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FOREWORD

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

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

—.

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

(a) At the 1989 WAM, an ad hoc committee was formed to assess the neéd-t0 develop further
he scope and action plan. The committee met in 1990 and there wasXconsensus concerning
he need to develop standards that would meet the requirements of/opetational bioprocessing,
hcluding

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

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

present

(3) the need for standardized definitions that can beused by material suppliers, designers/
fhbricators, and users

(4) the need to integrate existing standards. coyering vessels, piping, appurtenances, and
ther equipment necessary for the biopharmaceutical industry without infringing on the scopes
f those standards

(b) The BPE Main Committee was structured with six functioning subcommittees and an
xecutive committee comprising the main' committee chair and the subcommittee chairs. The
hitial subcommittees were

(1) General Requirements

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

(4) Material Joining

(56) Surface Finishes

(6) Seals

(c) Throughout the development of the Standard, close liaison was made with the European
EN, ASTM, @nd the 3-A Dairy Standards. The purpose was to develop an ASME standard that
Fould be, distinctive, germane, and not in conflict with other industry standards. Wherever
ossible, the Committee strived to reference existing standards that are applicable to biopharma-
euticaliequipment design and fabrication.

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

i

—-

[olle}

= O

Q04D < M

—+

re—foHowingParts:
(1) General Requirements
(2) Systems Design
(3) Metallic Materials
(4) Polymeric and Other Nonmetallic Materials
(5) Dimensions and Tolerances for Process Components
(6) Process Instrumentation
(7) Sealing Components
(8) Materials Joining
(9) Process Contact Surface Finishes
(10) Certification Requirements
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The first edition of this Standard was approved as an American National Standard on
May 20, 1997. This edition was approved by ANSI on June 27, 2016.

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

ASME has established procedures to authorize qualified organizations to perform various

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

thorization to perform various activities in accordance with the requirements of the Codes and
Ytandards may state this capability in its advertising literature.
Organizations that are authorized to use the Certification Mark for marking items of construc-
tlons that have been constructed and inspected in compliance with ASME Codes'and Standards
are issued Certificates of Authorization. It is the aim of the Society to maintain the standing of
the Certification Mark for the benefit of the users, the enforcement jurisdictions, and the holders
f the Certification Mark who comply with all requirements.

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

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

@)

i
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ifems will carry the Certification Mark. General usage is permitted only when all of a manufactur-
r’s items are constructed undetythe rules of the applicable Code or Standard.

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

The ASME Codes and Standards provide rules for the construction of various items. These
ihclude requirements for materials, design, fabrication, examination, inspection, and stamping.
Itermas constructed in accordance with all of the applicable rules of ASME are identified with the

official Certification Mark described in the governing Code or Standard.

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

Items shall not be described on ASME Data Report Forms nor on similar forms referring to
ASME which tend to imply that all requirements have been met when in fact they have not been.
Data Report Forms covering items not fully complying with ASME requirements should not refer
to ASME or they should clearly identify all exceptions to the ASME requirements.

ASME’s certification related to products means that the capability by the supplier to fulfill
requirements in the applicable standard has been reviewed and accepted by ASME. The supplier
is responsible for ensuring that products meet, and if applicable continue to meet, the requirements.

Xii
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ASME BPE-2016
SUMMARY OF CHANGES

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

ASME BFE-ZUI6 was approved by the American National Standards Institute on June 2/, 2016.

