrosion
resistance and mechanical properties of duplex stainless
steels are based on having roughly equal amounts of
ferrite and austenite in the microstructure at room
temperature.

The listed duplex stainless steel, UNS S32205, may be
prone to the precipitation of undesirable secondary inter-
metallic phases such as sigma and chi. This precipitation
occurs continually in the range of 1,200°F to 1,830°F
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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 MJ

Proprietary filler materials may be used with the prior
agreement of the owner/user, provided all procedure and
performance qualification requirements of Part M] of this
Standard are met.
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Table MM-5.2.6-1 Materials for OEM Equipment
UNS Number

EN Designation Common Name

Platinum (coating)

Gold (coating)

Silver (coating)

R50250

autogenously, postweld heat treatment is required in
accordance with Table MM-5.4-1.

MM-6 MECHANICAL PROPERTIES
MM-6.1 General

Ti — Grade 1 . . . . .
3.7025 The specific service environment for which the alloys in
RS(')";OO : T P Tables MM-2.1-1 through MM-2.1-4 may be used is not
I hrade within the scope of this Standard. The possibility of mate-
22026 TTat deterioratiom i service stroutd-betomnsidegred by the
R56400 Ti — Grade 5 owner/user. Carbide phase degradation“of] corrosion
1 3.7164 resistance, susceptibility to intergranflar cqrrosion of
R52400 Ti — Grade 7 austenitic materials, or grain boumdary|attack of
R56320 Ti — Grade 9 nickel-based alloys are among/those itemq requiring
R53400 Ti — Grade 12 attention.
N04200 Hastelloy C-2000 [Note (1 . . s
Y [Note (1)} MM-6.2 Tubing/Piping
N0g600 Inconel 600 [Note (2)]
No7A718 Inconel 718 [Note (2)] All tube or pipe used.for process contact surfaces and
1 24668 non-process contact surfaces shall meet the fnechanical
S17400 17-4 PH [Note (3)] ghroperty requflretmerzlts of the specification to which
re m red.
14542 ey are manufacture
GENERAL NOTE: Alloys listed between horizontal lines are not MM-6.3 Fittings and Valves
equivalgnt, but comparable. ) |
NOTES Refer to DT-2 for strength requirements for fittings and
: valves.
(1) Hagtelloy C-2000 is a registered trademark of Haynes L. . .
Intérnational Inc When material is cold worked, its mechanifal proper-
(2) Incpnel is a registered trademark of Special Metals Corp. ties can be expected to change from those of the original

(3) 17-§ PH is a registered trademark of AK Steel, Cincinnati, Qhio:

MM
carbo
used t

5.3.1 Austenitic Stainless Steels. Only tlie low-
1 grades of stainless steel filler metals:may be
b weld these alloys.

-5.3.2 Superaustenitic and Duplex Stainless
g. If a filler metal or consumable insert is used
during the manufacture of process components, it
should be in accordance with the filler metals or consum-
able inserts listed in Table MM~5.3-1 or Table MM-5.3-2,
respedtively. Other nickelxchromium-molybdenum filler
metald or consumable.inserts may be used as long as
the cofrosion resistance of the final weld metal meets
or exdeeds that“of*the base metal. The manufacturer
shall dlso identify the filler metal or consumable insert
as parf of¢the documentation.

MM \ able MM- -
filler metals to be used for brazing copper tubing.

MM-5.4 Heat Treatment

Heat treatment of process components made from the
austenitic stainless steels in Table MM-2.1-1 is not
addressed by this Standard.

For the listed superaustenitic and duplex stainless
steels, if the filler metals or consumable inserts in
Table MM-5.3-1 or Table MM-5.3-2 are used, a postweld
heat treatment is not required. If those alloys are welded

115

heat of the raw material. MTRs for fittings arp therefore
not required to list mechanical properties; however, if
they do, they shall comply with the specifigations for
the raw materials from which the fittings were|fabricated.

MM-6.4 Toughness

Some of the materialslisted in Tables MM-2.1-1 through
MM-2.1-3, as well as Table MM-5.2.6-1, hndergo a
decrease in toughness when used at low tenpperatures,
to the extent that other applicable codes mjay require
impact tests for applications even at ten]peratures
higher than 20°F (-7°C). It is the responsibjlity of the
owner/user to ensure that such testing is performed
and that the requirements of all applicable codes are met.

MM-6.5 Testing

for fittings
for valves.

MM-7 POSITIVE MATERIAL IDENTIFICATION

When positive material identification (PMI) is
performed, it is limited to alloy verification. Refer to
Nonmandatory Appendix W for guidance regarding proce-
dures and data interpretation.
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Table MM-5.3-2 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
2.4602
. 3017
NOB367 N06625
N06022
N10276
N0B926 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
]93254 CK3MCuN N06625
N06022
N10276
1.4557 2.4856
2.4602
2.4819
Duplex Stainless Steels
S32101 S32205
S32750
N06625
N06022
N10276
1.4162 2.4602
2.4819
S32205 N06022
N10276
14462 2 4602
2.4819
]92205 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.
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Table MM-5.3.3-1 Brazing Filler Metals for Copper

Base Metal [Note (1)]

UNS Number EN Designation AWS Classification SFA Specification UNS Designation EN Designation
€10200 BCuP-3 5.8 C55281
BCuP-4 C55283
BCuP-5 55284
BCuP-6 C55280
BCuP-7 C55282
€12000 BCuP-3 5.8 C55281
BCuP-4 C55283
BCuP-5 55284
BCuP-6 C55280
BCuP-7 55282
C[L2200 BCuP-3 5.8 C55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 (55280
BCuP-7 55282
CW024A

GENERAL NOTE: The use of AWS/UNS filler metal is recommended for brazing of UNS base metal; the use of EN filler metal is reco

brazing|of EN base metal.

NOTE:

(1) Copper grades listed between horizontal lines are not equivalent, but comparable.

mmended for
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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 Solution Anneal Temperature
Designation  Designation [Notes (2), (3), and (4)]

Superaustenitic Stainless Steels

type and concentration, various surface finishes,
welding process, and filler metal alloy. It may be appro-
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

$31703 . 1,900°F (1 040°C)
. 1.4438
N08904 2,000°F (1 095°C)
1.4539
S31254 2,100°F (1 150°C)
1.4547
N08367 2,025°F (1 105°C)
N08926 2,010°F (1 100°C)
1.4529
Duplex Stainless Steels
S32101 1,870°F (1 020°C)
1.4162
$32205 1,870-2,010°F
1.4462 (1 020-1 100°C)
NOTES:
(1) Alloys lifted between horizontal lines are not equivalent, but
comparaple.

(2) Minimurh solution anneal temperature unless range is specified.

(3) No minirhum anneal time is specified, however, very short anneal
times caf result in inadequate time at temperature to restore the
corrosioh resistance of autogenous welds.

(4) Post-soldtion anneal cooling shall be achieved by a water quench,
or rapid|cooling by other means.

MM-8 COQRROSION-RESISTANCE REQUIREMENTS
MM-8.1 General

Resistanfe to corrosion is an essential characteristic of
the materials used to fabricate the Systems governed by
this Standqrd. Corrosion testing is recommended when-
ever speciffic production performance characteristics
must be determined. Theyowner/user shall have the
final respopsibility for proper material selection.

MM-8.2 (orrosion Testing

Corrosi
reasons:

teSting may be performed for the following

MM-9.1 General

Metallic materials of construction shall,'meet
quirements of this section as a minimum.

For materials to be added to Part MM)thé€ informdtion in
MM-9.1.1 or MM-9.1.2, as applicablesshall be provided to
the ASME BPE Staff Secretary.

he re-

MM-9.1.1 Wrought, Cast) and Welded Fabrjcated
Applications

(a) Listing of thealloy in an industry-recognizedl spec-
ification or standard including tensile strength progerties.

(b) Evidenceé/hat the proposed material, in bqth the
wrought andwelded conditions, will have corrosion resis-
tance equal.to or greater than 304L stainless steql (UNS
S$30403)4dn a service environment within the scopeof this
Standard. Materials that will not be welded (e.g4 some
cdstings) do not require corrosion testing fn the
welded condition.

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

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

(e) Recommended welding process(es), fillerl metal
(s), and evidence showing that the combination ¢f base
metal, filler metal(s), and recommended weglding
process(es) meets the applicable requirements of Parts
M] and SF. Special restrictions, exceptions, or gufidance
shall be noted.

MM-9.1.2 Specialty OEM Material Applications

(a) tocompare a number of alloys in a specific standard
environment

(b) to determine the compatibility of an alloy in an
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

(a) Listing of the alloy in an industry-recognized spec-
ification or standard. Tensile strength properties shall also
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

(19)
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coatings shall be tested over the base material used in the
commercially supplied parts. See Nonmandatory
Appendix F for additional information.

(c) Evidence that the material surface can be mechani-
cally polished, electropolished, and/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

(19) PM-1 PURPOSE AND SCOPE
The purpose of this Part is to provide the basis for
selecting dnd using polymeric and other nonmetallic
materials.
This Parft describes the types of polymeric and other
nonmetalljc materials and identifies different ways to
characterige materials.

PM-2 MATERIALS

Polymer]
spread us¢
broad rang
ability to
biocompat
range of §
seals, hose
valves, and
the design
as installed

For in-d4
nonmetalli

¢ and nonmetallic materials have found wide-
in bioprocessing equipment because of their
re of physical and chemical properties, their
be formed into complex shapes, and their
bility. Polymeric materials may be used in a
pplications including static and dynamic
5, pumps, tubing, barrier coatings, diaphragms,
filters. The choice of material class depends on
requirements and material performance, both
| and during use.

pth discussion and guidance on polymericand
c materials, see Nonmandatory Appendix-O.

PM-2.1 M

Material
the purity
the owner
materials
Materials s
conditions
sterilizing

aterials of Construction

5 of construction shall be selected to maintain
ind integrity of the product/process fluid. It is
user’s responsibility to.select the appropriate
of construction for-the conditions of use.
hould be compatiblewith the stated processing
cleaning solutions (where appropriate), and
ronditions (Where appropriate), etc., as speci-
fied by the pwner/user-The following sections outline the
major clasqges of polymieric and nonmetallic materials and
their requirements for use in bioprocessing equipment.

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.
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Some thermoplastics, such as thermoplastic elastpmers,
combine an elastomer such as ethylene propyleng diene
monomer (EPDM) with a plastic such as polypropylene,
giving the resulting thermoplastic compeund properties
of flex endurance and sealability so.it ¢an be uded for
tubing, seals, diaphragms, etc. Thermoplastic elasfomers
(TPE) combine the features of melt processability and
flexibility.

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 ar€ appropriate for their applicatigns.

Filler materials may be used to enhance the properties
of thermoplastic polymers. Fillers may be carbon|based,
inorganic,“nretallic, organometallic, etc., as needed for
performance.

Additives for thermoplastic polymers may be u
aidiin thermal stability, flexibility, gamma stability,
date performance, crystallization control, oxidative
ity, mold release, plasticization, and adhesion. Ad
may be used in the bulk of the polymer as well
surface, as required.

sed to
extru-
stabil-
ditives
as the

PM-2.1.2 Thermoset Polymers. Thermosets ar
mers that, in their final state after processing, arere
substantially insoluble and infusible. Fully processe]
mosets cannot be resoftened or re-formed by expo
heat. Exposure to excessive heat will cause degra

Thermoset polymers are processed from a li

b poly-
ndered
d ther-
bure to
Hation.

irreversible curing with heat, catalysis, or other
Chemical cross-links are formed between p
chains during the curing process. This results in ajj inter-
connected polymer network with the cross-link jufctions
restricting flow of the polymer when exposed to thermal
or mechanical stresses.
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 condi-
tions. 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 Polyester (PET)
Polyamide (nylon)
Polycarbonate (PC)

Polysulfones (PSU, PES)

Polyether ether ketone (PEEK)

Thermoplastic polyolefins Polypropylene (PP)

Ultra-low-density polyethylene (ULDPE)

Fittings, connectors, filter housings,
piping and rigid tubing, column
tubes, filter media

Fittings, connectors, piping and rigid
tubing, filter media and capsules,

Thermgplastic fluoropolymers
Perfluoroalkoxy (PFA)

Thermgplastic elastomers (TPE)

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

Fluorinated ethylene propylene (FEP)

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)

bags

Fittings, pipinig/and tubing, flexible
hose,filter media and dapsules,
diaphragms, pumps, vepsel liners

Tubing, bags

Table PM-2.1.2-1 Common Thermoset Polymers and Applications

Type of Polymer

Example Polymers

Example Applicatjons

Thermgset elastomers Ethylene propylene diene (EPDM)
Ethylene propylene rubber (EPR)
Silicone (VMQ)

Fluoroelastomers (FKM)

Perfluoroelastomer (FFKM)

Rigid tHermosets

Fiber-reinforced polymer (ERP/GRP) composites

Tubing, seals, gaskets, diapljragms,
and hoses

Tanks and pipes

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

PM+2.1.3 Other Nonmetallic' Materials. Solid single-
phase [nonmetallic materials”cafl be divided into amor-
phous| nonmetallic matetials (e.g., glass, amorphous
carbop) and crystalliteshonmetallic materials (e.g.,
sinter¢d silicon carbide, graphite).

If manufactured. by heating and subsequent cooling,
these|materjdls are often referred to as ceramics.
Materjals may*consist of a mixture of an amorphous
and al| cryStalline phase (e.g., glass ceramlcs) To
impro
combined with other materials such as metals or polymers
to form multiphase mixtures. Examples of such materials
are metal-matrix composites such as cemented tungsten
carbide with an alloyed nickel binder matrix and resin-
impregnated carbon-graphites. Some of the more
commonly used nonmetallic materials are listed in
Table PM-2.1.3-1.

PM-2.2 General Requirements

Materials shall be selected to not affect the purity or
integrity of the drug product. The owner/usey is respon-
sible for the qualification of materials for the infended use.
The requirements for compliance are summarjzed in PM-

2.2.1. The requirements relate to identificatios}, traceabil-
ity, biocompatibility, and marking.
Polymeric materials exposed to process fluids and/or

that may come into dlrect contact w1th process fluids
include tubing, pipe, fittings, filters, bags, gaskets, O-
rings, diaphragms, pinch tubes, and valve stem seals.

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

(19)
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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
Silicon nitride
Tungsten carhide

Amorphous inorganic nonmetallic material

Crystalline inorganic nonmetallic material

Sight glasses, vessel lights,
optical sensors, glass
electrodes

Mechanical seals, bearings,
process sensors

Zirconium glioxide

ed materials
ide
de

Reaction-bon
Silicon car!
Silicon nitr

Siliconized cafbon-graphite

Resin-impreghated carbon-graphite

Cemented materials
Tungsten cprbide with alloyed binder
Tungsten cprbide with nickel binder
Tungsten cprbide with cobalt 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 nonmetallicdn a
metallic matrix

Mechanical seadls

Mechanical seals

Mechanical seals

Mechanical seals, bearing

%)

PM-2.2.2 Labeling and Marking. Manufacturers shall

mark the package containing polymer components or
assembli¢s with the manufacturer’s name, part
number, gnd lot number or unique identifier (see

Table PM-P.2.1-1) to enable the manufacturer to, trace
back to thg raw material(s) and processing conditions
used to fabricate the component/assembly.
Manufacturers should mark the component/assembly
itself to ayoid potential loss of traceability and to aid
in positive identification of components/assemblies

after use.

PM-2.2.3 Change Management

PM-2.p.3.1 General..Change management require-
ments apfly to manufacturers of polymeric or other
nonmetallfic process.contact materials, components,
and assemblies,\fof both single-use and multiuse
applications.

PM-2.

(2) manufacturing means, methods, or magerials
¢hanges

(3) changes to published or agreed specifications

(4) discontinuance of a material, compong¢nt, or
assembly

(5) changes in regulatory or compliance staty
USP)

Table PM-2.2.3.2-1 defines four levels of dhange
commensurate with the complexity of change ahd the
amount of time needed for owner/users to addrgss re-
quirements associated with the change. Manufacfurers,
when selecting the level of change for notifi¢ation,
should consider typical owner/user regulatory
constraints as well as technical, business, and fupply
chain practices to anticipate notification time rjeeded
by the owner/user to qualify and implement the ghange.

PM-2.2.3.3 Owner/User Notification. The mgnufac-
turer should provide change notification documentation
to the owner/user per the timelines defined in Taljle PM-

s (e.g.,

s. 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:

(a) impact on bioprocessing product safety, efficacy,
purity, identity, or strength

(b) impactto form, fit, or function of the product, which
may include

(1) formulation changes

126

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

(e) documentation and qualification data to charac-
terize the change
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Applications
Polymeric
Seals
(Includes
Diaphragms Polymeric
and Connectors Containers Other
Requirements  Hygienic Filters Chromato- (Includes (Rigid Polymeric Nonmetallic
to Conform Union Seals) [Note graphy  Steam to/ and Process Process Single-Use
to ASME BPE  [Note (1)] Hoses Tubing (2)] Columns Through) Flexible) Components Components Assemblies
Manufagturer's X X X X X X X X X X
nam
Manufafturer’s X X X X X X X X X X
contact
inforgnation
Part number X X X X X X X X X X
Lot number or X X X X X X X X X X
uniqye
ident]fier or
serial number
Materia(s) of X X X X X X X X
construction
(progess
contact)
Compoynd X X X X
numyer or
uniq
identjfier
Cure dafe or date X X X X X X X
of manufacture
USP <8Y> or ISO X X X X X X X X X X
1099B-5
USP <884> Class VI X X X X X X X X X
or ISP 10993-
6, -1(, -11

GENERAL NOTE: For components subjected to,operations such as gamma irradiation or steam, specific certification shall be
Mandatpry Appendix III-11.

NOTES:

(1) For hygienic union seals, the intrusion’ category shall be provided (SG-4.2).

(2) Spgcificlotrelease criteria mayberequired for different types of filtration elements depending on their type and application. Th

reguirements should be deeided by the owner/user and the supplier.

127

rovided. See

se additional
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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
12 months for the owner/user
[49) illlpiC[llC[lL
Level 2 A change that requires a Revision to a product 3 months minimum 6 months\minimym
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 minimgm
minimum of 3 months in document format required
for the owner/user (e.g., C of C), editorial update
to implement of analytical method
Level 0 A change that is not expected Certain non-process contact  Notificdtion'not required Notification notrgquired
to impact the attributes changes (e.g., change in
in PM-2.2.3.2 carton supplier)
Emergency | An emergency change occurs Force majeure, act of God The change notification The change notifjcation

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

should be expedlited to
the greatest extent
possible appropriate
for the level of fhange

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

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

In the eyent of a Level 3 change, the manufa¢turer
should proyide preliminary change notificatien documen-
tation to the owner/user as defined in Table PM-2.2.3.2-1.
Preliminafy change notification provides advanced
warning tq the owner/user prior te-release of required
change notification documentationy(€.g., documentation
and qualification data) that mayynot be available at the
time of preliminary change notification. A plan for imple-
mentation [with anticipatéd timelines should be included
in the preljminary notification. Change notification shall
include thg documentation and qualification data to char-
acterize the plan.

PM-2.2.3,4”Manufacturer’s Responsibilities. The

communication should be electronic (e.g., an p-mail
address such as change@companyx.com). The gwner/
user should acknowledge receipt of the communjcation
to the manufacturer’s single point of contact and eyaluate
the change notification for impact to their procegses.

PM-3 PROPERTIES AND PERFORMANCE

Materials should be selected to retain their funftional
properties and to minimize their impact on the grocess
fluid. Materials should be selected to not affect the|purity
and integrity of the drug product. This section outlipes the
requirements for biocompatibility, extractablesileach-
ables, physical properties, and chemical compatjibility.
Each of the following sections should be considefed for

manufactutrer-siratt-irave PT ocedures—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.
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

the application.

PM-3.1 Biocompatibility

“Biocompatibility” is defined here as the ability of a
substance or material to be in contact with living
matter such as bacteria or mammalian cells without inter-
fering in any way with its metabolism or ability to live and
procreate. Polymer materials shall be biocompatible with
the system fluid to ensure that the system fluid is not
adversely affected by the polymer material. The
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biocompatibility and the proper material selection shall
be the responsibility of the system user.
Biocompatibility testing of candidate components for
qualification requires both in vivo (animal testing) and
in vitro (testing in glass) tests. In vivo testing is described
in the United States Pharmacopeia (USP) in Chapter <88>
(or1S0 10993-6,-10, and -11) and involves intramuscular
implantation, intracutaneous injection, and systemic toxi-
city testing. In vitro testing is described in the United
States Pharmacopeia in Chapter <87> (or ISO 10993-5)

extraction conditions should be selected based on the
intended use of the equipment/component. This study
generates an extractables profile that may be used to
predict potential leachables. Nonmandatory Appendix
P-3 identifies recommended conditions for an extraction
study in bioprocess model solutions.

PM-3.2.2 Leachables. Leachables, typically a subset of
extractables, are chemical substances that migrate into the
drug product from process equipment or its container

1 1 1oi: c )
UMMTUTT NMOTIIdl CONUItIONS Ul Ust daIa/ o storage.

and is|used to place extract from candidate polymers .
o . . . Leachables may also be created as a result gf chemical
in dirpct contact with living cells (typically mouse . . : . .
. . : reactions with other leachables and/éryingredients in
cells) for a prescribed period of time. The amount of . .
. the process fluid or drug product: Leachables studies
cell lyping (death) shall be recorded and reported for . .
. . conducted in process and of the~final prodyct shall be
the particular polymer material, the responsibility of the ownef/user
Matgrial manufacturers shall provide, on customer p y )
requedt, documentation (test report) of the in vivo USP PM-3.2.3 Sample Prepatation. Extractipn studies
<88> ({lass VI and in vitro USP <87> testing on final manu- shall include careful sample preparation appfopriate to

facturgd parts. Failure of either test indicates unaccept-
able bjocompatibility of candidate material. Such failures
are often attributed to leachables from cured elastomeric
seals ¢xtractables and may include catalyst residues,
cross-linking agents, process aids, plasticizers, etc.

PM-3[2 Extractables and Leachables

PM-3.2.1 Extractables. Extractables are chemical sub-
stances that can be removed from polymeric materials
using pppropriate solvents (e.g., polar and nonpolar).
Extraction studies are conducted under conditions that
exceedl typical bioprocess manufacturing or storage
conditjons (e.g., higher temperature, pH, or concentration
or longer exposure time) and are used to,génerate an
extradtables profile for a given polymeric material.
Manufpcturers should provide extractables profile data
for polymeric materials used in equipment/components
on request by the owner/user. The)extractables profile
generdted may vary depending oh both the extraction
conditjons and the extraction/fluids used in the study.
Depenlding on the purpese/of the study, one or more
of the| extraction studi€s described in PM-3.2.1.1 or
PM-3.2.1.2 should pe,done to generate an extractables
profile.

PM-3.2.1:1'Polymeric Material Specific Extraction
Study] This study is done to generate an extractables
profil¢ that characterizes the total content of soluble

the test article and ahalytical techniques to He used.

The size of the satple should be determined in consid-
eration of the/naterial, test equipment, anallytical test
sensitivity, ahd the sample available for testihg.

Any toolMised for sample preparation shall pot adulte-
rate the.sample.

Priorto extraction, test samples should be fexposed to
the.same pretreatment process (under worst-fase condi-
tions) that the material would see when used gs intended.

PM-3.2.4 Documentation. Documentatior] 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 terhperature.
Relative limits of detection should be reportéd.

PM-3.2.5 Risk Assessment. The owner/user should
consider supplier data, relevant standards, [regulatory
guidance, and industry recommendations gs listed in
Nonmandatory Appendix P, when perfornjing a risk
assessment.

The results of the risk assessment should defermine the
suitability of the equipment/component for ifs intended
use.

PM-3.3 Physical and Mechanical Propefties of

Thermoplastic Polymers

The physical and mechanical properties oftilermoplas-

chemical substances contained in the polymeric material.
The extraction solvent(s) and conditions shall be appro-
priate for the particular polymeric material being tested.
Nonmandatory Appendix P-2 identifies recommended
conditions for a polymeric material specific extraction
study.

PM-3.2.1.2 Extraction Study in Bioprocess Model
Solutions. This study is done to generate an extractables
profile under conditions that exceed those typically found
in bioprocessing applications. The model solutions and
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ticsare fmportamnt to better umderstamd row fluid expo-
sure could affect the polymer’s strength, stiffness,
inertness, durability, barrier properties, etc. Physical
and mechanical 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 strength, coefficient of friction, compression set,
tensile set, hardness, specific gravity, and transparency.
Common useful tests for evaluating thermoplastic
performance are listed in Nonmandatory Appendix L.
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The interpretation of immersion test results is depen-
dent on the specific application. In such cases, a different
material may be more suitable for the application. The
overall life of the equipment may be shortened signifi-
cantly if the correct polymer is not selected. The end-
user must ultimately interpret the relevance of the test
results for the applicable process.

PM-3.4 Chemical Compatibility of Thermoplastic

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 many different standards
(e.g., ASTM, ISO, DIN, and JIS). Typical properties may
include, but are not limited to, hardness, strength, self-
lubrication, and transparency. In some cases, low friction

Polymers between sliding surfaces may be important. Propert.ies

may be atfected by use conditions. Material selection

Chemical concentration, temperature, and duration of should be discussed between the ownerjusgr and

exposure cpn all affect the property retention of thermo-  gypplier, and the owner/user shall be responsiple for

plastic polyfmers. When selecting a thermoplastic polymer determining the suitability of the matetial fpr the
for chemicjl contact, the user should consult the supplier application.

Ktories and test data, where available.

I testing is required, specific fluids should be
bose test samples for the necessary time and
e.

for case hi

If furthe
used to ex
temperatu

PM-3.5 Physical and Mechanical Properties of
ermoset Polymers

Physical|land mechanical properties can be character-
ized using nany different standards (e.g., ASTM, ISO, DIN,
and JIS). Typical properties include hardness, tensile
strength, elongation to break, modulus, and tear strength.
In some capes, abrasion resistance, compression set, spe-
cific gravity, transparency, etc.,, may be important.
Properties| may be affected by manufacturing and use
conditions|(e.g., temperature, pressure, physical stress).
Common tests for evaluating physical and mechanig¢al
propertie§ are listed in Nonmandatory Appendix L.
Property fequirements should be discussed between
the ownerjuser and the supplier, and the @wner/user
shall be rgsponsible for determining the suitability of
the materigl for the application.

PM-3.6 (hemical Compatibility-of Thermoset
astomers

elastomerg. When selecting a thermoset elastomer for
chemical dontact,ithe’ user should consult the supplier
for case hlistories and test data, where available. If

further tepting-is required, specific fluids should be
used to ex i
temperature. Chemical compatibility is particularly
important for materials that are reused. Chemical compat-
ibility testing should be done to screen candidate mate-
rials for applications involving cleaning, storage, or
exposure to potentially harsh chemicals.
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PM-3.8 Chemical Compatibility of Nonmetjllic
Materials

fion of
etallic

Chemical composition, \temperature, and dura
exposure may all affectthe properties of other nonn
materials. When selecting nonmetallic materials, quch as
those listed in Table PM-2.1.3-1, the user should ¢onsult
the supplier.fot test data, where available. If further
testing is required, specific fluids should be ufsed to
expose, test samples for the necessary time and
tempgerature.

PM-3.9 Polymeric Surface Finish

Polymeric material contact surface classificatid
found in Part SF.

ns are

PM-4 APPLICATIONS

PM-4.1 Single-Use Components and Assemplies
See Mandatory Appendix III.
PM-4.2 Piping

The following shall be considered in the design d
meric rigid piping and tubing.

f poly-

PM-4.2.1 Sizing Comparisons. Thermoplastic
systems are available in a variety of sizing stan
Tube/pipe (e.g., Schedule 40, Schedule 80), Stg
Dimensional Ratio (SDR) 11, and SDR 21 are s¢me of
the most common standards used. Table PM-4.2.1-1 is
a reference that compares the outside and inside dimen-
sions of these standards. It is important to consider these
standards when performing system sizing calculations to
enhance dimensional alignment of pipe/tube inner
diameters to allow for sterility, cleanability, and drain-
ability. Tube inside dimensions are critical for alignment
to stainless steel systems.

piping
dards.
ndard

PM-4.2.2 Pressure Ratings. Polymer piping systems
have varying pressure ratings depending on material
and sizing standards. Valves and mechanical connections

(19)
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such as sanitary adapters, flanges, or threads may carry
pressureratings independent of pipe and fittings. Elevated
operating temperatures will decrease overall system
rating. Consult material manufacturers for specific details.

PM-4.2.3 Thermal Expansion. Polymeric materials
will expand and contract with changing temperature
conditions. The effect of thermal expansion shall be
considered and designed for in every thermoplastic
system.

To comp
ed to use ldops, offsets, and changes in direction. By using
the pipe itself to relieve the stress, the integrity of the pipe

ture unless it will truly be installed in one of those
conditions.

PM-4.2.4 System Support Criteria

PM-4.2.4.1 Support Distances. Supports shall be
placed based on the spacing requirements provided by
system manufacturers. Hanging distances are based on
system material as well as the specific gravity and
temperature of the process media. Operating conditions

i i i llalso
be considered. Hanging criteria generally incréage with
system operating temperatures. The placemgent of

system is npaintained. The use of bellows or pistonsisnot ~ nangers, guides, and anchors is critical in systems
recommenfled due to the formation of pockets and gaps exposed to thermal cycling. Hanger loedtions shduld be
where liqyids may be held up. The amount of thermal identified by the system engineer and laid out td allow
expansion growth in a pipe system is generally calculated for expansion and contraction of the pipe over |its life
by the follpwing formula: of operation.
, PM-4.2.4.2 Hanger and-Clamp Types. Avoid using
(U.S. Customary Units) hangers that place a pinjpoint load on the pipe when tigh-
AL =12 X L X a X AT ) tened. A U-bolt hanger-is not recommended for thermo-
plastic piping. Hangers that secure the pipe 360 deg
where . around the pipe are preferred. Thermoplastic ¢lamps
L=1le 1gt.h-0f the pipe run, ft S are also recommended over metal clamps, as they are
a= c.oefflc1ent of thermal expansion, in./in./°F mate- less likely*to-scratch the pipe in the event of movement.
rigl and.temperatl.lre dependent Clamps.should be evaluated to avoid rough edgg¢s that
AL = cHange in length, in. . couldudamage the pipe. Ideally, if a metal clgmp is
AT = temperature change, °F being used, an elastomer material should be used in
) between the pipe and the clamp. Refer to Part SD [for ex-
(SI Units 3 terior cleanability.
AL =L xaxAT % PM-4.2.5 Connections and Fittings. Design of|equip-
where ment should minimize the number of mechanical cpnnec-
- i tions. Fusion welded connections should bg used
i = lceclegftf}ilc(i)efnt?i?ltlilee;zlrzln;?:pansion’ mm/m/°C  Wherever practical. Hygienic design of connections
mhterial and temperature dependent shall comply with SD-3.1.
AL = change in length, mm .
AT = tefnperature change, °C PM-4.3 Hose Assemblies
PM-4.3.1 General. This section defines the rqquire-
Typical [coefficients of thermal expansion at room  ments for flexible hose assemblies intended for repeated
temperatufe by material £ype are found below. Consult  use. Hose assemblies are defined here as a length of a flex-
the manufjcturer for exagt coefficient values. ible, polymeric element with at least one end conrjection
, securely affixed and capable of containing fluids|under
(US. Customary Ursuts) specified conditions (e.g., pressure and temperatyre).
PVDF 6.6 x 1033 in./in./°F
PFA 7.0 [x 10‘5, in./in./°F PM-4.3.2 Hose Construction
10— atin /o
PP 8.33 %=0=-n-fn: PM-4.3.2.1 Flexible Elements. Elements may be con-
(SI Units) structed from a single, homogeneous material or multiple

PVDF 1.2 x 10°°, mm/m/°C

PFA 1.2 x 10™°, mm/m/°C

PP 1.5 x 10™°, mm/m/°C

AT is the maximum (or minimum) temperature minus
the installation temperature. If the installation tempera-
ture or time of year is unknown, it is practical to increase
ATby 15% for safety. It is not necessary or practical to use
the maximum temperature minus the minimum tempera-
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layers. Multilayer elements may consist of an inner contact
layer surrounded by one or more additional reinforce-
ment layers and an outer cover. Reinforcement layers
may include fabric braiding, metal wire braiding, and
various elastomeric materials. The liner design shall
allow for drainability and cleanability as required by
the end-user.
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PM-4.3.2.2 Mechanically Affixed and Reusable End
Connections. Metallic and nonmetallic end connections
are attached to the flexible element by mechanical
compression. The design shall ensure a seal is maintained
at the end of the barb [see Figure SD-3.2.1-1, illustration
(d)]. Band-style hose clamps are not recommended [see
Figure SD-3.2.1-1, illustration (c)]. The fitting should be
designed to minimize entrapment of liquid in the hose
assembly. Dimensions and tolerances of the process
connection shall be consistent with Table DT-7-1.

should inform the end-user of the life cycle expectancy
and the methods that will ensure that the hose assembly
operates within its design specification (e.g., routine
maintenance).

PM-4.3.3.1 Service Temperatures and Pressures.
Hose assemblies shall be capable of withstanding
thermal and pressure cycling between the rated upper
and lower temperature and pressure limits.

PM-4.3.3.2 Nonroutine Events. The complete proce-

PM-4.3.2.3 Flare-Through End Connections. Flare-
through end connections are connections in which the
inner [contact layer of the flexible element extends
through the fitting and is formed into the end connector.
Flare-through end connections may have integral gaskets
or proyisions for standard gaskets.

PM-4.3.2.4 Molded-in-Place End Connections.
Moldefl-in-place end connections are secured to the flex-
ible elpment by a thermal or chemical bond. Molded-in-
place pnd connections using nonrigid materials may
requirfe additional stiffening reinforcement to achieve
an ad¢quate process connection seal. Molded-in-place
end cdnnections may include an integral gasket.

PM-4.3.2.5 Hose Materials. Hose assembly mate-
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
10993t5) and USP <88> Class VI (or ISO 10993-6, -10,
and -1J1) tests on all polymeric process contact materials.
End-upers may request similar testing‘on noncontact
layers|that may come in contact with)the process fluid
if the finner liner fails. Hose assenibly suppliers shall
provide, on customer request, documentation of the
biocompatibility testing on _final manufactured hose
assemply materials. Failure.of either test indicates unac-
ceptabjle biocompatibility-of the candidate hose assembly.

(b) Surface Finish. Surface finish of metallic end fittings
shall jomply with-the requirements of Part SF.

(c) Particle.Generation. Hose assembly designs should
minimjize wear that generates particles that could enter
the prpcess:

(d)

conform to the requirements of PM-3.2.

PM-4.3.3 Hose Assembly Performance. The equip-
ment supplier should be informed of all the conditions
under which the hose assembly may be expected to
operate. This should include the methods, frequency,
and length of cleaning and sterilization procedures. In
addition to the service temperature and pressure, any
parameters that may affect the hose assembly perfor-
mance should be provided. The equipment supplier

dure for nonroutine events such as passivation|derouging,
and postconstruction cleaning should be supylied by the
end-user. The supplier should inform thq end-user
whether the hose assembly will perform ap specified
during these events. The end-user should [perform a
risk assessment to determine<if a new hos¢ assembly
is required after nonroutinelevents.

PM-4.3.3.3 Cleaning’ Systems

(a) Clean-in-Place (CIP). Hose assemblig¢s shall be
designed in ac€erdance with SD-3.1. The hosp assembly
shall be installed to allow for drainability (sqe SD-3.2).

(b) Clean-out-of-Place (COP). External surfalces of hose
assemblies subject to COP shall be compdtible with
cleaning agents and be nonabsorbent. Hose pssemblies
shall'be designed to allow effective removal pf cleaning
agents from external surfaces.

PM-4.3.3.4 Sterilizing Systems. Hose agsembly re-
quirements shall be based on the sterilizatipn method
used. All process contact surfaces should bg designed
to minimize crevices. When crevices ¢annot be
avoided, sterilization testing shall be performed to vali-
date sterility within the system boundarief. All hose
assemblies and hose assembly process contact surfaces
shall be designed to accommodate expansion ahd contrac-
tion during sterilization and cooldown stageg.

PM-4.3.4 Hose Assembly Installation. Hpse assem-
blies shall be installed per SD-3.2 and used in fccordance
with the supplier’s guidelines (e.g., bend radiys). Change
in hose assembly length due to pressure and tgmperature
cycling and the potential effect on drainability should be
considered by the end-user.

PM-4.3.5 Compliance Requirements

35: T rtificate of
Compliance shall be issued by the hose assembly supplier
to certify compliance to this Standard when required by
the end-user.

PM-4.3.5.2 Certificate of Compliance. The
Certificate of Compliance shall contain the following
information:

(a) manufacturer’s name
(b) part number
(c) unique identifier of the hose assembly
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(d) material of construction of process contact items

(e) compliance to USP <87> (or ISO 10993-5) and USP
<88> Class VI (or ISO 10993-6, -10, and -11)

(f) packaging and storage recommendations (this may
be in another document)

The supplier’s name and unique identifier shall be
marked on either the hose assembly itself or the
package containing the hose assembly. The unique iden-
tifier shall enable the supplier to identify the raw material
and processing conditions used to fabricate the article.

PM-4.4.3.1.3 Hygienic Connections. Hygienic
connections shall conform to other Parts of this Standard.

PM-4.4.3.2 Sanitization

PM-4.4.3.2.1 Chemical Sanitization. All product
contact surfaces within the system shall be compatible
with the sanitization agents selected.

PM-4.4.3.2.2 Thermal Sanitization. When
thermal sanitization is used, all column product

Suppliers $hall mark the hose assembly itself to avoid
potential 1¢ss of traceability and to aid in positive identi-
fication of hose assemblies.

PM-4.
is done o1
Testing is
not requir
repeated f
processes

B.5.3 Test Requirements. Conformance testing

initial qualification of the hose assembly.
ntended to show design conformance and is
ed on every hose assembly. Testing shall be
or significant changes in raw materials or
ised to fabricate hose assemblies.

PM-4.4 (Qhromatography Columns

PM-4.4.1 General. This section defines typical design
elements related to large-scale chromatography columns
and includ¢s columns that are intended for repeated use in
processing| Although chromatography processes are not
typically ageptic, design features for cleaning and/or sani-
tization shguld be considered. More information on chro-
matograplly columns can be found in Nonmandatory
Appendix T.

PM-4.4.
is both a p1j
componen
ating unde
of ASME B
plicable. If
ASME PVH
responsib
normal a

P Pressure-Retaining Parts. The column tube
oduct contact surface and a pressure-yetaining
. Chromatography columns are vessels oper-
I pressure and should meet the.requirements
PVC, Section VIII, as referred t6 in*GR-1, as ap-
the column tube is acrylic, it shall comply with
0-1, Case 14, Low UV( The owner/user is
e for informing the manufacturer of the
d abnormal operating conditions to which
the column may be exposed; The manufacturer is respon-
sible for epsuring the ¢olumn will operate safely under
said conditions.

PM-4.4.8 Design for Cleaning and Sanitization

PM-4.4.3:1 Cleaning. Columns should be designed in

contact surfaces shall be designed to accommodate llexpan-
sion and contraction during exposure andrcoofldown
stages.

for all
to ap-

PM-4.4.4 Column Materials. Columymaterials
product contact surface wetted pargsshall conform
plicable sections of Parts SD, PM, and SF.

PM-4.4.5 Column Performance. The owner/us¢r shall
be responsible for informing the manufacturer|of the
conditions under which the column may be expected
to operate. This shall\include the methods, frequency,
and duration of cl€aning and sanitization procddures.
In addition to{the’service temperature and prg¢ssure,
any parameters that may affect the column perforjmance

shall be provided.

PM-4.4.5.1 Service Temperature and Pressure.
Columns shall be capable of withstanding thermjal and
pressure cycling between the rated upper and|lower
temperature and pressure limits.

PM-4.4.5.2 Routine Maintenance. To ¢nsure
continued column performance, consideration shall be
made to the accessibility of all column componepts for
routine maintenance.

PM-4.4.6 Compliance Requirements

identi-
or the
r shall
nd the
condi-

PM-4.4.6.1 General Requirements. A unique
fier shall be indelibly marked on the column
column’s support structure. The unique identifie
enable the owner/user to identify the supplier aj
supplier to identify the raw material and processing
tions used to fabricate the article.

PM-4.4.6.2 Certificate of Compliance. A Cer
of Compliance shall be issued by the column manuf
to certify compliance to this Standard when requi

ificate
cturer
red by

accordance with SD-Z.4.Z with the exception of the bed
supports and flow distributor. Cleaning of chromatogra-
phy columns is achieved by control of contact time and
concentration of the appropriate cleaning agents.

PM-4.4.3.1.1 Seals. All seals shall conform to Part
SG.

PM-4.4.3.1.2 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.
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The Certificate of Compliance shall contain the
following information:

(a) manufacturer’s name

(b) unique identifier of the column

(c) material of construction of process contact items

(d) compliance to USP <87> Class VI (or ISO 10993-5)
and USP <88> (or 1S010993-6, -10, and -11)]

Also see Table PM-2.2.1-1.
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PM-4.5 Filtration Elements and Components

PM-4.5.1 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.

PM- tion Formats. There are two basic

PM-4.5.4.2.2 Thermal Sanitization. Thermal sani-
tization requirements should be considered during the
design process. The components shall be designed to
accommodate the elevated temperatures and the expan-
sion and contraction during exposure and cooldown
stages. Special consideration should be given when
designing for potential vacuum situations. Filtration
elements should be tested and verified for multiple
steam cycles per vendor qualification methods.
Filtration elements shall conform to SD-2.3.1.

modedq of filtration: direct flow and tangential flow. For
multiuse filters, cleaning and/or sanitization should be
considered. For single-use filters, sanitization require-
ments|shall be determined by the owner/user.

PM-4.5.3 Housing and Encapsulation. Filter housings
and enfcapsulated components are wetted and are vessels
operating under pressure. Requirements for vessels oper-
ating ginder pressure are found in ASME BPVC, Section
VIII, af referred to in GR-1. The owner/user shall be
respoijsible for informing the manufacturer of all expected
operatfing conditions to which the filter housings may be
exposgd. The manufacturer shall be responsible for
ensuring the filter housings and encapsulated compo-
nents will operate safely under said conditions.

-4.5.3.1 Housings. Housings shall be designed in
accordance with Part SD. Materials used in the construc-
tion of filtration housings shall conform to Part MM for
metalljc materials or Part PM for polymeric materials:

P
eleme
place d
lation
polym

-4.5.3.2 Encapsulation. Encapsulated filtration
nts are designed for handling purposes or in
f metallic housings. Materials used inhe-encapsu-
pf filtration elements shall conform to Part PM for
bric materials or Part MM for metallic materials.

PM-4.5.3.2.1 Holders. Materials used in the
uction of holders shall conform to Part MM for
¢ materials or Part PM for polymeric materials.

consti
metall

PM-

P
design|
tible W
ufactu

4.5.4 Design for.Cleaning and Sanitization

M-4.5.4.1 Cleaning. Filtration elements shall be
ed in accordarce with SD-3.1 and shall be compa-
ith the,cléaning agents (to be agreed by the man-
rer and-owner/user).

PM-4.5.4.1.1 Seals. All seals shall conform to Part

PM-4.5.5 Filtration Performance. The i)‘kmer/user
shall be responsible for informing the(manuffacturer of
all the conditions under which the filter elements may
be expected to operate. This shallintlude thp methods,
frequency, and duration of eleaning and sfnitization
procedures. In addition to the service tempgrature and
pressure, any parameters.that may affect th filtration
performance shall be_provided.

Pressure.
hstanding
hted upper

PM-4.5.5.1 Sérvice Temperature and
Filtration elemients shall be capable of wi
thermal and{préssure cycling between the r.
and lower“temperature and pressure limits.

PM-4.5.5.2 Routine Maintenance. To ensure
continued filtration performance, considerption shall
be\given to the accessibility of all filtration cpmponents
for routine maintenance.

PM-4.5.5.2.1 Integrity Testing and Pefmeability

1 to ensure
re integral
zing-grade
Cc bacterial
Filtration

(a) Integrity Testing. Tests may be require
that the filtration elements and components 4§
and meet specific process requirements. Steril
membranes should be tested to the specifi
retention protocol (refer to 2004 cGMP
Guideline and ASTM F838).

The following are typical integrity test proc
may be performed:

(1) pressure decay test
(2) bubble point test

(3) diffusional flow test
(4) water intrusion test

Other integrity testing methods should be|
between the manufacturer and owner/usel
testing may be performed either pre- or pos

(b) Normalized Water Permeability. During

bdures that

agreed on
. Integrity
process.

tangential

SG.

PM-4.5.4.1.2 Exterior Surfaces. All exterior
surfaces shall conform to SD-2.4.4.2.

PM-4.5.4.2 Sanitization

PM-4.5.4.2.1 Chemical Sanitization. Chemical
sanitization processes are used to reduce bioburden.
All product contact surfaces shall be compatible with
the sanitization agents selected (to be agreed by the man-
ufacturer and owner/user).
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bility test
(NWP; see Nonmandatory Appendix T-2.5) or clean
water flux test may be performed.

£] 1 i 1. <l 4
TTOWappPIICations; a IToTITarZzct v atcT peTTIT

PM-4.5.6 Installation. Installation shall be in accor-
dance with the manufacturer’s guidelines.

PM-4.5.7 Compliance Requirements

PM-4.5.7.1 General Requirements. A unique identi-
fier shall be indelibly marked on the filtration element or
support structure. The unique identifier shall enable the
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owner/user to identify the supplier and the supplier to
identify the raw material and processing conditions
used to fabricate the article. A Certificate of
Compliance shall be issued by the filtration element man-
ufacturer to certify compliance to this Standard when
required by the owner/user.