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

Page Location Change
1,2 Chapter 1 Chapter designation added
GR-2 Last paragraph revised
6 GR-5.2 Revised
GR-5.2.1.1.1 Subparagraph (a)(4) revised
7 GR-5.3.1 Subparagraph (c) revised
GR-5.3.2.1 Revised in its entirety
GR-5.4 Name of Form revised
8,9 GR-7 ASME PVHO-1, ISO 10993, and United
States Pharmacopeia and National
Formulary added
9-16 GR-8 (1) Definitions of autogenous fillet weld,
finishing marks, nonsliding seal, oxide
island, scratch, seat leakage, shell leakagd,
sliding seal, and tack weld added
(2) Definitions of blind weld, clean-in-place
(CIP), flushing (rinsing), material
manufacturer, mechanical polishing,
orange peel, PFA, rouge, and slag
revised
(3) Definition of dross deleted
18 Chapter 2 Chapter designation added
SD-2 Second paragraph added
SD-2.3.1.1 Revised in its entirety
19 SD-2.4.1.2 Subparagraph (a) revised
20 SD-2.4.3.1 Revised
SD-2.4.4.1 Subparagraph (c) revised
27 SD-3.1.2.3 Subparagraphs (b) and (g) revised
29 SD-3.3.1 Revised in its entirety
30, 33, 39 SD-3.3.2.2 Subparagraph (d) revised
SD-3.3.2.4 Subparagraph (c) revised
SD-3.4 Revised in its entirety
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Page Location Change
36 Fig. SD-3.4.2-4 Redesignated
Fig. SD-3.4.2-5 Redesignated
37 Table SD-3.4.3-1 Redesignated
Figure SD-3.4.3-1 (1) Redesignated
(2) Cross reference to table in Note (1)
updated
3P Figure SD-3.4.3-2 (1) Redesignated
(2) Parts (a) and (b) revised
3P SD-3.5.1 (1) Figure numbers updated in subparas.
(d) and (f)(1)
(2) Subparagraph (g) revised
40 Fig. SD-3.4.6-1 Redesignated
41, 44 SD-3.5.3 Subparagraphs (d) and (g) revised
46, 47 SD-3.6.1 Subparagraphsi(g), (h), and (j) revised
51 SD-3.7.6 Subparagraph(b) revised
3 SD-3.8.1.1 References to figures in subparas. (b)(1)
and, (b)(2) updated to tables
SD-3.8.1.2 References to figures updated to tables
Fig. SD-3.8.1.1-1 Deleted (incorporated into
Table DT-4.5.1-1)
Fig. SD-3.8.1.1-2 Deleted (incorporated into
Table DT-4.5.2-1)
3 SD-3.9.2 Subparagraph (k) revised
5 Fig. SD3.9.2.1-3 Revised
58 SD-3,11.1 Subparagraph (b) revised
S5b-3.11.2.2 Revised
60 SD-4.1.1 Subparagraphs (a) and (b) revised
SD-4.2.1 Subparagraphs (a) and (b) revised
62, 64, 65 SD-4.3.1 Subparagraph (b) revised
SD-4.4 Revised in its entirety
SD-5.1.1.1 Subparagraph (c) revised
75 SD-5.1.1.4.2 Subparagraph (b) figure number updated
76,77 SD-5.1.3 Revised in its entirety
SD-5.2.1.1 Subparagraph (e) revised
78-81 SD-5.2.2 Added
SD-5.3.1 Revised in its entirety
84, 85 SD-5.3.3.3 Revised in its entirety
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Page Location Change
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BIOPROCESSING EQUIPMENT

CHAPTER 1

GR-1| INTRODUCTION

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

The| Standard typically applies to

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

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

Thel General Requirements Part states the scope of
the APME BPE Standard and provides references and
definitions that apply throughout-the document.

Whpn operating under pressure’conditions, systems
shall Be constructed in accordance with the ASME Boiler
and Pfessure Vessel Code (BPVC), Section VIII, and/or
ASMH B31.3 Process Ripirig Code or applicable local,
natiohal, or internattenal codes or standards. The
ownef/user may stipulate additional or alternative
specifjcations dnd requirements.

Thi$ Standard shall govern the design and construc-
tion of piping systems for hygienic service. For process
piping systems designed and constructed in accordance

Part GR
General Requirements

Items or requitements that are not sgecifically
addressed in_this Standard are not prohibjted. Engi-
neering judgments must be consistent with the funda-
mental prineiples of this Standard. Such judginents shall
not be.used to override mandatory regulatigns or spe-
cifig;prohibitions of this Standard.

GR-2 SCOPE OF THE ASME BPE STANDARD

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

This Standard applies to

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

(b) definition of system boundaries

(c) specific metallic, polymeric, and elastoeric (e.g.,

caale and asclkatc) oatariale of co ot
SHRaterat + HSHHH

Hon

with ASME B31.3, it is the owner’s responsibility to
select a fluid service category for each fluid service.
Should any fluid service meet the definition of high-
purity fluid service (ASME B31.3, Chapter X) it is recom-
mended that such fluid service be selected and the
requirements of this Standard and ASME B31.3,
Chapter X be met.