PM-4.5.7.2 Certificate of Compliance. The
Certificate of Compliance shall contain the following
information:

Polymeric ferrules and clamps should be designed and
manufactured to ensure proper fit-up and avoid leakage.
Material of construction and the molding process impact
the tolerances of polymeric ferrules; consequently, toler-
ances are not the same as they are for metallic ferrules.
Polymeric ferrules shall meet the nominal dimensions and
tolerances of Table DT-7-2 except for dimension A, which
shall achieve clearance as per DT-9.4(e).

PM-4.6.1 Multiuse

(a) manpfacturer'sTrarnTe

(b) date|of manufacture of the element

(c) uniqpe identifier of the element

(d) matg¢rial of construction of process contact items

(e) compliance to USP <87> (or ISO 10993-5) and USP
<88> Clasq VI (or ISO 10993-6, -10, and -11)

Other certifications of compliance should be agreed on
by the mapufacturer and owner/user.

PM-4.6

When uging polymeric hygienic unions, several appli-
cation varigbles should be considered to ensure optimum
performanfe. Some variables include fluid type, process
temperatulre, system pressure, vibration, materials of
constructign, sterilization method (where appropriate),
cleaning nmethods (where appropriate), and duration of
use. Pressjure and temperature ratings of polymeric
hygienic ugions should be provided by the manufacturer.

olymeric Hygienic Unions

PM-4.6.1.1 Installation. The manufacturef shall

provide installation procedures.

PM-4.6.1.2 Performance. Polymeric hygienic hnions
shall meet the seal intrusion requirements of SG#4.2.

PM-4.6.1.3 Cleaning. Ferrules'dand clamps shquld be

cleanable as per SD-2.4.2 and §P-3.1.2.2.

PM-4.6.1.4 Bioburden‘Control. [Reserved for
content]

future

PM-4.6.1.5 Seals.{Reserved for future contgnt]

PM-4.6.2 Single-Use. For general single-use r¢
ments, see Mandatory Appendix III.

PM-4.6:2.1 Installation. See PM-4.6.1.1.
PM=4.6.2.2 Seals. See PM-4.6.1.5.

quire-
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CHAPTER 4
PROCESS COMPONENTS

PART DT

DIMENSI

DT-1 PURPOSE AND SCOPE

Thepurpose of this Part is to provide requirements that
ensurq process component fit-up and compatibility.

Thig Part specifies dimensions, tolerances, and all
suppldmentary conditions for process components.

DT-2 |PRESSURE RATING

Metallic fittings manufactured to this Part shall meet or
exceed the pressure ratings shown in Table DT-2-1 and
shall hpve an ambient temperature bursting strength of at
least three times the 100°F (38°C) rated internal working
pressyre as shown in Table DT-2-1 (see also Figure DT-2-
1).

Fabficated components employing welds shall be rated
at 100% of the above ratings.

Valyes manufactured to this Part shall be rated per the
manufacturer’s marked pressure and té€mperature
recommendations.

DT-3 |WALL THICKNESS

The|nominal wall thickness of the fittings and process
compdnents at the point of joining shall be the same as the
tube t¢ which they are welded. The thickness of the weld
ends shall conform with'thetoleranceslisted in Tables DT-
3-1 anld DT-3-2.

Aftef fabricatiomand surface treatment, the wall thick-
ness i} any formed part of the fitting or process compo-
nent, Heyond:the control portion as defined in DT-7, shall
be a nfinintum of 65% of the nominal wall thickness. For

NS AND TOLERANCES FOR PROCE

MPONENTS

tubing and fittings, refer to the;appropriate international
standards.

DT-4.1 Fitting Dimensjons

Dimensions forifittings that are governged by this
Standard are grouped and categorized into tables.

All sizes shoiwn in these tables are nomingdl 0.D. tube
sizes.

All autematic weld end fittings shall havgd minimum
tangent-lengths per Table DT-4.1-1. The tangent length,
T;,.isydefined as the straight length measured from 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-4.1.1-8.

DT-4.1.2 Tees/Crosses. Refer to Tables
through DT-4.1.2-11.

DT-4.1.3 Reducers. Refer to Tables DT-4.1.3-1 through
DT-4.1.3-3.

DT-4.1.2-1

DT-4.1.4 Ferrules. Refer to Table DT-4.1.4}1. Metallic
hygienic clamp ferrule dimensions are specifipd in Table
DT-7-1. Polymeric hygienic clamp ferrule dim¢nsions are
specified in Table DT-7-2.

DT-4.1.5 Caps. Refer to Tables DT-4.1.5
4.1.5-2.

1 and DT-

DT-4.2 Nonstandard Fitting Dimensiong

guidel nes rngnrding welds referto Part M]. Allweldsshall
meet the provisions of MJ]-8 and Figure M]-8.4-1.

DT-4 DIMENSIONS

Process components are designed for use with nominal
outside diameter (0.D.) tubing for the sizes listed in Table
DT-4-1. The dimensions are accompanied with soft metric
conversions from the U.S. Customary units and are listed
for reference only (see GR-6). For nominal metric size

FIttings not speciiically described 1n Iables DT-4.1.1-1
through DT-4.1.5-2 may be constructed using combina-
tions of centerline-to-end dimensions from the tables.

For tees and crosses, use Tables DT-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.
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DT-4.3 Special Angle Fittings Dimensions

Special angle fittings can be offered if in accordance with
all DT tables, with the exception of “0” (off angle) in Table
DT-3-1. Fittings furnished to this Standard shall not be
mitered.

DT-4.4 Valve Dimensions

The dimensions of the valve or valve fabrication shall
conform to the manufacturer’s standards, or as agreed to

Supplement 2. Table DT-7-3 lists the required tolerances
for transfer panel nozzles and jumpers.

These tolerances shall apply after heat and surface
treatment.

The control portion of 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 thick-
ness and 0.D. are maintained. The length of the control
portion is fixed for all sizes at 0.75 in. (19 mm). For excep-
tions, see Table DT-4.1.4-1 for ferrule lengths and Table

by the purfhaser and manufacturer.

Standard dimensions for valve hygienic clamp connec-
tions covered by this Standard are given in Table DT-4.4.1-
1. All sizes| shown are nominal O.D. tube sizes.

The catggorized group in DT-4.4.1 designates specific
valve dimdnsions.

DT-4.4.1 Diaphragm Valves. Refer to Table DT-4.4.1-
1.

DT-4.5 Filter Dimensions

Standard dimensions for filter components covered by
this Standqrd are referenced in SD-3.8 and are given in
Tables DT{4.5.1-1 and DT-4.5.2-1.

DT-4.5.1 Code 7 Tapered Locking Tab Retainer:
Recessed. [Refer to Table DT-4.5.1-1.

DT-4.5.2 Code 7 Tapered Locking Tab Retainer:
External. Refer to Table DT-4.5.2-1.

DT-5 MATERIALS

Materials ysed in the manufacture of fittings and other
process gomponents shall conform to one of the/mate-
rial specffications listed in Part MM.

DT-6 TES

Hydrost
Standard;
standing a
sure rating

TS

tic testing of eachfitting is not required in this
however, fittings shall be capable of with-
hydrostatietest pressure of 1.5 times the pres-
shownin/Table DT-2-1 at 100°F (38°C).

DT-7 TOLERANCES

DT-4.1.5-1 for automatic tube weld caps.

DT-8 WELD ENDS

Where UNS S31603 (316L) is specified; the mat
the automatic weld end shall conforin to the requirgments
for chemical composition as prescribed in MM-5.2.1.1. For
nonautomatic weld ends, the‘chemical composition shall
meet the requirements of the applicable ASTM
specification.

Automatic weld endsfurnished to this Standard ghall be
furnished with squfare-cut ends, free from burfs and
breaks. All weld end connections for valves shall have
a minimum \Gnobstructed weld end length equal to or
greater than/the minimum control portion as per DT-7.

prial of

DT-9 HYGIENIC CLAMP UNIONS

DT-9.1 Typical Hygienic Clamp Unions

Typical hygienic clamp unions are described in S¢-2.2.2.

DT-9.2 Hygienic Gaskets

Fittings and process components with hygienic
unions furnished to this Standard shall employ
materials and gasket designs that meet the requirg
of Table DT-2-1 and Part SG. Gasket seal performd
the clamp union shall be based on the principles ¢f SG-4
and shall comply with the dimensional requirements of
Figure SG-4.2-1 when the union assembly is tightened
to an amount recommended by the manufadturer.
Gasket seal width as shown in Figure SG-4.2-1 shall be
a maximum of 0.085 in. in the uncompressed conpdition
prior to installation.

clamp
oasket
ments
nce in

DT-9.3 Connections

Tables DT-3-1, DT-3-2, DT-4-1, DT-7-1 (metallic), and
DT-7-2 (polymeric) list the required tolerances for fabri-
cated fittings and process components depicted by this
Standard. Table DT-7-1 lists the required tolerances
for metallic machined hygienic clamp ferrule profiles.
Table DT-7-2 lists the required tolerances for polymeric
hygienic clamp ferrule profiles. When metallic ferrules are
welded to a process component and polished, then the
tolerance in Tables DT-3-1, DT-3-2, and DT-4-1 shall
apply. For tubing tolerances, refer to ASTM A270,

138

Connections meeting all dimensions of Table DT-7-1 are
considered interchangeable. Alternative sealing designs
are acceptable, provided the following are met:

(a) dimensions 4, B, C, and D of Table DT-7-1

(b) dimensions A and B of Table DT-9.3-1

In the case of non-flow-through connections, dimension
B of Table DT-7-1 shall not apply. All connections shall
meet the applicable requirements of paras. SD-3.1, SG-
3.3.2.1, and SG-3.3.2.2.
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DT-9.4 Hygienic Clamps

Hygienic clamps shall be designed and manufactured
through the entire range of all union component dimen-
sional tolerances to accomplish the following:

(a) completely retain all components in a fully sealed
state to meet the requirements of DT-2

(b) maintain proper component alignment during
installation and operation per SG-3.3.2.1

(c) cause the ferrules to be aligned to meet a uniform

DT-10.3 Physical Examination

For this paragraph, a “lot” shall be defined as a specific
combination of size, configuration, and heat number for
fittings and process components including, but not limited
to, tubing, valves, pumps, filter housings, and instrumen-
tation in a single shipment.

If required by the owner/user, a percentage of each lot
may be physically examined by the manufacturer, instal-
ling contractor, inspection contractor, or owner/user for

nominfil gap per FIgure SG-4.2-T when Installed and tgh-
tened fo the proper design specifications

(d) kause the gauging and contact diameter between
the fefrules and the mating surfaces of the clamp to
occur [at the gauging diameter (4) specified in Table
DT-9.3-1 when installed and tightened to achieve the
nominfl gap per Figure SG-4.2-1
NOTE: As this is anominal design condition, manufacturing toler-

ances df the components will cause some variation in the actual
gauging and contact diameter at assembly.

(e)
compg
when :

void any interference with any clamp union
nents or itself that would prevent proper assembly
ssembled with all components (see Figure DT-2-1)
DT-10 MINIMUM EXAMINATION REQUIREMENTS

DT-1G

For

.1 Visual Inspection

fittings and process components including, but not
limited to, tubing, valves, pumps, filter housings, and-in-
strum¢ntation, each item shall be visually examined-for
the following criteria, as a minimum. It is not.a(require-
ment that the packaged components be remqved from the
origingl packaging, provided the following eanbe verified:

(a) manufacturer’s name, logo, or trademark

(b) plloy/material type

(c) flescription including size and configuration

(d) heat number/code

(e) process contact surfaeefinish designation [only one
surface finish (SF) desigiiation allowed]

(f) teference to ASME BPE
(1) ASME BPE Certificate of Authorization holders
shall thark the, feference to this Standard by applying
their ASME Geéttification Mark with BPE Designator.
Refer to Eigure CR-1-1.
(4) \Non-ASME BPE Certificate of Authorization

the following criterta:

(a) wall thickness (for weld ends onlyy)

(b) outside diameter (for weld ends\only)

(c) surface finish (as specified)

(d) visual

When required examination feveals a defect
tional 10% of that lot shall<be, examined for the specific
defect(s). If this examination reveals anothey defect, an
additional 10% of that 16t shall be examined for the spe-
cific defect(s). If additional defects are found, perform
100% examination)or reject the balance of fthe lot. All
examined and€accepted material in this lpt may be
retained arid ‘used.

The completed Material Examination Log sh
all of the'features listed above. The results of
ination shall be recorded on a Material Examipation Log.
This documentation may be one line item fqr the total
quantity of a particular size, configuration|, and heat
number. The information required to pe on the
Material Examination Log may be in arly format,
written or tabular, to fit the needs of the mahufacturer,
installing contractor, inspection contractor, apnd owner/
user as long as all information is included or feferenced.

Refer to Forms MEL-1 and MER-1, which|have been
provided as a guide for the Material Examipation Log
(see Nonmandatory Appendix B).

s),an addi-

hll describe
the exam-

DT-11 MARKING

DT-11.1 Fitting Marking Information

Except as specified in DT-11.1.1, each fitting and
process component shall be permanently marked by
any suitable method not injurious to thle process
contact surface to show the following:

(a) heat number/manufacturer’s code that s traceable

Ss contact

holders—shall only mark BPE.
(g) pressure rating for valves
(h) no damage or other noncompliances

DT-10.2 Documentation Verification

Refer to Part GR for documentation verification
requirements.

139

to the Material Test Report for each praocd
surface component

(b) material type

(c¢) manufacturer’s name, logo, or trademark

(d) reference to this Standard (BPE)

(1) ASME BPE Certificate of Authorization holders
shall mark the reference to this Standard by applying
their ASME Mark with BPE Designator. Refer to Figure
CR-1-1.

(2) Non-ASME BPE Certificate of Authorization
holders shall only mark “BPE.”
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(e) process contact surface designation for the appro-
priate BPE specification [only one surface finish (SF) des-
ignation allowed]

NOTE: All marking of a process component should be made

outside of the control portion to optimize welding fit-up and
identification.

DT-11.1.1 Exceptions

(a) Where the size of the flttlng or process component
does not pgern i de

dre the markings have been removed due to
into another component or system, the heat
number or] manufacturer’s code and material type shall
be re-marlted on the fitting or process component.

DT-11.2 Valve Marking Information

Except gs specified in DT-11.2.1, each valve shall be
permanently marked by any suitable method notinjurious
to the progess contact surface to show the following:

(a) heainumber/manufacturer’s code that is traceable
to the MateJrial Test Report for all wetted metal component
parts of the valve or valve fabrication, if more than one
heat is used

(b) valve pressure rating

(c) matgrial type

(d) manpufacturer’s name, logo, or trademark

(f) process contact surface designation for the appro-
priate BPE specification [only one surface finish (SF) des-
ignation allowed]

NOTE: All marking of a process component should be made
outside of the control portion to optimize welding fit-up and
identification.

DT-11.2.1 Exceptions

(a) Where the size of the valve does not permit
g i may be

omitted in reverse of the order presented above.
However, the heat number or manufactuxer’y code,
valve pressure rating, and material type shlall be
marked on the valve.
(b) Where the markings have been removed due to
fabrication into another component’or system, the heat
number or manufacturer’s cade.and material type shall
be re-marked on the valve!

DT-11.3 Modified Surfaces

When the surfacefinish of a process component i§ modi-
fied, the surface finish designation marking shall be
changed to miatch the final surface finish desigpation
accordingto-Table SF-2.4.1-1. Only the final finishf desig-
nation,shall be indicated.

After removal of the original markings, all dimegnsions
and tolerances shall comply with Table DT-3-1 4nd, as
applicable, Table DT-3-2.

DT-12 PACKAGING

(e) refetence to this Standard (BPE) ) .

(1) ASME BPE Certificate of Authorization{ helders All end connectlons of fittings or process comp onents
shall marK the reference to this Standard by applying shall be protected with end caps. Addltlonally, fittings
their ASME Mark with BPE Designator. Refer to Figure shall be sealed in transparent bags or shrink wrppped.
CR-1-1. Additional packaging for process components, other

(2) Npn-ASME BPE Certificate 'of Authorization than fittings, shall be as agreed to by the purghaser
holders shall only mark “BPE.” and manufacturer.

Table DT-2-1 Metallic Hygienic Unions: Rated Internal Working Pressure

Temperature <3'in. Clamp 3 in. Clamp 4 in. Clamp 6 in. Clamp

°F °C psig kPa psig kPa psig kPa psig kRa

100 38 200 1379 200 1379 200 1379 150 1 034

250 121 165 1138 150 1034 125 862 75 517
GENERAL NQTES:
(a) These priesss ings for the

components.

(b) For installation practices, refer to Figure DT-2-1.
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Figure DT-2-1 Clamp Conditions at Installation

Spacing should be

Acceptable maintained after Not Acceptable
torquing per
DT-9.4(e)

When clafnp ends
are contpcting,
the required load
is not injparted
onto theg gasket
per DT-9.4(e)

2

Spacing should be
Acceptable maintained after
torquing per
DT-9.4(e)

Not Acceptable

i 0
:Q

Acceptable Not Acceptable

Q

Not Acceptable
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S
|
| [
| -
L - 2z ]
N
\\ /// < c o 4’{ L
I ~—T,—
I
|
! R
|
|
! [] ]
]
L
| E
L
£ —
Squareness Equivalent Centerline
Face to Angle Rad{us
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
3/8 0.005 +0.13 +0.003/-0.004 +0.08/-0.10 0.805 0.13 0.012 0.30 1.8 0.030 0.76 1.125 28.58
1/2 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 1.4 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 +0.005/=0:008 +0.13/-0.20 0.010 0.25 0.054 1.37 1.2 0.050 1.27 3.750 95.25
3 0.010 +0.25 _+0:005/-0.008 +0.13/-0.20 0.016 0.41 0.068 1.73 1.3 0.050 1.27 4500 (114.30
4 0.015 +0.38\:+0.008/-0.010 +0.20/-0.25 0.016 0.41 0.086 2.18 1.2 0.060 1.52 6.000 |152.40
6 0.030 *0.76> +0.015/-0.015 +0.38/-0.38 0.030 0.76 0.135 3.43 1.3 0.060 1.52 9.000 [228.60
GENERAL NQTES:;
(a) Tolerande on end-to-end and center-to-end dimension E is £0.050 in. (1.27 mm) for all fittings and process components depicted. Fpr those
not depitted 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).
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Table DT-3-2 Final Tolerances for Electropolished
Fittings and Process Components

Table DT-4.1-1 Tangent Lengths

Nominal Tangent, T,
Nf)mil_lal : Wall Thickness OS.li)z'e',rlill:J.e in. mm
Size, in. in. mm T
Ya +0.003/-0.006 +0.08/-0.15 3/4 1.500 38.10
% +0.003/-0.006 +0.08/-0.15 1/8 1.500 38.10
A +0.005/-0.010 +0.13/-0.25 3/2 1.500 38.10
% +0.005/-0.010 +0.13/-0.25 % 1.500 38.10
1 +0.005/-0.010 +0.13/-0.25 b U0 38.10
1Y, +0.005/-0.010 +0.13/-0.25 17 1.500 38.10
2 +0.005/-0.010 +0.13/-0.25 3 L.equ 38.10
29 +0.005/-0.010 +0.13/-0.25 27% }>%0 38.10
3 +0.005/-0.010 +0.13/-0.25 3 1750 A4S
4 +0.008/-0.012 +0.20/-0.30 4 2.000 5080
6 +0.015/-0.017 +0.38/-0.43 6 2:500 63.50
GENERAL NOTES:
(a) Minimum tangentlenhgths for ferrules do not apply. pee Table DT-
Table DT-4-1 Nominal O0.D. Tubing Sizes 4.1.4-1, dimedsions B and C, for available length ¢ptions.
(b) Minimum €angent length for %, in. to ¥, in. size ajtomatic tube
Tul.)e Wall weld: 180deg return bend does not conform (see Tdble DT-4.1.1-
Nomipal Tube 0.D. Thickness 7, dithénsion B).
Size, jin. in. mm in. mm (c) Minimum tangent lengths for Tables DT-4.1.2-2, DT-4.1.2-3, DT-
Y 0.250 6.35 0.035 0.89 421.2-7, DT-4.1.3-1, and DT-4.1.3-2 do not apply.
A 0.375 9.53 0.035 0.89
A 0.500 12.70 0.065 1.65
Y 0.750 19.05 0.065 1.65
1 1.000 25.40 0.065 1.65
1} 1.500 38.10 0.065 1.65
2 2.000 50.80 0.065 1.65
2} 2.500 63.50 0.065 1.65
3 3.000 76.20 0.065 1.65
4 4.000 101.60. 0.083 211
6 6.000 152140 0.109 2.77

GENERAL NOTE:

Refer t

ASTM A270, Supplement 2 for tubing tolerances.
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Table DT-4.1.1-1 Automatic Tube Weld: 90-deg Elbow
A

/
/
A /
II
|
|
|
|
|
|
|
T
|
A
Nominal [Size, in. in. mm
7 2.625 66.68
% 2.625 66.68
b7 3.000 76.20
¥/ 3.000 76.20
1 3.000 76.20
1% 3.750 95.25
2 4750 120.65
2% 5.500 139.70
3 6.250 158.75
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

B

ASME BPE-2019

A

Table DT-4.1.1-3 Hygienic Clamp Joint: 90-deg Elbow

/ ///
7
Ve
y i
/ ) A
// /
/
// /
/ !
/ A ,’
]
| .'
i [ :
| I
|
|
|
: Nominal'Size, in. in. mm
|
I Ya 1.625 41.28
|
! A 1.625 4128
Y 1.625 4128
A 1.625 41.28
Nominal Size, in. in. mm in. mm
Ya 2.625 66.68 1.625 4128 1 2.000 50.80
A 2.625 66.68 1.625 41126 1% 2.750 69.85
Y, 3.000 76.20 1.625 21.28 2 3.500 88.90
%, 3.000 76.20 1.625 41.28 2% 4.250 107.95
1 3.000 76.20 2.000 50.80 5.000 127.00
1Y% 3.750 95.25 2.750 69.85 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 8000  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 Automatic Tube Weld: 45-deg Elbow

Nominal Size, in. in. mm
i 2.000 50.80
% 2.000 50.80
Y 2.250 57.15
¥/ 2.250 57.15

1 2.250 57.15
1% 2.500 63.50
2 3.000 76.20
2% 3.375 8573
3 3.625 92.08
4 4.500 114.30
6 6.250 158.75
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Table DT-4.1.1-5 Automatic Tube Weld: Hygienic Clamp

Joint, 45-deg Elbow

ASME BPE-2019

Table DT-4.1.1-6 Hygienic Clamp Joint: 45-deg Elbow

25.40
25.40
25.40
25.40

28.58
36.53
44.45
52.40

60.33
79.38
133.35

A
B
45 deg
45 dleg 7
e
77
7/
| ////
% /
41 /
(]
Iy
|
I/I A
I
I
|
|
I
A ! L
|
|
|
|
|
: Nominal Size, in. in.
| Y 1.000
i A 1.000
| Y, 1.000
A 1.000
Nomipal A
Size, |[in. in. mm in. mm
- 1 1.125
A 2.000 50.80 1.000 25:40 1, 1438
A :
A 2.000 50.80 1.000 25.40 ) 1750
A 2.250 57.15 1.000 25.40 2 2,063
2 .
% 2.250 57.15 1,000 25.40
3 2.375
1 2.250 57.15 1.125 28.58 4 3.125
1} 2.500 63,50 1.438 36.53 6 5 250
2 3.000 76,20 1.750 44.45
23 3.375 85.73 2.063 52.40
3.625 92.08 2.375 60.33
4500 114.30 3.125 79.38
6.250 158.75 5.250 133.35
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Table DT-4.1.1-7 Automatic Tube Weld: 180-deg

Return Bend

A

Table DT-4.1.1-8 Hygienic Clamp Joint: 180-deg

Return Bend
A

B B
/
/
/
/
/
Ve
//
Nominal A Nominal A

Size, in. in. mm in. mm Size, in. in. mm in. nm
Y 4.500 114.30 2.625 66.68 A 4.500 114.30 3.125 7p.38

A 4.500 114.30 2.625 66.68 A 4.500 114.30 3.125 7p.38

A 4.500 114.30 3.000 76.20 > 4.500 114.30 3.500 8B.90

A 4.500 114.30 3.000 76.20 A 4.500 114.30 3.500 8B.90

1 3.000 76.20 3.000 76.20 1 3.000 76.20 3.500 8B.90
1Y%, 4.500 114.30 4.500 114.30 1Y%, 4.500 114.30 5.000 137.00
2 6.000 152.40 5.000 127.00 2 6.000 152.40 5.500 139.70
2Y, 7.500 190.50 5.750 146.05 2%, 7.500 190.50 6.250 148.75
3 9.000 228.60 6.500 165.10 3 9.000 228.60 7.000 177.80
4 12.000 304.80 8500 215.90 4 12.000 304.80 9.125 231.78
6 18.000 457.20 1.1:500 292.10 6 18.000 457.20 13.000 330.20

GENERAL N(TE: Y, in.-%, in. sizes domot.conform to Table DT-4.1-1.
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Table DT-4.1.2-1 Automatic Tube Weld: Straight Tee and
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Table DT-4.1.2-2 Automatic Tube Weld: Short-Outlet

Cross Hygienic Clamp Joint Tee
| Y
:
|
|
| D e B G
| A B
| 1
: X == mm e ] --
!
I B R I 7
|
|
|
| A
!
Nominal
, Size, in. in. mm in. mm
: A 1.750 44.45 1.000 25.40
i A 1.750 44.45 1.000 25.40
! A 1.875 47.63 1.000 25.40
! A % 2.000 50.80 1.125 28.58
|
i 1 2.125 53.98 1.125 28.58
: 1% 2.375 60.33 1.375 34.93
I e 2 2.875 73.03 1.625 41.28
: 2Y, 3.125 79.38 1.875 47.63
|
| 3.375 85.73 2125 53.98
| 4.125 104.78 2.750 69.85
i 5.625 142.88 4.625 117.48
|
1
|
I
1
Nojminal Size, in. in. mm
Y 1750 4445
% 1.750 4445
A 1.875 47.63
A 2.000 50.80
{ 2.125 53.98
1Y, 2.375 60.33
4 4.0/ 73.U>
2%, 3.125 79.38
3 3.375 85.73
4 4.125 104.78
5.625 142.88
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Table DT-4.1.2-3 Hygienic Mechanical Joint: Short-
Outlet Run Tee

C
L
B A

Nominal 4 B ¢
Size, in. in. mm in. mm in. mm
A 0.875 22.23 1.750 4445 1750 44.45
A 0.875 22.23 1.750 44.45 1750 44.45
Y 0.875 22.23 1875 4763 1875 47.63
% 1.000 2540 2.000 50.80 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

2Y, 1.875 47.63 3.125 79.38 3.125 ~79:38

3 2.125 5398 3375 8573 3375 85.73
2.750 69.85 4.125 104.78.\ 4125 104.78
6 4625 117.48 5.625 142.88- 5.625 142.88
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(19) Table DT-4.1.2-4 Hygienic Clamp Joint:
Straight Tee and Cross

Table DT-4.1.2-5 Hygienic Clamp Joint:

Short-Outlet Tee

S o SR

)

_______________ e
A |
|
— ~——— : 0
I A
HE e A — 1 vy
|
: Nominal
I Size, in. in. mm in. mm
|
! N A 2.375 60.33 1.000 25.40
A 2.500 63.50 1.125 28.58
[ A
. 1 2.625 66.68 1.125 28.58
! 1Y, 2.875 73.03 1.375 34.93
2 3,376 85.73 1.625 41.28
2%, 3625 92.08 1.875 47.63
A 3 3.875 98.43 2.125 53.98
4 4.750 120.65 2.750 69.85
6 7.125 180.98 4.625 117.48

| A
A
Nominal Size, in. in. mm
Y 2.250 57.15
% 2.250 57.15
% 2.375 60.33
S 2.500 63.50
1 2.625 66.68
1Y%, 2.875 73.03
2 3.375 85.73
2%, 3.625 92.08
3 3.875 98.43
4 4750 120.65
6 7.125 180.98
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Table DT-4.1.2-6 Automatic Tube Weld: Reducing Tee

Y Table DT-4.1.2-6 Automatic Tube Weld: Reducing Tee
i (Cont’d)
: Nominal Size,
: in. A B
: B X Y in. mm in. mm
| 4 Y 4125 104.78 3.625 92.08
| 4 %, 4.125 104.78 3.625 92.08
X | 4 1 4.125 104.78 3.625 92.08
; 7z 1% 7125 104.78 3.625 9p.08
| A | 4 2 4125 104.78 3.875 9B.43
' ! 4 2% 4.125 104.78 3.875 9B.43
Nominal Sjze, 4 3 4.125 104.78 3875 9B.43
in. A B
X Y in. mm in. mm 6 3 5.625 142.88 4875 143.83
A [/, 1.750 44.45 1.750 44.45 6 4 5.625 142188 5.125 190.18
Y [/, 1.875 47.63 1.875 47.63
A A 1.875 47.63 1.875 47.63
A [/, 2.000 50.80 2.000 50.80
% e 2.000 50.80 2.000 50.80
A /, 2.000 50.80 2.000 50.80
1 [/, 2.125 53.98 2.125 53.98
1 A 2.125 53.98 2.125 53.98
1 , 2.125 53.98 2.125 53.98
1 2 2.125 53.98 2.125 53.98
1Y%, [/, 2.375 60.33 2.375 60,33
1Y A 2.375 60.33 2.375 60.33
1Y, 1 2.375 60.33 2.375 60.33
2 , 2.875 73.03 2.625 66.68
2 A 2.875 73.03 2.625 66.68
2 1 2.875 7303 2.625 66.68
2 1Y% 2.875 73.03 2.625 66.68
2%, [/, 3425 79.38 2.875 73.03
2%, A 3175 79.38 2.875 73.03
2%, 1 3.125 79.38 2.875 73.03
2Y, A 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 % 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 Automatic Tube Weld: Short-Outlet

Hygienic Clamp, Joint Reducing Tee Table DT-4.1.2-7 Automatic Tube Weld: Short-Outlet
Yy Hygienic Clamp, Joint Reducing Tee (Cont’d)
?T‘ T Nominal Size, in. A B

B X Y in. mm in. mm

[V B | AL 6 Y 5.625 142.88 3.625 92.08

6 A 5.625 142.88 3.625 92.08

6 1 5.625 142.88 3.625 92.08

: 3 6 s 5625 +42-86 3625 92.08

6 2 5.625 142.88 3.625 92.08

Nominfl Size, in. A B 6 2% 5.625 142.88 3.625 92.08

X Y in. mm in. mm 6 3 5.625 142.88 3.625 92.08

% Y 1.750 44.45 1.000 25.40 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
% Vs 2.000 50.80 1.000 25.40
A A 2.000 50.80 1.000 25.40
% Y 2.000 50.80 1.000 25.40
1 A 2125 53.98 1.125 28.58
1 A 2125 53.98 1.125 28.58
1 Y 2125 53.98 1.125 28.58
1 A 2125 53.98 1.125 28.58
1Y%, Y 2.375 60.33 1.375 34.93
1Y%, A 2.375 60.33 1.375 34.93
1Y%, 1 2.375 60.33 1.375 34,93
2 Y 2.875 73.03 1.625 41.28
2 A 2.875 73.03 1.625 41.28
2 1 2.875 73.03 1.625 41.28
2 1Y, 2.875 73.03 1625 41.28
2%, A 3.125 79.38 1.875 47.63
2%, % 3.125 79.38 1.875 47.63
2% 1 3.125 79.38 1.875 47.63
2Y, 1Y%, 3.125 79.38 1.875 47.63
2Y, 2 3.425 79.38 1.875 47.63
3 Y 3.375 85.73 2.125 53.98
3 % 3.375 85.73 2125 53.98
3 1 3.375 85.73 2125 53.98
3 1Y, 3.375 85.73 2.125 53.98
3 2 3.375 85.73 2.125 53.98
3 2% 3.375 85.73 2125 53.98
4 Y 4.125 104.78 2.625 66.68
4 A 4.125 104.78 2.625 66.68
4 1 4.125 104.78 2.625 66.68
4 1Y%, 4.125 104.78 2.625 66.68
4 2 4.125 104.78 2.625 66.68
4 2% 4.125 104.78 2.625 66.68
4 3 4.125 104.78 2.625 66.68

153


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

(19) Table DT-4.1.2-8 Hygienic Clamp Joint: Reducing Tee

Yy Table DT-4.1.2-8 Hygienic Clamp Joint: Reducing Tee
! (Cont’d)
: Nominal Size,
| in. A B
: X Y in. mm in. mm
i B 4 A 4.750 120.65 4125 104.78
! 1 4 % 4.750 120.65 4.125 104.78
! 4 1 4.750 120.65 4.125 104.78
Jo 1] I ] T _1 7 1% Z.750 120.65 2125 194.78
: 4 2 4.750 120.65 4375 711.13
: 4 2% 4.750 120.65 4375 111.13
| i 4 3 4.750 120.65 4375 111.13
|
I A 6 3 7.125 180.98 5.375 136.53
4 7.125 18098 5.750 146.05
Nominal Size,
in. A B
X Y in. mm in. mm
% Y, 2.250 57.15 2.250 57.15
Y A 2.375 60.33 2375 60.33
Y A 2.375 60.33 2.375 60.33
A Y, 2.500 63.50 2.500 63.50
A A 2.500 63.50 2.500 63.50
A Y, 2.500 63.50 2.500 63.50
1 Y, 2.625 66.68 2.625 66.68
1 A 2.625 66.68 2.625 66.68
1 Y, 2.625 66.68 2.625 6668
1 A 2.625 66.68 2.625 66.68
1Y%, Y, 2.875 73.03 2.875 73.03
1Y, A 2.875 73.03 2.875 73.03
1Y, 1 2.875 73.03 2:875 73.03
2 Y, 3.375 85:73 3.125 79.38
2 A 3.375 85.73 3.125 79.38
2 1 3.375 85.73 3.125 79.38
2 A 3.375 85.73 3.125 79.38
2%, A 3.625 92.08 3.375 85.73
2% A 3.625 92.08 3.375 85.73
2% 1 3.625 92.08 3.375 85.73
2% 1Y, 3.625 92.08 3.375 85.73
2Y, 2 3.625 92.08 3.375 85.73
3 A 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
3 2% 3.875 98.43 3.625 92.08
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Table DT-4.1.2-9 Hygienic Clamp Joint: Short-Outlet
Reducing Tee

ASME BPE-2019

Table DT-4.1.2-9 Hygienic Clamp Joint: Short-Outlet
Reducing Tee (Cont’d)

Y
1
| T Nominal Size,
| in. A B
|
: B X Y in. mm in. mm
X L 4 A 4.750 120.65 2.625 66.68
! 4 A 4.750 120.65 2.625 66.68
! 4 1 4.750 120.65 2.625 66.68
T il Z 1% 2.750 120.65 2.625 66.68
| l 4 2 4.750 120.65 2.625 66.68
1 - 4 2Y 4.750 120.65 2,625 66.68
Nomipal Size,
in. 4 B 4 3 4.750 120.65 2.625 66.68
X Y in. mm in. mm )
Y v 2.250 5715 1000 2540 6 Y 7.125 18098 3.625 92.08
6 A 7.125 180.98 3.625 92.08
. . 6 1 7.125 180.98 3.625 92.08
/2 / 2375 6033 1.000 2540 6 1Y, 7.125 180.98 3.625 92.08
1 3 2 0 : : :
2 % 2:375 6033 1.000 2540 6 2 75125 180.98 3.625 92.08
6 2%, 7.125 180.98 3.625 92.08
3 1
7 /a 2.500 63.50 1.000 25.40 6 3 7.125 180.98 3.625 92.08
3 3
Z % 2.500 63.50 1.000 25.40 6 4 7.125 180.98 3.750 95.25
A A 2.500 63.50 1.000 25.40
Table DT-4.1.2-10 Automatic Tube Weld: Instfument Tee
1 Y 2.625 66.68 1.125 28.58 y
1 % 2.625 66.68 1.125 28.58 I +
1 % 2.625 66.68 1.125 28.58 ! | T
1 A 2.625 66.68 1.125 28.58 : B
| |
|
1Y, B 2.875 73.03 1.375 34.93 |
1Y%, A 2.875 73.03 1.375 34.93 % /I(/ 7|
1Y%, 1 2.875 73.03 1.375 34.93 !
A i
2 A 3.375 8573 1.625 41.28 Nominal Size. in N B
2 A 3.375 85173 1.625 41.28 X Y n nm n m
2 } 3.375 8573 1.625 41.28 Y x 1Y% 2.500 63.50 0.875 2223
2 1% 3373 8573 1.625 41.28 A x 1Y% 2.500 63.50 1.000 25.40
1 x 1Y% 2.500 63.50 1.125 28.58
2Y, A 3625 92.08 1.875 47.63
2% s 3.625 92.08 1.875 47.63 A x 2 2750  69.85  1.000 25.40
2% 1 3.625 92.08 1.875 47.63 A x 2 2750  69.85  1.125 28.58
21/2 11/2 3.625 92.08 1.875 47.63 1 M 2 2.750 69.85 1.250 31.75
2% 2 3.625 92.08 1.875 47.63 1Y% x 2 2.750 69.85 1.500 38.10
3 Y 3.875 98.43 2.125 53.98
3 A 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 Hygienic Clamp Joint: Instrument Tee

Nominal Pize, in. A B

X Y in. mm in. mm
A x 1Y% 3.000 76.20 0.875 22.23
A 1Y%, 3.000 76.20 1.000 25.40
1 x 1Y% 3.000 76.20 1.125 28.58

X

A x 2 3.250 82.55 1.000 25.40
A x 2 3.250 82.55 1.125 28.58
1 x 2 3.250 82.55 1.250 31.75
1% x 2 3.250 82.55 1.500 38.10
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Table DT-4.1.3-1 Automatic Tube Weld: Concentric and Eccentric Reducer

el

R1

aJie

—. " >
L1 L=
" L3 ——
x y x—~4— /
T 0 |— 12—
a PP e ———— ¢ Y
U m
R2
A A
Nominal L.D. Tangent, I.D. Tangent, 0.D. Tangent, 0.D. Tangent, Internal Internal External
Size, Overall Length, Large End, Small End, Small End, Large End, Taper, & Radius, Radius,
in A L1, min. L2, min. L3, min. L4, min. max' * R1, min. R2, min.
X Y in. mm in. mm in. mm in. mm in. mm deg in. mm in. mm
A A 1.625 4128 0375 9.53 0.875 2223 0.750 19.05 0.750 19.05 30 0250 6.35 0.031 0.79
A Y 1.875 47.63 0375 9.53 0.875 22.23 0.750 19.05 1.000¢ 25.40 30 0.250 6.35 0.931 0.79
A A 1.875 47.63 0375 9.53 0.875 22.23 0.750 19.05 1.000 25.40 30 0250 6.35 0.031 0.79
A A 2.000 50.80 0.375 9.53 0875 2223 0.750 19.05 “~1.000 25.40 30 0250 6.35 0.931 0.79
% A 2.125 5398 0375 9.53 1.125 2858 1.000 ,2540 1.000 25.40 30 0250 6.35 0.031 0.79
1 A 2.500 63.50 0375 9.53 1.125 2858 1000, 2540 1.000 25.40 30 0250 6.35 0.931 0.79
1 A 2.125 5398 0375 9.53 1.125 2858 1000 2540 1.000 25.40 30 0250 6.35 0.931 0.79
1Y% A 3.000 7620 0375 9.53 1.125 2858 1.000 2540 1.000 25.40 30 0250 6.35 0.931 0.79
1Y% 1 2.500 63.50 0375 9.53 1.125-\28.58 1.000 2540 1.000 25.40 30 0.250 635 0.931 0.79
1 3.375 85.73 0375 9.53. \1125 2858 1.000 2540 1.000 25.40 30 0250 6.35 0.931 0.79
1%  2.500 63.50 0375 9.63)°1.125 2858 1.000 2540 1.000 25.40 30 0250 6.35 0.931 0.79
2% |1'% 3375 85.73 0375 )9.53 1.125 2858 1.000 2540 1.000 25.40 30 0250 6.35 0.931 0.79
2% 2 2.500 63.50 0375 9.53 1.125 2858 1.000 2540 1.000 25.40 30 0.250 635 0.931 0.79
1% 4250 10795 0375 953 1125 2858 1.000 2540 1500 38.10 30 0250 6.35 0.931 0.79
2 3.375 85.73 0375 9.53 1.125 2858 1.000 2540 1500 38.10 30 0250 6.35 0.931 0.79
2% 2625 66.68 0375 9.53 1.125 2858 1.000 2540 1500 38.10 30 0250 6.35 0.031 0.79
4 2 54125 130.18 0375 9.53 1.125 2858 1.000 2540 1500 38.10 30 0250 6.35 0.931 0.79
4 2%~"4250 10795 0375 953 1125 2858 1.000 2540 1500 38.10 30 0250 6.35 0.031 0.79
4 3 3.875 98.43 0375 9.53 1.625 41.28 1500 38.10 1500 38.10 30 0250 6.35 0.031 0.79
7.250 184.15 0375 9.53 1.625 41.28 1500 38.10 2.000 50.80 44 0.250 6.35 0.031 0.79
5.625 142.88 0375 9.53 1.625 41.28 1500 38.10 2.000 50.80 44 0250 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

R1,7 ’/— R2

ASME BPE

-2019

b\

Y
Y
P/
| y
I.D. Tangent, I.D. Tangent, 0.D. Tangent, Internal Internal Exterhal

Nominal Overall Large End, Small End, Small End, L3, Taper, Radius, Radius,

Size, in. Length, A L1, min. L2, min. min. Q, R1, 'min. R2, mlin.

max.,

X Y in. mm in. mm in. mm in. mm deg in. mm in. mm
% Y 2.125 5398 0375 9.53 0.875 2223 0.750 19.05 30 0.250 6.35 0.031 0.79
B2 Y 2.375 60.33 0375 9.53 0875 2223 0.750 19.05 30 0.250 6.35 0.031 0.79
Y A 2.375 60.33 0375 9.53 0.875 2223 0.750 19.05 30 0.250 6.35 0.031 0.79
%, A 2.500 63.50 0375 9.53 0.875 2223 0.750 19,05 30 0.250 6.35 0.031 0.79
%, A 2.625 66.68 0375 9.53 1.125  28.58 1.000%»25.40 30 0.250 6.35 0.031 0.79
1 Y 3.000 76.20 0375  9.53 1.125 28.58 _\1.000 25.40 30 0.250 6.35 0.031 0.79
1 A 2.625 66.68 0375 9.53 1.125 28,58% 1.000 25.40 30 0.250 6.35 0.031 0.79
1% 3, 3.500 8890 0.375 9.53 1.125\,+28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
1% 1 3.000 76.20 0375  9.53 1.125/ 2858 1.000 25.40 30 0.250 6.35 0.031 0.79

1 3.875 9843 0.375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.031 0.79
1Y%, 3.000 76.20 0375 19.58 1.125  28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
2% 1Y% 3.875 9843 0375 9.53 1.125  28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
2% 2 3.000 76.20  \\0:375  9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.031 0.79
1Y%, 4.750 120.65 0375 9.53 1.125 28,58 1.000 25.40 30 0.250 6.35 0.031 0.79
2 3.875 9843 0.375 9.53 1.125  28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
2Y, 3.125 79.38 0375 9.53 1.125 2858 1.000 25.40 30 0.250 6.35 0.031 0.79
4 2 5.750 146.05 0375 9.53 1.125 2858 1.000  25.40 30 0250 635 0.031 0.79
4 2Y, 4.875 123.83 0375 9.53 1.125  28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
4 3 4500 11430 0375 9.53 1.625 41.28 1.500 38.10 30 0.250 6.35 0.031 0.79
3 8.000 203.20 0.375 9.53 1.625 41.28 1.500 38.10 44 0.250 6.35 0.031 0.79
4 6.375 16193 0375 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
R2

L1 —]
L1 —f—
[ — -
X Y X |
]‘ ‘ | L2
@ Y
\ M
R2 %
I A A }
Internal Internal
L.D. Tangent, L.D. Tangent, Taper, Radius, External
Nomirjal Size, Overall Large End, Small End, a ’ R1, Radius,
iin. Length, A L1, min. L2, min. ma;(. min. RR, min.

X Y in. mm in. mm in. mm deg in. mm in. mm
% Y 2.625 66.68 0.375 9.53 0.875 22.23 30 0.250 6.35 0.03 0.79
Y% Y 2.875 73.03 0.375 9.53 0.875 22.23 30 0.250 6.35 0.03 0.79
Y, A 2.875 73.03 0.375 9.53 0.875 22.23 30 0.250 6.35 0.03 0.79
%, A 3.000 76.20 0.375 9.53 0.875 22.23 30 0.250 6.35 0.03 0.79
% Y 3.125 79.38 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79
1 A 3.500 88.90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79
1 A 3.125 79.38 0.375 9.53 1125 28.58 30 0.250 6.35 0.03 0.79
1Y%, A 4.000 101.60 0.375 953 1.125 28.58 30 0.250 6.35 0.03 0.79
1Y%, 1 3.500 88.90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79

1 4.375 111.13 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79

1Y%, 3.500 88.90 Q.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79

2%, 1Y%, 4.375 11113 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79
2%, 2 3.500 8890 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79
1Y%, 5.250 133.35 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79

2 4.375 111.13 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79

2% 3.625 92.08 0.375 9.53 1.125 28.58 30 0.250 6.35 0.03 0.79

4_ 2 L.ZE[\ 1EO.7E r\.')"'lE n't') 112E ZO.EO 20 n.ZEl’\ L.’)I:' n'n') 079
4 2%, 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
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

Table DT-4.1.5-1 Automatic Tube Weld: Cap

i A
L ! |
S : -
|
|
|
|
A B, C |
| -
|
|
|
|
1
|
|
' B
Nominal 4
Size, in. in. mm in. mm in. mm
1 Nominal Size, in. in. mmny
Y, 1.750 4445 1.125 2858 0500 12.70 T
3 A 15500 38.1
A 1.750 4445 1.125 2858 0500 12.70 s
1 A 1500 38.1
Y 1.750 44.45 1.125 2858 0500 12.70
% 1.750 44.45 1.125 2858 0500 12.70
1 1.500 38.1
1%, 1.500 38.1
1 1.750 4445 1.125 2858 0500 12.70 5 1500 281
1Y%, 1.750 4445 1125 2858 0500 12.70 2 1'500 38'1
2 2250 5715 1125 2858 0.500 12.70 \ ' :
2% 2250 57.15 1125 2858 0500 12.70 I
3 1.750 444
4 2.000 50.8
3 2250 57.15 1125 2858 0500 12.70 6 2500 635
4 2250 57.15 1125 2858 0.625 15.88 . -

(9.53 mm) for all sizes.