When an application is covered by laws or regulations
issued by an enforcement authority (e.g., municipal, pro-
vincial, state, or federal), the final construction require-
ments shall comply with these laws.

lsand& &

(d) component dimensions and tolerances

(e) surface finishes

(f) materials joining

(¢) examinations, inspections, and testing

(h) certification

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

(16)
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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,
adherence to all applicable parts of this Standard is
required.

GR-3 MANUFACTURER’S QUALITY ASSURANCE

GR-4.2.1 Levels of Qualification. There are four lev-
els of qualification for Inspector’s Delegate. Examination
personnel qualifications are not covered in this section
but shall be in accordance with ASME B31.3, para. 342.

(a) Trainee. An individual who is not yet certified to
any level shall be considered a trainee. Trainees shall
work under the direction of a certified Quality Inspector
Delegate and shall not independently conduct any tests
or write a report of test results.

PI]OGRAM

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

GR-4 INSPECTION

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

GR-4.1 Inspector/Examiner

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

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

(b) Piping, Tubing, and Non-Code Vessels.: Owner’s
Inspector, ps defined in ASME B31.3, paras:-340.4(a) and
(b). Inspegtor’s Delegate, as defined in. GR-8, meets the
additionall requirements listed in GR*42.

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

When lgcal regulations require that pressure equip-
ment be designed ahd constructed in accordance with
standards otherfithan ASME codes/standards, the
inspector|in this Standard is defined as one who is
acceptablq torthe relevant regulatory authority.

) Quuliiy Irw,uct,lw Dtlcguic vy \QID—I). Fhismdivid-
ual shall be qualified to properly perform specific cali-
brations, specific inspections, and specifid evalyations
for acceptance or rejection according to written ifstruc-
tions. A QID-1 may perform tests)and inspeftions
according to the capabilities” reqiréments under the
supervision of, at a minimum, @/QID-2.

(c) Quality Inspector Delegdtes? (QID-2). This individ-
ual shall be qualified to set up and calibrate equipment
and to interpret and évaluate results with respect to
applicable codes, standards, and specifications. The
QID-2 shall be thoreughly familiar with the scope and
limitations of ¢he“inspection they are performing and
shall exercise.assigned responsibility for on-the-job
training and“guidance of trainees and QID-1 personnel.
A QID-2"may perform tests and inspections accprding
to the-capabilities” requirements.

(d) Quality Inspector Delegate 3 (QID-3). This individ-
ual shall be capable of establishing techniques and pro-
cedures; interpreting codes, standards, specifications,
and procedures; and designating the particular ihspec-
tion methods, techniques, and procedures to be| used.
The QID-3 shall have sufficient practical backgroind in
applicable materials, fabrication, and product technol-
ogy to establish techniques and to assist in establishing
acceptance criteria when none are otherwise avdilable.
The QID-3 shall be capable of training personhel. A
QID-3 may perform tests and inspections according to
the capabilities’ requirements.

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

(a) Trainee

(1) be a high school graduate or hold a stjate or

militarv anonroved hioh school eguivalency dipldma
J rr O 1 J r

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 train-
ing and qualification programs to ensure the qualifica-
tions 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 higher levels of qualification.

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

(-a) prior or current certification as a QID-1
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Inspector’s Delegate Capabilities

Capability

Trainee QID-1

QID-2

QID-3

Materials

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

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

>

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

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

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

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

>

X X X X X X

X X X X X X -

GR/DT/SF MJ/SD 3.12

X
X

Chapter VI
X

X
X

(5) General/fabrication arrangement drawings (details)

(6) Interpret welding symbols

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

(1) Material examination log

(2) Nonconformance reports

(3) Visual weld inspection

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

X X X X
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Inspector’s Delegate Capabilities (Cont’d)

Capability

Trainee QID-1

QID-2

QiD-3

Knowledge and Skills (Cont’d)