160


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

Table DT-4.1.5-2 Hygienic Clamp Joint: Solid End Cap

A A

r
iz e

Type A f Type B

A, min.

Nominal Size, in. Type in. mm
Y A 0.187 4.75
A A 0.187 4,75
A A 0.187 475
% A 0.187 4.75
1 A 0.250 6.35
1 B 0.250 6.35

1Y%, B 0.250 6.35
2 B 0.250 6.35
2Y, B 0.250 6.35
3 B 0:250 6.35
B 0.312 7.92

6 B 0.437 11.10
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Table DT-4.4.1-1 Hygienic Clamp Joint: Weir-Style

Diaphragm Valve
I

N

Nontinal Size,

in. in. mm
Y, fractional 2.500 63.50
% fractional 2.500 63.50
1, fractional 2.500 63.50
A 3.500 88.90
% 4.000 101.60
1 4500 114.30
1Y, 5.500 139.70
2 6.250 158.75
2%, 7.630 193.80
3 8.750 222.25
4 11.500 292.10
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Table DT-4.5.1-1 Tapered Locking Tab Retainer: Recessed

/
/

1A

sy
FeN
N

E— 10 deg-£0-20 deg

L /) 1r

R0.060 in. (1.562 mm)

C
SECTION: A-A
Dimension Tolerance
in. mm in. mm
A 1.250 (min.) 31.75"(Mmin.) Note (1)
1.400 (max.) 35.56 (max.)
0.173 4.39 +0.004 +0.10
C 2.250 57.15 +0.003/-0.000 +0.08/-0.00
D 0.550 (min,) 13.97 (min.)
E 0.134 3.40 +0.004 +0.10
F R4.430 R36.32 +0.010 +0.25 Note (1)
G 0,060 (max.) 1.52 (max.) Note (2)
H 0.125 (max.) 3.18 (max.)

GENERAL NOTES:
(a) Lodking-tab retainer options are shown as possible options and do not represent all possible designs.
(b) All purfaces shall meet the specified finish of wetted surfaces, excluding the weld zones.

NOTES:
(1) Clearance for locking tabs.
(2) O-ring lead-in chamfer.
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Table DT-4.5.2-1 Tapered Locking Tab Retainer: External

L\

NP
| /

/

Weld zone
B \ E 10 deg to 20 deg
] > | :
VT T s

f

T
i
+
D {
/\4 R0.060 in. (1.52 mm)

an

C
SECFION: B-B
Dimension Tolerance

in. mm in mm
B 0.173 439 +0.004 +0.10
C 2.250 57.15 +0.003/-0.000 +0.08/-0.00
D 0.550 (min.) 13.97 (min.)
E 0.134 3.40 +0.004 +0.10
F R1.430 R36.32 +0.010 +0.25 Note (1)
G 0:060’ (max.) 1.52 (max.) Note (2)
H 0125 (max.) 3.18 (max.)

GENERAL NQTES;
(a) Locking fab.retainer options are shown as possible options and do not represent all possible designs.
(b) All surfagestshall meet the specified finish of wetted surfaces. excluding the weld zones

NOTES:
(1) Clearance for locking tabs.
(2) O-ring lead-in chamfer.
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(19) Table DT-7-3 Transfer Panel and Jumper Tolerances

Flatness Tolerance Center-to-Center

Connection Maximum Gap Dimensional
Nominal Size, Allowed Tolerance, +
in. in. mm in. mm
Y 0.010 0.25 0.015 0.38
A 0.010 0.25 0.015 0.38
1 0.020 0.51 0.015 0.38
T7, 0.020 U.5T 0.015 0.38
2 0.025 0.64 0.015 0.38
2Y, 0.025 0.64 0.015 0.38
3 0.030 0.76 0.015 0.38
0.040 1.02 0.015 0.38
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Table DT-9.3-1 Hygienic Clamp Ferrule: Design Criteria

Nominal design
clamp to ferrule

contact point per
. . DT-9.4(d)
B, gauging width Clearance
per DT-9.4(e)
~————— (learance
per DT-9.4(e)
5
‘aE'a'
K —>| |[<«— 0.065 in. (1.65ymMm)
©
> per DT-9(¢)
£
(@]
=
(5]
(o]
<
Basic Gauging and Contact
Diameter, A (ref.) Gauging Width, B
Nominal Dimension Dimension Tolerance, * Hygienic Clamp
Size, in. Type in. mm in. mm in. mm Size, in.
Y A 0.867 22.02 0,164 417 0.004 0.10 %
% A 0.867 22.02 0.164 417 0.004 0.10 A
A A 0.867 22.02 0.164 417 0.004 0.10 %
%, A 0.867 22.02 0.164 417 0.004 0.10 %
1 A 1.222 31.04 0.164 4.17 0.004 0.10 ISO DN15
1 B 1.748 44.39 0.155 3.94 0.005 0.13 1Y%,
1Y% B 1.748 4439 0.155 3.94 0.005 0.13 1Y%,
2 B 2.280 57.91 0.155 3.94 0.005 0.13 2
2Y, B 2.811 71.39 0.155 3.94 0.005 0.13 2%,
3 B 3.264 82.91 0.169 4.30 0.005 0.13 3
4 B 4.288 108.92 0.184 4.66 0.005 0.13 4
6 B 6.255 158.88 0.277 7.04 0.005 0.13 6
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PART PI
PROCESS INSTRUMENTATION

PI-1 PURPOSE AND SCOPE (b) Liquid-filled elements in measuring devjces should
) . . . not contain materials that can potentially impact product
The|purpose of this Part is to provide requirements for quality
process 1nstru;ner;ltat10ni_Th1_s Parft defines the minimum (c) The internal volume of the diquid-fillefl elements
requir —..mer'ltsh or.t e.app 1cat10r’;‘;)l' plr;ocess ccl).ntact%nstru- should be minimized.
menta flonin ygtler;ilc s;ysterr}s. li atu't ?thtfs to Instru- (d) Instruments should havedntegral hygiehic fittings.
ment gomponents that are In contact wi € process. Threaded ferrules are not ac€eptable to conveft standard
s instrumentation to hygienic standards. Procgss connec-
PI-2 PROCESS INSTRUMENTATION GENERAL tions shall be of hygieni¢ design, per the rejuirements
REQUIREMENTS of Parts SD and SG, ih order to ensure clegnability of
Progess instrumentation includes sensors, transmit- € system. o _
ters, ahalyzers, controllers, recorders, transducers, final (e) GaugesSiphons (pigtails) shall not be usetd. Isolation
contrgl elements, signal converting or conditioning valves should be used if required by the owngr/user for
devicef, and supporting components (e.g., light sources routine mamtenan.ce or calibration. ) )
and sight glasses) (f) 'Where required for proper operation,|all instru-
Findl control elements such as control valves or vari- ~ Ments, valves, and in-line devices shall be pgrmanently
able-speed pumps are covered in other Parts of this arked for proper installation (flow direction or
Standdrd orientation).
. . P1-2.1.3 Exterior Design. Material sele¢tion shall
P1-2.1 General Considerations consider all intended uses, ambient conditions, and
PI-2.1.1 Installation. All process instruméntation cleaning agents as specified by the'o ner/user.
should be installed per the manufacturer’s(instructions Sensors and transmitters shall be housed in afp enclosure
for prgper operation. with an appropriate protection rating as specified by the
Indifating devices shall be orientedvand located such owner/user and shall comply with Parts SD and SG.
that they can be easily viewed for maintenance and opera- P-2.2 | ion C .
tion pyirposes. Instruments shall be-located and oriented -2.2 Instrumentation Categories
so conhections can be easily made and adequate space is Process instrumentation may be broadly cat¢gorized by
provided for calibration, maintenance, and replacement.  process installation type as in-line, insertion, ht-line, and
Instfuments, connecting tubing, and systems shall be  off-line devices. Process instruments within fhese cate-
suppqrted by mouating brackets as necessary to  gories share some basic installation recommendations
prevept potential stresses on the instrument and for hygienic design and in-process performarce.
tubing systemj;<and to allow for ease of removal . . ) )
withoyt disturbirlg the adjacent components PI-2.2.1 In-Line Devices. In-line process ifistruments
Renjotesmounted devices (transmitters, etc.) shall be are self-contained devices installed directly into the
mountedwith appropriate supports to a permanentstruc- ~ Process tubing system similar to a standdrd fitting.
B4 rstaHationrequirenen oFhyEte operation

ture. Ladders, handrails, guardrails, etc., shall not be ac-
ceptable mounting supports. If necessary, dedicated
instrument supports shall be provided.

PI-2.1.2 Internal Design and Process Connections

(a) Sensors shall be designed in such a way that a
failure will not cause contamination hazards to the
process and environment.

as found in Part SD pertain to in-line process

instrumentation.

In-line devices may be installed directly in the process
stream or in a bypass line to facilitate periodic services
(see Figure PI-2.2.1-1). Device-specific recommendations

are defined later in this Part.

Pl1-2.2.2 Insertion Devices. Insertion d

evices are

instruments that are inserted directly into the process
tubing system or process vessel to measure a parameter.
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Figure PI-2.2.1-1 In-Line and At-Line Instrument Installation Examples

In-Line Instrument
Installed on bypass
with isolation valves with
product reintroduced

- Q

P

At-Line In]
Installe
line wit]

strument
H on sidestream
h product to drain

Insertion devices generally require proper immersion
in the prodess fluid for optimal performance. Installation
of insertioh devices must balance performance require-
ments and hygienic design. Refer to later sections of
this Part arjd/or the manufacturer’s recommended guide-
lines for spgcificrecommendations (see Figure PI1-2.2.2-1).

Pl-2.2.3
ments tha
of a sidestr]

At-Line Devices. At-line devices are instru-
measure various parameters by the méans
pam sampling loop, which is generally fhiofrein-
troduced jpack into the process. Connection of the
sampling §tream shall be compliant with:Part SD and
designed t¢ ensure continuous sampling flow to maintain
hygienic operation for optimal measurement (see Figure
P1-2.2.1-1)

PI-2.2.4| Off-Line Devices. Off}line devices are instru-
ments locdted away from the‘main process and are not
covered in|this Part.

PI-3 INSTRUMENT RECEIVING, HANDLING, AND

Material compatibility and environmental storage
conditions shall be considered when receiving, handling,
and storing process instrumentation. All instruments shall
have markings such as labels, tags, barcodes, or radio-
frequency identification (RFID) to ease identification.

PI-3.2 Instrument Receiving

The instrument(s) shall be identified by part/model
numbers.
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In-Line Instrument
Installed directly in
product stream

,

solation valV

[]

of the
b certi-
ice, or
ection

PI-3.2.1 Original Packaging. The integrity
original packaging of any component, with cleanin
ficationis'such as passivated, cleaned for oxygen ser
hydrocarbon free, shall be maintained during insg
and storage.

PI-3.3 Instrument Handling: Protection of Pi
Connections and Surface Finish

ocess

Care shall be taken to protect the process connec
and surface finish of the instrument during receivin|
dling, calibration, and storage.

fion(s)
g, han-

PI-3.4 Instrument Storage

idera-
nenta-
to the

PI-3.4.1 Special Considerations. Special cons
tions for storage shall be made for certain instru
tion, such as analytical instruments, according
manufacturer’s recommendations.

nental
or en-
y, etc.)

P1-3.4.2 Instrument Shelf Life and Environn
Requirements. Instruments with limited shelf lives
vironmental requirements (temperature, humidit]
shall be identified.

0 OTTation regar ECeiving,

handling, and storage is contained in Nonmandatory

Appendix R.

P-4 FLOWMETERS

Pl-4.1 Coriolis FlLowmeter

Pl-4.1.1 General Considerations. This section
provides the requirements for installation and operation
of Coriolis flowmeters specific to bioprocessing and
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Figure PI-2.2.2-1 Accepted Insertion Device Installation Examples

< =
e
& R I {y
g | ‘ [I |]
- A
f -V
= L = per manufacturer recommendation

72
I
/:

.

e

(3
s

A

)
e

A

Instrument Socket With

Sidewall'With Angled
Hygienic Ferrule

Beveled Interior

a = 15(deg type/device dependent

Flush-mount
instrumentation

Pressure gauge with fitting

VS SY
Y

A

Sight glass with
hygienic ferrule

Top-mount insertion
with flush-style
hygienic ferrule

Angled Sidewall With

Hygienic Ferrule

Top-mount inserti
with hygienic ferr

on
ile
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Figure PI-4.1.3.2-1 Manifold or Flow Splitter for Dual-
Tube Construction Flowmeters and Potential for Product
Holdup

P1-4.1.3.3 Process Connections. The interface
between the process connections and the sensor tube
(s) may resultin product holdup, even with single straight
tube flowmeters. This is shown for concentrically reduc-
ing process connections in Figure PI-4.1.3.3-1.
Eccentrically reducing process connections may allow
a single-tube construction flowmeter, with a tube
inside diameter differing from the process line inside
diameter, to be mounted in horizontal piping. The
geometry of process connections, including reductions

Product holdup
not acceptable

pharmaceytical industries as well as other applications
with hygiehic requirements.

The des]gn, construction, and fabrication of Coriolis
flowmetefrs are governed by other Parts of this
Standard| PI-4.1.2 and PI-4.1.3 may be used as a
general reference.

Pl-4.1.2 | Essential Components. Improper design and/
or installagion of a flowmeter can affect the drainability
and cleanability of the system to which itis attachéd.;Three
components of Coriolis flowmeters affect drajnability and
cleanability: the flow tube(s), the manifold orflow splitter,
and the pfocess connections in combination with the
installation] angle.

The Coriolis flowmeter shall meet.the process contact
surface requirements as specified“in Part SF for all the
process-w¢tted components.ineluding flow tube(s), mani-
fold/flow dplitter, and process connection.

Pl-4.1.3|Components
PI-4.13.1 Flow Tube(s). Coriolis flowmeters are

either of §ingl€:tube or dual-tube construction. The
tube(s) cap bé either straight or bent. The geometry of

in flow area, shall be considered when assessing|drain-
ability and determining installation requirements. The
Coriolis flowmeter shall use acceptable hygienic cpnnec-
tions and fittings as per Part SG.

Pl-4.1.4 Installation. The manufacturer shall provide
the owner/user with the mounting and cleanability re-
quirements necessary to maintain, operate, and prjoperly
drain the flowmeter.

Pl-4.1.4.1 Drainability. The flow tube or tubgs, the
manifold or flow splittér, and the process conngctions
shall be consideréd)a system. If a design can be sypplied
with different™ypes of process connections, then the
orientation shall consider the worst case for drainpbility,
or each type of process connection shall be condidered
individually.

Cortiolis flowmeters should be drainable with gravity.
Goriolis flowmeters that are not drainable with gravity
shall be indicated by the manufacturer and shofuld be
of single-tube or other system design to migimize
product holdup. An additional motive force (e}g., air
purge) may be required to ensure complete drainpbility.

Drainability requirements should be determifped by
process requirement and shall be defined Py the
owner/user.

Pl-4.1.4.2 Cleanability. Coriolis flowmeters fising a
dual-tube construction with small-diameter tubes fhave a
potential for plugging and can adversely affect the|clean-
ability of the flowmeter. It is the responsibility|of the
owner/user to assess the risk of plugging and thq effec-
tiveness of cleaning processes, based on their procgss and
the information provided by the manufacturer.

Requirements relating to cleanability, sterilify, and
drainability are addressed in Part SD.

PI-4.1.4.3 Mounting Location. It is recommerded to

tube bends shall be considered when assessing drain-
ability and determining installation requirements.

Pl-4.1.3.2 Manifold or Flow Splitter. The manifolds
or flow splitters for dual-tube construction flowmeters are
the interface between the sensor process connections and
the sensor measuring tubes and they can create product
holdup as shown in Figure PI-4.1.3.2-1. The geometry of
manifolds or flow splitters shall be considered when
assessing drainability and determining installation
requirements.

install the Coriolis flowmeter vertically with the process
fluid flowing upward through the flowmeter (refer to
Figure PI1-4.1.4.3-1). If the Coriolis flowmeter is to be
installed horizontally, then drainability shall be consid-
ered (e.g., by gravity or air purge).

Pl-4.1.4.4 Orientation. The Coriolis flowmeter will
operate in any orientation as long as the flow tube(s)
remain full of process fluid.
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Figure PI-4.1.3.3-1 Concentrically Reducing Process Connection

A = customer ferrule

B = sensor process connection

d = customer pipe I.D.

dy = sensor measuring tube 1.D.

dg = sensor process connection |.D.

B A
/]
d
dyy s,_ d
[ ™ o <= (a|connection)

Figure PI-4.1.4.3-1 Vertical Installation

For Coriolis flowmeters that are drainable with gravity,
the mpnufacturer shall provide the owner/user with
infornjation on how the flownmeter is to be installed to
ensurq effective drainability:

For [flowmeters thatsare mounted in-plane with the
procefs line, the information should include the
minimum angle of inclination, a, and how to orient the
flowmeter in that\plane (refer to Figure PI-4.1.4.4-1 for
definition of.angle of inclination, a). It is recommended
that the information be provided in pictorial format.

The|manufacturer’s recommendation for installation

Product holdup
not acceptable

If the owner/user and-the manufacturer cannot agree
on an acceptable passivation procedure, the dwner/user
shall remove the flowmeter during passivatign.

PI-4.1.5 Performance. The Coriolis flowmgter perfor-
mance variesvdepending on the parameter fo which it
applies«(e.g., mass, volume, density, tempgrature, or
viscosity).

Guidelines and common terminology fo1] selection,
installation, calibration, and operation of Cofiolis flow-
meters are identified in ASME MFC-11 and I$0 10790.

PI-4.1.5.1 Accuracy. For Coriolis flowrheters, the
accuracy specification usually includes the| combined
effects of linearity, repeatability, hysteresiq, and zero
stability.

P1-4.1.5.2 Process Influences. Coriolis flowmeters
deliver their best performance when compltely filled
with a uniformly distributed process fluid.|Entrained
gas should be eliminated or minimized. Multiphase appli-
cations involving nonhomogeneous mixtureq can cause
measurement errors. The use of filters, gir and/or
vapor eliminators, or other protective devices to
reduce errors in measurement should be placefl upstream
from the Coriolis flowmeter.

PI-4.1.5.3 Ambient Influences. Large differences in
the temperature between the measuring tubefs) and the
ambient temperature can cause errors in the tgmperature

and support of Coriolis flowmeters should be followed.

PI-4.1.4.5 Special Considerations for Passivation of
Coriolis Flowmeters. Coriolis flowmeter materials of
construction vary significantly between manufacturers.
Certain passivation procedures may damage Coriolis flow-
meter materials. If the Coriolis flowmeter is to be passi-
vated, the complete passivation procedure should be
provided by the owner/user to the manufacturer for
review and approval.

compensation (e.g., CIP/SIP) The use of insulation mate-
rials can reduce these effects.

PI-4.1.6 Selection. The major consideration when
selecting and sizing a Coriolis flowmeter is the trade-
off between pressure drop and flowmeter performance
(accuracy).

The necessary engineering data shall be supplied by the
owner/user to ensure correct sizing of the Coriolis flow-
meter. The manufacturer shall use this information to
provide all necessary calculations for minimum and
maximum velocities, accuracy, and pressure drop. This
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Figure PI-4.1.4.4-1 Minimum Angle of Inclination,

o (for full drainability)

will optimize the flowmeter performance over the flow
rate range| with a pressure drop that is acceptable for
both CIP/SIP and normal operating conditions.

Chemica] compatibility should be established between
process-w¢tted materials [i.e., the flow tube(s), the mani-
fold or flow splitter, the process connections] and the
process fluid and the cleaning fluid (e.g., process, CIP,
SIP, and p4ssivation).

Pl-4.1.7| Maintenance. There are no specific mainte-
nance reqyirements for a Coriolis mass flowmeter.

PI-4.117.1 Seals/Gaskets. The manufacturer shall
advise the| owner/user if the process connections are
not fully yvelded to the sensor body and if use of a
seal/gaskeft assembly that requires periodic inspection
is needed.

PI-4.117.2 Recalibration/Verification Schedule::A
Coriolis flowmeter properly installed and operated
within the manufacturer’s guidelines on clean, noncorro-
sive, and rfonabrasive fluids is stable. The frequency of
recalibratipn or verification of the flowméter is governed
by the crititality of the measurement and the nature of the
operating ¢onditions. The frequency of°calibration verifi-
cation shall be determined by the owner/user.

Asthe Cdriolis mass flowmeter is a mass flow device, itis
preferable fo perform the calibration verification againsta
mass tracdable reference,‘Calibration against a volume
traceable geference eombined with a density traceable
reference nay be.uSed where applicable. Master flow-
meters mdy be“used to verify calibration of Coriolis
flowmeters.

PI-4.2.2 Components. Turbine flowmeters typically
consist of process contact and noh-process cpntact
components (see Figure PI-4:2,2-1 for examyples of
retaining versus non-retaining ring designs).

PI-4.2.2.1 Process«Contact Components

(a) Meter Housiig With Bore. The bore size shall be
based on the manufacturers’ specified flow rangd.
(b) Rotor Assémbly. The rotor assembly shall beja solid
rotor.
(c) Retaining Ring(s) (Optional). The retaining ring
groovesand retaining ring shall not contriblte to
proeess fluid holdup.
(d) Internal Support Hangers. Each support hanger
shall be of a solid piece construction.
(e) Process Connections. The turbine flowmeter shall
use process connections per Part SD. Sealing gaskets
shall meet the requirements of Part SG.
(f) Flow Straightener Housing (Optional). In h non-
retaining ring design, the flow straightener h¢using
shall be designed to keep the turbine flowmeter infernals
in place.
All process contact surface finishes of the turbing flow-
meter shall be specified by the owner/user in accofdance
with the surface designations in Part SF. All pfocess
contact surface materials shall comply with the app|licable
sections of Part MM, Part PM, or both.

P1-4.2.2.2 Non-process Contact Components. The
pickoff shall not contact the process.

PI-4.2.3 Installation. The flowmeter shall be infstalled
with a minimum straight run of 10 pipe diameters

Calibratierrefthe-massreferenceoramaster-fowmetet
shall be traceable to nationally recognized standards or
another standard as agreed to by the owner/user and
manufacturer.

Calibration procedures can be found in ASME MFC-11.

Pl-4.2 Turbine Flowmeter

P1-4.2.1 General. This section provides for the
hygienic design and installation requirements of
turbine flowmeters specific to bioprocessing applications.

upstream of the inlet and 5 pipe diameters downstream
of the outlet.

PI-4.2.3.1 Drainability. The installed flowmeter shall
meet the drainability requirements of Part SD.

If an air purge is required to fully drain the process line,
the owner/user shall consult the manufacturer for the
maximum velocity to prevent over-ranging of the flow-
meter. Refer to P1-4.2.4.

Turbine flowmeters shall be drainable by gravity.
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Figure PI-4.2.2-1 Typical Turbine Flowmeters
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Meter housing
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Support hanger

Process

Flow straightener connection

housing

(b) Non-retaining Ring Design
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Pl-4.2.3.2 Cleanability. Turbine flowmeters shall be
cleanable as required in Part SD.

Pl-4.2.3.3 Orientation. Turbine flowmeters shall be
oriented to ensure that the meter is completely filled with
the process fluid during operation.

The manufacturer’s recommendations for the orienta-
tion and the structural support of turbine flowmeters shall
be followed.

These instruments use high-frequency electromagnetic
signals to measure the distance between the instrument
and the upper surface of the targeted process fluid directly
below the instrument.

These instruments should be configured for the specific
combination of vessel and process fluid to ensure
measurement performance.

PI-5.1.2 Essential Components. A radar level instru-

Pl-4.2.4| Special Considerations

(a) Beatging Material. The bearing/bushing material
shall be c¢rrosion resistant and compatible with the
process fluid and cleaning processes. The process
contact bdaring/bushing material shall comply with
Part MM, Rart PM, or both

(b) Rotar Assembly Rotational Speed. The owner/user
should copsult the manufacturer for the maximum
process flujd velocity to prevent over-ranging of the bear-
ings and dhmaging the rotor assembly.

Pl-4.2.5
mance det

Pl-4.2
details are

Pl-4.2
eliminated
stream of
the use of

The owr
recommen
as the me

Performance. Turbine flowmeter perfor-
hils are provided in ASME MFC-22.

.5.1 Accuracy. Turbine flowmeter accuracy
provided in ASME MFC-22.

5.2 Process Influences. Entrained gas shall be
by having sufficient back pressure down-
the flowmeter to prevent cavitation, or by
A vapor eliminator upstream of the meter.
er/user should consult the manufacturer for
Hations on the minimum operational pressure,
fer outlet pressure is dependent-upon the
process fl4id conditions, specific gravity, and‘viscosity.
For prockss liquids where abrasives orlother entrained

particles npay exist, hygienic filters, strainers, or other
devices shill be installed upstream. of the flowmeter to
prevent damage.

Pl-4.2.5.3 Ambient Influences. External environ-
mental conjditions do net'affect the performance of the
turbine flpwmeter when the flowmeter is operated
within the|manufac¢turer’s specifications.

PI-4.2.6| Selection. The owner/user shall provide the
data for ea¢htequired parameter to the turbine flowmeter

ment is comprised of an antenna, a process connfection,
and supporting electronics.

The process contact components of a radarlevel
ment shall meet the surface requirements as spec
Part SF and material of construction’ réquiremsg
specified in Part MM or Part,PM,) Requiremse
process contact welds are spegified in Part MJ.

nstru-
fied in
nts as
nts of

I level
uction
ted by
ptallic

PI-5.1.2.1 Antenna. The antenna of a rada
instrument is available in bulb, horn, or rod constj
(see Figure PI-5.1.2.1-1)yThe antenna is either isol3
or encapsulated_iw polymeric or other nonm
material.

level
bnnec-

P1-5.1.2.2 Process Connection. The rada
instruments-and isolating seals shall use hygienic ¢
tions as'per Parts SD, DT, and SG.

n and
dance
mpor-
hs well

Pl-5.1.3 Installation. The mounting locatid
orientation of the antenna should be in accoq
with the manufacturer’s recommendations. This is
tantin order to achieve the specified performance,
as to ensure cleanability.

P1-5.1.3.1 Drainability. To prevent any liquidjloldup
on the sensor’s process contact surfaces, the radgr level
instrument should be mounted perpendicular fto the
surface of the process fluid.

PI-5.1.3.2 Cleanability. Cleanability is detefmined
by the combination of antenna design and gedmetry
and the location of the process connection. For effective
cleanability, shadowing effects, recessed areds, and
annular spaces created by the installed antenna ghould
be taken into consideration.

PI-5.1.3.3 Mounting Location. The process cpnnec-
tion should be located on top of the vessel. Fpr the
most accurate results, the mounting location shquld be

manufacturer 1or proper sizing.

PI-5 LEVEL INSTRUMENTS

PI-5.1 Radar Level Instruments

PI-5.1.1 General. Radar level instruments are also
referred to as noncontact radar, free space radar, and
through-air radar level instruments.

180

selected to minimize or avoid obstructions within the
space below the antenna.

To ensure a reliable level measurement, the mounting
location should be %4 to % of the vessel radius, as
measured from the vessel centerline (see Figure PI-
5.1.3.3-1).

The minimum detectable vessel level is given by the
mounting location. To determine if the vessel is complete-
ly empty, the sensor should be pointed to the lowest
section of the vessel.
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Figure PI-5.1.2.1-1 Bulb, Horn, Isolated Horn, and Rod-Style Antenna

SNAWA

PIF5°1I.37 . N T
mounted perpendicular to the surface of the process fluid.

P1-5.1.3.5 Insertion Length/Depth. A vessel’s
um working level shall be below the insertion
depth [of the radar level instrument.

P1-5.1.3.6 Special Considerations. Each instrument
has a specific minimum measuring distance (also referred
to as blocking distance or dead band) (see Figure PI-
5.1.3.B-1) immediately in front of the antenna, in
which |measurements are not possible.

When radar level instruments are installed in nonme-
tallic Jessels, the signal may detect objects outside the
vessel] The owner/user should consult with the manufac-
turer for additional requirements.

Th(ﬂ owner/user should consult the manufacturer
regarding energy emitted by the radar level instrument
to evaluate potential impact on the process fluid.

PI-3.1.4 Performance. Performance is determined
primafily by the reflective properties of the precess
fluid, mountinglocation, and orientation within thelvessel.

P
combi

P
condit
to the
perfor

(@)

-5.1.4.1 Accuracy. The accuracy shall'include the
ned effects of linearity, repeatability, and hysteresis.

-5.1.4.2 Process Influences. The following process
ons may reduce the radar sighal strength returned
antenna, which may impact on the measuring
mance:
A wavy or rippled surface

(b) portices in the pfocess fluid

(c) large changes-of the reflective properties of the
procegs fluid

PI-6.1 Pressure Sensors

PI-6.1.1 General. Pressure sensors used in
sing applications shall be isolated from the
means of an integral diaphragm. The pressy
transmitted between the ‘isolation diaphrag
sensing element using @-fill fluid.

bioproces-
process by
re may be
m and the

hstallation
ht tee, and

PI-6.1.2 Installation. Pressure sensor i
methods include flush tee, in-line instrume
short-outlet-té&e. See Figure PI-6.1.2-1. To minimize
branch legs, flush tee or in-line installations ar¢ preferred.
See Figute PI-6.1.2-1, illustrations (a) through (d).

PI-6.1.2.1 Mounting Location. Pressu
shold be mounted away from flow resti
reduce the impact of pressure fluctuatiag
measurement.

e Sensors
ictions to
ns on the

PI1-6.1.2.2 Special Considerations. Diaph
be protected and handled in accordance with
facturer’s guidelines to prevent damage.

The owner/user should follow the mangfacturer’s
guidelines regarding installation meafurement
adjustments.

Welds on diaphragms may not meet the R,
finish requirements of Part SF due to unique
quirements for instrument sensitivity. The
diaphragms shall meet all the other requir
Part SF.

All other process contact surfaces shall mleet the re-
quirements of Part SF.

ragms shall
the manu-

ax. surface
design re-
welds on
ements of

(d) foam, stéam, or mist on top of the process fluid PI-6.1.3 Performance. The owner/user shquld supply
(e) puildupion the antenna the manufacturer with process operational pafameters to
. . . ensure the performance of the measurement
PI-5.1.4.3 Ambient Influences. Ambient influences p
do not affect the measuring performance 1 they are P1=6.1.32 Selection. Pressure sensor range shall encom-

within the manufacturer’s specifications.

PI-5.1.5 Selection. The main consideration when
selecting a radar level instrument is the required perfor-
mance for the specific application as described in PI-5.1.4.

181

pass the required measurement ranges. The vacuum
generated through a SIP cycle shall be considered in
sensor range selection.

Pressure sensor operational temperature limits shall
meet the requirements of the process and ambient
environment.

The owner/user shall select the fill fluid for their
process to minimize the impact on the process fluid, in
case the diaphragm fails and the fill fluid leaks into the
process.

(19)
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Figure PI-5.1.3.3-1 Dead Band, Measuring Range, and Mounting Location
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Figure PI-6.1.2-1 Accepted Orientation and Flow
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PI-7 TEMPERATURE SENSORS AND ASSOCIATED
COMPONENTS

PI-7.1 General

This section presents requirements for commonly used
temperature-sensing instruments. Additional information
on temperature sensors and influences on sensor perfor-
mance can be found in Nonmandatory Appendix Q.

When selecting mounting locations in vessels, the
minimum working volume of the vessel shall be consid-
ered. The inserted sensor shall not interfere with opera-
tions, such as filling and draining of the vessel. In vessels
with agitators, consideration should be given to the effect
of the sensor location on the mixing pattern.

PI-7.3.4 Orientation

(a) All Insertion-Style Sensors. The installation orienta-

P|_7.2 COI‘I'I'PO'HE‘I‘I‘ES tionshall ensure that the insertion ]nhgfh (cnn Pl-Z 35) is

PI-7.2.1|Sensors. Temperature sensors addressed in Lr:)rf;irtlizarfst_ with the process fluid under all pgrating
this sectiopn include resistance temperature detectors (b) Elbow Thermowells. For process‘systemp with
(RTDs) arjd thermocouples. RTDs are the preferred  yyhing size less than 2.5 in. (64 mm),%&he flow shall be
sensing te¢hnology. Thermocouples are acceptable with  4yard the sensor tip [see Figure PI<7.3.4-1, illusfration
owner/us¢gr approval. @a)].

P1-7.2.2 Thermowells. Thermowells are used to For systems with tubing size*of 2.5 in. (64 nm) or
protect the sensor and enable calibration or replacement ~ greater, flow toward the sénsor tip or perpendicplar to
without stppping the process or breaching the system the sensor is acceptable\@s long as the full ingertion
boundary. [Common thermowell styles are straight ther-  length is covered by the\process fluid under all op¢rating
mowells ahd elbow thermowells. conditions [see Figure PI-7.3.4-1, illustration (b)]

(c) Nonintrusive Sensors. Nonintrusive sensors shall be
PI-7.3 Ingtallation mounted such that the process fluid is always in ¢ontact

Installatjon methods include tee style, elbow style, or With the iggghpinent wall/tube W hergthe S ensing ef e“?e“t
o e P P75 Te oo ste  aecath T preered st s vkl i
installations can be direct lnsgrtlon (.sen.sor lS. in dlrlect tior\is upward. For alternate orientations, the pensor
Eg:;:;: i‘sN 521:&3 If)rr(?rrcletshsef[l)llf(l)(ilszrb;rn:ririi‘;tz;lrll:cﬁ;lg;] mranufacturer’s installation recommendations shall be
mowell). Npnintrusive sensors covered in this section are followed (see Figure P1-7.34-2).
integral sepisors with a section of process tubing. Clamp- PI-7.3.5 Insertion Length/Depth
on-style n@nintrusive sensors are not addressed-in\this
section. (a) Insertion and Sensitive Lengths. “Insertion lerjgth” is

(a) Tee-Style Installations. When tee-style installations the length Of_ the" sensor or thermox:v?ll in contact wfith the
are used fof direct or indirect insertion, a hygienic process ~ Process fluid. “Sensitive length” is the length fof the
connection or weld end shall be used. measuring element, internal to the sensor.

(b) Elbow-Style Installations. When elbow installations NOTE: These terms are not applicable for nonintrusiye-type
are used, fthe process connections’shall be hygienic Sensors.
connections or weld ends. Whemusing a direct insertion (b) Tee Installations. The insertion length should be 10
sensor in an elbow, the instzument connection shallbe a  times the diameter of the sensor tip or thermowell tip, plus
hygienic cqnnection. the element sensitive length (see Figure PI-7.3.5-1).

(c) Nonfintrusive-Style Installations. The process Alternate insertion lengths are acceptable with proper
connectior}s for nonintrusive sensors shall be hygienic  consideration of the installation details and sensor|design
connections or weld“ends. (consult the manufacturer) and with ownei/user

PI-7.3.1 |Drainability. The installed sensor shall meet ~ approval
the draina L cn The minimum insertion shall locate the midpoint of the

H 3 i £
OTITCY T CUIT CIITCTIIt S~ OT T arc oo~

PI-7.3.2 Cleanability. The installed sensor shall meet
the cleanability requirements of Part SD.

PI1-7.3.3 Mounting Location. The sensor mounting
location shall be specified by the owner/user to ensure
the measurement meets the process system require-
ments. Locations near process influences per PI-7.4.3
and ambient influences per PI-7.4.4 should be avoided
whenever possible as they can affect the accuracy of
the measurement.

184

sensitive length at the centerline of the process tube.

The maximum insertion shall maintain a minimum of
one sensor tip diameter or thermowell tip diameter
spacing between the instrument tip and tube wall opposite
the installation point.

(c) Insertion Length in Elbow Thermowells. The inser-
tion length should be 10 times the diameter of the sensor
tip or thermowell tip, plus the measuring element sensi-
tive length (see Figure PI-7.3.5-2). Alternate insertion
lengths are acceptable with owner/user approval.
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Figure PI-7.3-1 Typical Installation Styles

m\¥

Q

PI-7.3.6 Special Considerations

(a) Thermowells

(1) Response Time. When the temperature measure-
ment response time (see PI-7.4.2) is critical to the process
system operation, thermowells can be constructed using
thin walls and smaller diameters. The owner/user shall
consult with the sensor/thermowell manufacturer
regarding design and material selection to ensure
proper operation under the required system operating

(a) Direct or Indirect Insertion in Tee

/% \

\
_—
/

(b) Direct or Indirect Insertion in an Elbow

s

\‘J-\

LUIldiLiUllb.
(2) Measurement Accuracy. Proper therrhal contact
between the sensor and thermowell(is important to
ensure measurement accuracy. The thermpwell bore
diameter should be designed tob€,0.01 in. [0.25 mm)
greater than the sensor diameter. A spring-loaded
sensor design should bedised to ensure pensor tip
contact with the inside end.of the thermowell. Use of ther-
mally conductive compouind between the oyter sensor
wall and internal¢surface of the thermowgll and/or
metal-to-metal, cantact is recommended. Cdnsult with
the sensor mardufacturer regarding the apglication of
thermal compeund.
(b) Nonintrusive Sensors. Nonintrusive-style sensors
will typically provide a slower response [time than
mospjinsertion-style sensors.

PI-7.4 Performance

P1-7.4.1 Accuracy. The measurement accugacy will be
influenced by the characteristics of the selecfed sensor,
sensor insertion depth, ambient temperature, Installation
location, flow condition, and wiring.

(a) SensorAccuracy. ASTME1137 andIEC6(751 define
the nominal resistance vs. temperature relatipnship and
standard sensor interchangeability criteria fof RTD-type
Sensors.

ASTM E230 defines the nominal millivolts vp. tempera-
ture relationship and accuracy for various thefmocouple-
type sensors.

(b) Wiring and Cabling. Sensor wiring lgngths and
configuration shall be considered when|assessing
measurement accuracy.

Pl-7.4.2 Response Time. When temperatjire transi-
ents are important to monitor or control, the response
time specification for the selected sensor [or sensor

(c) Nonintrusive

GENERAL NOTE: Shown with nonspecific hygienic connections.

185

adel 1 11 111 1 L
wHtr—a—tiret TITOVWTIT) S1rdIT UCT TCSS thran—or e'half the

desired or anticipated process system response time.

P1-7.4.3 Process Influences. Entrained gas bubbles
shall be minimized near the fluid temperature measure-
ment location as gas can cause a delay in sensor response
due to variations in thermal conductivity and/or
instability in the temperature measurement.

PI-7.4.4 Ambient Influences. The insertion criteria
should be followed to reduce the stem conduction
effects caused by the temperature differences between
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Figure PI-7.3.4-1 Accepted Elbow Orientations and Flow Directions

Flow Flow
) )
) )
.
I D [ D
s s

(a) For All Tube Sizes

GENERAL NQTE:
Shown with honspecific hygienic connections.

Flow
|
Z | -~
=
L=
o, =2

(b) For Tube Sizes 2.5:in~{64 mm) and Larger

Figure PI-7.3.4-2 Accepted Nonintrusive Orientations and Flow Directions

!a) \ertical Orientation With-Flow.l I::

GENERAL NOTE:
Shown with nonspecific hygienic connections.

(b) Horizontal Orientation- \With-Sensor

Located on Bottom Side of Installation
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Figure PI-7.3.5-1 Sensor Insertion Lengths for Tee Installations

— T =Tube O.D.

[

S = Sensitive length

D = Tip diameter =———{ j=—

Insertion length = (D X 10) + S=

(a) Optimum Insertion Length

— T =Tube O.D.
—1.D.=T—- (WX 2)
W = Tube wall

Centerline of tubing S = Sensitive length
Insertion length = (1.D./2) + (5/2) =

(b) Minimum Insertion Length

— T~=Tube O.D.
= |.D.=T— (WX 2)
W = Tube wall

[ \

/ /

D =Tip diameter eme| j=—

Insertion length = [.D. — D =
(c) Maximum Insertion Length

GENERAL NOTE: Shown with nonspecific hygienic connections.
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Figure PI-7.3.5-2 Sensor Insertion Lengths for Elbow Installations

— ] Insertion depth = (DX 10) + S |~e—o

D % 10 S = Sensitive length

S

ID = Tip diameter

(a) Direct Insertion Elbow

—— Insertion depth =(D X 10) + S  |=—v0

D %X 10 S.= Sensitive length

r D = Tip diameter
( %

(b) Indirect Insertion Elbow Thermowell

TE: Showtv'with nonspecific hygienic connections.
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the process and ambient area. When the recommended
insertion length per PI-7.3.5 is not feasible, insulating
the exterior portion of the sensing instrument is
recommended.

Nonintrusive-style sensor accuracy can be affected by
the temperature difference between the process and
ambient area. Insulating the exterior portion of the
sensor can reduce this effect.

PI-7.5 Selection

There are three basic types of conductivity sensors
designed for specific measurement ranges: two-electrode,
multielectrode, and electrodeless. Sensor-type selection is
dependent on intended measurement and installation re-
quirements. The owner/user should consult the manufac-
turer for final selection suitability based on the design
criteria and may use PI-8.1.5 as a general reference.

Temperature impacts conductivity measurements by
increasing conductivity as temperature increases. All
conductivity sensors shall use either an internal or

PI-7
constr
repeat
ered W

(a)
provi
respor

(b)
tion-ty
restrig

PI1-7
used f
Sensor
bound

(a)
bound
or be

(b)
consid
under

(c)
type) 9
tions,
prefer
or less
inserti|

(d)
drop, Y

.5.1 Sensor Selection. Sensor type, materials,
iction methods, and performance criteria (stability,
ability, hysteresis, and self-heating) shall be consid-
rhen choosing a sensor.

Insertion-style sensors are preferred as they
de the best measurement accuracy and
siveness.

Nonintrusive sensors are acceptable when inser-
pe sensors are not feasible due to potential flow
tions or small-diameter process tubing.

5.2 Thermowell Selection. A thermowell shall be
r insertion-type temperature sensors that require
removal without breaching the process system
ary.

Thermowells installed within the process system
ary shall be fabricated with hygienic connections
velded to the process tubing.

ASME PTC 19.3 TW, where applicable, shall be
ered to ensure sufficient thermowell strength
all process conditions.

Thermowell design and style (straight.or elbow
hall be specified based on line size, ptogess condi-
hnd installation location. Elbow thermowells are
red for line sizes thatare 0.5 in. (I3:mm) in diameter
. Straight thermowells are-aceceptable when the
on length criteria can be-achieved.

Thermowell installations’may cause a pressure
which shall be considered in the system design.

PI1-7.6

Cali
descri

Sensor Calibration Verification

bration methods for temperature sensors are
bed in ASTM E644 and ASTM E220.

PI-8 1\NALYTICAL INSTRUMENTS

external temperature sensor for compehsation to
express the conductivity of the solution“at' h standard
temperature.

PI-8.1.2 Essential Components./An elecfrode-type
sensor has wetted electrode$)-between which an AC
voltage is applied and tlie amperage mgasured is
expressed as conductivity.(see Figure PI-8.1.p-1).

An electrodeless sensor consists of a nonfonductive
body material encapsulating two nonwefted coils/
toroids. Measurements are made of the induced
current from-the powered coil to the measugement coil
by havingsthe’process fluid pass through fhe center
and around the outside of the nonwetted|coils (see
Figure PI-8.1.2-1).

PI-8.1.2.1 Sensor Types. There are th
designs of conductivity sensors.

(a) Two-Electrode. A two-electrode-type c
sensor generally consists of an outer shaft
inner electrode. Conductivity measurements
in this interstitial space and require this
fully wetted.

(b) Multielectrode. A multielectrode-type cpnductivity
sensor consists of a wetted body with innerf and outer
electrodes generally arranged on the same plane.
Conductivity measurements are made immgpdiately in
front of and in between the electrodes and require this
area to be fully wetted. A nonconductive thaterial of
construction is required between the electfodes with
the sensor body generally used as the insulator.

(c) Electrodeless. An electrodeless-type cdnductivity
sensor consists of two encapsulated coils. Onecoil gener-
ates a current and the second coil detects changes propor-
tional to the conductivity of the procesq fluid. An
electrodeless sensor requires process fluid t}[rough and
around the coils for proper measurements.

ee typical

nductivity
body and
are made
hrea to be

PI-8.1 Conductivity

PI-8.1.1 General. Conductivity measurements are used
to determine the level of ionic activity within an aqueous
media. They are used in hygienic applications for in-line
monitoring of process and water systems. Compendial
water, in part, requires conductivity measurements of
water for injection (WFI) and purified water (PW) as
an integral component of validated systems.

189

PI-8.1.3 Installation. All conductivity sensors require
full immersion of their measurement electrodes or coils
into the process fluid for proper functionality. Most
conductivity sensors are offered as insertion devices,
with some manufacturers offering in-line options.

Electrode conductivity sensors should be installed with
flow into the sensor while maintaining drainability. Figure
PI-8.1.3-1 provides examples of acceptable installations.
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Figure PI-8.1.2-1 Conductivity-Type Examples

Two-electrode
sensor

Sensor body

Inner el¢ctrode

electrodes

PI-8.1{3.1 Drainability. Conductivity sensors-shall be
installed infaccordance with Part SD to ensure drainability.

PI-8.1{3.2 Cleanability. Conductivity sensors shall
be cleanabje as required in Part SD.

PI1-8.1|3.3 Mounting Location{ Insertion electrode
sensors pgrform best with process fluid flow into the
sensor’s elpctrode(s) as shownin Figure PI-8.1.3-1.