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

(h) Basic understanding of NDT/NDE
1 PT
) urt
(B) RT

(4) Eddy current
(5) Pressufe/leak testing

Inspection

(@) Perform yisual inspection (other than weld inspection) L. X

(b) Perform (veld inspection
(c) Evaluate pveld inspection results
(d) Perform $lope verification
(e) Witness pressure tests
(f) Verify inspection compliance
(g) Review irfspection reports
(h) Verify nopconformance disposition
(i) Perform igstallation verification
(1) Installdtion per P&ID
(2) Check ffor cold spring
(3) Hanget verification

(4) Compdnent installation per manufacturer’s recommendations

Vessel Inspection (additional to above)

(@) Verify sufface finish

(b) Verify drginability

(c) Cleanabiljty (CIP/riboflavin/sprayball testing)
(d) Verify dimpensions and orientation

(e) Compliarjce with ASME Code (U-1)

(f) Documentation review

Welding Progedure Qualification
Verify weldirjg procedures (WPS/PQR) compliance

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

compliance

Project Planping

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

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

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

X X K X X

X X X X - X -

< X

Audit

(a) Perform vendor audits

(b) Perform fabricator audits

(c) Prepare audit and surveillance plan

>

X X X X X

>
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(-b) completion with a passing grade of at least
2 yr of engineering or science study in a university,
college, or technical school

(-c) possess an AWS CWI certificate! or ACCP
Level IT VT certificate? or international equivalent

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

(2) receive a minimum of 16 additional hr of rele-

vant documented training (minimum total = 24 hr),

AL

(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

GR-4.2.3 Certification. The employer is responsible
for training, testing, and certification of employees. The
employer shall establish a written practice in accordance
with the guidelines of ASNT SNT-TC-1A including

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

includirg—as—a—mirhrom—the requirerments—shown—in
Table [GR-4.2-1
(3) pass a written test and practical performance
examination, including as a minimum the requirements
show:fin Table GR-4.2-1 for this level

(c) RID-2. To be considered as a QID-2, personnel
shall fneet the following;:
(1) be a QID-1 for a minimum of 6 mo of docu-
mentgd relevant industry experience. Alternate methods
for mgeting the work experience requirement are at least
one of the following;:
(-a) prior or current certification as a QID-2
(-b) completion with a passing grade of at least
4 yr ¢f engineering or science study in a university,
collegp, or technical school
() possess an AWS CWI certificate’ or ACCP
Level [[T VT certificate? or international equivalent
(-d) 2 yr of documented relevant experience in
inspection, examination, or testing activities of

hig-p{rity /hygienic systems

(4) receive a minimum of 16 additional hr, of rele-
vant dlocumented training (minimum total =40 hr),
including as a minimum the requirements ;shown in
Table [GR-4.2-1
(3) pass a written test and practical performance
examipation, including as a minipatim' the requirements
showrin Table GR-4.2-1 for this level

(d) RQID-3. To be considered-“as a QID-3, personnel
shall meet the following:
(1) be a QID-2 for.a‘minimum of 24 mo of docu-
mented relevant industry experience. Alternate methods
for mgeting the work/experience requirement are at least
one of the following;:
(-a) prier or current certification as a QID-3
(-b)73 'yr of documented relevant experience in
inspection, examination, or testing activities of

(c) certification testing requirements
(d) eye examinations as follows:

(1) Near Vision Acuity. The individual shall have
natural or corrected near distancedacuity in 4t least one
eye such that the individual iS/capable of|reading a
minimum of a Jaeger Number2Jor equivalerft type and
size letter at a distance designated on the clart but no
less than 12 in. (305 mmy). This test shall be administered
initially and at least anntially thereafter.

(2) Color Contrast. The individual shall d¢gmonstrate
the capability of distinguishing and differentjating con-
trast among¢colors. This test shall be admin{stered ini-
tially and;\thereafter, at intervals not exceeding 3 yr.

Theseexaminations shall be administered py an oph-
thalmbologist, optometrist, medical doctor, fregistered
nurse or nurse practitioner, certified physiciap assistant,
or-other ophthalmic medical personnel and shall include
the state or province (or applicable jurisdictiofal) license
number.

(e) certification documentation

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

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

(a) The employee has proof of prior certiffcation.