Electrodpless sensors shalkbe mounted with coils fully
immersed fn the process:

In-line ipstallations-shall ensure continuous process
fluid flow ground sefnsor electrodes or coils to maximize
measurement aceuracy.

P1-8.1]3.4Orientation. Conductivity sensors shall be

Dual coil (toroid) housing

[ U PR DR |
VITTTICTCCTrotT

sensor

Electrodeless
sensor

PI-8.1.3.6 Special Consideration. Sensor eledtrodes
mounted too close to tube or vessel walls may| cause
conductivity field distortions resulting in measujement
inaccuracies. The owner/user shall consult the mgnufac-
turer’s clearance requirements and recommendations
(see Figure PI-8.1.3.6-1).

Conductivity sensors for purified water of WFI systems
shall be installed in such a manner as to allow pe¢riodic
calibration in accordance with compendial [water
requirements.

PI-8.1.4 Performance. Conductivity devices arejgener-
ally required to be full of process liquid and freq of air
pockets. Consult the manufacturer for details.

oriented to ensure electrodes or coils are fully wetted.
Horizontal installations should not be top-mounted inser-
tions to avoid air pockets or bubbles interfering with the
measurement.

PI1-8.1.3.5 Immersion Length/Depth. The owner/
user shall follow the manufacturer’s recommendations
regarding immersion length/depth to allow for sufficient
clearance of electrodes or coil fields.

PI-8-1-4-1-Aceuraey—Compendial-water-guidelines
establish a standard for the quality assessment of
water based on measurements of the electrolytic conduc-
tivity. Sensors used for WFI or PW systems shall comply
with this accuracy requirement.

PI-8.1.4.2 Response Time. Conductivity sensor
response times are impacted predominately by the
response time of the temperature-sensing element. All
sensor types are responsive to changing conductivity
levels without changes in temperature. Electrodeless
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Figure PI-8.1.3-1 Accepted Installations for Conductivity Sensors

Figure|P1-8.1.3.6-1 Installation Clearance Requirements

R = pef manufacturer
recommendation

sensois are-slower to respond in processes with changing
tempefatures due to the nonconductive nature of the coils’

Flow

PI-8.1.5 Selection. Sensor selection shall He based on
the anticipated conductivity range of the process. The
following may be used as a general selection| reference:

(a) Two-electrode sensors should be selecfed for WFI
systems, PW systems, or other process fluids thpt have low
conductivity ranges. These sensors are most guitable for
systems from 0.02 puS/cm to 10 000 pS/cm.

(b) Multielectrode (more than two) sensors should be
selected for process fluids that have mediym to high
conductivities, such as those found on CIP or ¢hromatog-
raphy systems. These sensors are most sfiitable for
systems ranging from 0.01 pS/cm to 800 pSfcm.

(c) Electrodeless (inductive or toroidal) sengors should
be selected for process fluids that have the highpst conduc-
tivity. These sensors are most suitable for systejms ranging
from 0.1 mS/cm to 2 000 mS/cm.

) d )
encapsuratnrg mnraterrat.

PI-8.1.4.3 Process Influences. Temperature changes
impact conductivity measurements of a process fluid. All
conductivity sensors shall use either an internal or
external temperature sensor for compensation as
required.

PI-8.1.4.4 Ambient Influences. Not applicable.

PI-8.1.6 Maintenance

PI1-8.1.6.1 Calibration/Verification Schedule.
Sensors used in WFI or PW systems shall be calibrated
in accordance with compendial water requirements.

PI-8.2 pH — Glass Measuring Electrode

PI-8.2.1 General. This section provides the require-
ments for installation and operation of ion-selective pH
sensors specific to bioprocessing and pharmaceutical
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Figure PI-8.2.2-1 pH Sensor Components

PI-8.2.3.2 Cleanability. The owner/user should
consult with the sensor manufacturer regarding suit-
ability of the sensor for the intended use and steriliza-
tion/sanitization methods.

PI-8.2.3.3 Mounting Location. Sensor mounting
location affects sensor performance. The following
process-specific issues should be considered when speci-
fying the location and use of a pH sensor:

(a) The point of addition of acid and/or base to the

Temperature compensator
/—® Reference electrode
——(2) Reference junction

/—® Measuring electrode
N

industries|as well as other applications with hygienic
requirements.

The design, construction, and fabrication of pH sensdrs
are governled by other parts of this Standard.

P1-8.2.2 Components. Commonly used pH Sensor
technologig¢s incorporate four major compehents

(a) an ign-selective electrode (measuting electrode)

(b) an e]ectrolyte-filled reference electrode

(c) aliqpid interface (reference junction)

(d) an Internal or externaltemperature sensor
(temperatyre compensator)

Typical pH sensor construction combines all four of
these components into 6ne*body, referred to as a combi-
nation pH kensor (see-Figure PI-8.2.2-1).

Other cgmponents’that compose a complete sensor
assembly npay incltide elastomeric seals and gaskets, poly-
meric- and/dp-metallic-based components, holders, and

PTOCESS sotutiomrstroutdbecomsidered-wierrtoc xting a
pH sensor. Sufficient distance and/or time is‘refuired
to ensure complete liquid mixing and reaction.

(b) Locating sensors in areas prone tp flashing, favita-
tion, or siphoning or where the sensot/may not be in
constant contact with liquid should’be avoided.

(c) Maintenance of pH sensofs should be congidered
when selecting sensor locatien:

The owner/user should_consult with the sensof man-
ufacturer for mounting¢re¢ommendations.

P1-8.2.3.4 Orientation. pH sensors shofild be
installed in horizontal tubing, up-flow tubing, appropri-
ately designed flow cells, and vessels. Most pH sensdr tech-
nologies exhibit optimal performance when installgd at 15
deg or more from the horizontal (see Figure PI-8.2{3.4-1).

pH-sensors can be sensitive to flow profile. Orieftation
should'be kept consistent in order to produce rep¢atable
results.
The owner/user should follow the sensor manufac-
turer’s installation orientation recommendatiqns for
optimal measurement reliability.

PI-8.2.3.5 Insertion Length/Depth. The sensdr shall
be inserted far enough into the tube or vessel so that the
sensor measuring electrode and reference junctipn are
always in contact with the process fluid. Unprdtected
sensor exposure should be limited to help prevenf inad-
vertent breakage. Maximum recommended insertign of an
unprotected sensor from the holder is less than or efjual to
0.25in. (6.3 mm) as measured from the reference jynction
(see Figure PI-8.2.3.5-1).

The owner/user should consult with the sensof man-
ufacturer for appropriate sensor design and sensorfholder
selection.

P1-8.2.3.6 Special Considerations. The medsuring
electrode and reference junction should be keptwet at

hygienic clamp commectorns:

PI-8.2.3 Installation. All pH sensors require insertion
of the measuring electrode and reference junction into the
process fluid for proper functionality. Most pH sensors are
offered as insertion devices. Figure PI-8.2.3-1 provides
examples of acceptable installations. The owner/user
should consult with the sensor manufacturer to determine
other installation options.

PI1-8.2.3.1 Drainability. When installed, pH sensor
assemblies shall be drainable in accordance with Part SD.

all times whether in service or in storage. Extended
periods without liquid contact will permanently affect
sensor performance.

pH sensors are consumable devices and require peri-
odic replacement. The owner/user should consider
sensor accessibility during installation planning.

The owner/user should consult with the sensor man-
ufacturer for specific storage, handling, and rewetting
recommendations.
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(b) Upward Flow
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Figure PI-8.2.3.4-1 Accepted Mounting Orientations PI-8.2.4 Performance. pH sensor performance will
degrade over time. The rate of degradation is application,
maintenance, and installation dependent. Critical factors
that affect performance and the frequency of replacement
are

(a) changesinspanandresponse (measuringelectrode
function)

(b) changes in offset and stability (reference electrode
function)

(c) temperature compensator response

(d) installation (insertion length, locatiof, and
orientation)

(e) maintenance schedules and methods

(f) postmaintenance sensor recovery time

pH sensors are sensitive to coating.and/or plugging of
the measuring electrode and refefence junction, After
cleaning, sensors should be calibrated.

The owner/user should coentact the sensor manufactur-
er for recommendations baséd on documented dwner/
user performance requirements.

15 deg

P1-8.2.4.1 Accuracy. Published pH sensor accuracy
can be affected\by calibration (standardizjtion)
methods, maintenance procedures and frequgncies,
cleaning fmethods, process conditions, sensor design,
installation, and sensor age and condition, as Well as
the ambient conditions.

(a) Horizontal Flow Orientation

P1-8.2.4.2 Response Time. pH sensor responge time
is affected by sensor design, sensor age and conditi¢n, and
process temperature. As a sensor ages or procegs fluid
temperature decreases, sensor response time will
become slower.

15 deg or greater P1-8.2.4.3 Process Influences. pH sensors ardg sensi-

= tive to process influences that include, but are not fimited
W to, process fluid velocity, process fluid temperaturje, high
pH, and high ionic strength.
(b) Upward Flow or Vessel Orientation Process fluid velocity in excess of 8 ft/sec (2.4 m[’s) can
cause excessive signal noise and physical damagg.
As process fluid temperature increases, responge time
becomes faster but sensor life may be adversely affected.
High pH (over 12 pH) will tend to decrease sendor life.
High ionic strength chemicals such as those used in CIP
systems can decrease sensor life.
The owner/user should discuss process conditiofs with
the sensor manufacturer to minimize potentially n¢gative
PTOCESS INfiueTnces:

P1-8.2.4.4 Ambient Influences. pH sensors, in
combination with other loop components (electronics
and cables), can be affected by electrical noise, electro-
magnetic/radio-frequency interference (EMI/RFI),
ground loops, close coupling of sensors with other instru-
ments or equipment, and external washdown
environments.
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Figure PI-8.2.3.5-1 Insertion Length or Depth

L =0.25in. (6.3 mm)

The|owner/user should consult with the sensor man- PI1-9°OPTICAL
ufacturer to match the complete loop with ambient

conditjons. P1-9.1 Optical Devices

PI-8.2.5 Selection. The owner/user should consult PI-9.1.1 General. Optical devices are used fo measure
with the manufacturer to determine sensor applicabjlity =~ various process characteristics parameterq including
and lopp component (mounting hardware, cable, and elec- color, turbidity, concentration, percent quspended
tronic§) compatibility. solids, optical density, particle and cell size/shape, cell

density, and cell viability. Applications includg filtration,

PI-8.2.6 Maintenance. Maintenance schedules and chromatography, cell culture fermentation, [and water

methods shall be established by the-owner/user based

on owner/user historical experienge and sensor manufac- systems.
turer fecommendations. PI-9.1.2 Components

P1-8.2.6.1 Calibri.ition/Verification .Sch'edule. pH PI-9.1.2.1 Light Source(s). Optical devicds include a
sensofs should be calibrated using multipoint and/or  Jight source(s) such as visible (VIS), ultraviolef (UV), near
single{point methods; infrared (NIR), or infrared (IR), which is transitted into

Itipoint calibration adjusts both the sensor span  the process fluid.

P1-9.1.2.2 Sensor. Sensor types include photo detec-
tors, photomultipliers, and CCD (charge-coup|ed device)
imaging chips. The system can involve varipus optical

C i b the light

electrode and reference junction. Operators should beam either one-dimensionally or multidimensionally.

perform a calibration or standardization after each PI-9.1.2.3 Sight Glass. Sight glasses are one of the

cleaning or sterilization cycle. . key components of an optical device. Process fluid-
The owner/user should consult with the sensor man- contacting components of the sight glass assembly

ufacturer to establish procedures based on sensor design, shall comply with Parts MM and PM.

owner/user expectations, instrument historical perfor- (a) When glass is used as a sight glass for viewing

mance, and process design. (viewport), a glass fused to a metal hermetic compression

seal shall be used. The fused glass shall be circular in shape
within the metal frame.
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(b) Bubbles in the fused sight glass are acceptable but
the size and quantity should be kept to a minimum.
Bubbles shall not be present on the glass surface.

(c) The seal point of the glass fused to metal sight glass
is at the surface. The surface of the sight glass shall be
integral, continuous, and free of defects such as crevices
and pits.

(d) Cracked glass shall not be used.

(e) Sight glasses shall be marked with the glass type,

PI1-9.1.3.6 Special Considerations. Special care
should be taken for process fluids that are adversely
impacted by temperature to avoid high temperatures
on the process side of the sight glass or optical
window caused by the optical devices. Testing of the
optical device at the maximum operating wattage of
the probe or probes should not result in still water
within 0.5 in. (13 mm) of the probe rising more than
2°F (1°C) in 1 hr.

maximum pressure, and temperature rating as per Part For light sources used for viewing only, a thermal
DT. switch, timer, momentary switch, IR filter,co1] some

(f) Typigal sight glass mountings are shown in Figure other suitable means should be considered to"dontrol
SD-3.4.6-1. overheating.

P1-9.1.3|Installation. The measuring probe should be P1-9.1.4 Performance. In-line optical'devices genherally
installed pgst the boundary layer. Seals used for installa- require the tube to be full of liquid@nd free of exdess air
tion of viewport sight glass shall meet the requirements of pockets. Certain optical devices ¢an tolerate the presence
Part SG. of some air bubbles. The owner/user should consult with

P1-9.1.3.1 Drainability. Optical devices shall be the optical device manufacturer for guidance.
installed infaccordance with Part SD to ensure drainability. PI-9.1.4.1 Accuracy. Optical devices are inhg¢rently
P1-9.143.2 Cleanability. Process fluid-contacting i;lcil;;i?oa;ld repeatgblebut dependent on device-gpecific
surfaces of| optical devices shall be cleanable as required '
per Part SD. P1-9.1.4.2 Response Time. Optical sensing el¢ments
PI1-9.1{3.3 Mounting Location. Optical devices shall provide inStar.lt.aneous readings with no delays flue to
be mountegd in a pipe or vessel where a representative processceonditions such as temperature or floy. T-h.e
owner/user should consult the manufacturer if a gpecific
measurement can be made. L ;

A light dr combined light and sight glass for viewing response time is required.
shall be mpunted as shown in Figure PI-9.1.3.3-1. P1-9.1.4.3 Process Influences. Velocity and pprticu-

P1-9.1{3.4 Orientation. The preferred mounting of lfate content in t.he procesfs f}luld may llrzilpa.ct the clpaning
in-line opftical devices is in the vertical section;of requency requirement of the optical device.
tubing to 4void particle segregation. The probeshould P1-9.1.4.4 Ambient Influences. Some optical §ensing
be in consfant contact with the process fluid. electronics have limited process and ambient tempgqrature

P1-9.1{3.5 Insertion Length. For tube-diameters less ranges. The owner/'use.r should 'consul.t the manufgcturer

: . to ensure the selection is compatible with the tempgrature
than 1 in. (P5 mm), experimental test data-should be used o
conditions.

to assess gerformance.

For in-lige installation of tube diaméters ranging from 1 PI-9.1.5 Selection. Optical device sensing technglogies
in. (25 mni) to 4 in. (100 mm); optical probes should be vary based on the intended application and syitable
mounted a|minimum (L,;,)©£0.3 in. (8 mm) away from measurement ranges. The owner/user shall det¢rmine
any interidr tube wall (référence Figure PI1-9.1.3.5-1). the desired measurement range and unit of measujement

For vesgels and tubing in excess of 4 in. (100 mm) before selecting the optical device and assofiated
diameter, ¢ptical pfobes should be mounted where the technology.
glass meajurement Surface is a minimum (L,;,) of 1.5
in. (38 mi) from any interior tube wall (reference
Figure PI-9.113.5-2).
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Figure PI-9.1.3.3-1 Vessel Light Glass Design and Mounting

(Accepted) [,

25 %w/«

(a) Hygienic Full-Flange Light Glass (b) Hygienic Clamp Light
on Hygienic Clamp Pad on Hygienic Clamp Pad (c) Hygienic Clamp Light

= -
///%

(d) Fiber-Optic Light on Hygienic Clamp

(e) Typical Vessel Light Glass Mounting Tangent to Tank Head
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Figure PI-9.1.3.5-1 In-Line Insertion Length

e

Lmin

N A

7N

N
7 \

Figure P1-9.1.3.5-2 Insertion Probe Length

Lonin = minimuRirecommended
distance_from interior tube wall
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PART SG
SEALING COMPONENTS
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PURPOSE AND SCOPE

purpose of this Part is to provide the requirements
sealing components of seals, valves, and fittings
) the bioprocessing industry. These sealing compo-
create or maintain process boundaries between
1 components and/or subassemblies to ensure
s system integrity. This Part defines the design
5, valves, and fittings. This Part also enables equip-
nanufacturers, system designers, and owner/users
Cify the required seal, valve, and fitting type and
mance for specific applications. It is not the
of this Part to inhibit the development or use of
chnologies.

SG-2 |[SEALING COMPONENT TYPES

SG-2.

Seal
take a

I General

ing components used in bioprocessing equipment
variety of forms based on their function within the
systen) and the process boundaries to the atmosphére and
other $ystems, which they must maintain. The\fellowing
sections define the main types of sealing compdnents and
their dcceptability for use in the bioprogessing industry.
For this section, seals are divided inte-static and dynamic
seals. All acceptable seals shall meet-the design criteria,
materials, and performance characteristics contained in
this Standard.

SG-2.

SG-}
absen
betwe

p Static Seals

2.2.1 General."A'static seal is characterized by the
e of relativesmotion between sealing surfaces, or
bn the sedling surface and a mating surface, after
initial|installation. Small amounts of movement that
might |bescatised by thermal expansion, vibration, bolt

the process integrity is maintained. They nflude seals
between two ferrules.

The geometry of the most commomhygienfic union is
governed by Table DT-7-1 and is&hown in Figures SG-
2.2.2-1 and SG-2.2.2-2. Other geofnetries for the opposing
ferrules are also used in the industry and are cgntrolled by
relevantindustry standards.[€.g., SO 2852, DIN 11864 (-1,
-2, -3, O-rings)]. (See Figutes SG-2.2.2-3 and $G-2.2.2-4.)

Other hygienic unipns“and cross-sectional geometries
shall meet all of the’tequirements of this Standard, except
for the ferrule dimensions.

Nonhygienicyconnections shown in Figure|SG-2.2.2-5
are not réecommended (e.g., threaded fittings exposed
to process fluid).

$G-2.2.3 0-Ring Seals. An O-ring is a ring|seal with a
circular cross section (a toroid), designed to bgseated in a
groove and compressed during assembly.
most often used as static seals. These are used gxtensively
in hygienic applications and can seal both radially and
axially opposed faces. Common static O-ring applications
include sealing fasteners, shaft couplings, and pump and
filtration components.

Other ring seal geometries of varying crofs sections
(e.g., manway gaskets) may be used in hygienic applica-
tions. However, significant differences may eyist in their
performance (e.g., pressure and cleanability), and they
should be evaluated accordingly.

Examples of O-ring industry standards ix
AS568, Aerospace Size Standard for O-Ring
3601, Fluid Power Systems — O-Rings.

For use in bioprocessing applications, O-ring
mating surfaces shall meet the requireme
Standard.

SG-2.2.4 Other Static Seals. Other static s¢als used in
bioprocessing applications shall meet the requjrements of

clude SAE
s, and ISO

s and their
hts of this

stretcl 5 OT seat TeSpoIrsT to—ftrid pressure domot—attetr
the static definition.

S$G-2.2.2 Hygienic Unions. Hygienic unions provide
connections between process components (e.g., pipe
fittings, tank fittings, instruments, and hoses) to ensure
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Figure SG-2.2.2-1 Hygienic Union per Table DT-7-1

See Fig. SG-4.2-1

intrusion/recess

See Fig. SG-4.2-1

intrusion/recess

T ™

4

)
(

(a) T
1in. and

i

ypical Hygienic Clamp Union —
Smaller (Type A) per Table DT-7-1

(Accepted)

(Accepted)

Figlire SG-2.2.2-2 Hygienic Clamp Union
per Table DT-7-1

Symm

ptric ferrules

(Accepted)

(b) Typical Hygienic Clamp Union —
1in. (Type B) per Table DT-7-1

n (]
|

(c) Typical Hygienic'Clamp Union —

(Accepted)

Figure SG-2.2.2-3 Hygienic Union per DIN 11864

1.5 in. and Larger (TypeB) per Table DT-§-

(Accepted)
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Figure SG-2.2.2-4 Hygienic Clamp Union per DIN 11864

Asymmetric ferrules

(Accepted)
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Figure SG-2.2.2-5 Nonhygienic Connections

(Not Accepted for Hygienic Service)

- Actual sealing point
Crevice area

/ @ A N /Tubing
_ Q L 49

/

Fitting or valve

(a) Roll-On Fitting
(b) Compression Fitting

Major crevice area

)

, S \

;
J

Rough intdrior
finish

(c) Threaded Joint Clearance at bolt % Gasket not positively
holes‘may permit “““ I““ located may slip
misalignment =~ and cause large drevice

@ (d) Flanged Joint

(e) Bevel Seat \—ﬁ > YI

Fitting7 /—Crevice area
Tubing or pipe

|
V Z /K / 1 \- Difficult to clean
( p) o

lo-Datail
) tTrTNOZZre-oetahr

\
Lzzr

(g) Socket Joint
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Inflatable static seals are static seals where gas is
supplied to the inner part of the seal, providing a
pillow barrier between the process and the atmosphere.
They are commonly used in large process components,
and in connections to support structures.

SG-2.3 Dynamic Seals

A dynamic seal is characterized by the movement of the
seal surface and a mating surface after initial installation.

nents. A dynamic seal is used on a rotary stem (see Figure
SG-2.3.1.3-1).

S$G-2.3.1.4 Rising Stem Single, Double-Seat Mix-
Proof, and Needle Valves. Plug(s) are used to close
flow against seat(s). Dynamic seal(s) are used on
linear stem(s). Static seals are used between body compo-
nents (see Figure SG-2.3.1.4-1).

S$G-2.3.1.5 Butterfly Valves. The seat/seal creates a
dynamic seal when the diskis rotated into the closed posi-

SG-2.3.1 Valves tion (see Figure SG-2.3.1.5-1). The seat/sealalsp forms the
$6-2.3.1.1 General. Valves are process components ~ Primary stem seal to prevent leakage through the stem
that povide dynamic seals within the process. They also ~ journal
provide seals between the process and the atmosphere. $G-2.3.1.6 Thermostatic Steam Trap. Th¢ valve seat
! . is closed by a plug attached to a@dynamic bellows seal. The
5¢-2.3.1.2 Diaphragm Valves body cavity for a serviceable/steam trap is typigally sealed
(a) \Weir Diaphragm Valve, Weir Diaphragm Tank by a static seal (see Figure SD-3.1.2.2-1).
Bottom Valve. T}'le diaphragm seal is a flexible mer'nbrane SG-2.3.1.7 Back-Pressure Control|Valve. A
that forms positive closure when compressed against the . . .
. . ) . nonsliding seal (su¢h as a diaphragm) is us€gd to seal a
weir (see Figure SG-2.3.1.2-1). The diaphragm is a .
. i linear stem. Fot closure, the valve may use p soft seal,
produgt/process contact seal creating both static (atmo- ¢ .
. ) . . such as an Q-¥ing or diaphragm, or a metgl-to-metal
spherif) and dynamic (differential) seals. ;
. , . . seal/seat“(see Figure SG-2.3.1.7-1). To regulate the
(b) Radial Diaphragm Valve, Radial Diaphragm Tank . :
. . . flow, the\operating diaphragm responds to gressure to
Bottom Valve. The diaphragm seal is a flexible membrane . . .
n . control the regulating plug and functions ps a static
that fdrms positive closure when compressed against a sealdround its perimeter
radial |seat (see Figure SG-2.3.1.2-2). The diaphragm is P '
typically a product/process contact seal creating both S$G-2.3.1.8 Pinch Valve. Pinch valves usp a flexible
static [(atmospheric) and dynamic (differential) sealss’¥’ tube or sleeve that forms a differential yjeal when
However, in some designs static seals may be used closed (see Figure SG-2.3.1.8-1).
between body components. .
(c) Weirless Diaphragm Valve. The diaphragmrseal is a $G-2.3.1.9 Check, Pressure Relief, and Safety
flexible membrane that modulates flow across,a‘weirless Pressure Relief Valves
valve|body and also forms positive closure when (a) A check valve is a unidirectional flow glevice (see
compfessed against the weirless walve body (see Figure SG-2.3.1.9-1). When the application reqiiires drain-
Figure¢ SG-2.3.1.2-3). The diaphtagm is a product  ability, a check valve may include provisions fdr drainage,
contadt seal creating both atmospheric and differential such as flats, drain holes, or a drain port.
seals. (b) Apressurereliefvalveisatype of valve thatrelieves
(d) Linear Control Valve~A.sliding seal (such as an O-  pressure in a system in order to protect against mechan-
ring) dr nonsliding seal (Such as a diaphragm) is used to  jcal damage of equipment. An override device nhay be used
seal a Jinear stem (se€Figure SG-2.3.1.2-4). For closure,  toallow flow through the valve for the purpose pf cleaning.
the linpar control valyé may use a soft seal such as an O- Pressure relief valves allow bypassing of thg overpres-
ring of diaphragmrer a metal-to-metal seal/seat. sured fluid back into the process line or a sdfe location
(e) RegulaterValve. A control diaphragm is a flexible  (e.g, from a pump discharge back to the punfp suction).
membfane_that typically is used as a pressure barrier (c) A safety pressure relief valve is a type off valve used
and alpo ferms a static seal to the atmosphere. A plug-  to relieve the pressure in a system or vessel, daused by a
type dyMamIC Sedl May D€ USed 10T CIOSUTe. STAtT Seals process upset, Instrument or equipment failure, or fire. Its

are used between body components. To regulate the
flow, the operating diaphragm responds to pressure to
control the regulating plug and functions as a static
seal around its perimeter (see Figure SG-2.3.1.2-5).

$G-2.3.1.3 Ball Valve and Ball Tank Bottom Valve.
The seat/seal functions as a dynamic seal against the
rotating ball. Static seals are used between body compo-
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purpose is to protect people and equipment from a poten-
tial explosion or leak. The flow is one-directional. In case of
overpressure, the fluid is discharged to a safe location
outside the pressurized system.
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Figure $SG-2.3.1.2-1 Weir Valves

\/W

(a) Weir Diaphragm Valve (b) Weir Diaphragm Tank Bottom Valve

Figure SG-2.3.1.2-2 Radial Valves

// /
{;VT'X-YDY.I.F"(‘/

L %

SO

(a) Radial Diaphragm Tank Bottom Valve (b) Radial Diaphragm Valve

Y

L %

(c) Bellows Radial Diaphragm Tank Bottom Valve (d) In-Line Radial Diaphragm Valve
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Figure SG-2.3.1.2-3 Weirless Diaphragm Valve

Figure SG-2.3.1.2-4 Linear Control Valves

=

N\
=

= \

%

O N
- Y
<—

I

PN

& Yz,
() Linear Control Valve (b) Linear Control Valve (c) Linear Control Valve
With O-Ring Seal With Elastomer Diaphragm Seal With Metallic Diaphragm Seal

NN
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Figure SG-2.3.1.2-5 Regulator Valve

ZzZz1
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(a),Ball Tank Bottom Valve
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............. 3 U

(b) Ball Valve
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Figure SG-2.3.1.4-1 Rising Stem Single, Double-Seat Mix-Proof, and Needle Valves

\ Y
I
(a) Rising Stem Single Valve (b) Double-Seat Mix-Proof Valve (c) Needle Valve
Figure SG-2.3.1.5-1 Butterfly Valve Figure SG-2.3.1.7-1 Back Pressure Contrdl Valve

NN N W

I
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Figure SG-2.3.1.8-1 Pinch Valve

(a) Pinch Valve Open (b) Pinch Valve Closed
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Figure SG-2.3.1.9-1 Pressure Relief and Check Valves

MO|4

Closed (Check) Position

Open (Flow) Position
(a) Spring-Type Check Valve

Flow

Closed (Check) Position

Open (Flow) Position
(b) Poppet-Type Check Valve (Vertical Configuration) [Note (1)]

Normal Flow Direction

@M

Closed (Check) Position

Open (Flow) Position

(c) Poppet-Type Check Valve (Horizontal Configuration) [Note (1)]

NOTE: (1) Gray color represents backflow blocked by the poppet.
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S$G-2.3.1.10 Plug Valves. The plug-body valve or
plug-seal valve functions as a dynamic seal against the
rotating plug (see Figure SG-2.3.1.10-1).

SG-2.3.2 Mechanical Seals
S$G-2.3.2.1 General

(a) Anend face mechanical seal is a device that controls
leakage of fluids along rotating shafts. Sealing is accom-
plished by a stationary face bearing against the face of a

(3) Dual pressurized mechanical seals offer absolute
separation of process and atmosphere.

(4) The pressurized barrier fluid will weep into the
process and will weep into the atmosphere.

(5) The owner/user shall arrange for a pressurized
barrier fluid to be introduced between the inboard seal
and the outboard seal to ensure a positive barrier exists
between the process and the atmosphere. A liquid barrier
fluid such as water also cools and lubricates the dual
mechanical seal. Gas barrier fluid such as air provides

rotating rifig mounted to the shaft. The sealing 1aces are
perpendicylar to the shaft axis. Axial mechanical force and
fluid presspire maintain the contact between the wearing
seal faces.

(b) Sele
ment and §
user. The
supplier/nf

‘tion of the proper seal for the specific equip-
pplication is the responsibility of the owner/
owner/user shall consult the equipment
anufacturer.

$G-2.3

(a) Sing
which ther
(b) Sing
servable lg
(c) Sing
the directi
(d) Sing
(1) T
cooling fol
vacuum co
(2) N
cationand
flush plan
3) A
Figure SG-

.2.2 Single Mechanical Seals

e mechanical seals are seal arrangements in
b is only one mechanical seal per seal chamber.
e mechanical seals offer simplicity and an ob-
akage path to the atmosphere.
e mechanical seals weep fluid across the face in
n from high pressure to low pressure.
e Mechanical Seals for Pumps
he process fluid provides lubrication and
the faces. A single seal operating in dry or
nditions will result in seal failure.
tall process fluids will provide adequate lubri-
fooling. In this case an alternative seal design or
shall be considered.
typical single seal for pumps is illustrated in
p.3.2.2-1.

(e) Single Mechanical Seals for Top-Mounted Agitators

(1) Sipgle mechanical seals for-top-mounted agita-
tors operate in the head spaceof'the vessel typically
exposed td the gas phase of the\process fluid.

(2) Tgp-mounted agitator'single seals may contain a
debris wel] to catch weafumaterial from dry contacting
faces.

(3) A
agitators i

typical single-seal design for top-mounted
illustrated in Figure SG-2.3.2.2-2.

SG-2.3.2.3-Dual Mechanical Seals

a barrier between the atmosphere and proceis only
and does not provide cooling or lubrication te the seal
faces.

(6) Providing barrier fluid flow aid pressur
appropriate temperature is the responsibility
owner/user and shall be based on'the recommer
of the equipment manufacturer,

(7) Atypical dual pressurized mechanical sea
strated in Figure SG-2.3.2{3-1 for pumps and Figy
2.3.2.3-2 for top-entry agitators.

(b) Dual Unpressturized Mechanical Seals

(1) Dual unpressurized mechanical seals cor
an inboard mechanical seal and an outboard mec}
seal. Buffer fluid is injected between these two sed
inboard mechanical seal has process contact, a
outboard“mechanical seal has atmospheric conta

(2) Unpressurized buffer fluid means the buff
pressure is lower than the process pressure actingfon the
inboard mechanical seal. The highest pressure|in the
sealing system is the process pressure on the igboard
side of the inboard seal. The lowest pressure |of the
system is the atmosphere pressure on the outboayd seal.

(3) Dual unpressurized mechanical seals offef abso-
lute separation of the atmosphere from the process|but do
not provide absolute separation of the process fr¢m the
atmosphere.

(4) Process fluid will weep into the unpresg
buffer fluid, and the buffer fluid will in turn weg¢
the atmosphere along with dilute process fluid.

(5) The owner/user shall arrange for an unpgessur-
ized buffer fluid to be introduced between the inbodrd seal
and the outboard seal to ensure a buffer betwefn the
process and the atmosphere. The process fluid wil| pene-
trate between the inboard seal faces. The buffer fluld with
traces of process fluid will penetrate the outboard seal
faces.

b at an
of the
dation

isillu-
re SG-

sist of
hanical
Is. The
hd the
t.

er fluid

urized
p into

(a) Dual Pressurized Mechanical Seals

(1) Dual pressurized mechanical seals consist of an
inboard mechanical seal and an outboard mechanical seal.
Pressurized barrier fluid is injected between these two
seals. The inboard mechanical seal has process contact,
and the outboard mechanical seal has atmospheric
contact.

(2) Pressurized barrier fluid means the barrier fluid
pressure is higher than the process pressure acting on the
inboard mechanical seal.

210

(6) Providing buffer fluid flow and pressure at an
appropriate temperature is the responsibility of the
owner/user and shall be based on the recommendation
of the equipment manufacturer.

(7) A typical dual unpressurized mechanical seal is
illustrated in Figure SG-2.3.2.3-3.
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Figure $SG-2.3.1.10-1 Plug Valve

O

=

Figure SG-2.3.2.3-1 Dual Pressurized Mechanical Seal for
Pumps

Barrier outlet

Rotating face
Process side

Atmospheric side

Q)
S

Figure SG-2.3.2.2-1 Single Mechanical Seal

Rotating face

Procesp side

Atmospheric side

Figurd SG-2.3.2.2-2 Single Seal for Top-Entry Agitator

Atmospheric side

Rotating face

Stationary face

Debris well

Process:side

%Sta ionary side
Ba

Frier inlet

Figure SG-2.3.2.3-2 Dual Pressurized Mechgnical Seal
for Top-Entry Agitator

Atmospheric side

Stationary face

\

Barfier outlet

/

Rotgting face

Delris well

Process side

Barfier inlet

Figure SG-2.3.2.3-3 Dual Unpressurized Mechpnical Seal
for Pumps

Ifer outlet
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Process side Rotating face

Atmospheric side
Stationary face

Buffer inlet
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SG-2.3.2.4 Flush Plans. A flush plan describes how
the end face mechanical seal is lubricated and cooled. The
flush plan numbers directly reflect plans that were devel-
oped by the American Petroleum Institute (API 682), were
subsequently approved by the American National
Standards Institute (ASME B73 series), and are global
standard shorthand for seal support systems. If properly
implemented to the requirements of this Standard, all of
the following flush plans are acceptable for use in the
bioprocessing industry. The numbering system used

(h) Flush Plan 53. This plan is for pressurized dual seals
only. Pressurized barrier fluid is circulated through a
reservoir where the barrier fluid is cooled then returned
to the seal cavity. Circulation must be provided by a
pumping device located in the dual-seal design. This
arrangement ensures that the atmosphere and pumped
process fluid cannot cross-contaminate. The barrier
fluid shall be compatible with the product. See Figures
SG-2.3.2.4-9 and SG-2.3.2.4-10.

(i) Flush Plan 54. This plan is for dual pressurized seals

below is also recognized and used by the Fluid Sealing only. Pressurized barrier fluid is circulated threugh the
Associatjon (FSA) and the European Sealing dual-seal cavity from an external source. The\soyirce of
Association (ESA as a group associated with FSA). ISO flow and pressure is undefined in this flush plapn. The
21049, AP| 682, and ISO 13709 also contain important barrier fluid pressure between the inbeard and outboard
informatioh about support systems for mechanical seals. seals shall be higher than the proces$pressure acfing on
(a) Flush Plan 01. Internal seal chamber circulation for theinboard seal. The barrier fluid,shallbe compatibje with
single sedl from pump discharge. A high-pressure the process fluid. See Figures SG#2(3:2.4-11 and SG-3.3.2.4-
discharge ¢f the process fluid flows to the low-pressure 12.
seal chamMfer. The flow of process fluid cools and lubri- (j) Flush Plan 55. This plan is for unpressurizgd dual
cates the seal faces. See Figure SG-2.3.2.4-1. seals only. Unpressurized buffer fluid is circplated
(b) Flush Plan 02. Dead-ended seal chamber with no through the dual-sealtavity from an external Jource.
other sourges of flush for single seal. The ambient condi- The source of flow'and pressure is undefined |n this
tions of thg seal chamber are satisfactory for the process flush plan. The¢buffer fluid is at a pressure lesfs than
fluid to rerhain a coolant and lubricant for the seal faces. the process.side of the inboard seal. This plan|offers
See Figure|SG-2.3.2.4-2. protection from the process fluid entering the atmofgphere
(c) Flush Plan 03. Dead-ended seal chamber with circu- and, whén used under vacuum conditions, from thg atmo-
lation between the seal chamber and the pump created by sphere'entering the seal chamber. See Figures SG-4.3.2.4-
the design ¢fthe sealing chamber. The flow of process fluid 13rand SG-2.3.2.4-14.
cools and lubricates the seal faces and may prevent the (k) Flush Plan 74. This plan is for gas-pressurizgd dual
accumulatijon of solids in the seal chamber. See Figure SG- seals only. The barrier fluid pressure between the ipboard
2.3.2.4-3. and outboard seals shall be higher than the procesf pres-
(d) Flusp Plan 11. Seal flush from pump discharge-for sure acting on the inboard seal. The barrier fluid shall be
single seal{ Often uses an orifice, but the flush ling itself compatible with the process fluid. See Figures SG-34.3.2.4-
may be considered an orifice. A high-pressuredischarge of 15 and SG-2.3.2.4-16.
the process fluid flows to the low-pressure.seal chamber. .
The flow df process fluid cools and lubricates the seal 5G-2.3.3 Other Dynamic Seals
faces. See Figure SG-2.3.2.4-4. SG-2.3.3.1 Reciprocating Seals. Reciprocatinf seals
(e) Flush Plan 32. Seal flush frgmyexternal source. This have axial movement between the inner andlouter
plan is used for single seals. A fluid that is compatible with elements, as in a plunger or a piston and a cylinder.
the procesgisinjected into theseal cavity to cool and lubri- The seal, usually an O-ring, slides along the sealing spirface.
cate the sedl. Plan 32 flush.fltrid will go into the process. See
Figure SG-P.3.2.4-5. S$G-2.3.3.2 Oscillating Seals. Oscillating seals have
(f) FlusH Plan 52//This plan is for unpressurized dual angular movement around an arc, as in a valve jandle.
seals only. UnpreSsurized buffer fluid circulates  The seal, usually an O-ring, slides between the inner
through a|resefvoir. The buffer fluid is at a pressure and outer elements and has limited or no longitludinal
less than th€ process side of the inboard seal. This  Mmovement.

plan offers protection from product entering the atmo-
sphere and, when used under vacuum conditions, from
the atmosphere entering the seal chamber. See Figures
SG-2.3.2.4-6 and SG-2.3.2.4-7.

(g) Flush Plan BPE52. Flow and pressure are taken from
the pump discharge and injected between the dual seals.
The seal cavity is vented to alow-pressure point. This flush
plan is used exclusively for dual unpressurized seals. See
Figure SG-2.3.2.4-8.
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Figure SG-2.3.2.4-1 Flush Plan 01 Figure SG-2.3.2.4-4 Flush Plan 11

Pump discharge
Flush

Inlet

Seal chamber

{7

Figure SG-2.3.2.4-5 Flush Plan 32

Figure SG-2.3.2.4-2 Flush Plan 02

rnal source
Seal chamber

Figure §G-2.3.2.4-3 Flush Plan 03

Seal chamber

Laasiddoa [ " \
Wit ctratroT o ot P
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Figure $SG-2.3.2.4-6 Flush Plan 52 for Pump Figure $SG-2.3.2.4-9 Flush Plan 53 for Pump

Reservoir

:/Buffer outlet

; I Barrier outler
/Buffer inlet \'D

. T\Fﬁ Barrief inlet

72d )

A

Figure SG-P.3.2.4-7 Flush Plan 52 for Top-Entry Agitator Figure SG-2.3.2.4-10<Flush Plan 53 for Top-Entry
Agitator

\Reservoir

oir

Buffer outlet

Buffer inlet ief outlet

ief inlet

Figure BG-2.3.2.4-8 Flush PlanBPE52 for Pump

Pump discharge

Hygienic pressure and
flow control device

THre-otteT

| I —Buffer inlet
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Figure $SG-2.3.2.4-11 Flush Plan 54 for Pump

Barrier outlet

Figure SG-2.3.2.4-14 Flush Plan 55 for Top-Entry
Agitator

Buffer outlet

Buffer inlet

I

Barrier inlet

Figyre SG-2.3.2.4-12 Flush Plan 54 for Top-Entry

-

Agitator
[
< Barrier outlet
\Barrier inlet
\
gure SG-2.3.2:4-13 Flush Plan 55 for Pump

Buffer outlet

Figure SG-2.3.2.4-15 Flush Plan 74 for [Pump

Vent yalve

Gas bprrier outlet

Gas Harrier inlet

Figure SG-2.3.2.4-16 Flush Plan 74 for Tqp-Entry

Agitator

Blrrier outlet

Vent valve

i

Buffer inlet
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SG-3 SEALING COMPONENTS GENERAL DESIGN
REQUIREMENTS (GENERAL PROVISIONS)

SG-3.1 Seal Design Conditions

The equipment supplier/manufacturer shall be
informed of all the conditions under which the seal
may be expected to operate. These shall include, in addi-
tion to the service temperature and pressure, any para-
meters that may affect the seal performance (reference

S$G-3.2.1 Cleaning Systems

(a) Clean-in-Place (CIP). The process contact surface(s)
part of a seal shall be designed so that accumulation of
system media can be removed through the action of a
cleaning solution. The seal should be placed to allow
for best drainability.

(b) Clean-out-of-Place (COP). Disassembly for cleaning.

S$G-3.2.2 Sterilizing Systems. Seal requirements shall
be based on the sterilization method used. All process

Form 5-1, PPICAHOIT LA STIEE). L 15 TP TOTIe €qiib® contact seal surfaces shall be designed to mipimize
ment supplier/manufacturer to inform the owner/user of . . i
. . . cracks and crevices. When cracks and creyvices ¢annot
the servicg life expectancy and the methods that will . s . .
" h | ‘thin its desi be avoided, sterilization testing shall be performed fo vali-
enSl_lfI_.e t at the seal operates within Its design date sterility within the system boundaties. All seqls and
specificatign. seal contact surfaces shall be designed to accomrhodate
SG-3.1.1{ Service Temperature. Seals shall be capable expansion and contraction during sterilizatiqn and
of preventing unacceptable leakage when thermally cooling-down stages. Seal mate¥idls that are corrosion
cycled betyveen the rated upper and lower temperature resistant to saturated steam and pure steam shall be
limits. The|number of allowable thermal cycles shall be used. The seal should bé placed to allow for drpinage
stated by the manufacturer. of fluid. The following dre typical sterilizing systg¢ms:
. a) Steam-in-Place (SIP). All seals and their assemblies
SG-3.1.2| Service Pressure. The service pressure is the (@) o (51P) . .
" e : shall have a minimhurn temperature rating meeting the re-
maximum permissible usage pressure for which the seal quirements of §D-2.3.1.1
meets the haximum permissible leakage rate. The service ¢ I
d level f . hall b (b) Chemical sterilization.
A aﬁcemalnce i rating shall be (c) Hot aif sterilization at 320°F (160°C).
urnished by the seal supplier/manufacturer. (d)-Irddiation.
.SG-3.-1.3 Bioburden. Biqburden is the fzonce.ntration of $G-3.2.3 Passivation Systems. The followihg are
microbial [matter per unit volume. Microbial matter . N . )
. . . typical passivation and derouging systems:
includes vifuses, bacteria, yeast, mold, and parts thereof. .
(a) acid treatments
SG-3.1.4 Cavitation Resistance. The seal shall be (b) proprietary trade formulations
placed so s to minimize damage by cavitation. Full information shall be provided by the supplie/man-

SG-3.1.% Sterilization. The complete sterilization
procedure| shall be supplied by the ownery/user. This
shall inclyde the methods, frequencyyand length of
operation.

SG-3.1.6 Cleaning. The complete ¢leaning procedure
shall be supplied by the owner /user'to the supplier/man-
ufacturer f¢r evaluation and séleetion of compatible mate-
rial. This shall include themethods, frequency, and length
of operatiqn.

SG-3.1.7| Passivation. The complete passivation proce-
dure shall Ibe supplied by the owner/user. The equipment
supplier/mandfacturer shall inform the owner/user
whether the'se i e < ifi

before the start of operation.

SG-3.2 System Requirements

All systems require cleaning and sterilization of seals on
a regular basis. This is necessary to ensure elimination of
any bacterial growth, which could harm the seal, future
products, or the environment. The methods of cleaning are
listed in SG-3.2.1 through SG-3.2.3.
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ufacturer as to the corrosive or erosive effect on tje seal.
See Nonmandatory Appendix D, Rouge and Stainlesf Steel,
and Nonmandatory Appendix E, Passivation Progedure
Qualification.

SG-3.3 Seal Construction
SG-3.3.1 Materials

hall be
manu-
eal (or
s long
PSS are
ibility
g—sha a g a apgesin raw
materials or processes used to fabricate seals.
Otherwise, biocompatibility testing is used on initial quali-
fication of the material and process by the seal supplier/
manufacturer.

(b) Process Compatibility. Seal materials shall be resis-
tant to corrosion from process, cleaning, and sterilization
fluids. Selection shall be based on all media that could
come in contact with the seal, including cleaning and ster-
ilization media. Special consideration shall be made when
the exposure is at elevated temperature. Material

(a) Biocompatibility. Biocompatibility testing s
performed per PM-3.1. Qualification testing of final
factured seals can be performed on any given size §
combination thereof) within a seal product group
as the materials used and the manufacturing proc
representative of the entire group. Biocompat
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selection shall be governed by Part PM and reference Form
S-1, Application Data Sheet. It is unlikely that any single
seal material can withstand all conditions present in the
facility. Material selection should be done in concert with
the seal supplier/manufacturer to ensure that seal perfor-
mance is maximized for each location within a process.
However, material selection remains the responsibility
of the owner/user.

(c) Permeation Resistance. Seal permeation shall be
included in seal leakage criteria and is not addressed

connections. In addition, the following general require-
ments apply to all hygienic static seals:

(1) Gaskets and O-ring seals shall seal and meet the
cleanability and bioburden control requirements of the
application. Fittings should be selected or designed to
consider the gasket or O-ring geometry, materials of
construction, and seal performance under operating
conditions.

(2) Static seals should be self-aligning and self-
positioning.

as an Individual topic.
(d) |Surface Finish
Seals shall be free of molding imperfections or
ithin the system boundary and on sealing surfaces.
Seals shall be free of foreign matter on surfaces
the system boundary and on sealing surfaces.
Surfaces to be sealed shall meet specifications

ubrication. When required to facilitate installation,
ay be lubricated with an acceptable lubricant that

1 removed. All sealiand seal contact surfaces
e designed to mininize cracks or crevices that
arbor system¢(media.

ead Spaces.Dead spaces are defined here as a void
rocess contact surface(s) portion of the structure
pletelyroecupied by a seal and are usually required
to allov fof:thermal expansion of the seal material. These
should be’avoided. All seal and seal contact surfaces shall
be designed so that the system is self-draining when seals
are properly installed.

SG-3.3.2.2 Static Seals

(a) Static Seal General Design Requirements. SG-2.2 lists
some standards describing the design of hygienic unions,
O-rings, and other static seals. Figures SG-2.2.2-1 through
SG-2.2.2-4 illustrate typical static hygienic and O-ring
connections. Figure SG-2.2.2-5 illustrates unacceptable
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Pnic union
n SG-2.2.2.
e general
al require-
sh require-
icseals are
-4.2-1.

(b) Hygienic Unions. Most common hygi
geometries used in bioprocessing are listed
All hygienic unions shall comply with th
design requirements in this Part,<4he materi
ments of Parts MM and PM, and the surface fini
ments of Part SF. Intrusion categories of hygier
defined in SG-4.2 and illustrated in Figure S(

(c) O-Ring Seals

(1) General O-Ring<dnd Gland Design Crit
ring is a seal withia circular cross section
designed to bé seated in a groove and cd
during assembly. These are most often usg
seals. O-rings are used extensively in hygienic 2|
and can.seal by applying compression (squeq
radially’and/or axially opposed faces. In 4
sealing performance during bioprocessing
performance during other processes, typica
bioburden control processes, shall be consid
design of a hygienic O-ring seal. The follow
criteria should be evaluated:

(-a) seal performance under all procesqconditions

(-b) proximity of the sealing point to the bulk fluid
flow for CIP and bioburden control processe$

(-c) consistent location of the sealing
exposed surfaces under all relevant process

(-d) ability to handle the effects of ther]
sion and chemical swell

(-e) drainability

Often designs that target specific criter
others. For example, installation of O-rin
grooves to improve cleanability often cause
due to the thermal expansion of elastomers bg
cantly greater than the thermal expansion
steel or other nonmetallic materials.

The owner/user should consult with the seal
designer to optimize the design for an applifation. The
owner/user should determine whether an O-ring seal
provides adequate overall performance for a specific
application.

Some examples of O-ring groove designs are shown in
Figure SG-3.3.2.2-1.

(2) 0-Ring/Gland Sizing (Fill). Proper gland design
and appropriate O-ring selection are critical for proper
sealing. O-ring selection includes the proper sizing and
proper material selection for the process environment.
An O-ring gland shall include sufficient room for

eria. An O-
(a toroid),
mpressed
d in static
pplications
ze) on the
ddition to
roduction,
ly CIP and
bred in the
ing design

point and
tonditions
mal expan-

a sacrifice
bs in tight
problems
ing signifi-
f stainless
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Figure SG-3.3.2.2-1 Examples of Static O-Ring Grooves

(-a) O-Rings. Fully molded O-rings should be used,
wherever possible.

(-b) Vulcanized Bonded Joints. When the fully
molded seal diameters are not available, O-rings fabri-
cated from molded section using molded vulcanized
joints can be fitted as long as the following parameters
are kept:

(-1) Materials. All bonded joint seal materials
shall be compliant with SG-3.3.1 and any additional re-
quirements specified by the owner/user. The vulcanized

thermal ejpansion and chemical swell to prevent seal
material ¢xtrusion and damage. Seal designs that
compress in multiple directions require extra caution.

(3) OfRing Stretch (Elastomeric O-Rings). It is
suggested|that O-ring stretch during installation be
limited. The designer should consider the maximum
amount of[allowable stretch to prevent O-ring breakage
during parfassembly. When located in position for use, the
O-ring strefch should not exceed 5%. Similarly, the O-ring
diameter should notbe too large for a groove, which would
cause the 1fing to buckle. Overstretching or oversizing an
O-ring can|lead to premature seal failure.

(4) OiRing Compression (Squeeze). Proper O-ring
compressipn is critical to proper sealing. At ambient
temperature, O-ring compression is frequently in the
range of 1J0% to 25%; however, this can vary greatly
depending on materials, conditions, and applications
(e.g., statid vs. dynamic). O-ring compression over 30%
should gengrally be avoided. Relative O-ring compression
can increape during heating due to thermal expansidn.
Factors to ¢onsider for O-ring compression include.chem-
ical swell, femperature change, elastomer hardness, etc.
Caution shpuld be taken when substitutingtelastomeric
seals for ngnelastomeric seals or vice versa."A nonelasto-
meric seal may require a crush grooveyand direct substi-
tution of ah elastomer into such a groove may result in
premature|seal failure.

(5) OfRing Thermal Expansion. O-ring thermal
expansion |is dependent ontthe particular material and
formulatign. The O-ring@upplier/manufacturer can
provide irfformation‘on/the material’s coefficient of
thermal exjpansion{(CTE) characteristics.

(6) Hygienic.O-ring connections are available (see
Figures SGf2.2:223 and SG-2.2.2-4) in threaded, flanged,

bonded joint should consist of either an unvulcpnized
portion of the seal material or a compatible.mpterial
where this gives an improved joint. In bothk’ casps, the
joining material shall meet the sameequiremgnts as
the seal material.
(-2) Joint Integrity. The jointintegrity shall meet
the strength requirements of the.dpplication. A vuldanized
O-ring should contain only enéjoint. Where tooling avail-
ability limits seal diametefetra joints can be included by
prior arrangement with'the owner/user.
(-3) Excessive Material and Tool Marks. All
excessive joint material shall be removed. The qurface
finish and any residual material, tool marks, or redyctions
in cross-sectional tolerances should not be at a leyjel that
compromises seal performance and cleanability.
(Z¢) Adhesive-Bonded Joints. Adhesive-bpnded
joints“should be avoided and their use shall be agreed
to between the supplier/manufacturer and the qwner/
user.
(d) Other Static Seals
(1) Flat Gaskets. All flat gaskets shall comply wfith the
general design requirements in this Part, the mateial re-
quirements of Part PM, and the surface finish r¢quire-
ments of Parts SD and SF.
(2) Inflatable Seals. Inflatable seals shall comply with
the general design requirements of this Standard

SG-3.3.2.3 Valves

(a) General
(1) Process flow valves should optimize drairability

and prevent pooling when installed in their propef drain
orientation.
(2) When possible, welding valves into the grocess

line is the preferred method of installation to minin{ize the
use of seals.

or clamped styles. The O-ring connections shall be manu-
factured to a hygienic standard (e.g., DIN 11864 parts 1 to
3) or shall be accepted as a hygienic connection by a recog-
nized independent organization [e.g., the European
Hygienic Engineering and Design Group (EHEDG)]. O-
ring connections shall comply with this paragraph and
SD-3.1.1. The construction of the fitting shall be such
that excessive deformation of the seal will not be
caused as a result of overtightening the connection.

(7) O-Rings Fabricated From Molded or Extruded
Section Using Vulcanized Molded Joints

[2) All nrocess contact surfaces of combp
=7 r r

nents
designed for CIP/SIP shall be easily accessible by CIP
fluids and SIP steam.

(4) Valve surfaces that may become process contact
surfaces if a component (e.g., diaphragm) fails in service
shall be readily accessible for examination, maintenance,
and cleaning.

(5) Cavity fillers shall not be used.

(6) The metallic fluid-contact surfaces of the valve,
including the body cavity, shall comply with the applicable
requirements in Part SF.

(19)
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(7) The internal geometry of cluster, block, and
multiport valves should be designed to minimize the
conditions that contribute to a dead leg and optimize
drainability when installed.

(8) Theinternal volume of the valve should be keptto
a minimum while meeting other requirements of the
process design.

(9) Any crevices (e.g., between mating parts of a
valve) should be minimized in areas in contact with
the process.

(c) Rising Stem Seal Valves. Rising stem seal valves use
sliding and nonsliding seals (see Figure SG-3.3.2.3-1).
Suitable designs are available for fluid utility applications
such as clean steam and CIP as well as for product. The
owner/user shall define the degree of suitability of the
design for the application.

(1) Seals for rising stem valves are classified as
follows:

(-a) Primary Rising Stem Seals. Primary rising stem

seals serve as pressure barriers for process fluids. Such

(10) Any guiding of valve trim and operating
mechgnisms should be minimized in areas in contact
with the process.
(11) Valves intended for CIP/SIP/sanitization shall
be cappble of opening as required during those processes.
(12) Valves not capable of CIP shall be able to be
disass¢mbled for cleaning/steaming.
(13) The valve design should enable immediate
leakagp detection between the process side and environ-
ment At any seal when possible. The area between a
primafy and secondary stem seal should be fitted with
a leakdge detection port to indicate primary seal leakage.
(14) Pneumatically controlled valves shall be
desigrled to prevent air transfer from the actuator to
the prpcess.
(15) All seats and seals shall comply with the re-
quirerhents of this Standard, or as agreed on between
the supplier/manufacturer and owner/user.
(16) The owner/user should refer to Form S-1}
Appligation Data Sheet, when communicating procéss
condifions to the supplier/manufacturer. The.valve
supplier/manufacturer shall recommend matetial for
the infended service and pressure and comply with the
URS (User Requirement Specification), but material selec-
tion is[the responsibility of the owner/user.
(b) Diaphragm Valves
) Diaphragm valves usenonsliding seals and are
pferred valve for bioprocessing fluid applications.
4) Two-way, weir-style diaphragm valve bodies
be permanentlysmarked on both sides of the
o show optimui drain position. Orientation of
d and machined multiple-port bodies shall be
bd on submittal drawings. Other types of diaphragm
should be installed to the manufacturer’s

recommendations.
(3] _Point-of-use (POU) valves should be designed
with the seal at or below the lowest point in the tube
to facilitate draining.

(4) Diaphragms should be marked in accordance
with Section 12.3 of MSS-SP-88.

(5) Weirless diaphragm valves use nonsliding seals.
The installation angle is not critical due to the elimination
of the weir in the body design; however, the valve should
be installed to the manufacturer’s recommendations.
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seals shall be exposed for cleaning and shall meft the pres-
sure and temperature requirements of the'spe¢ified mate-
rials as outlined in this Standard and‘the aseptic and
bioburden control requirements,specified by the
owner/user. In addition, theyshall meetf all of the
general requirements for seals\outlined in this section.
Primary sealing can be provided in different|ways.

(-1) Nonsliding seals such as bellows and
diaphragms eliminaté eohtamination risk by [preventing
the product/process contact surface(s) porfion of the
stem from cohtacting the atmosphere. When the
primary stem)seal is a nonsliding seal, a secondary
stem seal i not required.

(+2) Sliding seals such as lip-seals gnd O-rings
can_be used for the reciprocating sten] between
process fluid and atmosphere. Single sliding|stem seals
can be used for fluid utility applications su¢h as clean
steam and CIP. If sliding seals are to be uked as the
primary seal for product contact applications, there
should be a secondary stem seal to facilitafe cleaning
and sanitization behind the primary sliding Jeal.

(-b) Secondary Rising Stem Seals. Secohdary seals
serve as the sealing between atmosphere and afstem disin-
fection chamber (e.g., steam barrier or disinfe
barrier). These seals shall be designed to serve as pressure
barriers for sanitizing fluid. Such seals shall mept the pres-
sure and temperature requirements of the spe¢ified mate-
rial outlined in Part SG of this Standard. Secopdary stem
seals are typically sliding seals (e.g., O-rings of lip-seals).

(2) Wherever elastomeric or polymerif seals are
retained under static compression, adjoijing metal
surfaces shall be machined to a roughness specified by
the seal manufacturer to ensure required pefrformance,
and shall meet the requirements of Part|SF, if the
surface can become exposed to the system fluid under
the normal course of system operation.

(3) Primary stem O-ring seals shall be fitted in
grooves located as close to the valve body cavity as
possible to meet bioburden control requirements.

(4) When made from metal, static seals shall meet
the surface finish requirements for the valve housing
interior on the side facing the process fluid.

(d) Regulator Valves. When using regulator valves, a
means of override is normally required to allow clean-
ability and drainability of the valve.
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Figure SG-3.3.2.3-1 Seals for Rising Stem Valves

N

(a) Rising Stem Valve
With Elastomeric Diaphragm

(e) BallValves. Ball valves (Figure SG-2.3.1.3-1) are not
recommenfled for product contact streams. The owner/
user shouldl determine whether a ball valve is acceptable
for other pfocess contactapplications. Applications where
ball valvesjare typically acceptable include liquid and\gas
utility and| process support applications, such as.clean
steam. The valve bore 1.D., including ball and body,
shall match the I.D. of the connecting tubing to allow
self-drainifpg. Cavity fillers shall not be used:

(f) Buttgrfly Valves. Butterfly valves use’sliding seals.
Butterfly yalves are commonly used. for powder and
vacuum agplications. The valve should be installed per
the manufacturer’s recommeéndations to allow self-
draining.

(g) Steamn Traps (TherinOstatic). A thermostatic steam
trap shall Qe designed to-minimize the risk of soil attach-
ment to thle process fluid surfaces. The bellows should
have a low] subceqgl*to prevent the backup of condensate
into the prqcess€quipmentand clean steam system. Steam
traps shall be installed with an uninsulated section
upstream of the trap to facilitate proper steam trap func-
tion (see Figure SD-3.12-1).

(h) Back Pressure Control Valves. Back pressure control
valves shall be designed to allow free draining through the
outlet or inlet port. Crevices created by a pierced
diaphragm or soft seat plug shall be minimized.

(i) Pinch Valves. When using pinch valves, care shall be
taken to prevent permanent deformation of the flexible
tube or sleeve that restricts the flow or affects drainability.

(b) Rising Stem Valve
With O-Ring Seal

(c) Rising Stem Valve
With Molded Seal

(j) €heck Valves. Check valves may use sliding §nd/or
nonsliding seals. A check valve, clack valve, nonfreturn
valve, or one-way valve is a valve that allow§ fluid
flow in one direction. Check valves using an ejposed
coil spring shall be of a design to prevent thje coil
spring from full compression creating an enclosufe.

(k) Plug Valves. Rotating plug valves use sliding seals
and are not preferred in product contact applicatior]s. Plug
valves are suitable for liquid and gas utility appli¢ations
such as clean steam and CIP. The plug valve uses a ¥;-turn
cylindrical plug with O-ring seals to provide stfaight-
through flow. The plug I.D. does not always match the
I.D. of the tubing; therefore, self-drainability |of the
valve is limited.

SG-3.3.2.4 End Face Mechanical Seal General
Design Requirements

(a) General
(1) Mechanical seal hardware used to moynt the

i i i t with

nonpooling and drainability requirements of Part SD.

(2) Springs and drive mechanisms (e.g., pins) shall
not be located in the process fluid.

(3) When applicable, the seal should be designed in
accordance with this Standard for CIP and/or SIP.

(4) Surface requirements for the process side of the
mechanical seal shall be consistent with the requirements
of Part SF.

(5) Process-side hardware radii shall meet the re-
quirements of SD-2.4.2.



https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

(6) Secondary seals are used in static and dynamic
positions. The dynamic position in a typical mechanical
seal is where the secondary seal is in contact with the
spring-loaded seal face. The dynamic secondary seal
accommodates motion during operation and face move-
ment as the primary faces wear. Secondary seal cavities
shall be located and designed so that the process side is
accessible to fluid flow and is drainable consistent with the
requirements of Part SD.

(7)_Secondary seal material should be selected to

(3) Dual pressurized seals are used when the process
fluid does not have desirable lubricating characteristics.

(4) Dual pressurized seals shall be designed for
liquid or gas barrier fluid. Dual pressurized seals
cannot be designed for gas and liquid lubrication.

(5) Dual pressurized gas barrier seals can be
contacting or noncontacting face design.

(6) Abarrier fluid compatible with the process fluid
and atmosphere shall be specified by the owner/user. The
owner/user should consult with the equipment supplier/

minimfize compression set on all phases of operation,
which [may include CIP and/or SIP.
(§4) Materials of construction shall meet Part PM for
polymers or other nonmetallics and Part MM for metal
compdnents. The owner/user is responsible for selection
of appropriate materials in consultation with the equip-
ment gupplier/manufacturer.
(9) Form S-1, Application Data Sheet, should be filled
out with appropriate information to make a correct seal
selectipn.
(10) Assembly lubrication will be specified by the
ownerf/user in consultation with the equipment manufac-
turer. The owner/user will determine compatibility of the
lubricgnt with the process. The equipment supplier/man-
ufactufer will determine the compatibility of the lubricant
with the seal components.

(b) |Single Mechanical Seal
(1) Single mechanical seals are applied for their
simplifity, observable leakage path to the atmosphere,
and n¢ requirement for a seal support system.
(4) Single mechanical seals protect the process
boundpry at the seal’s secondary seals and at:thé seal’s
primafy face.
(3) When operating in pressurized process fluid,
single [mechanical seals will weep process fluid to atmo-
spherd. If a process upset occurs that ereates a temporary
vacuupn in the equipment, the seal will weep atmosphere
into tHe process fluid.
(4) Single liquid mechanical seals are applied when
the process fluid has desirable lubricating characteristics
to support the rubbing of the primary seal faces.
(-a) Fluids‘that have desirable lubricating charac-
teristigs do nat/nclude fluids that change state, are in
gaseolis phase; precipitate solids, and cause thin film
bondihg, edongealing, solidification, or crystallization
between \the seal faces.

manufacturer to determine suitability of thebarrier fluid
for the dual pressurized mechanical seal

(7) The owner/user should provide [Form S-1,
Application Data Sheet, so the supplier/mapnufacturer
can recommend pressure, flow'rate, and temperature
of the barrier fluid.

(d) Dual Unpressurized\Mechanical Seal

(1) Dual unpressurized mechanical
preferred to preventydilution of the proce
the buffer fluid weeping across the inboard
buffer fluid will,prevent atmosphere from e
process fluid))The process fluid will wee
buffer fluid¢that may weep to the atmospherg.

(2)~Dual unpressurized mechanical seals [protect the
process boundary with an unpressurized bufffer fluid.

(3) Dual unpressurized seals are used when the
process fluid has desirable lubricating charaqteristics.

(4) Dual unpressurized seals shall be dg¢signed for
liquid or gas buffer fluid. Dual unpressuiized seals
cannot be designed for gas and liquid lubricdtion.

(5) Dual unpressurized gas buffer sepls can be
contacting or noncontacting face design.

(6) A buffer fluid compatible with the pr
and atmosphere should be specified by the o
The owner/user should consult with the
vendor to determine suitability of the buffg
the dual unpressurized mechanical seal.

(7) The owner/user should provide [Form S-1,
Application Data Sheet, so the supplier/mapufacturer
can recommend pressure, flow rate, and temperature
of the bulffer fluid.

seals are
5s fluid by
faces. The
itering the
p into the

ocess fluid
ivner/user.
Pquipment
r fluid for

SG-3.4 Compliance Requirements for Sealing
Elements

SG-3.4.1 General Requirements. A Ceftificate of

(-b) Anexample of a possible desirable lubricantis

pure steam condensate at 100°F (38°C).

(5) Single dry contacting gas seals will operate in a
gaseous phase environment.

(c) Dual Pressurized Mechanical Seal

(1) Dual pressurized mechanical seals are preferred
to prevent process fluid from weeping to atmosphere and
to prevent atmosphere from weeping into the process.

(2) Dual pressurized mechanical seals protect the
process boundary with a pressurized barrier fluid.
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Complianceshattbeissued by theseat mmammufacturer to
certify compliance to this Standard when required by
the owner/user. Additional agreements may be required;
refer to SD-2.4.1. At a minimum, seals exposed to process
contact fluids and/or that have a high probability of expo-
sure will comply with the United States Pharmacopeia
(USP) directive with regard to USP <87> (or ISO
10993-5) and USP <88> Class VI (or ISO 10993-6, -10,
and -11) on biological reactivity (see Part PM for addi-
tional details). Examples of seals coming in direct


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

contact with a process stream include gaskets, O-rings,
diaphragms, pinch tubes, and valve stem seals.

SG-3.4.2 Certificate of Compliance. See PM-2.2.1.

SG-3.4.3 Test Requirements. Conformance testing is
done on initial qualification of the hygienic union.
Testing is intended to show design conformance and is
not required on every seal. Testing shall be repeated
for significant changes in raw materials or processes
used to fabricate seals. The seal manufacturer shall

PM-3). Following exposure to the process conditions,
the seal shall be capable of being inspected, serviced,
and/or replaced. Specific seal performance criteria
shall be established by the owner/user in consultation
with the seal supplier/manufacturer. Form S-1,
Application Data Sheet, may be used to communicate
expected process conditions.

Any given seal is not designed to perform in all possible
operating conditions.

Parameters for evaluating the performance of a seal

provide, oh request of the owner/user, a certificate of
design conformance that the sealed union meets the intru-
sionrequirpments of SG-4.2. The intrusion value is defined
as the medsured quantity that provides the maximum
radial distance from the fitting I.D. to the point of

include leak rate, sealing location, dimensional-sthbility,
material stability (including shedding), and servicepbility.
The requirements for each of the parametéers’depgnd on
the seal type and application. To predit how a sgal will
perform in service it shall be evaluated (e.g., testing, past

maximum fintrusion under the manufacturer’s specified performance). Standardized performance test conflitions
conditionq (e.g., torque, fitting design, clamp design). and methods permit a consistenit.dpproach to gathering
The point of maximum intrusion/recess shall be measured data used to evaluate seal perfermance. When evajuating
using a mgthod that does not cause deformation of the performance test data, thé owner/user should congider if
components being measured. the test parameters dre relevant to the conditions
SG-3.4.4 Additional Requirements. [Reserved for expected in the application. Performance data $hould
future C.OI.I ent] : be considered @vhen determining the appropriate
service intervaldor the desired application.
SG-3.5 Sgal Identification $G-4.2 Static Seal Performance
lisi\:zrikrinsg 0; 4tl;e seal package should include all items Static'seals shall meet the general performance r¢quire-
Manufacturer’s name and lot number shall be marked ments. (?f.SCf—4.1. . L. . .
on either the seal itself or the seal package containing the On initial installation, a hygienic static seal shall grovide
seal. The 19t number should enable the manufacturer to a substantially flush interface with the hygienic|clamp
identify th¢ raw material and processing conditions used ferrules. Hygienic seal.s shgll melet and be d?SI pnated
f . by one of the following intrusion categories|when
to fabricat¢ the article. Manufacturers are encouragéed to
. . . o tested by the seal manufacturers:
mark the spal itself to avoid potential loss of traceability (a) Intrusion Category I Seals having a maximun{ intru-
and to aid |n positive identification of seals after.removal sion /recess of 0 Ozéginy(b 6 mm) g
from a prdcess stream. When marking diaphragms, any (b) Intrusion.Cate (;r III Seal.s having a matimum
marking sHall be done on those portions-of-the diaphragm intrusion /recess of 0%08yin. (0.2 mm) g
that are n¢t exposed beyond the sealing portion of the ) o i o
housing The purpose of a flush interface is to minimize the
' entrapment of material in a dead space that can lead
SG-3.6 Other Seal Requirements to microbial growth and contamination (see Figyre SG-
4.2-1). Excessive intrusion into the process streajn may
[Reservdd for future content] lead to erosion of elastomeric seals, thereby coptami-
nating the process stream. The amount of intfusion
SG-4 SEAL PERFORMANCE REQUIREMENTS depends on the dimensional control of the sefl, the
hygienic clamp ferrule dimensions [see Table PT-7-1
SG-4.1 General Requirements and Figure SG-2.2.2-1, illustrations (a) through (¢)], the
anmotntoftor que app}icd tothe ﬂausc, themraterta prop-

Seals form an integral part of process systems and main-
tain static and/or dynamic system boundaries while being
exposed to chemical, thermal, and mechanical (hydraulic
and pneumatic) conditions in both cyclic and continuous
modes of operation. On exposure to operating conditions,
the seal shall not swell, shed, crack, erode, or otherwise
deteriorate to an extent that it impacts the product or
process during its expected lifetime. The seal shall not
add to nor remove from the process or product to
which it is exposed beyond an acceptable level (see
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erties of the seal, the application of steam, and the surface
of the seal (wet or dry) during installation.

Testing parameters used to identify the desired perfor-
mance should be based on the intended operating condi-
tions. Nonmandatory Appendix K identifies standard
process test conditions (SPTC) and a method for
performing testing to gather data used to evaluate the
appropriate level (e.g., 10, 100, or 500) of the seal for
the given service life. Performance data are collected
at 10-, 100-, and/or 500-cycle intervals. The 10-cycle
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Figure SG-4.2-1 Typical Hygienic Clamp Union:
Allowable Gasket Intrusion

Nominal gasket width (compressed)
0.065 in. (1.65 mm)
/ [ Positive intrusion

tional conditions (e.g., chemistry, temperature, pressure)
to consider when developing nonstandard performance
tests.

$G-4.3.1.1 New Valve Seal Performance. The valve
manufacturer shall test each valve assembly as part of the
production process or shall validate the design and manu-
facturing process. One-hundred percent leak testing is not
required for validated manufacturing processes.
When EN 12266-1 is specified below, use leakage rate A

lV’
\

r Negative recess
/
|

o

interv:

| is intended to provide data for short durations
(e.g., dingle-use or inspect-between-use applications).
The 1j00- and 500-cycle intervals are intended to
ile data on the service life of the seals (e.g,,

SG-4.3 Dynamic Seal Performance

SG-4.3.1 Valve Seal Performance. Valye'seal perfor-
mancg is acceptable when the sealtmaintains the
systenp boundaries and design flow characteristics for
which|it was intended (e.g., static and/or dynamic). A
valve peal shall operate throdgh the desired range of
motion against differential pressure. It shall be hygienic
and mleet the cleanability requirements stated in SG-
3.3.2.3] A valve seal shallimeet these performance condi-
tions fpllowing exposure to operating conditions in both
cyclic pnd continuolls modes of operation.

Performancé«data shall be collected at intervals that
reflect{the uSe'mode (e.g., discrete/open/closed or modu-
latlng) operatlon (e 8 continuous or cycllc) and intended

of cycles) of the valve seal

Testing parameters shall be based on the operating
conditions of the intended application. Nonmandatory
Appendix K identifies standard process test conditions
and a method for conducting performance tests of
seals in simulated process conditions. For valve seal
testing, the method identified in Nonmandatory
Appendix K requires modification to reflect a specific
use mode and intended operation of a valve seal. Form
S-1, Application Data Sheet, identifies a number of opera-
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or control
agreement

VV}lCll ﬁleudLillg SCdl ltdkdst Ptl rUI IIIdIICC,
valves, other leakage rates may be used with
by the owner/user.

(a) For diaphragm valves, the following requirements
shall apply:

(1) seatleakage rates per MSS-SP-88, EN
ANSI/FCI Standard 70-2, Class VI

(2) shell leakage rates per MSS-SP-88 ca
EN 12266-1

(b) For ball valvesy the requirements of MSS-SP-72,
MSS-SP-110, or, EN)12266-1 shall apply.

(c) For rising stem, mix-proof, and needle
requirementssof EN 12266-1 shall apply. For
ness, Test P12 of EN 12266-1, use the globd
methaod.

(d), For butterfly valves, the requirements of]
Oor\EN 12266-1 shall apply.

(e) For pinch valves, the requirements of E
shall apply. For seat tightness, Test P12 of EN 12
the diaphragm valve test method.

(f) For plug valves, the requirements of EN 12266-1
shall apply.

SG-4.3.2 Mechanical Seal Performance.
seal performance may be characterized By leakage
rate, service life, cleanability, particle shedding suitability
for application, and heat generation. Acceptablp values for
each of these characteristics may vary widgly, so it is
strongly advised that the mechanical seal’s various char-
acteristics and the ramifications of each to thefservice are
understood.

Nonmandatory Appendix K-2.1 provides|important
information about mechanical seal perfofmance. It
provides exceptions to normal seal perforthance that
are commonly found in the industry. Familjarity with
these items will help the reader understand [the impact
that design, installation, and operation can have on
mechanical seal performance. Also included in
Nonmandatory Appendix K-2.1 are outlines for various
methods of testing seal integrity.

2266-1,0r

fegory C or

valves, the
seat tight-
valve test

MSS-SP-67

N 12266-1
266-1,use

Mechanical

SG-4.3.2.1 New Mechanical Seal Performance.
There are four key points between procurement and
operation of a new mechanical seal where the seal
might be evaluated for performance. The four key
points are manufacturing, installation, assembly, and use.


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

(a) Point of Manufacture. Mechanical seal manufac-
turers have performance requirements for new seals.
The manufacturer’s tests should be accepted. If special
performance requirements are necessary, those special
requirements shall be specified.

If the mechanical seal manufacturer alters the design,
material, or manufacturing technique of a mechanical seal
in service, it is the responsibility of the mechanical seal
manufacturer to inform all relevant parties that changes
have occurred. Specific information may be requested

SG-4.3.2.2 Installed Seals. Original point-of-use
performance requirements shall be used to determine
if the seal is suitable for continued use. Refurbished
seals shall be held to the original point-of-use perfor-
mance requirements. It is the owner/user’s responsibility
to monitor equipment for failure.

SG-5 SEAL APPLICATIONS

SG-5.1 General Considerations

from the $eal manufacturer to support the premise
that seal performance has not been altered.

(b) Point of Seal Installation. The mechanical seal will
beinstalled in a piece of equipment. An original equipment
manufactufer (OEM) will typically have its own test to
verify the performance of the mechanical seal. The test
of the OEM should be accepted. A review of the OEM
test procgdure may be requested. The OEM should
consult with its seal supplier/manufacturer for seal
performante issues and questions.

Contractjors may install a new seal in a piece of equip-
ment. The deal performance test may be reviewed with the
installatior] contractor.

If uniqu¢ conditions exist where special performance
requiremehts are necessary, it is the customer’s respon-
sibility to specify the additional requirements. An accept-
able performance test may be developed.

If the OEM alters the design, material, or manufacturing
technique ¢fa mechanical seal in service, or is informed by
the seal mgnufacturer that the design, material, or manu-
facturing tpchnique has been altered, it is the responsi-
bility of the OEM to inform all relevant parties.that
changes hdve occurred.

(c) Point of Systems Assembly. The equipment that
contains the seal is installed in a system=The system’s
supplier/manufacturer will have stajdard test proce-
dures for t¢sting the system integrity-The test procedures
of the sygtem’s supplier/manufacturer should be
accepted.|A review of the €est procedure may be
requested| The system assembler should consult with
the OEM/pupplier for.seal performance issues and
questions.

If the sy
manufactu

stem assénibler alters the design, material, or
Fing technique of a mechanical seal in service,

This section provides guidance for selecting)s
components for common applications. Each ‘component
is recommended for its suitability for the particulaf appli-
cation, and the selection reflects current éommon industry
practice.

Every component has its own{limited process capabil-
ities and service life for each application in which it s used.
Application characteristics stch as size, speed, pressure,
temperature, cycles, and cycle time help define an appli-
cation envelope and will determine the suitabilify of a
particular component. Appropriate component selection
requires undegstanding of the application requir¢ments
and componént ‘capabilities.

In ordertouse the component selection guidance
section

(a)<The owner/user shall collect the required a
tiohvdata (e.g., Form S-1, Application Data Sheet)

(b) 1f the owner/user’s application data fall ins
component’s application envelope, then the gu
provided is valid.

(c) Ifthe owner/user’s application data fall outsjde the
component’s application envelope, then the owner/user
should consult with the vendor to find the apprgpriate
component.

Sections describing each seal type may list additional

ealing

in this
bplica-

de the
dance

characteristics of the system and equipment necespgary to
ensure proper application of that component.

Seals shall be accessible for maintenance.

SG-5.1.1 Static Seals. Static seals used in all applica-
tions shall

(a) meetthe specific design requirements of SG-3.3.2.2.

(b) meetthe requirements of Part PM unless othprwise
agreed to by the seal/equipment supplier and gwner/

or is inforfned-by the OEM that the design, material, or user.
manufactlllring technique has been altered, it is the (c) meet the operational requirements of the applica-

responsibility of the system assembler to inform all rele-
vant parties that changes have occurred.

(d) Point of Use. Once the system is delivered to the
owner/user, itis the owner/user’s responsibility to deter-
mine if the mechanical seals meet performance require-
ments. The owner/user should consult with the system
designer/manufacturer/vendor for seal performance
issues and questions.
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tion envelope as defined in the relevant section of SG-5.
Static seal performance (chemical resistance, physical
properties, and maintenance considerations) varies
significantly with both material class (e.g.,, EPDM, FKM,
PTFE) and each supplier’s formulation and manufacturing
choices. The owner/user should consult with the seal/
equipment supplier to determine which material(s)
have the best balance of properties for their specific
static application and expectations for service life.

(19)

(19)
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Application-specific static seals selection guidance is
provided in Nonmandatory Appendix AA to assist the
discussion between supplier and owner/user.

Hygienic union fitting details (e.g., torque settings,
choice of clamping mechanism, and alignment) signifi-
cantly affect the performance and longevity of static
sealing components and should be considered (see also
ASME B31.3). For example, overtightening of these
clamps may damage seals or cause excessive intrusion
(see SG-4.2).

(d) Valves with sliding seals in process contact are not
acceptable (e.g., ball, butterfly, or plug valves) unless the
design enables maintaining both sides of the sliding seal in
a clean and sanitized condition or the valves are used in a
continuously self-sanitizing system.

(e) Valves with nonsliding and sliding seals are accept-
able if only the nonsliding seal is in process contact (e.g.,
needle, control, or rising stem valves with O-ring seals).

$G-5.3.2 Single Mechanical Seals for Compendial

SG-5.

[Regerved for future content]

P Process Systems

SG-5.3 Compendial Ambient/Hot-Water
Distribution Systems

Theppplication and selection of sealing components are
based|on compendial water at temperatures between
68°F dnd 185°F (20°C and 85°C) and pressures greater
than ( psig (0 barg) up to 87 psig (6 barg). Systems
may bg exposed to hot-water sanitization and/or inter-
mittent steam at up to 266°F (130°C).

Thepe systems are typically constructed of metallic
materials.

Sealing components used in compendial water systems
should be selected based on requirements for long-term
seal rdliability in a continuous-duty cycle.

(a) Most compendial water systems are sanitized with
hot water (self-sanitizing). When systems are steam-sani-
tized, the owner/user should consult with the static $Seal
manuffpcturer to determine the appropriate.materials/
fittingg based on operational requirements!

(b) Beals used in systems that are periodically heated
for sapitization should be selected te: accommodate
thermal cycling.

SG

SG-5.3.1.1 Seals for Compendial Water. A polymer
seal material is acceptable provided that the manufacturer
rates the seal materidlfer the pressure and temperature
limits Jand the material is compatible with the service
stated|in SG-5.3,

5.3.1 Valves for Compendial Water

$G6-5.3:1.2 Valve Types for Compendial Water

(a) Valves shall meet the general design requirements
of SG-3.3.2.3(a).

(b) Diaphragm valves, which have nonsliding seals, as
designated in SG-2.3.1.2(a), SG-2.3.1.2(b), and SG-2.3.1.2
(c), are preferred.

(c) Other valve types with nonsliding seals are accept-
able [e.g., pinch valves designated in SG-2.3.1.8; bellows
seals like those shown in Figure SG-2.3.1.2-2, illustration
(c); membrane or diaphragm seals like those shown in
Figure SG-2.3.1.2-4, illustrations (b) and (c), Figure SG-
2.3.1.2-5, or Figure SG-2.3.1.4-1, illustration (a)].
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Water per SG-3.3.2.4{a) and SG-3.3.2.4(b)

S$G-5.3.2.1 Additional Application Q
Relevant to Mechanical Seals. The|fluid
with the mechanical seal is procéss,comper]
during operation. The corrosive-co0imponentis
water.

$G-5.3.2.2 Additional Equipment Charjacteristics

Relevant to Mechanical-Seals. The selectionf shown in
SG-5.3.2.3 and SG-5:3.2.4 apply only for equipment with

(a) shaft sizes:'<2 in. (50 mm)

(b) shaft speed: 0 RPM to 3,600 RPM

(c) radidPrunout: <0.002 in. (0.05 mm) tot
reading (TIR)

(d)*perpendicularity of mounting flange:
(0,05)mm) TIR to shaft

{e) axial movement: <0.005 in. (0.13 mm)

S$G-5.3.2.3 Materials of Construction. Materials of
construction shall comply with Part MM apd/or Part
PM, as appropriate.

There are two sets of conditions that should be consid-
ered for material selection in compendial watef due to the
tribological characteristics of the seal face pqir

(a) operating 68°F to 160°F (20°C to 71°Q), steam at
266°F (130°C) and 0 RPM, and 0 psig to B7 psig (0
barg to 6 barg)

(b) operating 68°F to 185°F (20°C to 85°(), steam at
266°F (130°C) and 0 RPM, and 0 psig to B7 psig (0
barg to 6 barg)

S$G-5.3.2.4 Flush Plans. Flush Plan numbers 01, 02,
03, and 11, as defined in SG-2.3.2.4, are recqmmended.
Compendial water is the seal face lubricant.

onditions
in contact
dial water
ompendial

| indicator

<0.002 in.

SG-5.4 Pure Steam Distribution System

ponents is
based on pure steam with pressures to 45 psig (3.1 bar), at
292°F (145°C) (saturated steam) in high-pressure distri-
bution areas, and 25 psig (1.7 bar), at 267°F (130°C) (satu-
rated steam) in low-pressure distribution areas.

Seals used in service conditions beyond these limits
require special consideration.

Sealing components used in pure steam distribution
systems should be selected based on requirements for
long-term seal reliability in a continuous-duty cycle.

(19)
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Pure steam systems should be designed to provide
access for examination and replacement of sealing compo-
nents as many seal types used with pure steam lines may
leak after thermal cycling.

S$G-5.4.1 Static Seal Recommendations for Pure
Steam Distribution Systems. Static seals used for pure
steam applications should be selected (see
Nonmandatory Appendix AA) for their ability to

(a) resist pure steam

SG-5.4.2 Valves for Pure Steam Distribution Systems

SG-5.4.2.1 Valve Seals. A polymeric seal material is
acceptable provided that the manufacturer rates the seal
material for the pressure and temperature limits and the
service conditions stated in SG-5.4.

SG-5.4.2.2 Valve Types

(a) Valves shall meet the general design requirements
of SG-3.3.2.3(a) and SD-4.2.3. Valve design and materials

(b) withstardcontimuoustrightemperatures of construction shall be rated for the pressute and

(c) minimize retightening temperature ranges of the service stated in SG-54.

Hardwale for use with static seals in pure steam (b) Valve types with nonsliding or sliding-seals pre ac-
systems should be selected to accommodate creep ceptable (e.g., diaphragm, ball, rising steny; stearh trap,
(cold flow)lwhen plastic seals (e.g., PTFE or PTFE compo- pressure control, check, pressure reli€f, and plug vialves).
sites) are fised.

$G-5.5 CIP

[Reserved for future conteit]
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CHAPTER 5
FABRICATION, ASSEMBLY, AND ERECTION

PART MJ

MJ-1 [PURPOSE AND SCOPE

Thelpurpose of this Part is to provide requirements for
the jolning of metallic and polymeric materials. This
includgs joining methods, welding procedure and perfor-
mance qualifications, examination, inspection, testing,
and adceptance criteria.

MJ-2 |MATERIALS

MJ-2.1 Base Metals
MJ-2.1.1 Stainless Steels

(a) Wustenitic Stainless Steels. Only the austenitic stain-
less stpel grades listed in Table MM-2.1-1 or Table MMy
2.1-3 may be used for welded components, exceptias
permitfted in MM-5.1.

Welf ends that are to be autogenously welded(without
filler njetal or consumable inserts) shall meet the require-
ments|of MM-5.2.1.1.

However, a process component or-tube of one of the
above|alloys with a sulfur content-either below the
lower [limit or above the upper limit for sulfur in MM-
5.2.1.1 may be used in a welded connection, provided
all of ghe following conditions’are met:

(1) Use ofthe process‘componentor tubeis agreed to
by thel owner/user.

(4) Allweldsonthe componentortube are internally
inspected and smeet the requirements of MJ-8.4.

(b) Superatuisténitic Stainless Steels. Only the superaus-
tenitic|stainless steel grades listed in Table MM-2.1-1 or
Table MM=2.1-3 may be used for welded components,

MATERIALS JOINING

permitted in MM-5.1. The cautions of MM-5.2.3 shall
be considered when welding, duplex stainlesg steels.

MJ-2.1.2 Nickel Alloys. Only the nickel alldys listed in
Table MM-2.1-2 or Fable MM-2.1-3 may b used for
welded components, except as permitted in MM-5.1.

MJ-2.1.3 Copper Alloys. Only the copper dlloys listed
in Table MM=2/1-4 may be used for brazed systems.

MJ-2.1.4 Other Metals. Other metals (e.g, titanium,
tantaltim, palladium, or gold, as used in instrumentation)
may<be joined, when specified by the ownerfuser.

MJ-2.2 Filler Metals

MJ-2.2.1 Stainless Steels. When filler metalls are used,
the matching filler metals listed in Tables MM-5.3-1 and
MM-5.3-2 shall be used, except that higher [alloy filler
metals may be used when specified by the opvner/user.

Austenitic stainless steel grades may be welfled with or
without filler metals. See MM-5.3 and MM-5.3.1 for further
instructions.

Superaustenitic stainless steels may be weldled with or
without filler metals or consumable inserts. When welded
autogenously (withoutfiller metal or consumalple inserts),
postweld heat treatment in accordance withf MM-5.4 is
required. See MM-5.2.2, MM-5.3, and MM-5.3.2 for
further instructions.

Duplex stainless steels may be welded with|or without
filler metals or consumable inserts. When we¢lded auto-
genously, postweld heat treatment in accorglance with
MM-5.4 is required. Welding of duplex stairfless steels

gpnpr:\”y results in an increase in the amount of

except as permitted in MM-5.1.

The superaustenitic stainless steels are prone to the
precipitation of undesirable secondary intermetallic
phases such as sigma and chi. The cautions of MM-
5.2.3 shall be considered when welding superaustenitic
stainless steels.

(c) Duplex Stainless Steels. Only the duplex stainless
steel grades listed in Table MM-2.1-1 or Table MM-2.1-
3 may be used for welded components, except as

ferrite in the microstructure, and, as a result, appropriate
welding procedures should be selected. The balance of
austenite and ferrite in the weld metal shall be maintained
so that there is no less than 30% of the lesser phase. See
MM-5.2.3, MM-5.3, and MM-5.3.2 for further instructions.

MJ-2.2.2 Nickel Alloys. When filler metals are used,
the matching filler metals listed in Tables MM-5.3-1
and MM-5.3-2 shall be used, except that higher alloy
filler metals may be used when specified by the
owner/user.
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Nickel alloys may be welded with or without filler
metals. Postweld solution heat treatment is not required.
See MM-5.3 for further instructions.

MJ-2.2.3 Copper Alloys. Brazing joint filler metals
shall comply with Table MM-5.3.3-1. Copper-to-copper
joints shall be brazed using copper-phosphorus or
copper-phosphorus-silver brazing filler metal (BCuP
series) without flux.

MJ-23 N

MJ-3.2 Pressure Vessels and Tanks

Weld joint designs shall be those permitted by ASME
BPVC, Section VIII and shall comply with MJ-3.1.

MJ-3.3 Piping

Weld joint designs shall be those permitted by ASME
B31.3 and shall comply with MJ-3.1.

MJ-3.4 Tubing

Joining ¢f polymeric materials shall be performed in
accordancg¢ with MJ-9. Joining of other nonmetallic mate-
rials shall He in accordance with procedures and processes
recommehded by the material manufacturer, and
approved| by the owner/user, using materials or
compounds that are inert to the intended service.

MJ-3 JOINT DESIGN AND PREPARATION

MJ-3.1 G

All butt
process co
weld joint
made from|
All weld jd

bneral

joints in which one or both weld faces are
htact surfaces shall have continuous complete
pbenetration. This requirement exists for welds
either one side or both sides of the weld joint.
ints shall have the process contact surfaces
properly ptirged or protected for the prevention of disco-
loration or|contamination. External attachments (e.g., lift
lugs, dimple jackets, or ladder clips) shall have any disco-
loration of|the process contact surface removed.

Welds attaching any connection that passes through-the
wall of a tapk or vessel, or abranch connection on apipe or
tube systern, in which one or both sides of the weldjoint is
a process cpntact surface, shall either be joined with a full
penetratioh groove weld with a reinforcing fillet weld
[similar to Figure SD-3.4.2-2, illustration (a)], or have
at least ope telltale hole provided if double fillet
welded onlly [similar to Figure SD-3.4.2-2, illustration
(b)]. A telltale hole is required/on all lap, tee, corner,
or edge jpints that have\one or both welds as a
process coptact surface@and are not attached by full pen-
etration welds. The telltale hole shall provide a path for
process flujd or testdnedia flow if the inner weld contain-
ment fails. [Telltale*holes are not required when all welds
are on process.contact surfaces [e.g., Figure SD-3.4.3-2,
illustratiort (\,) detaitor billlilal]. Fhe—tettatetrote—shatt
be no larger than NPS '/, in. (6 mm) and may be
tapped for a preliminary compressed air and soapsuds
test for tightness of inside welds. These telltale holes
may be plugged when the vessel is in service. The plugging
material used shall not be capable of sustaining pressure
between the lapped surfaces.

Socket welding is not permitted in process stream
systems or where CIP or SIP requirements are defined.
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Weld joint designs for hygienic tubing and fittings shall
be square butt joints. The tubing and fittings, sha]l have
ends prepared by machining or facing to proyide a pquare
end that meets the requirements of Table§ DT-3-1 ajhd DT-
3-2. The butt weld joints shall be properly cleaned [within
%, in. (13 mm) of the joint area oh the inside and qutside
surfaces prior to welding. Welding’on tubing shall be done
using automatic (or machiné)welding techniques (§uch as
orbital tube welding or lathe welding), except whejre size
or space will not permityIn that case, manual weldjng can
be performed, butitshall be agreed to by the owner/user
and contractor;

MJ-3.5 Tube-Attachment Welds

(a). Tube-attachment welds are those that
(1) make branch connections other than thos
tofabricate the fittings described in Part DT
(2) attach tubes to other product forms
(3) attach nozzles to transfer panels
(4) attach a tube to any part of a hygienic s
(b) Tube-attachment welds not governed H
section include
(1) those governed by M]-8.4
(2) tube-to-tubesheet welds that are governped by
ASME BPVC, Section VIII, in addition to the visual|exam-
ination requirements of Part SF and M]-8.2
These welds may be performed manually, by machine,
or by an automatic welding process. Joint designfs shall
comply with MJ-3.1. The weld joints for completd pene-
tration welds shall be prepared by means compatibje with
hygienic service. The weld joints shall be properly cleaned
within % in. (13 mm) on the inside and outside surfaces,
where accessible, prior to welding. Fillet welds, groove
welds, or a combination of both may be used.

e used

ystem
y this

MJ-35.0 brazed Joints

Joint design shall comply with the latest edition of NFPA
99.
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MJ-4 JOINING PROCESSES AND PROCEDURES

MJ-4.1 Introduction

All welds, including tack welds, shall be made in accor-
dance with a welding procedure qualified in accordance
with MJ-5. All welders and welding operators, including
those who make tack welds, shall be qualified per M]J-6.

MJ-4.2 Welds Finished After Welding

(a) A change in the type or nominal composition of the
backing (purge) gas shall require requalification.

(b) If filler metal is used, a change from one AWS clas-
sification of filler metal to another, or to a proprietary filler
metal, shall require requalification.

This includes qualification of procedures for welding of
components to Part DT but does not apply to longitudinal
welds on tubes made in accordance with a recognized
standard.

For [pressure vessels, tanks, and piping and tubing
systenps where the process contact surface of the weld
is to He finished after welding, the welding processes
used shall be limited to the arc or high-energy beam (elec-
tron bpam and laser beam) processes as defined in AWS
A3.0. The owner/user and contractor shall agree that the
weldir]g process selected will provide the desired results.

MJ-4.B Welds Used in the As-Welded Condition

For|pressure vessels, tanks, and piping and tubing
systemis where the process contact surface of the weld
is to He used as is, welding processes shall be limited
to the|inert-gas arc processes (such as gas tungsten-
arc welding and plasma arc welding) or the high
energy beam processes (such as electron beam or laser
beam [welding), as defined in AWS A3.0. Every effort
shall He made to use an automatic or machine welding
procegs. Autogenous welds, welds with filler wire, or;
welds [with consumable inserts are acceptable provided
they heet the requirements for all applicable cedes.
The oner/user and contractor shall agree that the
weldirlg process selected will provide the desiréd results.

MJ-4.4 Brazing

Join]ng of copper and copper alloy‘materials by brazing
shall He in accordance with NFPA\99. All brazing proce-
dures $hall be qualified per MJ=5. All brazers shall be qual-
ified per MJ-6.

MJ-5 [PROCEDURE<QUALIFICATIONS

MJ-5.

Wel
shall
Sectio

I Pressure-Vessels and Tanks

ding procedures for pressure vessels and tanks
be.qualified in accordance with ASME BPVC,
h VAL

MJ-5.4 Duplex Stainless Steels

In addition to the welding procedure(Specif]
requirements of ASME BPVC, Section'I¥, the
and heat-affected zones from qualification test
duplex stainless steels shall nieét the requi
ASTM A923 Methods A and/or C.

cation test
wveld metal
coupons of
Ffements of

MJ-5.5 Brazing

Brazing procedures for piping systems shall
in accordance with/NFPA 99,

e qualified

MJ-6 PERFORMANCE QUALIFICATIONS

MJ-6:1-Pressure Vessels and Tanks

Welder and welding operator performanc
tions for pressure vessels and tanks shall be in
with ASME BPVC, Section VIIL

b qualifica-
hccordance

MJ-6.2 Piping

Welder and welding operator performance qualifica-
tions for piping systems shall be in accordance with
ASME B31.3. When the piping is to be used fpr hygienic
systems, the essential variables for welding operators in
M]-6.3 shall also apply.

MJ-6.3 Tubing

Welder and welding operator performanc
tions for hygienic tubing systems shall be in
with ASME B31.3. This includes qualification
and welding operators who fabricate com
accordance with Part DT but not those who nfanufacture
tubes in accordance with a recognized standjrd.

For the qualification of welding operators, thle following
essential variables also apply:

b qualifica-
hccordance
of welders
bonents in

MJ-5.2 Piping

Welding procedures for piping systems shall be qual-
ified in accordance with ASME B31.3.

MJ-5.3 Tubing

Welding procedures for hygienic tubing systems shall
be qualified in accordance with ASME B31.3, with the
following additions:
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(a) welding of a joint using an edge preparation other
than a square groove.

(b) the addition or deletion of solid backing.

(c) a change in the fit-up gap from that qualified.

(d) achangein pipe/tube diameter. See Table MJ-6.3-1.

(e) the addition or deletion of filler metal.

(f) the addition or deletion of consumable inserts.

(g9) a change in the thickness of the deposited weld
metal. See Table MJ-6.3-2.

(h) the addition or deletion of backing gas (purge gas).

(19)


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

(19)

ASME BPE-2019

Table MJ-6.3-1 Metallic Tube/Pipe Diameter Limits for
Orbital GTAW Performance Qualification

Outside Diameter of Outside Diameter Qualified

Test Coupon Minimum Maximum
in. mm in. mm in. mm
<Y <13 None None A 13
> t03% >13t1089 >%  >13 3% 89
>3% >89 >3% >89  Unlimited Unlimited

MJ-7.1.3 Tubing. Examination procedures for tubing
systems shall be in accordance with ASME B31.3.

MJ-7.1.4 Tube Attachments. Examination procedures
for tubing systems shall be performed in accordance with
ASME B31.3.

MJ-7.1.5 Brazing. Examination procedures for brazed
systems shall be in accordance with NFPA 99.

MJ-7.2 Personnel Requirements

Table MJ-6.3-2 Metallic Weld Thickness Limits for
Orbital GTAW Performance Qualification

Deposited Weld Thickness

Qualified
Thickness pf Test Coupon, T,, Minimum
in. mm in. mm Maximum
Vs <15 Ty Ty 2T,,
Yiest<s 15<t<10 Yie 1.5 2T,
>3 >10 %16 5 Unlimited

(i) a chgnge in the current type or polarity.

(j) a chgnge in the weld head type from open head to
closed heafl or vice versa.

(k) a change from single-pass to multipass welding or
vice versa,|when using filler wire.

In additijon, either the original ASME BPVC, Section IX
qualificatign coupon or another tube-to-tube weld coupon
made by that same welding operator shall be visually
examined and shall meet all the requirements of Table
MJ-8.4-1.

Any chapge in the variables listed in (a) through-(k)
requires Welding of a new test coupon, for which only
visual exaination in accordance with Table MJ-8.4-1
is required. Compliance with the variablestin this para-
graph shall be documented.

MJ-6.4 Brazing

Brazer performance qualifications, for piping systems,
shall be in|accordance with.NFPA 99 and shall be made
under an ifjternal purge(and exhibit full joint penetration.

MJ-7 EXAMINATION, INSPECTION, AND TESTING

Owner/yiser,-ihspection contractor, and/or engineer

MJ-7.2.1 Pressure Vessels and Tanks. Peh$onnel
performing examinations of pressure vessels, and tanks
designed to ASME BPVC, Section VIII shallmeet the re-
quirements of the appropriate section,df-that Codle.

All inspectors shall be qualified imaccordance with GR-
4.1.

All Inspectors’ Delegates shallnmieet the requiremfents of
GR-4.2.

MJ-7.2.2 Piping. All examiners, inspectorf, and
Inspectors’ Delegates shall be qualified in accofdance
with GR-4.

MJ-7.2.3 Tubing. All examiners, inspectorf, and
Inspectors’ Delegates shall be qualified in accofdance
with GR-4.

MJ-7.2.4 Tube Attachments. All examiners, ihspec-
tors, and Inspectors’ Delegates shall be qualified inJaccor-
dance with GR-4.

MJ-7.2.5 Copper Tubing/Piping. All exanfiners,
inspectors, and Inspectors’ Delegates shall be qyalified
in accordance with GR-4.

MJ-7.2.6 Examination Personnel Eye Examipation
Requirements. Personnel performing examinptions
shall have eye examinations as follows:

(a) Near Vision Acuity. The individual shall have patural
or corrected near distance acuity in at least one eye such
that the individual is capable of reading a minimym of a
Jaeger Number 2 or equivalent type and size lettpr at a
distance designated on the chart but no less than 12
in. (305 mm). This test shall be administered initially
and at least annually thereafter.

(b) Color Contrast. The individual shall demonstrate
the capability of distinguishing and differentiating
contrast among colors. This test shall be administered

shall agre
and testing unless otherwise specified in the applicable
code.

ta the tupes of examinations inspections
T T

MJ-7.1 Examination Procedures

MJ-7.1.1 Pressure Vessels and Tanks. Examination
procedures for pressure vessels and tanks shall be in
accordance with ASME BPVC, Section VIII.

MJ-7.1.2 Piping. Examination procedures for piping
systems shall be in accordance with ASME B31.3.

initially and, thereafter, at intervals not exceeding 3 yr.

These examinations shall be administered by an
ophthalmologist, optometrist, medical doctor, registered
nurse or nurse practitioner, certified physician assistant,
or other ophthalmic medical personnel and shall include
the state or province (or applicable jurisdictional) license
number.
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MJ-7.3 Examination, Inspection, and Testing
Requirements

MJ-7.3.1 Pressure Vessels and Tanks

(a) Examination. Examinations shall be performed in
accordance with the provisions of ASME BPVC, Section
VIIL. In addition, all welds having a process contact
surface shall be visually examined by the fabricator.

(b) Inspection. In addition to the inspection required by
ASME BPVC, Section VIII, the owner/user or inspection

criteria of this Part. This plan shall include borescopic or
direct visual inspection of the process contact surfaces on
atleast 20% of the welds in each system installed. A repre-
sentative sample of each welder’s and/or welding opera-
tor’s (as applicable) work shall be included. There shall
also be a plan for inspecting a representative sample of
each welder’s and/or welding operator’s (as applicable)
first shift of production. A procedure shall be submitted for
inspecting blind welds. The random selection of accessible
welds to be inspected shall be up to the owner/user’s

contrdctor shall perform inspection(s) necessary to inspector’s discretion.
ensurgq compliance with this Standard as well as any addi- The examination required for compliance pvith ASME
tional requirements of the owner/user’s specification. B31.3 may be included in the minimunrinspectjon percen-
(c) [esting. In addition to the testing required by ASME tage, provided those examinations{were dire¢t visual or
BPVC/| Section VIII, the owner/user or inspection borescopic and of the process contact surfacg.
contrgctor shall perform testing necessary to ensure (c) Testing. Leak testing,oftubing systems shall be
complfance with this Standard as well as any additional performed in accordanc&with the spec|fied fluid
requirpments of the owner/user’s specification. service requirements i ASME B31.3.
MJ-7.3.2 Piping MJ-7.3.4 Tube Attachments
(a) [Examination. Examinations shall be performed in (a) Examindtion. Examinations shall be pefformed in
accordance with the provisions of the specified fluid  accordance with the provisions of the spe¢ified fluid
servic¢ in ASME B31.3. service in ‘ASME B31.3. The external surfhces of all
(b) [nspection. The owner/user, inspection contractor, ~ welds; shall be visually examined.
and/or engineer shall agree to the minimum percentage of (b), Inspection. Visual inspection shall be pefformed on
proceds contact welds to be selected for borescopic or all process contact surfaces affected by the gttachment
directyisual inspection, and they shall inform the installa- welding.
tion cdntractor. The inspection contractor shall submit an (c) Testing. Testing shall be performed in donjunction
inspection plan to ensure that welds meet the acceptance with the system test.
criterif of this Part. This plan shall include borescopic’or .
direct pisual inspection of the process contact surfaces on MJ-7.3.5 Brazing
atleasf 20% of the welds in each system installed-A repre- (a) Examination. Examinations shall be pefformed in
sentatjve sample of each welder’s and/or welding opera- accordance with NFPA 99,
tor’s work (as applicable) shall be included. (b) Inspection. The owner/user, inspection contractor,
The|examination required for compliance with ASME and/or engineer shall agree to the minimum pefrcentage of
B31.3 may be included in the minimum inspection percen- brazed joints to be selected for direct visual [inspection,
tage, grovided those examinations were direct visual or  and they shall inform the installation contgjactor. The
boresdopic and of the process contact surface. inspection contractor shall submit an inspgction plan
(c) [Festing. Leak testing/of piping systems shall be  to ensure that joints meet the acceptance [criteria of
performed in accopdance with the specified fluid  this Part. A representative sample of each brazer’s
servic¢ requirementsyin ASME B31.3. work shall be included.
: c) Testing. Leak testing of copper systems shall be
MJ-1.3.3 Tubing pe(rformedgin accordancge with the zpec fied fluid
(a) [Examination. Examinations shall be performed in  service requirements in ASME B31.3.
accordance with the provisions of the specified fluid At A e -
service In ASME B3T.3. The external surfaces ot all W=7 eCoras
welds shall be visually examined. See GR-5.

If ASME B31.3, High Purity Fluid Service (Chapter X), is
specified, radiographic, ultrasonic, or in-process examina-
tion is not required unless specified by the owner/user.

(b) Inspection. The owner/user, inspection contractor,
and/or engineer shall agree to the minimum percentage of
process contact welds to be selected for borescopic or
direct visual inspection, and they shall inform the installa-
tion contractor. The inspection contractor shall submit an
inspection plan to ensure that welds meet the acceptance
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MJ-8 ACCEPTANCE CRITERIA
MJ-8.1 General

Welding for a sterile environment requires that the
weld shall not result in a surface that will contribute
to microbiological growth and contamination of the
process fluid. The weld shall not have any discontinuities
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such as cracks, voids, porosity, or joint misalignment that
will promote contamination of the process fluid. All
welding procedures shall be qualified to M]-5.

MJ-8.2 Pressure Vessel and Tank Welds

Weld acceptance criteria for pressure vessels and tanks
shall be in accordance with ASME BPVC, Section VIII, with
the additional requirements of Table MJ-8.2-1.

MJ-8.3 Pjping Welds

MJ-8.4.2 Rewelding. Rewelding (reflow) may be
attempted one time only for the following defects:

(a) incomplete penetration (lack of penetration)

(b) incomplete fusion (lack of fusion)

(c) unconsumed tack welds that can be inspected on
the process contact side

All rewelds shall either totally consume the original
weld or overlap the original weld with no base metal
between the welds.

Weld acfeptance criteria for piping shall be in accor-
dance with the specified fluid service of ASME B31.3.
The additional requirements of Table M]-8.3-1 shall
apply. See|SD-3.1.1 for cautionary information if using
pipe instedd of tube for hygienic systems.

MJ-8.4 T
Weld ac

ibing Welds

eptance criteria (including borescopic accep-
tance critgria) for tubing and components shall be in
accordancg with Table M]J-8.4-1 (see also Figures M]J-
8.4-1 throygh M]J-8.4-4). This includes welds on compo-
nents but nptlongitudinal welds on tubes manufactured in
accordancg with a recognized standard. Welds performed
in the fabrifation of extruded branch outlets (such as tees)
and reducdrs are exempt from the misalignment criteria.

Preprodfiction sample welds, when required, shall be
submitted py the contractor to the owner/user to estab-
lish weld gfpality. The owner/user, contractor, and inspec-
tion contractor shall agree to the number and type of
sample welds.

During donstruction, sample welds shall be madéwon a
regular bapis to verify that the equipment is operating
properly and that the purging setup is adequate to
prevent djscoloration beyond the level~agreed on by
the owner)/user and contractor. The owner/user and
contractof shall agree to the fg€quency of sample
welds. It ip strongly recommendéd that these sample
welds be njade at the beginning, of each work shift, when-
ever the plrge source bottle-is changed, and when the
automatic|or machine wglding equipment is changed
(such as when the orbital tube weld head is changed).

The sanjple welds described in the preceding para-
graphs, and any-associated welding machine printed
records ({ g weldlng parameter prlntouts directly
from the 3 A
welding machlne) if any, may be dlsposed of after
written acceptance of the coupons by the owner, the
owner’s representative, or the inspector.

MJ-8.4.1 Sample Welds. Sample welds for tubing shall
meet all the acceptance criteria of Table MJ-8.4-1. An
internal bead width of 1.0 to 2.5 times the nominal
wall thickness is required.
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MJ-8.5 Tube-Attachment Welds

The acceptance criteria for tube-attachmentwelg
be in accordance with Table MJ-8.5-1 (see also Fig
8.5-1).

MJ-8.5.1 Sample Welds. Samiple welds are not
required for tube-attachment welds or seal weldg.

s shall
ire MJ-

MJ-8.5.2 Rewelding. Rewelding is allowed, except for
welds that are process contact surfaces, for which the
rewelding restrictions(of'MJ-8.4.2 apply.

MJ-8.6 BrazedJoints

Brazed joint.acceptance criteria shall be in acco
with NFPA.99.

rdance

MJ-9-JOINING OF POLYMERIC MATERIALS
MJ-9.1 General

Polymeric materials are described in Part PM. All
techniques may not be available for all polymerid
rials, nor are all methods acceptable for all process
selection of materials of construction and joining
ques is based on application requirements.

oining
mate-
bs. The
echni-

MJ-9.2 Weld Joint Design and Preparation

The weld surfaces to be joined shall be properly aligned.
This may include planing or facing of the components. The
weld surfaces shall be protected against adverse erjviron-
mental influences, including excessive moisture, extreme
temperature conditions, excessive drafts, and contamina-
tion sources (e.g., dirt, dust, oil, foreign material shayings).

MJ-9.2.1 Tubing and Piping. Joint designs for fubing,
plplng, and flttmgs shall be square butt ]01nts ]01ning

machlmng, or facmg to pr0v1de a square end that
meets requirements for the applicable welding procedure
specification (WPS).
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Welds on Process Contact Surfaces

Welds on Non-Process Contact
Surfaces

Welds Left in the

Welds Left in the As- Prior to Postweld As-Welded After Postweld
Discontinuities Welded Condition Finishing After Postweld Finishing Condition Finishing
Cracks None None None None None
Lack of fusion None None None None None
Incomptete Norre-onproeess Norre-onrproeess Norre-onrproeess SeeNotes—{H SeeNqtes (1)
penefration contact side; otherwise| contact side; contact side; otherwise, and (2) dnd |(2)
see Note (1) otherwise, see Note (1)
see Note (1)
Porosity None open to the See Note (1) See Table SF-2.2-1 for None open te the | None gpen to the
surface; otherwise, see acceptance criteria surface; surfjce;
Note (1) for pits/porosity otherwise, othefwise,
se€ Note (1) see Note (1)
Inclusiqns None open to the See Note (1) None open to the Noneé open to the | None ¢pen to the
[metallic (e.g., surface; otherwise, surface; otherwise, surface; surfice;
tunggten) or see Note (1) see Note (1) otherwise, othefwise,
nonnpetallic] see Note (1) see Note (1)
Underchit None See Note (1) None See Note (1) See Ndte (1)
Groove|weld See Note (1) See Note (1) Maximum of 40%/of the | See Note (1) See Ndte (1)
concqvity nominalwall thickness of]

thinnersmember

Fillet weld

Y6 in. (1.5 mm) max.

Per applicable design

Y, in, (0.8 mm) max.

See Note (1)

See Nqte (1)

convexity and fabrication code|
Discolofation Heat-affected zone N/A HAZ may be permitted to | Per customer Per cuftomer
(heat-affected (HAZ) may be permitted| have light straw to light| specification spedification
zone to have light straw blue color (see Figures
to light blue color M]J-8.4-2 and M]J-8.4-3).
(see Figures M]J-8.4-2 Any discoloration
and M]J-8.4-3). Any present must be tightly
discoloration present adhering to the surface
must be tightly such that normal
adhering to the operations will not
surface such that nornial remove it. In any case,
operations will the HAZ shall have no
not remove it. In_any evidence of rust, free
case, the HAZ shall iron, or sugaring. See
have no eyidence Note (3).
of rust/Aree-iron, or
sugaring~See Note (3).
Discolofation Nore/allowed. This N/A None allowed. This Per customer Per cuptomer
(weld bead) criterion does not criterion does not apply| specification spedification
apply to oxide to oxide islands visible on|
islands visible on weld bead. See Note (3).
weld bead. See Note (3)|
Oxide ifland Oxide islands are N/A None allowed Oxide islands Oxide |slands
permitted as long as permitted permitted
they are adherent to the
surface. Reflective color]
of oxide island is not
cause for rejection. Alloy|
types are identified in
Tables MM-2.1-1,
MM-2.1-2, and
MM-2.1-3.
Reinforcement See Note (1) See Note (1) %5 in. (0.8 mm) max. See Note (1) See Note (1)
Tack welds See Note (1) N/A N/A See Note (1) N/A
Arc strikes None N/A None None None
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Table MJ-8.2-1 Visual Examination Acceptance Criteria for Welds on Metallic Pressure Vessels and Tanks (Cont’d)

Welds on Process Contact Surfaces

Welds on Non-Process Contact
Surfaces

Welds Left in the

Welds Left in the As- Prior to Postweld As-Welded After Postweld
Discontinuities Welded Condition Finishing After Postweld Finishing Condition Finishing
Overlap None None None None None
Weld bead width | N/A N/A N/A N/A N/A

Minimum fillet
weld size

See Note (1)

See Note (1)

See Note (1)

See Note (1)

See Note (1)

Misalignment

See Note (1)

See Note (1)

See Note (1)

See Note (1)

See Note (1)

(mismatcH)

NOTES:

(1) The limi
(2) Does no
(3) Welds o

s of ASME BPVC, Section VIII shall apply.
apply to insulation sheathing and similar welds.
h pressure vessels or tanks that have been in service may require unique criteria.

Table MJ-8.3-1 Visual Examination Acceptance Criteria for Welds on Metallic Pipe

Welds on Process Contact Surfaces

Welds on Non-Process Contact

Surfaces

Welds Left in the

Welds Left in the As-| Prior to Postweld After Postweld As-Welded After Postweld
Discontifjuities Welded Condition Finishing Finishing Condition Finishipg
Cracks None None None None None
Lack of fusipn None None None None None
Incomplete None None on process None on pracess See Notes (1) and (2)| See Notes (1) and

penetrati¢n

contact side;
otherwise,
see Note (1)

contact side; otherwise,
seeNote (1)

(2)

Porosity

None open to the
surface; otherwise,
see Note (1)

See Note (1)

See Table SF-2.2-1 for
acceptance criteria
for pits/porosity

None open to the
surface;
otherwise,
see Note (1)

None open {
surface;
otherwise
see Note

o the

Inclusions [netallic

None open to the

See Note (1)

None open to the

None open to the

None open

(e.g., tungsten) or| surface; otherwise, surface; otherwise, surface; surface;
nonmetallic] see Note (1) see Note (1) otherwise, otherwise
see Note (1) see Note (|1)
Undercut None See Note (1) None See Note (1) See Note (1
Concavity See Note (1) See Note (1) See Note (1) See Note (1) See Note (1
Fillet weld Y6 in. (1.5 mm)max. |See Note (1) Y%, in. (0.8 mm) max. See Note (1) See Note (1
convexity|
Discoloratiop (heat- | Heat-affécted zone N/A [see Note (3)] | HAZ may be permitted Per customer Per customejr
affected zpne) (HAZ)ymay be to have light straw specification specificatipn

permitted to have
light straw to light

blue color (see Figures|

to light blue color
(see Figures MJ-8.4-2
and M]J-8.4-3). Any

MJ-8.4-2 and discoloration
M]J-8.4-3). Any present must be
discoloration Tightly adhiering to the

present must be

tightly adhering to the

surface such that
normal operations

will not remove it. In
any case, the HAZ shall
have no evidence of
rust, free iron, or

sugaring. See Note (3)

surface such that
normal operations will
not remove it. In any
case, the HAZ shall
have no evidence of
rust, free iron, or
sugaring. See

Note (3).
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Table MJ-8.3-1 Visual Examination Acceptance Criteria for Welds on Metallic Pipe (Cont’d)

Welds on Non-Process Contact
Welds on Process Contact Surfaces Surfaces
Welds Left in the
Welds Left in the As-| Prior to Postweld After Postweld As-Welded After Postweld
Discontinuities Welded Condition Finishing Finishing Condition Finishing
Discoloration (weld | None allowed. This N/A [see Note (3)] | None allowed. This Per customer Per customer
bead) criterion does not criterion does not specification specification
apply to oxide islands| apply to oxide islands
visible on weld bead. visible on weld bead.
See Note (3). See Note (3).
Oxide island Oxide islands are N/A None allowed Oxide islands Oxide islands
permitted as long as permitted pernjitted
they are adherent to
the surface. Reflective
color of oxide island
is not cause for
rejection. Alloy types
are identified in
Tables MM-2.1-1,
MM-2.1-2, and
MM-2.1-3.
Reinfofcement See Note (1) See Note (1) %, in. (0.8 mm) max. See Note (1) See Nofe (1)
Tack wWelds Must be fully consumed| Must be fully Must be fully consumed\.” | Per customer Per cugtomer
by final weld bead consumed by final weld bead specification specification
by final weld bead
Arc stifikes None None None None None
Overlap None None None None None
Weld Head width N/A N/A N/A N/A N/A
Minimyim fillet See Note (1) See Note (1) See Note (1) See Note (1) See Note (1)
weld size
Misalignment See Notes (1) and (4) |See Notes (1) and_(4J[ See Notes (1) and (4) See Notes (1) and (4)| See Nofes (1) and
(mispmatch) (4)
NOTES:
(1) Thq limits of ASME B31.3 shall apply.
(2) Dogs not apply to insulation sheathing and similar 'welds.
(3) Spgcial surface preparation may be needed to méet the criteria. Welds on piping that has been in service may require urfique criteria.
(4) Itidrecognized thatthe I.D. misalignment is miere relevant to hygienic design than 0.D. misalighment. However, not all connectjons facilitate
reafly measurement of .D. misalignment/Forsituations where compliance with 0.D. misalignment criteriaresults in an I.D. misalignment that
coulld affect drainability or cleanability; See Nonmandatory Appendix C for further details.
Table MJ-84-1"'Visual Examination Acceptance Criteria for Groove Welds on Metallic
Tube-to-Tube Butt Joints
Djscontinuities Welds on Process Contact Surfaces Welds on Non-Process Contact Syrfaces
Cracks None None
Lack offfusion None None
Incomplete penetration None [see Figure MJ-8.4-1, illustration (g)] None [see Figure M]J-8.4-1, illustration (g)]
Porosity None open to the surface; otherwise, see Note (1). If None open to the surface; otherwise, seq Note (1)

postweld TMISNINg 1S performed, See 1able SF-2.2-1
for acceptance criteria for pits/porosity.

Inclusions [metallic

None open to the surface; otherwise, see Note (1) See Note (1)

(e.g., tungsten) or
nonmetallic]
Undercut None See Note (1)
Concavity 10% T,, max. [see Figure MJ-8.4-1, illustration (d)]. 10% T,, max. [see Figure MJ-8.4-1, illustration (c)] over

However, 0.D. and L.D. concavity shall be such that
the wall thickness is not reduced below the minimum|
thickness required in DT-3 [see Note (2)].

entire circumference with up to 15% T,, permitted
over a maximum of 25% of the circumference
[see Note (2)]
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Table MJ-8.4-1 Visual Examination Acceptance Criteria for Groove Welds on Metallic

Tube-to-Tube Butt Joints (Con

t'd)

Discontinuities Welds on Process Contact Surfaces Welds on Non-Process Contact Surfaces
Convexity 10% T,, max. [see Figure MJ-8.4-1, illustration (f)] 0.015 in. (0.38 mm) max. [see Figure MJ]-8.4-1,
[see Note (2)] illustration (e)] [see Note (2)]
Discoloration Heat-affected zone (HAZ) may be permitted to have Discoloration level shall be agreed on between the

(heat-affected zone)

light straw to light blue color (see Figures MJ-8.4-2 and|

M]J-8.4-3). Any discoloration present must be tightly
adhering to the surface such that normal operations

will not remove it. In any case, the HAZ shall have no|

evidence of rust, free iron, or sugaring. See Note (3)

owner/user and contractor. Postweld conditioning
may be allowed to meet discoloration requirements
at the discretion of the owner/user. See Note (3)

Discoloration None allowed. This criterion does not apply to oxide | Discoloration level shall be agreed on between the
(weld beafl) islands visible on weld bead. See Note (3) owner/user and contractor. Postweld conditioning
may be allowed to meet discoloration gequifements
at the discretion of the owner/user.(See
Note (3)
Reinforcemept See convexity See convexity
Tack welds Must be fully consumed by final weld bead [see Note | Same as process contact sid€

(4]

Arc strikes

None

See Note (5)

Overlap

None

None

Weld bead width

No limit provided that complete joint penetration is
achieved

If process contact 'surface cannot be examined
(such as, L.D. of a tube beyond the reach of
remote‘vision equipment), then the non-pr
contact)surface weld bead shall be straight pnd
uniform around the entire weld circumferefpce
[see Figure MJ-8.4-4, illustration (a)]. The mfnimum
weld bead width shall not be less than 50% of the
maximum weld bead width [see Figure M]-8.4-4,
illustration (b)]. The maximum weld bead nheander
shall be 25% of the weld bead width,
measured as a deviation from the weld cenferline,
as defined in Figure MJ-8.4-4, illustration (d).

cess

Minimum thfoat

N/A

N/A

Misalignmenf (mismatch)
[Notes (6)} (7), and (8)]

N/A [see Note (6)]

15% T,, max. [see Figure MJ]-8.4-1, illustratior]
except that 4-in. tube may have a maximun
0.015 in. (0.38 mm) misalignment on the O
and 6-in. tube may have a maximum of 0.0
(0.76 mm) misalignment on the 0.D.
Figure MJ-8.4-1, illustration (b) does not apply to
4-in. and 6-in. tube [see Notes (2) and (6)]|

]
of
D.
0 in.

Oxide island

Oxide islands(are permitted as long as they are adherent

to the surface. Reflective color of oxide island is not
cause/for rejection. Alloy types are identified in
Tables"MM-2.1-1, MM-2.1-2, and MM-2.1-3.

Oxide islands permitted

GENERAL N(TE: Includes allproduct forms (e.g, tube, fittings, castings, forgings, and bar) whose final dimensions meet Part DT requirfements.

NOTES:

(1) The limi
(2) T, is thq
(3) Welds o

s of ASME. B31.3 shall apply.
nominal wall thickness of the thinner of the two members being joined. Weld metal shall blend smoothly into base thetal.
h tubing that has been in service may require unique criteria.

(4) Anywel

thatshows unconsumed taCK welds on the non-process contactsurface snall be examined on the process contactsurtace; o

erwise

itisrejected. If the weld cannot be examined on the process contact surface, rewelding per MJ-8.4.2 is not allowed. Rewelding per MJ-8.4.2 is
allowed if the weld can be examined on the process contact surface after rewelding.

(5)
compromised.

(6

Arc strikes on the non-process contact surface may be removed by mechanical polishing as long as the minimum design wall thickness is not

Note that misalignment is controlled on the 0.D. and is based on allowable 0.D. dimensions and tolerances of fittings and tubing. The owner/

user is cautioned that this can resultin greater .D. misalignment because this also takes into consideration the wall thickness dimensions and
tolerances of fittings and tubing. However, there are no specified 1.D. misalignment acceptance criteria.

g

Itis recognized that the I.D. misalignment is more relevant to hygienic design than 0.D. misalignment. However, not all connections facilitate

ready measurement of I.D. misalignment. For situations where compliance with 0.D. misalignment criteria results in an I.D. misalignment that
could affect drainability or cleanability, see Nonmandatory Appendix C for further details.

(8
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MJ-9.3 Joining Processes and Procedures

Tube and pipe systems composed of polymeric mate-
rials are joined by a variety of heat fusion welding
methods, including beadless fusion, noncontact infrared
(IR) fusion, contact butt fusion, and socket fusion. Fusion
does not require solvents or glue to join material, and
nothing is added or changed chemically between the
two components being joined. Other joining methods
may be used when agreed on by the owner/user.

MJ-9.6 Examination, Inspection, and Testing

Examination, inspection, and testing criteria and
methods are dictated by material type and joining
method. The owner/user, inspection contractor, and/or
engineer shall agree to the types of examinations, inspec-
tions, and testing unless otherwise specified in the appli-
cable code.

MJ-9.6.1 Examination Procedures. Written visual
examination procedures shall be used

Joiningofpolymericmatertatsshalt be performed imaccor-

dance with a documented WPS that is qualified in accor- MJ-9.6.2 Personnel Requirements

dance|with M]-9.4. The owner/user, contractor, and . )

manufacturer shall agree that the welding process MJ-9.6.2.1 Personnel Qualifications. All

selectdd will provide the desired results. inspectors, and Inspectors’ DelegateS shall be

accordance with GR-4 and shall)be trained an

MJ-9.3.1 Beadless Welding. Beadless welding (a mate- valid qualification certificaté from the manuf

rial-dgpendent process) shall be used where drainability the process and material Beifg welded.

is req

t[lired (see Figure M]-9.7.1-1) (reference SD-2.4.3).

MJ-9.3.1.1 Records. Weld equipment should
monitpr and record critical weld parameters such as
heat, fool time, and temperature. If the equipment
does ot have monitoring or recording capabilities,
weld data shall be recorded in welding protocols or on

data cirriers.

MJ-p.3.2 Noncontact IR and Contact Butt Fusion
Welding. Noncontact infrared and contact butt fusion
are noft suitable joining processes for systems requiring

Welling proceduressshall be qualified in accordance
with AWS B2.4. A WPS"shall be provided for each poly-
meric material and-process being used. Environmental
conditjon recoimendations shall be included in the WPS.

MJ-9.5

Welber-and—v ig-operatorperformancequatifica
tions shall be in accordance with AWS B2.4. The
quality of polymeric weld joints depends on the qualifica-
tion of the welders and welding operators, the suitability
of the equipment used, environmental influences, and
adherence to the applicable WPS. Welders and welding
operators shall be trained and possess a valid qualification
certificate from the manufacturer for the process and
material being welded.

Performance Qualifications

237

examiners,
jualified in
l possess a
hcturer for

tamination
itions shall

MJ-9.6.2.2 Examination Personnel Eye E}
Requirements. Personnel performing examin:
have eye examinations as follows:

(a) Near Vision Acuity. The individual shall hpve natural
or correctéd near distance acuity in at least onje eye such
that thelindividual is capable of reading a miIimum of a
Jaeger"\Number 2 or equivalent type and sizq letter at a
distance designated on the chart but no lefs than 12
in-" (305 mm). This test shall be administergd initially
and at least annually thereafter.

(b) Color Contrast. The individual shall d¢monstrate
the capability of distinguishing and differentiating
contrast among colors. This test shall be administered
initially and, thereafter, at intervals not exce¢ding 3 yr.

These examinations shall be administgred by an
ophthalmologist, optometrist, medical doctor| registered
nurse or nurse practitioner, certified physiciah assistant,
or other ophthalmic medical personnel and shall include
the state or province (or applicable jurisdictiopal) license
number.

MJ-9.6.3 Examination, Inspection, and Testing
Requirements

s shall be
f the speci-

MJ-9.6.3.1 Examination. Examinatior
performed in accordance with the provisions g
fied fluid service in ASME B31.3.

The external surfaces of all welds shall be vispally exam-
i M ig i id Service (IChapter X),
is specified, radiographic, ultrasonic, or in-process exam-
ination is notrequired unless specified by the owner/user.

Preproduction sample welds, when required, shall be
submitted by the contractor to the owner/user to estab-
lish weld quality. The owner/user, contractor, and inspec-
tion contractor shall agree to the number and type of
sample welds. During construction, sample welds shall
be made on a regular basis to verify that the equipment
is operating properly and that the setup is adequate to
prevent discoloration beyond the level agreed on by

A R D
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Figure MJ-8.4-1 Acceptable and Unacceptable Weld Profiles for Groove Welds on Metallic Tube-to-Tube Butt Joints

15% T, max.
|7 [for <4 in. (100 mm) O.D.]

77 %,

(a) Acceptable

(b) Misalignment (Mismatch)

77"

(c) O.D. Concavity

in. (0.38 mm) max.

(e) O.D. Convexity

% 7, /I

10% T,, max.

7785+

.D.

10% T,, mak.

(d) I.D. Concavity (Suckback)

10% T, mzx.—f

(f) I.D. Convexity

77
N

(g) Incomplete Penetration

Unacceptable
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Figure MJ-8.4-2 Discoloration Acceptance Criteria for Welds and Heat-Affected Zones on Electropolished
UNS S31603 Tubing

ample #2

L o

e B T 1 i et e i R
Sample #3

= R 7 = === I 772

- ample# I ‘ Sample #5

The weld beads shown in the above photographs are the weld beads on the 1.D. of the tubing. The area for comparison in each photograph is the
area inside the red circle. The weld bead shall have no discoloration. Weld heat-affected zones on electropolished UNS S31603 tubing with
discoloration levels no worse than Samples #1 through #4 in the as-welded condition are acceptable. Heat-affected zone discoloration levels more
severe than that shown in Sample #4 are unacceptable. Sample #5 shows unacceptable weld and heat-affected zone discoloration levels for
comparison. The user is cautioned that the colors observed during direct visual examination or borescope examination will be different viewing
directly down (90 deg) at the surface compared with viewing at a lower angle along the edges.

GENERAL NOTE: The user is cautioned that electronic versions or photocopies of these acceptance criteria shall not be used for evaluation of

sample or production welds since subtle differences in color can influence weld acceptability. Nonmandatory Appendix N explains the technique
by which these acceptance criteria were determined.

This figure is also available as a stand-alone document from ASME as ASME BPE-EP.
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Figure MJ-8.4-3 Discoloration Acceptance Criteria for Welds and Heat-Affected Zones on Mechanically Polished

UNS S$31603 Tubing

Sample #2

AL O
N 5

v

Sample #4

Sample #3

ALY
N

Sample #5

The weld beads shown in the above photographs are the weld beads on the L.D. of the tubing. The area for comparison in each photogra

ph is the

area inside the red circle. The weld bead shall have no discoloration. Weld heat-affected zones on mechanically polished UNS S31603 tubing with
discoloration levels no worse than Samples #1 through #3 in the as-welded condition are acceptable. Heat-affected zone discoloration levels more
severe than that shown in Sample #3 are unacceptable. Samples #4 and #5 show unacceptable weld and heat-affected zone discoloration levels for
comparison. The user is cautioned that the colors observed during direct visual examination or borescope examination will be different viewing
directly down (90 deg) at the surface compared with viewing at a lower angle along the edges.

GENERAL NOTE: The user is cautioned that electronic versions or photocopies of these acceptance criteria shall not be used for evaluation of
sample or production welds since subtle differences in color can influence weld acceptability. Nonmandatory Appendix N explains the technique

by which these acceptance criteria were determined.

This figure is also available as a stand-alone document from ASME as ASME BPE-MP.
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50%

5%

hnder

(19) Figure MJ-8.4-4 Acceptable and Unacceptable Metallic Weld Bead Width and Meander on Non-Process Contact
Surfaces of Groove Welds on Tube-to-Tube Butt Joints
! | 1
Acceptable when narrowest 50%
part of weld bead =50% Acceptable
Straight, uniform ] of widest part of weld bead |
'r/ weld bead @ |
Unacceptable when narrowest >75% <
T part of weld bead <50% of
widest part of weld bead Unacceptable
| I
(a) Acceptable Weld Bead (b) Excessive Weld Bead (c) Excessive Weld Bead Me,
Width Variation
GENERAL NOTE:
Applies|only to non-process contact surfaces and only if weld on process contact surface€anmnot be examined.
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Table MJ-8.5-1 Visual Examination Acceptance Criteria for Metallic Tube-Attachment Welds

Groove Welds [Note (1)]

Fillet Welds

Welds on Process

Welds on Non-Process

Welds on Process

Welds on Non-Process

Discontinuities Contact Surfaces Contact Surfaces Contact Surfaces Contact Surfaces

Cracks None None None None

Lack of fusion None None None None

Incomplete None None N/A N/A [see Note (2)]
penetratiofr

Porosity None open to the None open to the surface; None open to the None open to the surface;

surface; otherwise, otherwise, see Note (3) surface; otherwise, see otherwise, seé\Notq (3)
see Note (3). If postweld Note (3). If postweld

finishing is performed, finishing is performed,

see Table SF-2.2-1 for see Table SF-2.2-1 for

acceptance criteria for acceptance criteria for

pits/porosity. pits/porosity.

Inclusions None open to the None open to the surface None open to the None open to the surface
[metallic (p.g., surface surface
tungsten) pr
nonmetallic]

Undercut None See Note (3) None, see Nofe/(4). [For See Notes (3) and (5) [For
autogenous fillet welds autogenous fillet welds
see Figure MJ-8.5-1, see Figure MJ-8.5-1
illustration (c)] illustration (c)]

Concavity 10% T,, max. [see 10% T,, [see Figure MJ-8.4-1, | N/A\See Figure MJ-8.5-1, | N/A [see Figure MJ-85-1,

Figure MJ-8.4-1, illustrations (c) and (d)] illustrations (a) and illustrations (a) and (c),
illustrations (c) and (d)]. over entire circumference (c), and Note (4)] and Note (5)]
However, 0.D. and I.D. with up to 15% T,,
concavity shall be permitted over a maxXimum
such that the wall of 25% of the circamference|
thickness is not [see Note (6)]
reduced below the
minimum thickness
required in DT-3 [see
Note (6)].
Convexity 10% T,, max. 0:015.in. (0.38 mm) max. 10% T,, max. [see N/A
and Note (3) Figure MJ-8.5-1,
illustration (b) and
Note (6)]

Discoloratioj Heat-affected zone Discoloration level shall be HAZ may be permitted Discoloration level shll be
(heat-affeqted (HAZ) may be permitted agreed on between the to have light straw to agreed on between|the
zone) to have light\straw to owner/user and contractor. light blue color (see owner/user and corjtractor.

light bluécolor (see Postweld conditioning may Figures MJ-8.4-2 and Postweld conditioning
Figurés"MJ-8.4-2 and be allowed to meet MJ-8.4-3). Any may be allowed to eet
MJ-8:4-3). Any discoloration requirements discoloration present discoloration requijements
discoloration present at the discretion of the must be tightly adhering| at the discretion of|the
must be tightly adhering owner/user. See Note (7) to the surface such owner/user. See Ndte (7)
to the surface such that that normal operations
normal operations will will not remove it.
UL ITIIUve il.. ;ll dll_y Ill dll_y Ldst, LIIC IIAZ
case, the HAZ shall have shall have no evidence
no evidence of rust, of rust, free iron, or
free iron, or sugaring. sugaring. See Note (7)
See Note (7)

Discoloration None allowed. This Discoloration level shall be None allowed. This criterion| Discoloration level shall be

(weld bead)

criterion does not apply
to oxide islands visible
on weld bead. See

Note (7)

agreed on between the
owner/user and contractor.
Postweld conditioning may
be allowed to meet
discoloration requirements
at the discretion of the

owner/user. This criterion

does not

apply to oxide islands
visible on weld bead.
See Note (7)

agreed on between the

owner/user and contractor.
Postweld conditioning may
be allowed to meet
discoloration requirements
at the discretion of the
owner/user. This criterion
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Table MJ-8.5-1 Visual Examination Acceptance Criteria for Metallic Tube-Attachment Welds (Cont’d)
Groove Welds [Note (1)] Fillet Welds
Welds on Process Welds on Non-Process Welds on Process Welds on Non-Process
Discontinuities Contact Surfaces Contact Surfaces Contact Surfaces Contact Surfaces
does not apply to oxide does not apply to oxide
islands visible on weld bead, islands visible on weld
See Note (7) bead. See Note (7)
Oxide igland Oxide islands are Oxide islands permitted Oxide islands are Oxide islands_pefmitted

permitted as long as
they are adherent

to the surface. Reflective
color of oxide island is
not cause for rejection.
Alloy types are identified
in Tables MM-2.1-1, MM-
2.1-2, and MM-2.1-3.

permitted as long as
they are adherent to the
surface. Reflective

color of oxide island is
not cause for rejection.
Alloy types are identified
in Tables MM-2.1-1, MM¥
2.1-2, and MM-2,4-3;

Reinforfement

See convexity See convexity N/A N/A

Tack welds Must be fully consumed Must be fully consumed by Must be fully-consumed Must be fully copsumed by
by final weld bead; final weld bead; see by final weld bead; final weld beafl; see
see Note (8) Note (9) see Note (8) Note (9)

Arc strikes None See Note (10) None See Note (10)

Overlap None None None None

Weld b¢ad width | N/A N/A N/A N/A

Minimujm fillet N/A N/A Per client specification Per client specification and

weld [size and Note (4). [For Note (5). [For [autogenous

fillet welds se
Figure MJ-8.5-
illustration (c)

autogenous fillet
welds see Figure MJ-8.5-1,
illustration (c)]

L

Misalighment
(mis

N/A as long as other
conditions are met

N/A as long as other
conditions are met

N/A N/A

hatch)

GENERAL NOTE: Tube attachment welds include grooy¥e welds and fillet welds in various joint configurations, such as proxin|

ity stems on

jumperg on transfer panels, transfer panel nozzles, and locator pins on sprayballs.

NOTES:

(1) Any weld where penetration is required into the joint.

(2) P¢netration to the process contact surfaces is neither required nor prohibited. Welds that penetrate through to the process cqntact surface
mhy exhibit intermittent penetration. Weld penetration through to the process contact surface shall meet all other process cqntact surface
rgquirements of this Table:

(3) The limits of ASME B31t3'shall apply.

(4) Fqr welds designated-by.the owner/user as autogenous fillet welds (seal welds), there is no minimum fillet weld size or thrdat. Concavity
regquirements aremetapplicable. Undercut in process contact surfaces shall not exceed the lesser of 0.015 in. or 15% T,, an{l shall have a
sthooth transition-between weld and base metal.

(5) FqrweldsdeSighated by the owner/user as autogenous fillet welds (seal welds), there is no minimum fillet weld size or throat. foncavity and
ujjdercut reqiirements are not applicable.

(6) T) is theyhominal thickness of the thinner of the two members being joined. Weld metal shall blend smoothly into basq metal.

(7) Welds~on tube attachments that have been in service may require unique criteria.

(8) Rewerding per Mj=8-5-2tsattowed:

(9) Any weld showing unconsumed tack weld(s) on the non-process contact surface can be rewelded per MJ-8.5.2 if the process contact surface
can be reexamined. Otherwise, it is rejected.

(10) Arcstrikes on the non-process contact surface may be removed by mechanical polishing as long as the minimum design wall thickness is not

compromised.
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Figure MJ-8.5-1 Acceptable Weld Profiles for Metallic Tube-Attachment Fillet Welds

\ N

& \ \\\gf Acceptable & \ \\;z\[m% T,, max.

(a) Fillet Weld Concavity (b) Fillet Weld Convexity

_Hr_ Undercut

Process contact surfaces: lesser of 0.015 in. or 45%/T,,

Fillet size Non-process contact surfaces: acceptable

no minimum
N

N Concavity
Ti\ Acceptable

(c) Autogenous Fillet Welb

the ownerj/user and contractor. The owner/user and The examination required for compliance with| ASME
contractof shall agree to the frequency of sample B31.3 may be included in the minimum inspection gercen-
welds. It if strongly recommended that these sample tage, ‘provided those examinations were direct vigual or
welds be rhade at the beginning of each work shift and borescopic and of the process contact surface.
when changing the welder and/or welding operator
(as applicapble) and welding equipment.

The sanjple welds described in the preceding para-
graphs, anld any associated welding machine printed
records (¢.g., welding parameter printouts directly
from the welding machine or downloaded from a
welding mpachine), if any, may be dispesed of after
written adceptance of the coupons by'the owner, the
owner’s representative, or the inspector. MJ-9.6.4 Records. See GR-5.

MJ-9.6.3.3 Testing. Hydrostatic leak testing shall be
performed in accordance with the specified fluid §ervice
requirements in ASME B31.3. Hydrostatic leak festing
shall never exceed the manufacturer’s rating [of the
system installed.

The use of pneumatic testing is not recommengled on
these systems.

MJ-9.6.3.2 Inspection. The Owner/user, inspection MJ-9.7 Weld Acceptance Criteria

contractqr, and/or engineer shall agree to the

minimum [percentage of process contact welds to be Common visual acceptance criteria include complete
selected for borescopicroildirect visual inspection, and ~ bonding of joining surface, straight and aligned [joints,
they shall jnform the installation contractor. The inspec- ~ and exclusion of dirt and foreign substances [in the
tion contractor shall’submit an inspection plan to ensure ~ weld zone.

that we1d§ meet‘the acceptance c.riteriz? of tf.liS part: This MJ-9.7.1 Acceptance Criteria for Beadless Welds. An
plan shall ihclude borescopic or direct visual inspection of

acceptable beadless weld is shown in Figure MJ-9.7.1-1,

the processcontact eso Rspection-witih-iga be 1 accor-

illumination of the weld cross sections on at least 20% of
the welds in each system installed. A representative
sample of each welder’s and/or welding operator’s (as
applicable) work shall be included. There shall also be
a plan for inspecting a representative sample of each
welder’s and/or welding operator’s (as applicable) first
shift of production. A procedure shall be submitted for
inspecting blind welds. The random selection of accessible
welds to be inspected shall be up to the owner/user’s
inspector’s discretion.

dance with the following:

(a) Cracks and Crevices. Any crack or crevice would
generally indicate lack of full penetration welds.
Internal or external cracks or crevices shall not be
permitted in the weld zone [see Figure MJ-9.7.1-1, illus-
tration (b)].

(b) Pits and Pores. Pits and pores shall not be present in
the weld zone on the interior surface [see Figure M]-9.7.1-
1, illustration (c)].
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Figure MJ-9.7.1-1 Acceptable and Unacceptable Weld Profiles for Polymeric Beadless Welds

Note (1)
~ =

1

7-W
Wall
thickness

(a) Acceptable Beadless Weld

Note (1)

Note (1)

(c) Pits or Pores on Wetted Surfaces

Note (1)

(e) Misalignment [Note (2)]

Note (1)

(g) Discoloration in Melt Zone

NOTES:
(1) We
(2) Nof
use
tolg

/oids. Voids\or’microbubbles in the weld zone are
ult of molten material shrinking as it cools, leaving
voidsy-usually in the center of the weld, due to
e displacement. They are notuncommon in beadless

(c)
the res
small
volum

weldingland their presence alone is not reason for  ontheprocesscontactsurface ofthe weld zonel

rejection.

(1) The maximum single void diameter shall be 10%
of nominal wall thickness.

(2) The maximum total for all void diameters in a
given cross-sectional examination shall be 10% of
nominal wall thickness [see Figure M]-9.7.1-1, illustration
(d)].

(d) Fit-Up and Mismatch. Components shall be aligned
so as to prevent holdup that would contribute to contam-
ination of the process fluid. The maximum misalignment is

(d) Voids (Microbubbles).in. Melt Zone

Note*(1)

(f) Inclusions in the Melt Zone

Note (1)
J ~=
Tw : [
Wall —1 =
thickness — 14% T,, max.

d examination area: melt zoré (area that was supported during fusion).
e that misalignment is contfolled on the 0.D. and is based on allowable 0.D. dimensions and tolerances of fittings and piping
I is cautioned that this cah hesult in greater I.D. misalignment because this also takes into consideration the wall thickness di
rances of fittings and piping. However, there are no specified 1.D. misalignment acceptance criteria.
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(h) Inside Diameter Concavity

. The owner/
mensions and

MJ-9.7.1-1,
bmponents

10% of nominal wall thickness [see Figure
illustration (e)].Itis notrecommended tojoinc
of different wall thicknesses.

(e) Inclusions. Any dark, visible inclusion(s) pr speck(s)
are consid-
ered foreign materials and are not acceptable [see Figure
M]-9.7.1-1, illustration (f)].

(f) Discoloration. Slight discoloration in the weld zone
isnotuncommon in beadless welding. Slight discoloration
would include up to a light “straw” color in the weld zone.
Dark color on the surface or at the weld interface could
indicate improper cleaning or joint preparation and is
rejectable [see Figure MJ]-9.7.1-1, illustration (g)].
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(g) Concavity. Maximum inside diameter (I.D.)
concavity shall be limited to 10% of the nominal wall thick-
ness [see Figure MJ-9.7.1-1, illustration (h)].

MJ-9.7.2 Acceptance Criteria for Nonbeadless Welds.
Acceptance criteria for nonbeadless welds in piping shall
be in accordance with AWS G1.10M or DVS 2202-1.

MJ-9.7.3 Acceptance Criteria for Sample Welds.
Sample welds shall meet all the acceptance criteria of
MJ-9.7.1.

identification of each weld shall be provided either on the
weld map or on the inspection log.

Fusion equipment that electronically stores welding
histories and serializes welds should be used. Welding
history shall be turned over, in printed or electronic
format, to the owner/user on completion of work and
as part of the installation qualification (IQ) process.

(c) Materials. All molded fittings, molded valves, and
extruded piping shall be intrinsically identified to
provide, as a minimum, material of construction, lot

MJ-9.7.4 Rewelding. Rewelding is not allowed.

MJ-9.8 Dpcumentation Requirements

The follqwing documentation shall be presented to the
owner/usdr or their designee, as a minimum:

(a) Welding Documentation. Welding procedure speci-
fications (WPSs) used, their procedure qualification
records (PRQRs), and welder performance qualifications
(WPQs)/performance qualification test records
(PQTRs) anyd/or welding operator performance qualifica-
tions (WOPQs).

(b) Well Maps. When required by the owner/user,
weld maps|of bioprocessing components, weld inspection
logs of bigprocessing components (including type and
date of inspection), and welder and/or welding operator

number, and date of production to ensure tracepbility.
Certificates of Compliance shall be prowided for
molded/extruded components not individually lapeled.

(d) Testing Records. Other records (€.g., pressufre test,
surface finish) shall be provided as required by the qwner/
user.

MJ-10 DOCUMENTATION-REQUIREMENTS

The requirements forimetallic materials and weld docu-
mentation are listedin'GR-5. For polymeric materigls, see
M]J-9.8.

MJ-11 PASSIVATION

Refer to SF-2.4.
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PART SF
PROCESS CONTACT SURFACE FINISHES

SF-1

The
surfac
meric

PURPOSE AND SCOPE

purpose of this Part is to provide process contact
e finish acceptance criteria for metallic and poly-
materials.

SF-2 METALLIC APPLICATIONS

SF-2.1 Applicable Systems

Thid
the ow

Partshall be applicable to all systems designated by
ner/user or representative thereof.

Progess contact surface requirements shall apply to all
accesdible and inaccessible areas of the systems that
directlly or indirectly come in contact with the designated
produ¢t.

These systems shall include, but are not limited to, one
or mofe of the following:

(a) USP water-for-injection (WFI)

(b) USP purified water

(c) PSP pure steam

(d) pther product/process contact surface systems

SF-2.2 Acceptance Criteria

Accq
steels
2.2-1
asdes
agreed

ptance criteria, for common austenitic stainless
as per Table MM-2.1-1, are (isted in Tables SF-
nd SF-2.2-2. Acceptance critéria for other alloys
ribed in Part MM may diftenand should be mutually
on by both the owner/user and supplier prior to
orderihg material. Visual\comparison charts or samples
may bg used to define) acceptable and/or unacceptable
procegs contact surfaces.

SF-2.3 Examination Techniques Employed in the
Classification of Process Contact Surface
Finishes

finishes are shown in Table SF-2.2-1.

Acceptance criteria for electropolished-metallic process
contact surface finishes shall meet r€quiremenfs shown in
Table SF-2.2-2 in addition to thoseshown in T4ble SF-2.2-
1.

SF-2.3.2 Direct Visual\Examination. Difect visual
examinations should be“performed with a light source
having a color temperature between 5,000 K|l and 6,500
K. llumination Ghould be at least 500 Jux at the
surface to be ‘eXamined. Personnel perfor]:Ting direct
visual examinations shall meet the eye examfination re-
quirements*of MJ-7.2.6. The size, shape, and |[contour of
many¢process components (piping, vessels, alves, etc.)
may;limit the accessibility of direct visual exgminations;
however, direct visual examinations should bg conducted
with the eye ata distance of not more than 24 ir}. (600 mm)
from the surface at an angle of not less than|30 deg.

Acceptance criteria for metallic process conalact surface

SF-2.3.3 Remote Visual Examination. In $ome cases
where areas subject to examination are irfaccessible
for direct visual examination, remote visual ekamination
may be used. Such examination systems shall Have a reso-
lution capability at least equivalent to that obfainable by
direct visual examination. Remote visual ejamination
systems using cameras need particular attgntion paid
to the following specific features:

(a) The observed colors may differ signifig
the actual colors due to the combined electron
dling of camera, monitor, and software.

(b) Magnification level of viewed areas
should be verified. See ASTM A1015
Calibration, for reference.

(c) Mlumination typically is self-adjusted bythe camera
by changing readout time. [llumination requiements for
direct visual examinations do not apply.

antly from
c data han-

or objects
para. 7,

SF-2.3.1 General. Process contact surface finish exam-
inations shall be made by one or more of the following
methods:

(a) visual examination

(1) direct visual examination
(2) remote visual examination (e.g., videoscopes,
borescopes)

(b) liquid penetrant testing

(c) surface roughness measurement device
(profilometer)

247

SF-2.4 Surface Condition

The process contact surfaces of metallic materials listed
in Tables MM-2.1-1, MM-2.1-2, and MM-2.1-3 shall be
cleaned prior to being placed into service. The process
contact surfaces of stainless steels listed in Tables MM-
2.1-1 and MM-2.1-3 should be passivated after cleaning.
Refer to Nonmandatory Appendix E for cleaning and passi-
vating guidelines. Passivation of electropolished surfaces
isnotrequired unless the process contact surface has been
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Table SF-2.2-1 Acceptance Criteria for Metallic Process Contact Surface Finishes

Anomaly or Indication Acceptance Criteria

Pits/porosity If diameter <0.020 in. (0.51 mm) and bottom is shiny

[Notes (1) and (2)]. Pits <0.003 in. (0.08 mm) diameter
are irrelevant and acceptable.

Cluster of pits/porosity No more than 4 pits per 0.5 in. (13 mm) x 0.5 in.

Dents

Finishing m

(13 mm) inspection window. The cumulative total diameter
of all relevant pits shall not exceed 0.040 in. (1.02 mm).

None accepted [Note (3)]

rks If R, max. is met

Welds

Nicks
Scratches

Surface crac
Surface incly
Surface resi

Surface roug

Welds used in the as-welded condition shall meet the
requirements of MJ-8.

Welds finished after welding shall be flush with the base
metal, and concavity and convexity shall meet the
requirements of MJ-8. Such finishing shall meet the
R, requirements of Table SF-2.4.1-1.

None accepted

For tubing, if cumulative length is <12.0 in. (305 mm).per
20 ft (6.1 m) tube length or prorated and if depth-is
<0.003 in. (0.08 mm)

For fittings, valves, and other process components, if
cumulative length is <0.25 in. (6.4 mm),/depth <0.003 in.
(0.08 mm), and R, max. is met

For vessels, if length <0.50 in. (13 muf) ‘at 0.003 in.

(0.08 mm) depth and if <3 per inspection
window [Note (4)]

KS None accepted

sions If R, max. is met

uals None accepted, visual_inspection

hness (R,) See Table SF-2.4.11

Weld slag For tubing, up to 3 per 20 ft (6.1 m) length or prorated, if

<75% of the width of the weld bead

For fittings,-valves, vessels, and other process components,

none accepted (as welded shall meet the requirements of

MJ-8)and Table MJ-8.4-1)
Blistering None accepted
GENERAL NQTE: This table covers surface finishes, that are mechanically polished or any other finishing method that meets the R} max.
NOTES:
(1) Black bottom pit of any depth is not acceptable.
(2) Pits in syperaustenitic and nickel alloys may exceed this value. Acceptance criteria for pit size shall be established by agreement etween

owner/
(3) For vess|
(4) An inspd

ser and supplier. All ethey pit criteria remain the same.
Is, dents in the areateovered by and resulting from welding dimple heat transfer jackets are acceptable.
ction window is-de€fified as an area 4 in. x 4 in. (100 mm x 100 mm).
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Table SF-2.2-2 Additional Acceptance Criteria for be clean. Cleanliness applies to finished components/
Electropolished Metallic Process Contact Surface equipment as produced and packaged by the manufactur-
Finishes er. Subsequent shipping, storage, handling, and/or instal-
Anomaly or Indication Acceptance Criteria lation may :';1ffect the cleanliness, and it will become a
- - - contractual issue between owner/user and manufactur-
Cloudiness Acceptable if R, max. is met . .
er/service provider.
End grain effect Acceptable if R, max. is met
Fizture marks Acceptable if electropolished SF-2.5 Electropolishing Procedure Qualification
Haze Acceptable if R, max. is met

Electropolishing service providers shall maintain and

Interrupted electropolish
ogram for

Acceptable if R, max. is met

Ora.mge p.eel, ) Acceptable Tf Ra max fs met their electropolishing procedures. They|shall also
Stringey indication Acceptable if R, max. is met qualify their electropolishing method(s), in gccordance
Weld whitening Acceptable if Ry max. is met with a written procedure. This procedure shall specify
Variancp in luster Acceptable if R, max. is met the acceptable ranges of the eleetropolishinlg essential
variables.

altered (e.g., welded or mechanically polished) or exposed Nonmandatory Appendix H has been pravided as a
to extgrnal contamination after electropolishing. Specific guide.
passivption requirements shall be defined in the engi- Flash electropolishingshall not be acceptablé¢. Spot elec-
neering design documents and/or specifications and  tropolishing shall be dcceptable if it meets the require-
shall He in accordance with SF-2.6. ments in this sectionm.

SF-2.4.1 Surface Finishing. Process contact surfaces =X .
shall pe finished using mgchanical polishing, cold SF-2.6 Passivation Procedure
working, machining, or electropolishing in conformance Passivation for this Part shall be limited to newly
with applicable sections of this Part. installed or newly modified sections of systems and

Electropolished surfaces may have variances in luster components. Passivation shall be performed in accor-
that arje acceptable, if the surface roughness values meet dance with an approved quality assuran¢e/control
the requirements in Table SF-2.4.1-1. Mechanical buffing program. The passivation method(s) including proce-
as a firfal polishing finish is unacceptable. All surfaces shall dures for initial water flushing, chemical cl¢aning and

degreasing, passivation, and final rinse(s) shall be qual-

Table SF-2.4.1-1 R, Readings for Metallic Process ified in accordance with a written procedure and docu-
Contact Surfaces mentation package. This procedure shall gpecify the
Mechanically Polished [Note (1)] acceptable ranges of the passivation essential variables.
R. Max. Nonmandatory Appendix E has been provided as a guide
Syrface - : to passivation practices and evaluation of passivated
Desjgnation pin. pm . . . . . .
— - — - surfaces. Spot passivation is permitted. The pickling
SFO No finish requirement) No finish requirement process shall not be accepted as a substitute for passiva-
S 20 et tion. There is no universally accepted nondestfuctive test
SF2 25 0.64 for the presence of a passive layer.
SF3 30 0.76 For passivated process contact surfaces, the pcceptance
Electropolished criteriain Table SF-2.6-1 apply in addition to Tgble SF-2.2-
R, Max. 1 and/or Table SF-2.2-2, as applicable. Tests to ensure the
pin. pm presence of a passive layer shall be agreed to between the
SF4 15 0.38 owner/user and contractor.
fi i fg gi} SF-2.7 Normative References
GENERAL NOTES: The following standards contain provisions that,
(a) All R, readings are to be in accordance with ASME B46.1. through reference, specify terms, definitions, and para-
(b) All R, readings are taken across the lay, wherever possible. meters for the determination of surface texture (rough-
(c) No single R, reading shall exceed the R, max. value in this table. ness, waviness, and primary profile) by profiling methods.
(d) Other R, readings are available if agreed on between the owner/
user and supplier, not to exceed values in this table. ASME B46.1, Surface Texture (Surface Roughness,
NOTE: Waviness, and Lay)
(1) Or any other finishing method that meets the R, max. Publisher: The American Society of Mechanical Engineers

(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)
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Table SF-2.6-1 Acceptance Criteria for Metallic Passivated Process Contact Surface Finishes

Anomaly or Indication

Acceptance Criteria

Surface particles

Stains

Visible construction debris

Visible oils or organic compounds

No particles observed under visual inspection, without

magnification, and using adequate room lighting

8)

None accepted (weld discoloration to comply with appropriate table of MJ-

None accepted

None accepted

GENERAL NOTES:

(a) Surface ¢OTATTION SITATTEET TabIe SF-2.2-1 and/0T 1abie St-2.2-2, a3 appicabie.
1 tests/acceptance criteria may be selected from Table E-5-1 in Nonmandatory Appendix E.

(b) Additio

ISO 3274, [Geometrical Product Specifications (GPS) —
Surface fexture: Profile method — Nominal character-
istics of jcontact (stylus) instruments

ISO 4287, [Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Terms, definitions
and surfpce texture parameters

ISO 4288, [Geometrical Product Specifications (GPS) —
Surface fexture: Profile method — Rules and proce-
dures fof the assessment of surface texture

ISO 11562] Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Metrological charac-
teristics |of phase correct filters

Publisher: [nternational Organization for Standardization
(ISO), Central Secretariat, Chemin de Blandonnet 8, Case
Postale|401, 1214 Vernier, Geneva, Switzerland
(www.isp.org)

SF-2.8 R

Rouge is|a naturally occurring phenomenon in\existing
stainless steel high-purity process systems_(including
water or pure steam). The degree to which it forms
depends oh

(a) the stainless steel material used for each compo-
nent withip the system

(b) how the system was fabricated (e.g., welding,
surface fin|sh, passivation treatment)

(c) what process conditions the system is exposed to
(e.g., water|purity, process’chemicals, temperatures, pres-
sures, mechanical sttesses, flow velocities, and concentra-
tion of dissplved«gasés, such as oxygen or carbon dioxide)

(d) how|the-system is maintained

The presence of rouge in a system needs to be evaluated

uge and Stainless Steel

For more information, refer to the/ISPE Watgr and
Steam Systems Baseline® Pharmacéutical Enginfeering
Guide.

SF-3 POLYMERIC APPLICATIONS
SF-3.1 Applicable Systems

This section shall’be applicable to all systems|desig-
nated by the owner/user or representative therepf.

Process caontaet surface requirements shall applly to all
accessibleand inaccessible areas of the system}s that
directly or indirectly come in contact with the designated
produet:

These systems shall include process systems an
utilities.

1 clean

SF-3.2 Materials

The preferred materials of construction for
systems shall be as described in PM-2.

these

SF-3.3 Examination Techniques Employed 'ijthe
Classification of Process Contact Sufface
Finishes

Process contact surface finish examinations shall be
made by one or more of the following methods:
(a) visual examination
(1) direct visual examination (e.g., illumi
through pipe/tube wall)
(2) remote visual examination (e.g., videogcopes,
borescopes)

(b) surface roughness measurement device:

hation

profil-

ratak = xfa H-AAcHEARIARE—TaIL:
o etrer—orortmer—Stutrratec—theasttre et aetviees

against its potential to affect the product, process, and/or
long-term operation of the system. Nonmandatory
Appendix D provides the methods to measure rouge in
a system both in the process solution and on the
actual process contact surface. It also suggests various
fabrication and operation practices to minimize rouge
formation and methods/techniques for its remediation.
See the definition of rouge in GR-8.
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Acceptance criteria of polymeric process contact
surface finishes are shown in Table SF-3.3-1.

Visual examination shall be performed under adequate
room lighting. Additional lighting shall be used when
appropriate to illuminate blind or darkened areas and
to clarify questionable areas.

The same techniques shall be used for both examina-
tions and inspections.
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Table SF-3.3-1 Acceptance Criteria for Polymeric Process Contact Surface Finishes

Anomaly or Indication Acceptance Criteria

Scratches

Surface cracks

Surface inclusions

Surface roughness, R, See Table SF-3.4-1

For rigid tubing/piping, if cumulative length is <12.0 in. (305 mm)
per 20 ft (6.1 m) tube/pipe length or prorated and if depth
<0.003 in. (0.08 mm)

For other process components, surface finish must be agreed on

by supplier and owner/user
None accepted

None accepted

GENERAL NOTE: All process contact surface finishes shall be defined by the owner/user and supplier using the criteria des¢fibed in SF-1.

SF-3.4 Surface Condition Table SF-3.4-1 R, Readings for/Polymeric| Process

Thelfollowing surface finishes of polymeric materials

Contact Surfaces

R, max.

are avpilable: Surface
(a) piping/tubing and fittings Designation uin, um
(1) as molded SFPO No finish reguirement  No finish rpquirement
(4) as extruded SFP1 15 0.p8
(3) as machined SFP2 25 0.b4
(4) as fabricated from molded, extruded, or SFP3 30 ole
machined components SFP4 40 1h1
(b) kheet, rod, and block SFPS 50 1b7
(1) as molded |
SFP6 60 1.p2

(4) as extruded
(3) as machined after molding or extrusion

Thege are generally used terms and may not be appli-
cable ip all cases. The final criteria shall be determined by and supplier, not to exceed values in this table.
the R,|values shown in Table SF-3.4-1.

GENERAL NOTES:
(a) No single R, reading shall exceed the R, max. valuq in this table.
(b) Other R, readings are available if agreed on betweeh owner/user
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CHAPTER 6
CERTIFICATION

CR-1 PUR

Part CR|
Requirems
nizations p
BPE Stand
and the Af
Thisisa v

NOTE: Admj

ment of an A
of the ASMH
have been 1

In Part
tubing and

PART CR

POSE AND SCOPE

and ASME CA-1, Conformity Assessment
nts, together establish requirements for orga-
roviding components in accordance with the
ard to obtain a Certificate of Authorization
ME Certification Mark (see Figure CR-1-1).
bluntary certification program.

nistrative requirements pertaining to the obtain-
SME Certificate of Authorization for the application
Certification Mark on BPE components in Part CR
elocated to ASME CA-1.

R, the term “components” shall be limited to
fittings.

CR-2 GE

ERAL

(a) Anofganization providing components meetingthe
requiremepts of this Standard is issued a Certificate of

Authoriza
successfu
ASME. Ce
through au|
ficate num
audits are |
of the qual
nization’s |
providing

Figure

ion and the ASME Certification Mark on
completion of a survey and.approval by
rtificate Holders maintain—certification
dits and renew certificatipn ofan existing certi-
ber through a renewal/survey. All surveys and
erformed by ASMEto'determine the adequacy
ty management system and to verify the orga-
xrnowledge, understanding, and capabilities of
a component.in conformance with the BPE

CR-1-1 ASME Certification Mark With BPE
Designator

CERTIFICATION REQUIREMENTS

Standard under the organization’s/Quiality Manag
System (QMS) (see Nonmandatety Appendix Z).

(b) ASME BPE certificationimeans that the capah
fulfill requirements of this Standard by the organ
has been reviewed and accepted by ASME. The org
tion is responsible for enguring that the products st
with the ASME Ceftification Mark and BPE Desi
meet the requiremments on which the certification is

CR-2.1 ASME BPE Certificate Holders

(a). Av»ASME BPE Certificate Holder has a (
Management System that has been reviewed and ac
by-ASME and has demonstrated its capability to fu
requirements of this Standard for the scope of wor
tified on the Certificate of Authorization. The Cer
Holder is authorized under a valid Certific

ement

ility to
zation
Faniza-
hmped
bnator
based.

uality
cepted
fill the
k iden-
ificate
ate of

Authorization to mark components, and/or documenta-

tion traceable to the components, in conformit
this Standard with the ASME Certification Mark.
(b) Certificate Holders are issued a certificate nl
to be used to attest to the validity of their certifica
data reports and/or certificates of conformance.
(c) Written references indicating that an organ
is a Certificate Holder are not valid without referd
the certificate number.

CR-2.2 ASME BPE Certificate Holder’s
Responsibilities

The responsibilities of the Certificate Holder incl
following:

y with

umber
ion on

zation
nce to

Ide the

fn) r\l‘\fannlnrv 2 BPE Certificate of Authorizatio

.
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(b) compllance with the latest edition of ASME CA-1 as

applicable to the BPE Certification Program.

(c) compliance with all requirements of this Standard,
as applicable, for the scope of work identified on the BPE

Certificate of Authorization.

(d) establishing and maintaining a Quality
Management System under Part CR of this Standard.

(e) documenting the QMS.
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(f) filing a control copy of the QMS manual with ASME.
The QMS manual shall provide a detailed description of the
items and services that are being provided under the
company’s ASME BPE Certificate of Authorization.

(g) preparing procedures, work instructions, forms,
and other implementing documents used under the QMS.

(h) ensuring that the BPE Designator is used in
conjunction with the ASME Certification Mark.

(i) qualifying suppliers of subcontracted work.

(j) qualifying and certifying a Certified Individual.

conformance, or both, that are signed by a responsible
representative of the Certificate Holder who is authorized
to perform the designated oversight activities (i.e., a
Certified Individual).

CR-2.4.1.1 Duties of the Certified Individual. The
Certified Individual shall
(a) verify that each item, or lot of items, to which the
ASME Certification Mark and BPE Designator is applied
conforms with the applicable requirements of the

CR-2.

The
sibilit]
Desigr]

B Certification Designator

BPE Certification Designator shall be the respon-
y of the Certificate Holder. The Certification
ator shall consist of the uppercase letters “BPE”
and sHall be of a design having similar proportions to
that dhown in Figure CR-1-1. The Certification
Desigmator shall be legible and located immediately
underpeath the ASME Certification Mark.

CR-2.4 Quality Management System

The
QMSa
shall
Appen|

CR
use of]
shall b

applicant shall establish and maintain an effective

addressed in Nonmandatory Appendix Z. The QMS
fontain all of the elements in Nonmandatory
dix Z.

.4.1 Requirements for Designated Oversight. The
the ASME Certification Mark and BPE Designator;
e documented with data reports or certificates of

ASMEBPE-Stamdard
(b) sign the appropriate data report or-csd
conformance or both prior to release of éontrol

rtificate of
of the item

CR-2.4.1.2 Requirements for thé Certified Individual

(a) The Certified Individual shall be an empJoyee of the
Certificate Holder and shall‘be qualified and ¢ertified by
the Certificate Holder. Qualifications shall ihclude the
following as a minimums:

(1) knowledgé:ofithe applicable requiren
ASME BPE Standard for the application of]
CertificationMark

(2) knowledge of the Certificate Holder’

(3)~training commensurate with t
complexity, or special nature of the activitie
oyeksight is to be provided

{b) The Certificate Holder shall maintain a r¢
qualifications and training of the Certified In

ents of the
the ASME

5 QMS
he scope,
s to which

cord ofthe
Hividual.
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MANDATORY APPENDIX I
SUBMITTAL OF TECHNICAL INQUIRIES TO THE BIOPROCESSING
(19) EQUIPMENT (BPE) COMMITTEE

This material has been moved to the front matter and
revised.
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MANDATORY APPENDIX II
STANDARD UNITS

See [Table II-1.

Table II-1 Standard Units

Quantity

U.S. Customary

SI Units

Length
Length
Area
Volunje
Volunje

Pressyire, gatige

Pressiireabsolute

inches (in.)

feet (ft)

square inches (in.%)
cubic inches (in.*)
gallons (gal)

pounds per in.? (psig)

pounds per in.? (psi,)

millimeters (mm)

meters (m)

square centimeters (cm?)
cubic centimeters (cm?®)
liters (L)

kilopascal (kPag)
kilopascal (kPa,)

Vacuum
Temperature
Angle (plane angle)
Surface finish
Slope

Flow rate, liquid
Flow rate, gas

Speed/velocity

Coefficient of thermal expansion

pounds per in.? (psi)

degrees Fahrenheit (°F)

degrees or radians

microinch (pin.)

inches per foot (in./ft)

gallons per minute (gal/min)

std. cubic feet per hour (std. ft/hr)
feet per second (ft/sec)

inch per inch per degree

[in./(in./°F)]

kilopascal (kPa)

degrees Celsius (°C)

degrees or radians

micron or micrometer (pin.)
millimeters/meter (mm/m)

liters per minute (L/min)

std. liters per minute (std. L/min)
meters per second (m/s)

millimeters per millimeter per degree
[mm/(mm/*C)]
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MANDATORY APPENDIX Il
SINGLE-USE COMPONENTS AND ASSEMBLIES

111-1 GENERAL

The purpose of this Appendix is to define the require-
ments thatjre applicable and unique to the use and manu-
facturing df single-use components and assemblies.

111-2 GENERAL GUIDELINES

Single-u$e components and assemblies are intended for
one-time fise and may be referred to as disposables.
Single-us¢ components and assemblies are unique
from multjuse components and assemblies as they are
not intended for SIP and CIP cycles. In this Appendix,
"compongnt" is defined as an individual unit, and
"assemblyl" is defined as the combination of two or
more indijidual components. This Appendix addresses
the methdds for identifying, inspecting, packaging,
joining, bigcompatibility, and sterilization applicable to
single-use components and assemblies.

-3 MATlERIALS

I1l-3.1 Po
See Part] PM.

ymeric Materials

11I-4 BIOCOMPATIBILITY

The biogompatibility of single-tise ‘components and
assemblies|shall be considered carefully due to the poten-
tial for large product contact areas and long contact times.
Many of thgse components-and assemblies are composed
of multipl¢ materials or~multilayer structures, and the
primary cqncern is how the process interacts with the
contact syrfaces,‘The design of the component and
assembly ghall-not compromise the integrity, safety, or
efficacy of| the process fluid. The focus of evaluations

Additionally, the user should consider protein,aldsorp-
tion, preservative absorption, leaching of low-molgcular-
weight compounds, endotoxins, and the,presence of
animal-derived compounds in singlesise“compgnents
and assemblies.

11I-5 EXTRACTABLES AND LEACHABLES
I11-5.1 General

Testing of process €quipment/components made of
polymeric materials for extractables and leachables
should be done 'to identify chemical substancgs that
could migrate.into the process fluid, potentially affecting
the process-oraltering the final product. Some examples of
chemicabsubstances identified in this testing ipclude
oligomiers, monomers, curing (cross-linking) agent, cata-
lysts, antioxidants, initiators, dyes, pigments, plasticizers,
and mold release agents. The data generated may He used
to make risk-based decisions of the potential impgct that
any identified substances may have on the fingl drug
product and may aid in the selection of equipment/
components. PM-3.2 provides information on extra¢tables
and leachables from polymeric materials. Nonmanjdatory
Appendix P-4 provides an overview of bioprodessing
equipment/component evaluation related to extra¢tables
and leachables characterization.

111-6 COMPONENTS

111-6.1 Polymeric Hygienic Unions
See PM-4.6.

111-6.2 Steam-Through and Steam-To Connegtions

111-6.2.1 General Requirements. Steam-through and

should bé-en—the—material-of-construction-ofthe
process contact surface, but it is preferred to evaluate
the complete component and assembly. At a minimum,
the process contact surface shall comply with the
following tests:

(a) biological reactivity, in vitro (cytotoxicity, i.e., USP
<87>)

(b) biological reactivity, in vivo (i.e., USP <88>) or
equivalent per recognized compendia agreed to by the
owner/user and manufacturer

Steat-to-connectors—are-desigred-te—conneet—single-use
systems to multiuse (metallic) systems. Steam-through
and steam-to connections shall

(a) form a hygienic clamp union, meeting the require-
ments of Parts DT and SG.

(b) maintain a seal (SG-4)

(c) be self-draining (Part SD)

(d) be sterilizable per I1I-11

(e) be compatible with SIP, poststerilization (e.g.,
gamma irradiation) at 266°F (130°C) for 1 hr (exposed
surfaces)
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(f) meet the biocompatibility requirements of PM-3.1
(g) meet the Certificate of Compliance requirements of
Table PM-2.2.1-1

111-7 JOINING METHODS

The joining of components may be performed in many
ways for single-use applications. Examples of these joining
techniques include, but are not limited to, welding, heat
sealing, overmolding, solvent bonding, mechanical

dimensions (e.g., inner and outer diameters), and
tubing pre-welding sterilization shall be compatible
with the capabilities of the welding equipment.

111-7.2.2 Acceptance Criteria. The weld shall be eval-
uated to confirm it is leak free and meets the owner/user’s
acceptance criteria. Acceptance criteria may include

(a) tolerance requirements for tube to tube alignment

(b) presence of bubbles, gaps, contaminants or foreign
material, and internal flash or occlusion of tubing lumen

conndctions, and adnesives. WIith any ol these
methdds, the procedure for the joining of polymers,
comp¢gnents, or assemblies shall be controlled to
ensurg repeatable results. The joint shall not leak, shall
meet the pressure requirements for the intended use,
and shall maintain the integrity of the component or
assemply's contact surface.

I11-7.1 Mechanical Hose Barb Connections

Thig section applies to the mechanical joining of single-
use aspemblies using a hose barb, flexible tubing and a
retentjon device, commonly referred to as a hose barb
connelction. Flexible hose assemblies intended for
repeated use are addressed in PM-4.3.2 and SD-3.2.

I11-7.1.1 Operating Conditions. The owner/user
should define the operating temperature range, operating
pressurerange, and sterilization method (ifapplicable) for
the infended use of the hose barb connection.

111-2.1.2 Assembly. Manual assembly of singlefuse
hose bprb connections shall follow documented standard
operatiing procedures. Assembly equipment (€:g tubing
stretclers, fitting inserters, retention devices,/and appli-
cation|tools) shall be maintained in a state of calibration.
Fluidsfused to aid in the insertion of a-hese barb into flex-
ible tuping shall be identified by cliemical type and meet
the requirements of PM-2.1.

I11-7.1.3 Qualification. Single-use hose barb connec-
tions ghall be qualified bythe supplier to ensure they
meet gerformance critéria as stated in their specification.
The supplier should have an established testing program
to supstantiate-performance of the mechanical

connegtion.

11-7.2

Thermal Welding of Thermoplastic

111-8 IDENTIFICATION

Single-use components and assemblies shall be
designed and packaged to providéAot tracegbility. The
traceability shall enable the ownér/user to ifentify the
raw material(s), processing“Conditions fritical to
support the manufacturer's specifications, ajd the date
of manufacture.
111-8.1 Labeling

The primarypackaging of single-use comppnents and
assemblies™shall be labeled with the following
information:

(a)“manufacturer

(b), part identifier

(c) lot identifier

Additional information may be included on the label on
agreement between the manufacturer and owner/user.
111-9 CERTIFICATE OF COMPLIANCE

The single-use component or assembly mgnufacturer
shall issue a Certificate of Compliance that cpntains the
following information:

(a) manufacturer

(b) part identifier

(c) lot identifier

(d) date of manufacture and/or expiration| date

(e) compliance information

Additional information may be included in the
Certificate of Compliance on agreement betwe¢n the man-
ufacturer and the owner/user.
111-10 INSPECTION AND PACKAGING

The packaging of single-use components gnd assem-

T —_—
—Ftastomer raomyg

Thermoplastic elastomer (TPE) tubing is used as part of
single-use assemblies when there is a need to join or sepa-
rate the assembly from the single-use system or other
process equipment without the use of mechanical fittings.
Welding of rigid thermoplastic tubing and piping is
addressed in MJ-9.

111-7.2.1 Specifications. Thermal welding shall be
performed using the procedure provided by the
welding equipment manufacturer. Tubing material,
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blies shall be performed to help control the potential intro-
duction of bioburden, particulate, or other contaminants
to the component, assembly, or the owner/user's system
(see I1I-13 and Nonmandatory Appendix P-2). Inspection
shall be performed to confirm the quality of the packaging
and that the contents meet the specified criteria between
the supplier and owner/user.
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111-10.1 Inspection

Single-use components and assemblies shall be
inspected for the presence of particulates or other
contaminants before primary packaging as agreed on
by the manufacturer and owner/user. This inspection
shall take place in a controlled environment in accordance
with the intended use of the final component or assembly.

111-10.2 Packaging

been exceeded. The manufacturer shall, on request,
provide methodology used to determine shelf life or
expiration date such as aging tests, stability tests, or
other industry standards.

(a) Nonsterilized Components and Assemblies. The man-
ufacturer shall provide an expiration date (preferred) or
the manufacturing date and shelflife, plus storage require-
ments and any special handling requirements. Shelf life
shall be based on raw material, component, and/or
assembly data.

The pury
assemblie
bioburden
packaging
assembly,
controlled
use of the
single-use
according

ose of packaging of single-use components and
is to control the potential introduction of
, particulates, or other contaminants. The
shall not adulterate the component and
Primary packaging shall take place in a
environment at a level suitable for the final
component or assembly. The packaging of
components and assemblies shall be labeled
o I11-8.1.

111-11 STE

Single-u
tible with
sterilizatid
irradiation

RILIZATION (BIOBURDEN CONTROL)

e assemblies and components shall be compa-
the intended sterilization method. Common
n methods include autoclaving and gamma
. Autoclaving is generally performed by the
owner/usdr. Gamma irradiation is generally contracted
to a third party by the manufacturer. The owner/user
shall determine the appropriate method and level of docu-
mentation [required for the given application.

I1I-11.1 Gamma Irradiation

Single-u
shall be

be assemblies that will be gamma irradiated
anufactured in a controlled enyironment.

(b) Sterilized Components and Assemblies. The
facturer shall provide expiration dates, storage 14¢
ments, and any special handling requirentents. SH
shall be based on raw material, component 4
assembly data, sterilization method,“and package
rity. Package integrity testing shalllbe performed
relevant standard (e.g., ISO 11607). See 111-10.2.

manu-
quire-
elf life
nd/or
integ-
per a

111-13 PARTICULATES

Single-use components and assemblies should be
loose, non-embeddéd, and solid particulates as s
direct visual{observation without magnifid
Particulates greater than or equal to 100 p are cong
to be visiblexThe TAPPI Size Estimation Chart may 1
for referénce. Particulates less than 100 p are cong
to be‘subvisible and should be minimized.

free of
ben by
ation.
idered
eused
idered

[11-13.1 General

Particulates may unintentionally be present on siirfaces
ofthe single-use article and may impact the manufagturing
process and/or product. Particulate sources ipclude
machines, materials, methods, environmen|, and
people. More information and characteristics of pprticu-

The maximum recommended gamma irradiation dose lates may be found in Nonmandatory Appendix ()-2.

should be [specified by the manufacturer-of the single-

use assembly or component. Whei establishing a  111-13.2 Mitigation Techniques

maximum (dose, ,the manufacturelj should cons'lder the The materials, design, manufacturing operationg, envi-

effects on phy51'ca1 and mechamcal prope.:rt.les (e-g., ronment, and product use should be considered fdr their

appearancg, tensile) and chemical characteristics of the impact on particulate generation and control. A pogram

materials fised (e.g., leachable/extractable effects). The should be established to characterize, quantify, dpntrol,

supplier sHall provide lot-specific certification of proces- and minimize particulates, as applicable. The Igvel of

SINg to_ thelowner/yser. The degrees of validation are the observation and particulate control should be appr¢priate

followmg:. . . for the degree of risk for the particular applicatiopn (e.g.,
(a) validatedSsterility assurance level per a recognized fill /finish).

standard (g.g¢ ISO 11137).

(b) gamma irradiated to the specified dose range. No
validation of the effectiveness is conducted.

111-12 SHELF LIFE, STORAGE, AND EXPIRATION
DATE

The shelf life of a single-use component or assembly is
the duration under specified storage conditions from the
date of manufacture to the last date the product can be
placed in service and remain suitable for its intended use.
The expiration date is the date after which the shelflife has

258

111-13.2.1 Suppliers. Suppliers shall implement
controls to ensure their single-use product can meet
their established particulate criteria. Typical controls
include

(a) proper use and maintenance of manufacturing
equipment

(b) utilization of controlled environments for the
manufacturing and assembly process such as a classified
clean room or clean zone

(c) appropriate packaging; see III-10
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(d) training of manufacturing personnel on particulate
control practices

(e) product inspection and documentation of batch
records

(f) establishment of a particulate investigation process

111-13.2.2 Owner/User. Owner/users should imple-
ment controls to ensure their use of single-use products
can meet their established particulate criteria. Typical
controls include

(a) procedures to determine risk associated with parti-
culate matter

(b) supplier quality agreements

(c) required incoming inspection documentation

(d) training of personnel in best practices for the han-
dling and use of single-use products

(e) establishment of a particulate investigation process
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MANDATORY APPENDIX IV
NOMENCLATURE

Units [Note (1)] Reference
Symbol Definition u.s. SI Paragraph Table/Figure/App. Equation
A Djstance of the annular space in. mm Figure SD-3.4.3-1
between the 0.D. of a dip
tube or shaft and the L.D. of
a nozzle neck
D Ofitside diameter of tube in. mm
or pipe
Djameter in. mm SD-3.9.2.1, SD-3.9.2.2
d Irfside diameter in. mm Figure SD-4.1.2.2-1
LD. of the extension or leg of in. mm SD-3.1.2.2
tubing or fitting
Npminal dimension of a valve in. mm SD-3.1.2.2
or instrument
dy LD. of instrument sensor in. mm Figure PI1-4.1.3.3-1
measuring tube
ds LD. of instrument sensor in. mm Figure P1-4.1.3.3-1
process connection
Hpight in. mm Figure SD-4.1.2.2-1
L Léngth in., ft mm,-m PM-4.2.3
SD-3.1.2.2 Table SD-3.1.2.2-1,
Table SD-3.1.2.2-2,
Figure SD-3.3.2.2-4,
Figure SD-3.4.2-1,
Figure SD-3.4.2-4
Lnin Minimum length or distance in. mm Figure P1-9.1.3.5-1,
Figure P1-9.1.3.5-2
L/A Ritio of the nozzle neck SD-3.4.3, SD-3.5.1 Figure SD-3.4.3-1
length divided by the
distance of the
annular space between
the 0.D. of a dip tube
or shaft and:the 1.D.
of a nozzle’neck
L/d Dpad leg determination SD-3.1.2.2, SD-3.3.2.2, Table SD-3.1.2.2-1,
SD-3.4.2, SD-3.7.3, Table SD-3.1.2.2-2,
SD-3.7.4, SD-3.15, Figure SD-3.1.2.2-1,
SD-4.1.2.2, SD-6.1.4.2, Figure SD-3.3.2.2-4,
SD-6.1.5.1, SD-6.3.5.2 Figure SD-3.4.2-1,
Figure SD-3.4.2-4
Q Flow rate gpm Ipm
QL Leak rate mbar-L/s SD-5.6.7 eq. (1)
R Radius in. mm Table DT-4.5.1-1,
Table DT-4.5.2-1,
Figure PI-8.1.3.6-1
R, Roughness average pin. um SD-4.1.2.2, SF-3.4, Table SF-2.2-1,

Nonmand. App. N

Table SF-2.2-2,
Table SF-2.4.1-1,
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Units [Note (1)] Reference
Symbol Definition u.s. SI Paragraph Table/Figure/App. Equation
Table SF-3.3-1,
Table SF-3.4-1
S. Sensitive length in. mm Figure PI-7.3.5-1
T Temperature °F °C PM-4.2.3
t Time sec, min s, min
T, Tangent length in. mm DT-4.1 Table DT-3-1, Table DT-4.1-1
Tw Nominal wall thickness in. mm Table MJ-6.3-2,
Tahle M]-84-1
Table MJ-8.5-1,
Figure MJ-8.4-1,
Figure MJ-8.5-1,
Figure MJ-9.7.1-1
14 Volume gal L SD-5.6.7 eq. (1)
w Wavelength nm Nonmand. App. M-3
[od Coefficient of thermal in./in./°F  mm/ PM-4.2.3 eq. (2), eq.
expansion mm/°C 3)
Primary angle deg deg Eigure PI-2.2.2-1
GENERAL NOTE: For reference to this Mandatory Appendix, see GR-8.
NOTE: (L) Use of the specific units of measure are not required by this Standard. However, while the units of measure are not requir¢d they are an
essentidl element with regard to the equations represented in this Standard.
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NONMANDATORY APPENDIX A
COMMENTARY: SLAG AND OXIDE ISLANDS

t-gas shielded welding processes do not

produce sldg. See GR-8 and AWS A3.0 for definition of slag.

(b) Wel

s on stainless steel tubing can produce a thin

film that agpears as localized islands on the surface of the
weld. In welds on nickel alloys, stainless steels, or welds
alloyed with nickel filler metals, these films have been
identified g4s high-melting-point nonmetallic oxides, typi-
cally referfed to as oxide islands.

(c) Oxide islands encountered on welds in stainless

steels and
MM-2.1-2,

nickel alloys identified in Tables MM-2.1-1,
and MM-2.1-3 are commonly found in one

of the follqwing forms:
(1) On stainless steels, a small, round, black spot at

the termin.

htion of the weld bead, on the outside or inside

surface, or|both. This spot is generally unavoidable.
(2) Onproducts made from cast or wrought stainless

steels and

as the weld

weld rippl

hickel alloys, a thin film, gray or the same color
surface, may be evident because it covers the
bS.

(3) On nickel alloys or stainless steels welded with
nickel alloy fillers, a thin film, having varying“eolqr with
tints from gray to dark brown, may be evident bedause it
covers the weld ripples.

(d) Slagin or on welds may be the testlt of faulty weld
preparation, such as contamination) poor clean|ng, or
faulty tack welding procedures.

(e) Slag may also result from melting base mqtals of
certain compositions thatiinclude elements not ngrmally
reported on Material‘Test Reports. These elejments
include, but are pot limited to, aluminum, caflcium,
cerium, and zirconium.

(f) The owner/user and contractor should invegtigate
the origin of\any slag found during weld examipation,
determine’its acceptability, and agree on any corfective
action,
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NONMANDATORY APPENDIX B
MATERIAL AND WELD EXAMINATION/INSPECTION
DOCUMENTATION

See Forms MEL-1, MER-1, and WEL-1 beginning on next
page.
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BPE Form MER-1 Material Examination Record

Project Number/Name: AJE Project Number:

Record Number: Received by: Date Received:
Owner/User: Name and Date of Approval:

Customer Company Name:

(Enter the name of the company receiving the material.)
Address:

(Enter the address of the company receiving the material.)
Gontact Names and Numbers:

[Enter the name(s) and contact information of personnel receiving the material.]

bupplier/Manufacturer Name:

(If receiving a product or material, enter the name of the company supplying the‘material.)
Address:

(If receiving a product or material, enter the address of the company supplying the material.)
Contact Information:

[If receiving material, enter the name(s) and contact informationtof personnel supplying the material)

Project Information: NCR Numbeér;
(Related Specifications, Codes, and Standards) (NCR report number if needed)
Heat Number/Heat Code: Material Specification:
[Record heat number(s) for the sample.] (ASTM spec., customer spgc.)
P.O. Number:

(Enter associated purchase order number heré,)
Packing List Number:

(Enter packing list and/or tracking number here.)
Lot Number:

(For multiple lot shipments, enter/associated lot number here.)
Examiner’s Information:

(Enter the name of the examiner, company of examiner, etc.)
Material/Alloy Type:

[Enter the type or grade of material (UNS S31603, N08367, etc.)]
Material Description:

[Enter the size,"material product form (tubing, 90, 45, TEE, ferrule, valve, etc.)]
DT-11 Compliant:

(Record\Accept or Reject after markings verification.)
Wall Thickness:

[Record Accept or Reject after physical examination of the lot (if required).]
O.D. Tolerance:

[Record Accept or Reject after physical examination of the lot (if required).]

Surface,R

a

[Record Accept or Reject after physical examination of the lot (if required).]
Visual Examination:

(Record Accept or Reject after physical examination.)

MTR(s) Verified:

(Record Accept or Reject for MTR compliance with specifications.)

Quantity Received: Quantity Accepted: Quantity Rejected: Date Examined:_|
Comments:
(Record any notes for examination, and attach additional sheets if needed.)
Copies: []Owner O AE [ Contractors [] Consultants [ O [ File
November 2018 Page __of __ Form MER -1
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NONMANDATORY APPENDIX C
SLOPE MEASUREMENT AND JOINT MISALIGNMENT

C-1 GENERAL

(a)
level
shoul
percer

(b)
duret
perfor

(¢
follow
(1
(4
adjust
(3
liquids
etc.)

(4
tempe

(@)
shall b
(1
(4
(3
inspe
changg

(e)
appro;

0]

or bot

Slope measurement shall be made with a digital
br a digital protractor. The instrument used
l be capable of displaying slope in degrees,
t, and in./ft (mm/m).
Refer to the owner’s manual for the proper proce-
perform the self-calibration routine. This must be
med immediately prior to use.
Slope measurements shall only be made under the
ng conditions:

before insulation has been installed

after hangers/pipe supports have been installed,
bd, and fixed in place
) before the introduction of any fluids, such as
or process gases (pure oxygen, nitrogen, steam,

) when the system is at ambient pressure and
Fature
For piping or tubing systems, slope measurements
e made at the following locations:

between hangers/pipe supports

at each change in direction

at any other location deemed necessary by the
tor, such as between welds«ertany apparent
in slope
Slope should be measured‘only on runs that are
fimately horizontal.

$lope measurementsmay be made on either the top

fom of the tubing/piping.

(g) Forslope measurements made on skids
ensure that the base is level in all directions:”]
sure that all slope measurements are made rel
base.

(h) Slope shall be verified after’ the faby
completed, or corrected, the piping installati
the slope.

C-2 JOINT MISALIGNMENT

In order to mefet 0.D. misalignment critq

r modules,
'hen, make
htive to the

icator has
on and set

ria in this

Standard, the-a€cumulated tolerances in pipjng, tubing,

and fittings'may result in a welded joint with 2|
lignment:xShould this occur, the owner/user,

contragctor, and inspection contractor shall

engineering judgment to determine the be
for. the application considering flow, orient
drainability.

h [.D. misa-
nstallation
pply good
bt solution
ation, and

The orientation of the piping, tubing, or fittings should

be considered prior to final disposition of thd
prior to welding.
(a) Vertical Orientation
(1) Misalignment should be uniformly
around the circumference.
(2) Direction of flow should be consid
assembling the components.
(b) Horizontal Orientation. Horizontal O
Misalignment should be oriented to maxin

weld joint

Histributed
bred when

rientation.
jize drain-

ability, normally accomplished by minimizing the I.D.

misalignment at the bottom.
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NONMANDATORY APPENDIX D
ROUGE AND STAINLESS STEEL

D-1 GENERAL

This Apgendix provides methods to measure rouge in a
system both in the process solution and on the actual
product coptact surface. It also suggests various fabrica-
tion and operation practices to minimize rouge formation
and methods/techniques for its remediation.

For the definition of rouge and its classification, see GR-
8.

D-2 CONSIDERATIONS FOR REDUCING ROUGE
FORMATION

Tables [J-2-1 and D-2-2 provide guidance on different
variables ahd how they may contribute to the presence of
rouge in a high-purity system. They are listed in the
following dategories:

(a) Category 1: Little Influence on the Formation of
Rouge. There are theories that suggest other factors
that may have a role in the formation of rouge. These vari-
ables are 1jot listed in Tables D-2-1 and D-2-2.

(b) Catdgory 2: Moderate Influence on the Formation:of
Rouge. Theyre is industry data supporting these variables,
and they should be considered.

(c) Catg¢gory 3: Strong Influence on the_Foermation of
Rouge. Thefe is well-established industryata supporting
these varigbles, and they should be cénsidered.

D-2.1 Syqtem Fabrication

See Tablg D-2-1 for a discussion of fabrication variables
that affect|the amount ofouge formation.

D-2.2 System Operation

See Table D-2«2for a discussion of operation variables
that affect [the“amount of rouge formation.

Table D-3.1-1 provides descriptions, pros, and ¢ons of
various tests for the identification of mobile constifuents.

D-3.2 Solid Surface Analyses

Surface analyses provide information on the npature,
microstructure, and composition”of surface layers.
They may represent the futurestatus of the media and
the possible threat of rouging to the water quality.

Table D-3.2-1 provides ‘déscriptions, pros, and ¢ons of
various tests for the identification of the composition of
surface layers.

D-4 METHODS TO REMEDIATE THE PRESENCE OF
ROUGEIN A SYSTEM

Remediation (derouging) processes are desighed to
remove iron oxide and other surface constitugnts of
rolige while minimizing damage to the surface [finish.
Rouge occurs on the surface, from corrosion, or precipi-
tates onto the surface after migrating from other lodations.
These conditions are easily categorized by using the stan-
dard Classes I, 11, and III rouge. The following s¢ctions
describe remediation processes and the conditions
under which they are performed.

D-4.1 Class | Rouge Remediation

ClassIrouges are weakly attached to the surface dnd are
relatively easily removed and dissolved. This rduge is
generally hematite or red ferric iron oxide with low
levels of other oxides or carbon content. Phosphoric
acid is useful to remove light accumulations anjd may
be blended with other acids and compounds indluding
citric, nitric, formic, or other organic acids and surffctants
to assist in its derouging effectiveness. Citric acidtbased
chemistries with additional organic acids are effedtive at

D-3 EVALUATION METHODS TO MEASURE ROUGE

Rouge can be measured by its presence in the process
fluid and/or its presence on the process contact surface.

D-3.1 Process Fluid Analyses

Fluid analyses provide a means of identifying the mobile
constituents within a subject process system. They repre-
sent the current quality status of the media and the result
of rouging.

268

IUUSC lClllUVCX}- Tllc usc Uf budiulll llydl Ubulfil, (le,
sodium dithionite) is also fast and effective at removal
of Class I rouge.

These chemistries are processed at elevated tempera-
tures from 104°F to 176°F (40°C to 80°C) for between 2 hr
and 12 hr. The process time and temperatures may
depend on the severity of rouge accumulation, the
system component’s material of construction, and the
concentration of chemistries. The concentration of each
chemistry is based on proprietary testing and process
design criteria.
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Electrochemical cleaning is an alternative method of
rouge removal that uses phosphoric acid and applied
direct current where the process contact surface is
anodic. As a cathode is moved over the process contact
surface to be cleaned, rouge is readily removed. This
process is very effective in removing all three classes
of rouge but is limited to accessible parts of a system
and is primarily performed on the product contact
surfaces in vessels.

For specific Class I rouge remediation processes, refer

less aggressive, they produce much less potential for
etching of the surface finish.

Citric and nitric blends with hydrofluoric acid or ammo-
nium bifluoride will remove these Class III rouges more
quickly but will definitely etch the surface wherever the
base metal is subjected to the derouging fluid. The amount
of etching or increase in surface finish roughness is depen-
dent on process conditions, chemical concentration, and
variability of the rouge thickness and level of surface finish
roughness initially. The condition of use for these

to Table D-4.1-1.

D-4.2

Clasp Il rouge consists mostly of hematite or ferric iron
oxide yvith some amount of chromium and nickel oxides as
well ag small carbon content. It is removed with chemis-
tries that are very similar to the above processes with the
additign of oxalic acid, which improves the effectiveness in
removpl of this type of rouge. All of the above chemistries
removg the rouge without damage to the surface finish
with the exception of oxalic acid, which may etch the
surfade depending on conditions and concentration
procegsed. Class II rouges are more difficult to remove
than (lass I and may require additional time, even
thouglh these processes are often run at slightly higher
tempefatures and increased concentrations.

For ppecific Class Il rouge remediation processes, refer
to Table D-4.1-1.

Class Il Rouge Remediation

D-4.3

Clags III rouge is much more difficult to(remove
compdred to Class I and Class II rouge, due to both its
chemigal composition difference and its structural differ-
ence. These high-temperature deposits-form magnetite
iron okide with some substitution~of chromium, nickel,
or siljca in the compound structure. Significant
amourjts of carbon are generally-present in these deposits
due to|reduction of organics\present in the water, which
somet]jmes produces the\“smut” or black film that may
form during derouging. The chemistries used to
remoye Class Ill.rouge are very aggressive and will
affect|the surface finish to some degree. Phosphoric
acid-based dereuging systems are generally only effective
on verly light accumulation of the rouge. The strong
organif acid blends with formic and oxalic acid are effec-

Class Ill Rouge Remediation

processes is highly variable in both temperature and
time required to effectively remove allhof|the rouge
and leave the surface prepared for cleaning and passiva-
tion. The less-aggressive chemistries,are usefl at higher
temperatures [140°F to 176°k/(60°C to §0°C)] and
require longer contact time (8/hr to 48-plfis hr); the
nitric acid-based fluoride\solutions are oftpn used at
lower temperatures [ambient to 104°F (40pC)], while
the citric acid-based-fluoride solutions are used at
higher temperatures, and shorter contact timles (2 hr to
24 hr).

For specific Glass 11 rouge remediation procgsses, refer
to Table D-4.1-1.

D-4.4 Remediation Variables

The times and temperatures given in D-4.1
4.3 are in direct relation to the percent by w¢
base reactant(s). A change in a formulation willlchange the
corresponding requirements. Different application
methods include fluid circulation, gelled applications
for welds or surfaces, and spraying mdthods for
vessels and equipment. Rinsing of the surface after proces-
sing as well as proper waste disposal planning {s critical to
the derouging process. The waste fluids geherated by
these processes can be classified as hazardpus due to
chemical constituents or heavy metals content.

Rouge can effectively be removed from prodess contact
surfaces to reduce the potential for oxide particulate
generation into the process fluids. These [derouging
processes are required prior to proper cleaning and passi-
vation of the stainless steel surface for restorgtion of the
passive layer after corrosion. Analytical testing of utility
fluids may be useful in identifying the level of particulate
generation and levels of metal oxides containgd in these
fluids as corrosion degrades the surface.

through D-
ight of the

tive on some of these high-temperature rouges, and, being
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Table D-2-1 Considerations That Affect the Amount of Rouge Formation During the Fabrication of a System

Variables

Considerations

Category 3 — Strong Influence on the Formation of Rouge [Note (1)]

Alloy selection

Mechanical polishing/buffing

Electropolis}

Passivation

Selection of the proper alloy (e.g., 316L-type or 6 moly-type stainless steel) should
address the corrosive effects of the process conditions. For example, low-carbon stainless
steel (316L-type) has better corrosion resistance than higher-carbon stainless steels (316-type).
Beneficial alloys can mitigate premature or accelerated corrosion. Higher nickel content will
enhance corrosion resistance.

Striations from cold working techniques may include residual grinding/polishing debris in
lapping inclusions. Cumulative increase of interior area due to surface finish inconsistency

ing

Alloy compofsition

Welding, wej
purging, €

Product forr

ding conditions,
kC.

h and fabrication

proportionally exposes more alloy to the mechanisms of corrosion and burden of passivafion.

Minimizes the exposure area of the alloy to oxidizing fluids or halides and minimizes the
origins for micropitting by corrosion mechanisms.

Impedes or retards corrosive development of stainless steel surfaces. The effectivenéss of
passivation methods in terms of depth and enhancement of surface alloy patios”(i.e., chropme
to iron) determines the eventual propensity of an alloy to corrode and the, rate of corrosjon.

(% molybdenum, chromium, nickel, etc.)
The microstructure quality affects precipitation of impurities at grain, boundaries. Migratipn of
impurities to the alloy surface can either support corrosion cells-or seed downstream
corrosion. Weld joints on tubing and/or components with diSsintilar sulfur concentration:
may result in lack of penetration due to weld pool shift. The resulting crevice may beconfe a
corrosion initiation site.

Improper welds can result in chromium-depleted heat=affected zones (HAZs) and other conflitions
that reduce corrosion resistance. Weld discontindities create opportunities to trap fluid-
borne impurities. Cracks resulting from poor.welds will create breaches in the passive layer
and form active corrosion cells. Proper purging prevents weld contamination by heat
tint oxides and the concurrent loss of corrosion resistance. Passivation cannot reverse thq effects
of improper purging.

The ferrite content can be greatly affected by the forming process (e.g.,, a forging will typicdlly

methods have much lower ferrite percentages than a casting). Barstock endgrain voids at the surfdce
can enhance the potential of the-alloy to pit and corrode. Minimization of differences in
sulfur content will enhance the potential for successful welding.
Category 2 — Moderate Influence.on the Formation of Rouge [Note (1)]
Installation/ptorage Unidentified corrosion(due to the storage or installation environment, including carbon stedl
environm¢nt contamination, scratching, exposure to chemical contaminants, stagnated condensation or]

Expansion a
to an estal

hd modifications
blished system

liquids, etc., may*warrant a derouging step prior to passivation. Failure to detect instancegs of
corrosion will marginalize the effect of a normal passivation.

Oxide foymations in newly commissioned systems can form at different rates than in older §ystems
and(initially generate migratory Class I rouge. Where oxide films exist in established
systeimis, they are likely to be more stable, producing less migratory iron or chrome oxidgs.
Because the newer system can generate and distribute lightly held Class I migratory hemptite
forms throughout the system, the corrosion origin and cause can be difficult to identify.

NOTE: (1) There is well-established‘industry data supporting this, and it needs to be considered.
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Table D-2-2 Considerations That Affect the Amount of Rouge Formation During the Operation of a System

Variables Considerations

Category 3 — Strong Influence on the Formation of Rouge [Note (1)]

Corrosive process fluid
(bleach, halides, etc.)

Corrosion cell inceptions at breaches in the passive layer, as in chloride corrosion cells, will
progressively catalyze the corrosion mechanism. This has a very strong influence for applications
such as high-salt buffer tanks, etc.

High shear/velocity
environment (pump-

Erosive forces deplete or erode the passive layer and introduce base metal composition particles
to the remainder of the system. Severe instances can cause pitting on the tips of pump

impeller, sprayball, tees,

impellers or fluid impingement spots on vessel walls. In pure steam systems, high-velocity

etc.) sections can scour tubing walls, either preventing sustained buildup of stable magnetite layers
or sloughing off fragments from developing oxide formations that are then transporfed
downstream for possible corrosion seeding.
Operating temperature and Operating temperature and temperature gradients will affect the eventual nature\ofi oxide formations

temperature gradients

inclu
(02

ing dissolved gases
nd COz)

Gaseot} phase composition,

Application, process media

(pur

steam, WFI, buffer,

medih, CIP, etc.),
freqyency of operation

System|
meth

Redox

Mainte

Stagnai

CIP, cleaning
ods

botential

hance of the system

t flow areas

(e.g., Class I hematite versus Class III magnetite), the ease of removal, the priepensit
become stationary, stable, or lightly held and migratory. The nature of-reStoration by
and derouging may be largely determined by the operating temperatufe of the systg
Established magnetite formations in pure steam systems may requike’a derouging s
to the passivation steps.

For monographed fluids (PW, WFI, and pure steam), the constititency of dissolved gas
generally believed to have an influence on rouge formation-when within established
and total organic carbon (TOC) limits in systems that.have an adequate passive laye
possible for impurities to migrate across distillation(and pure steam generation proq
dissolved gases. A variety of analytic spectrometry methods are available to identify|
species. (Refer to Tables D-3.1-1 and D-3.2-19

The nature of the oxide formation, potential for corrosion, remedial methods, and peri

(temperature, corrosive process, etc.)\ln’steam-in-place (SIP) systems, velocity, tem
and trapping can have impacts on the composition and locations of rouge formation|
migratory deposits.

Adequately designed systems can minimize this impact. Poorly trapped pure steam he
regularly exposed to pressure gradients, can introduce corrosion mechanisms and p
through steam condensate* Long hold periods in high-salt buffer tanks and the effec
of the tank agitationan promote or accelerate rouge formation. SIP following inade
can create corrosionsmechanisms and further aggravate removal methods.

formation are greatly influenced by the dpplication as noted in the other impact deS{riptions

Exposure to CIP.¢ycles and the specific chemical cleaning solutions strongly affects the
potential for reuge occurrence. System sections exposed to a cyclic CIP regime will
to form or collect rouge. Significant factors include whether there is an acid or hot ¢
cycle in, the CIP recipe. The duration and temperature of the acid cycle can be impo
Acid, eycles with mild concentrations (e.g., 2% to 20% phosphoric acid) have been s
maintain and restore passive layers.

The use of ozone to sanitize purified water or WFI systems has also demonstrated be
effects in impeding alloy corrosion.

System components such as worn pure steam regulator plug seats, improper or misalj
gaskets, worn regulator and valve diaphragms, pump impellers (with worn tips), an
or cracked heat exchanger tube returns are believed to be sources of Class I rouge.

A moving oxidizing fluid can maintain the passive layer. (Studies with nitrogen-blanke
storage tanks have shown negative effects on passive layers as a result of minimizin
in the fluid.)

Liquid condensate that is not immediately removed from a pure steam conduit or that

to
passivation
m.
ep prior

s is
conductivity
Ltis

esses as
these

bd of

erature,
and

ders,
oducts
iveness
quate CIP

e less likely
cid CIP
tant.

hown to

eficial

bned
eroded

ed WFI
o oxygen

collects
ducts or

from improper valve sequencing can concentrate and transport surface oxidation pr

steam contained solubles. These can concentrate and deposit at a branch terminus such as a

Pressure gradients

System

age

vessel sprayball, dip tube, etc. These deposits are typically lightly held forms of hem:

atite.

Though easily removed, they can be difficult to remove in large vessels and appear to go

against the common stipulation of “visually clean.”

Pure steam systems only. Pressure changes in the distribution system will affect the amount of

steam condensate as well as the quality of the steam. If system sections are exposed
pressure ranges, condensate that is not effectively removed from horizontal sections

to
can be

revaporized at higher pressures, which will lower the steam quality and transport any impurities

borne in the steam condensate.

This depends on how the system has been maintained in regard to frequency of passivation or
derouging, CIP exposure, and formation of stable oxide layers. New systems have been
observed to generate disproportionate amounts of Class I rouge formations in contrast to
established systems. In pure steam systems, although oxide formations become stable with

271


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

Table D-2-2 Considerations That Affect the Amount of Rouge Formation During the Operation of a System (Cont’d)

Variables

Considerations

age, they can also thicken and be prone to particle sloughing in high-velocity sections. It
should be noted that system time in use can have both beneficial and negative effects in
regard to rouge formation and that regular system monitoring is important in identification of

incipient corrosion.

NOTE: (1) There is well-established industry data supporting this, and it needs to be considered.

able

=3.1- rocess rFiui natyses Tor the idaentirication o obite Constituents or Kouge

Test Criteria

Type off Test Test Description Pros | Cons

Ultra trace inprganic Concentrations of trace metals in process Noninvasive sample acquisition. Baseline must’be determiped
analysis (by ICP/ solutions including pure water/steam Highly quantitative information. for eachSystem analyzed.
MS) are directly analyzed by inductively Provides strong ability to

coupled plasma mass spectrometry trend data
(ICP/MS).

Standard parficulate A liquid sample is subjected to a laser Noninvasive sample acquisition. Baseline must be determiped
analysis (via light, which scatters on contact with Highly quantitative information. for each system analyzed.
light) particles. The scattered light is Provides strong ability to trend.data

collected, processed, segregated by
channel, and displayed as a specific
count for each size range analyzed.

Ultra trace inprganic Fluids are filtered via vacuum filtration, Provides highly detailed ‘physical Limited with respect to oifganic
analysis (b, and particles are collected on a fine- observation and elémental particulate identificatio
SEM/EDX) pore filter medium. The particles are composition data for mobile

then analyzed by scanning electron particulates
microscopy for size, composition, and
topographical features.

Fourier transform Organic analysis of liquid samples or Potentially noninvasive sample Organic contaminants mugt be
infrared extracts from wipe samples. Used to agquisition. Allows for profiled in a specific target
spectroscopy identify possible organic films or organic identification of compound library.

(FTIR)

deposits

elastomers or alternate
organic contaminants
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Table D-3.2-1 Solid Surface Analyses for the Identification of Surface Layers Composition

Type of Test

Test Description

Test Criteria

Pros

Cons

Microscopic and
human visual
analysis

Scanning auger

micro,
(SAM
electr]
spect
(auge|

Small sy
spect
chem
(ESCA
photo
spect

Reflecti
ellips

Electrod
impeq
spect

or auger
bn
0scopy

)

ot electron
oscopy for
cal analysis
) or X-ray
electron

n grade
metry

hemical
ance
ometry

oscopy (XPS)

Visual analysis via polarized light
microscopy (PLM), scanning electron
microscopy (SEM), or alternative
microscopy instrumentation

Surface metal elemental composition

analysis analysis Provides for detailed

Good test for morphology
determination. Can be coupled
with energy dispersive X-ray
(spectroscopy) (EDX) analysis
for elemental composition
information

Highly accurate method for

pasitive identification and

Invasive test. Requires periodic

removal of solid samples

(e.g., coupons)

Invasive and destructive test.

Requires neriadic

emoval

qualitative elemental composition data
on both the surface itself and the subsurface
(or base metal)

The sample is subjected to a probe
beam of X-rays of a single energy.
Electrons are emitted from the surface
and measured to provide elemental
analysis of the top surface layers.

Multicolor interferometry using light and
its diffractive properties to assess
surface conditions

The analysis of electrochemical noise in
order to quantify the state of corrosion
of a metallic surface

qualification of the surface metal

composition. Used to
determine the depth and
elemental composition of the
surface including the passive
layer itself

Highly accurate method for the
qualification and quantification
of the surface metal

composition. Used to determiné

the depth and compositional
analysis of the passive layet.
Provides excellent elemental
analysis of the top suwface
layers, including,which
oxide(s) are presént

Nondestructive,analysis. Known
diffractive‘characteristics of
elements’could provide for
qualitative analysis of surface
chemistry properties.

Noninvasive, real-time quantification

of metallic corrosion. Provides
strong ability to
trend data

of solid samples
(e.g., coupons)

Invasive and destrug
Requires periodic
of solid samples
(e.g., coupons)

Invasive test. Requir]
periodic removal
samples (e.g., couy
Field qualification
method is still ong

Field qualification of]
method is still ong

tive test.
Femoval

bs
f solid
ons).
of this
oing.
this
oing.
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Table D-4.1-1 Rouge Remediation Processes Summary

Derouging Processes: Specific

Class of Rouge

Description
[Notes (1), (2)]

Comments
[Notes (3), (4)]

Chemistry
[Note (5)]

Conditions of
Process
[Notes (6), (7)1

Class I Phosphoric acid Effective at removing iron 5% to 25% phosphoric 2 hr to 12 hr at
Removal oxides without etching acid 40°C to 80°C
the process contact
surface
Citric acid with Effective at removing iron 3% to 10% citric acid 2 hr to 12 hr at
intensifiers oxides without etching with additional 40°C to 80°C.
the process contact organic acids
surface
Phosphoric acid blends Can be used at a variety 5% to 25% phosphoric 2 hr to 12/hrat
of temperatures and acid plus either citric 40°C to 80°C
conditions acid or nitric acid
at various
concentrations
Sodium hydrosulfite Effective at removing iron Up to 10% sodium 2/hr to 12 hr at
(i.e., sodium dithionite) oxides without etching hydrosulfite 40°C to 80°C
the surface but may
generate sulfide fumes
Electrochemical cleaning Useful in removing stubborn 25% to 85% Limited to accessiblg
rouge without risk phosphoric aCid parts of systems,
of etching the process primarily vessels.
contact surface Process times are
approximately
1 min/ft%
Class 11 Phosphoric acid Effective at removing iron 5%, to 25% phosphoric 2 hr to 24 hr at
Removal oxides without etching acid 40°C to 80°C
the surface
Citric acid with organic Effective at removing iron 5% to 10% citric acid 2 hr to 24 hr at
acids oxides without etching with additional 40°C to 80°C
the surface organic acids
Phosphoric acid blends Can be used at a variety 5% to 25% phosphoric 2 hr to 24 hr at
of temperatures and acid plus either citric 40°C to 80°C
conditions acid or nitric acid
at various
concentrations
Oxalic acid Effective~at‘removing iron 2% to 10% oxalic acid 2 hr to 24 hr at
oxide$; 'may etch 40°C to 80°C
electropolished surfaces
Electrochemical cleaning Useful in removing stubborn 25% to 85% Limited to accessible
rouge without risk phosphoric acid parts of systems,
of etching the process primarily vessels.
contact surface Process times are
approximately
1 min/ft%.
Sodium hydrosulfite (ie., Effective at removing iron Up to 10% sodium 2 hr to 12 hr at
sodium dithionite) oxides without etching hydrosulfite 40°C to 80°C
the surface but may
generate sulfide fumes
Class 111 Phosphoric acid blends Can be used at a variety 5% to 25% phosphoric 8 hr to 48+ hr at
Removal of-temperatures—art aerd-phus-ettirer-—citric 602C-to80°€

Oxalic acid

Citric acid with organic
acids

Citric acid with
intensifiers

conditions

May etch metallic
surfaces

May etch metallic
surfaces

Will etch metallic
surfaces

acid or nitric acid
at various
concentrations

10% to 20% oxalic acid

5% to 10% citric acid
with additional
organic acids

5% to 10% citric acid
with additional
organic acids and
fluorides

8 hr to 48+ hr at
60°C to 80°C

8 hr to 48+ hr at
60°C to 80°C

8 hr to 48+ hr at
60°C to 80°C
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Table D-4.1-1 Rouge Remediation Processes Summary (Cont’d)

Derouging Processes: Specific

Conditions of
Description Comments Chemistry Process
Class of Rouge [Notes (1), (2)] [Notes (3), (4)] [Note (5)] [Notes (6), (7)1
Nitric/HF or nitric/ Will etch metallic 15% to 40% nitric acid 1 hr to 24 hr at
ammonium surfaces with 1% to 5% HF or ambient to 40°C
bifluoride 1% to 5% NH4HF,
Electrochemical Useful in removing 25% to 85% Limited to accessible
cteaning stubbormrrouge-withoutrisk phosphoricacid partsof-systgms,
of etching the process primarily(vedsels.
contact surface Process' time$ are
approximate
1 miny/ft?.
NOTES:
(1) All jof these derouging processes should be followed with a cleaning and passivation process of the treated surface.

(2) Application methodsinclude fluid circulation, gelled applications for welds or process contact surfaces, ad'spraying methods f¢r vessels and
eqyipment.

(3) Thgse derouging processes may produce hazardous wastes based on metals content and local @nd ‘state regulations.

(4) Oily or loose black residue due to carbon buildup may be present on the process contact surfaces after derouging and may rgquire special
clegning procedures to remove.

(5) Chgmical percentages are based on weight percent.

(6) Thg time and correlating temperatures given above are in direct relation to the percéntsby weight of the base reactant(s). A change in a
formulation will change those corresponding requirements.

(7) A deionized water rinse shall immediately follow each of the above chemical\treatments.
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NONMANDATORY APPENDIX E
PASSIVATION PROCEDURE QUALIFICATION

(19) E-1 GEN

1RAL

This Appendix provides basic information and offers
guidelines|for owner/users, equipment manufacturers,
and servicq providers for newly manufactured or installed
systems in pccordance with the requirements of GR-1. This
Appendix dovers the preparation and execution of proce-
dures assofiated with the initial water flushing, chemical
cleaning arjd degreasing, passivation, and final rinse(s) of
specialized systems, as well as bioprocessing equipment
after asserpbly, erection, or modification. These proce-
dures will apply to UNS S30400, UNS S30403, UNS
§$31600,land UNS S31603 stainless steels.
Superaustenitic stainless steels and nickel alloys may
require a rpodified procedure.

This Appendix defines a method for qualifying the passi-
vation profess used for system and process component
surfaces.

This Ap
procedure
various pa

bendix provides information on passivation
s and testing of the surface resulting from
Esivation procedures.

E-2 PURROSE OF PASSIVATION TREATMENTS

Passivat
surface of
phenome
present. TH
treatment

A critical

on, or the forming of a passive layer on the
Stainless steel alloys, is a naturally occurring
hon on a clean surface When oxygen is
e passive layer may be augmented by chemical
pf the stainless steel surface.
prerequisite in preparation for chemical passi-
vation progesses is a cleanifigprocedure. This procedure
includes alll operations~tfecessary for the removal of
surface coptaminants™(oil, grease, etc.) from the metal
to allow the chemical*passivation to be most effective.
The purpose of‘the final chemical passivation process
is to enhaphce the passive layer and provide an alloy
surface freko i i i
the alloy to be in the most corrosion-resistant state.
For improved corrosion resistance in the standard
stainless steel grades (e.g., UNS S31603), the passivation
treatment is most beneficial and important. With super-
austenitic stainless steels and nickel alloys, passivation is
less critical, provided the surfaces are clean and free of
contaminants. At the owner/user’s option, passivation
may be performed to remove any free iron on process
contact surfaces and to facilitate the formation of the
passive layer.
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In a discussion on passivation, it should be realizgd that
the best passivation treatment or any surface‘treatment
only puts the alloy in its most corrosion-resistant sfate for
a particular environment. In other werds, th
inherent corrosion-resistance limitation’s for any alloy,
and the best passivation treatmefit does not rgplace
the need for a more corrosionéresistant materjial for
certain applications.

E-2.1 Why Passivation Is Necessary

Although stainless’steel components may be clehn and
the passive layer intact prior to installation,
destroys the passive film on the weld bead apd the
heat-affected.zone (HAZ) of the weld. The distripution
of elements across the weld and HAZ, including chrdmium,
iron,ahd oxygen, are disturbed when the metal is nelted
so that the concentration of iron is elevated, whil¢ chro-
mium, which is normally of higher percentage thanfiron in
the passive layer, is reduced.

Discoloration and contamination (especially fre
introduced during fabrication may also compf
corrosion resistance unless removed. Passivatio
welding, by removing free iron, helps to resto
passive layer. It does not remove discolor]
Removal of discoloration requires a more aggy
acid than the usual nitric or citric acids used for p
tion. Since the only postweld treatment normally u
installed piping systems is passivation, welding
dures that minimize discoloration are specifie
Part M] of this Standard).

Fabrication, cutting, bending, etc., can result in ¢
ination thatleads to loss of corrosion resistance. Ex3
are embedded iron, heat tint, welding flux from c
electrodes, arc strikes, and painting/markings. Ex

b iron)
omise
n after
re the
ation.
essive
hssiva-
sed for
proce-
d (see

ntam-
imples
bvered
bosure
tal. By
g 3 - : - hssiva-
tion treatment can help to restore the natural passivity of
stainless steel that is damaged by fabrication.

E-2.2 When Passivation Is Necessary

(a) after welding and fabrication
(b) after welding of new components into a system


https://asmenormdoc.com/api2/?name=ASME BPE 2019.pdf

ASME BPE-2019

Table E-3.2-1 Minimum Surface Requirements for Process Qualification Samples

Cr/Fe Ratio Oxide Depth

Material Test Method
UNS S31600 or UNS S31603 AES
UNS S31600 or UNS S31603 GD-OES
UNS S31600 or UNS S31603 XPS/ESCA

1.0 or greater 15 A, min.
1.0 or greater 15 A, min.
1.3 or greater 15 13., min.

GENERAL NOTES:

(a) XPS/ESCA readings of metal oxides typically obtain higher values than readings of metals.
(b) Additional alternative testing methods for cleanliness and passivation are shown in Table E-5-1.

E-3 PASSIVATION PROCEDURE (SEE SF-2.6)

E-3.1
The

Procedure Description

passivation provider shall obtain welded and
nonwe¢lded sample component(s) or coupons from
each passivation method used (e.g., circulation, spot,
bath) for the purpose of demonstrating that the procedure
is capgble of providing the required surface characteris-
tics, ngmely, cleanliness, surface chemistry, and corrosion
resistance.

The| passivation process used on the qualification
compdnent(s) or coupons shall be reproducible in the
systen} for which it is intended.

The|procedure description and qualification document
shall He available for review by the owner/user or his
designee. The owner/user shall be responsible for veri-
fying that the passivation procedure to be used on their
systen} or components has been qualified.

E-3.2

The|passivation provider shall develop a_passivation
procedure for each method used. The procedure shall
be deyeloped to ensure that essential variables used to
obtain| the qualification samples can-effectively remove
free irffon and meet the requirements’ of Table E-3.2-1.
Procegdlure qualification, as a;minimum, shall include
the following:

Procedure Qualification

(a) |Process Description{ The following steps shall be
descriped as a minimum“(Table E-3.2-2 may be used
as a gyide):

(1) prepassivatien survey and preparation
(4) flushing

(3) cleaning

(4) passivation

(4)_final rinsing

(1) AES (auger electron spectroscopy) te|
weld, including the worst discoloration-area
and heat-affected zone, and on the base)metal
requirements of Table E-3.2-1

(2) GD-OES (glow discharge<optical ele
troscopy) testing at the weld, including the w
loration area in the weld dnd/heat-affected zd
the base metal to meet the\requirements of T4

(3) XPS (X-ray phétoelectron spectros
known as ESCA (electron spectroscopy for che
ysis), testing at¢he weld, including the worst di
area in the weld and heat-affected zone, and
metal to.méet the requirements of Table E-3

Qualification of method shall be supported b}
tation for each procedure. The actual values o
tialkvariables and coupon testing listed abo
documented and maintained as part of the p

sting at the
n the weld
[0 meet the

ftron spec-
orst disco-
ne, and on
ble E-3.2-1
Fopy), also
mical anal-
scoloration
n the base
2-1

y documen-
the essen-
Ve shall be
rocedure.

E-3.3 Procedure Documentation Requir¢ments

The passivation provider shall generate and provide the
following documentation, as a minimum:
(a) process descriptions
(b) essential variables
(c) ESCA/XPS or AES or GD-OES testing for

dure qualification sample produced

bach proce-

E-4 PASSIVATION QUALITY CONTROL

E-4.1 Quality Control Surveillance

Quality control surveillance to ensure the yritten and
qualified passivation procedure has been followed is
essential. A thorough rinse with deionized jor owner/
user-approved water should follow the cherpical treat-
ment. [t is good practice to continue rinsing untfl, as deter-
mined by conductivity analysis, the ionic contaminants,

(6) verification
(b) Essential Variables (Conditions Under Which the
Samples Were Processed). The following essential vari-
ables shall remain within the designated range:
(1) process time
(2) temperature of solution during process
(3) general chemistry of process fluids
(4) process endpoint determination
(5) conductivity of final deionized rinse water
(c) Procedure Qualification Coupon Testing

277

process chemicals, and by-products have been
removed. This document shall be available for review
by the owner/user or his designee.

(a) Written documentation that all requirements of the
qualified procedure have been followed.

(b) Final rinse shall meet pre-established conductivity
(quality) requirements.
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Table E-3.2-2 Passivation Processes

Process Type

Process Description
[Notes (1), (2)]

Comments [Note (3)]

Conditions of Process
[Notes (4), (5)]

Chemistry [Note (6)]

Precleaning
Water flushing/ | High-velocity DI (or Removes debris prior to Ambient temperature for DI water
filtration owner/user-chosen) the passivation process 5 min to 30 min per
processes water flushing for section; generally
removal of particles includes filtration of
and construction debris fluids
High-velocity water Removes debris prior to Ambient temperature for DI water
ﬂub:lilrg L:lC yaabivqtiuu PITULTSS. 15 Illill U OU Illill PEl u CLUAIIAIIUIIL‘ICLX]
Chlorides in water are section
detrimental to austenitic
stainless steels
Cleaning
Cleaning/ Phosphate cleaners Removes light organic 1 hr to 4 hr at heated Blends$ of sodium
degreasing deposits. Can leave conditions depending phosphates
processes phosphate surface on the solution and [monosodium
contamination contamination level phosphate (MSP),
disodium phosphafe
(DSP),
trisodium phosphdte
(TSP)] and
surfactants
Alkaline cleaners Can be selected for Blends of nonphospHate
specific organic detergents, bufferq, and
contaminates surfactants
Caustic cleaners Effective at removal of Blends of sodium an
heavy organic potassium
contamination or hydroxides and
degreasing surfactants
Isopropyl alcohol (IPA) Effective as a degreaser. Hand swab or wipe 70% to 99%
Volatile. Highly flammable surface at ambient
and sensitive to stati¢ conditions
discharge
Passivation
Passivation Nitric acid Proven methoed/under 30 min to 90 min at 10% to 40% nitric
processes ASTM,\A380/A967. ambient temperature or acid
Carnt“be, processed at higher, depending on
dmbjent conditions concentration used
depending on
formulation
Phosphoric acid Effective at removing iron 1 hr to 4 hr at heated 5% to 25%
oxides in addition to conditions phosphoric acid
free iron
Phosphoric dcid-blends Can be used at a variety 5% to 25% phosphofic
of temperatures and acid plus either
conditions citric acid or nitri
acid at various
concentrations
Citric acid Specific for free iron 10% citric acid
removal. Should be processed

dt elevated L(:‘IIlpt'IdLureS.
Takes longer to process
than mineral acid systems.
Meets or exceeds

ASTM A967

Chelant systems

Should be processed at
elevated temperatures.
Takes longer to process
than mineral acid systems.
Removes iron oxides in
addition to free iron.
Meets or exceeds
ASTM A967

3% to 10% citric acid
with various chelants,
buffers, and surfactants
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Table E-3.2-2 Passivation Processes (Cont’d)

Process Type

Process Description
[Notes (1), (2)]

Comments [Note (3)]

Conditions of Process
[Notes (4), (5)]

Chemistry [Note (6)]

Passivation (Cont’d)

Electropolishing

This process is generally

limited to components
rather than installed
systems. Process
should be performed

Exposure time must be

calculated to ensure

5 um to 10 um
material removal from
all surfaces requiring

Phosphoric acid-
based electrolyte

aecorcineto—aeatatitied
procedure. This process
removes metal from the
surface. Electropolishing

passivation—RiRsHe
must include a step to
ensure removal of
residual film that may

should be performed
in such a way as to

meet or exceed ASTM B912.

adversely affect the
appearance or
performance of the

product.
Oxidation
Oxidatidn Hydrogen peroxide Oxidizes metal surface 30 min to 2 hr at 3% to 10% hydrogen
procepses and sanitizes ambient to 408C peroxide
Hydrogen peroxide with | Oxidizes metal surface 1% to 2% blenf
peracetic acid blends and sanitizes
NOTES:

(1) Application methods include fluid circulation, gelled applications for welds or surfa¢es; and spraying methods for vessels and equipment.
(2) Spgcial attention should be directed to removal of metal shavings and construction debris from locations such as sprayballs, diaphragm

valyes, heat exchangers, etc.

(3) Thgse passivation processes may produce hazardous wastes based on metals content, and local and state regulations.

(4) Thd time and correlating temperatures in the Table are in direct relatignto the percent by weight of the base reactant(s). A change in a

formulation may change those corresponding requirements.

(5) A deionized water rinse shall immediately follow each of the chemical treatments.

(6) Chgmical percentages are based on weight percent.

E-4.2| Certificate of Passivation Compliance

The|passivation provider shall supply a Certificate of
Compliance for each system or set (type)-of compo-
nent(s]) that shall include, but not be limited to

(a) kustomer’s name

(b) Hescription of system or component(s)

(c) vendor company name

(d) pualified passivation method used

(e) Pocumentation of passivation process, as follows:
(1) written qualified\procedure
(4) documentation of process control of essential
variables
(3) instrutwent calibration records
(4) certificates of analysis for all chemicals used
(9) process testing and verification

system has received the specified treatrhent. As a
guide to owner/users and others, to help |[determine
whether an acceptable surface has been achieved
following a particular cleaning or chemical passivation
procedure, Table E-5-1 has been developed.

E-5.1 Acceptance Criteria for Cleaned and/or
Passivated Process Contact Surfages (See
Table SF-2.6-1)

Table E-5-1 may be used as a guide for gcceptance

criteria for cleaned and/or passivated components or
systems. This matrix is a simplified compilation of
testing methodologies that an owner/user mpy want to
use in selecting a test or as a means to interprefa proposal
from a testing company.

(f) mastpassivation verification method(s) used  The matrixisdivided into groups of four typds of testing

E-5 EVALUATION OF CLEANED AND PASSIVATED
SURFACES

There are no universally accepted tests to ensure that a
component or system has been passivated or is in a
passive condition. If the system/component has received
the proper chemical passivation treatment, the documen-
tation generated during the process (listed in E-4.2)
should provide assurance that the components or
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methods

(a) gross inspection of cleaned and passivated parts
per ASTM A380/A967 (Pass/Fail)

(b) precision inspection of cleaned and passivated
parts under ASTM A380/A967 (Pass/Fail)

(c) electrochemical field and bench tests

(d) surface chemical analysis tests

Groups 1 and 2 of Table E-5-1 reflect the two main divi-
sions in ASTM A380 and ASTM A967. The most obvious
type of examination of these methods is visual. The

(19)
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