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

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

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

high-purity /hygienic systems

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

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

2 Certifications from the American Society of Nondestructive
Testing (ASNT). ACCP is the ASNT Central Certification Program.

GR-4.3 Responsibilities

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

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

GR-4.3.2 Piping, Tubing, and Non-Code Vessels.
The responsibilities of the owner/user’s Inspector shall
be in accordance with ASME B31.3, para. 340.2.
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GR-4.4 Access for Inspectors

Manufacturers of bioprocessing equipment and com-
ponents shall allow free access to owner/user and
authorized inspection personnel at all times while work
on the equipment or components is being performed.
The notification of an impending inspection should be
mutually agreed to by the manufacturer and the inspec-
tor. Access may be limited to the area of the manufactur-
er’s facility where assembly, fabrication, welding, and
testing of] ifi i
being perfprmed. Inspectors shall have the right to audit

requiremepts of GR-5. The manufacturer shall provide
the Inspedtor with work progress updates.

GR-5 DQCUMENTATION
GR-5.1 G

Documgntation requirements shall be agreed to at the
beginning|of a design project and shall be made available
upon reqyest or submitted at the agreed-upon time to
support the requirements of this Standard, as agreed to
by the owper/user and manufacturer/contractor.

neral

GR-5.2 D¢cument Requirements

Material Test Reports (MTRs) for all metallic process
componerts shall be verified to be in compliance with
the applicpble specification. Certificates of Compliance
(C of Cs) f¢r all polymeric and other nonmetallie.process
componerts shall be provided. In addition, the following
documentption shall be provided to the-owner/user or
their designee.

GR-5.2{1 General List of Documents
GR-5.2.1.1 Metallic Materials

GR-5.p.1.1.1 Turnover.Package Documentation.
Documentjation requiréd)for cGMP-validated distribu-
tion systems, including the vessels, tubing systems on
modules, quper skids; skids, the shop or field fabrication
of tubing, |etcsincludes the following;:

(a) Matgrigls-Documentation

(2) Procedure Qualification Records (PQRs)
(3) Welder Performance Qualifications (WPQs)
(4) Welding Operator Performance Qualifications
(WOPQs)
(56) Examiner qualifications
(6) documentation of approval of the above by the
owner/user’s representative prior to welding
(7) Inspector qualifications
(8) documentation of the approval of
. ior to
welding
(c) Weld Documentation (not required for'standgrd fit-
tings, valves, and components unlessispecifically
required by the owner/user)
(1) weld maps
(2) weld logs
(3) weld examination afidiinspection logs
(4) coupon logs
(d) Testing and Examination Documentatiqn (as
applicable)
(1) passivation ‘reports
(2) spray ‘device coverage testing
(3) pressure testing
(4) final slope check documentation
(5)calibration verification documentation
(6) purge gas certifications
(7) signature logs
(8) number of welds — both manual and aut¢matic
(9) number of welds inspected expressefl as a
percentage (%)
(10) heat numbers of components that mpist be
identified, documented, and fully traceable fo the
installed system
(11) surface finish C of Cs
(12) NDE (nondestructive examination) repprts
(e) System/Equipment
(1) standard operating and maintenance proce-
dures and manuals
(2) installation procedures
(3) piping and instrumentation diagrams
(4) detail mechanical drawings and layouts
(5) technical specification sheets of comp¢nents
and instrumentation
(6) original equipment manufacturer’s data

(1) Matertal Test Reports

(2) Certificates of Compliance

(3) Material Examination Logs

(4) Identification of the filler metal or consumable
insert used

(b) Welding, Inspection, and Examination Qualification

Documentation (not required for standard fittings, valves,
and components unless specifically required by the
owner/user)

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

(7) manufacturer’s data and test reports
(8) 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
support the design, operation, and maintenance of
equipment may include, but is not limited to, the
following;:

(a) material handling procedures
(b) mechanical and electropolishing procedures
(c) shop passivation procedures
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GR-5.3 Material Test Reports/Certificates of
Compliance

GR-5.3.1 Metallic Materials. The combination of
documents, 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 date
(b) material type
(c) heat number or code traceable to the original heat

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;:

(1) 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:

L) cazaatd
T

(d) [chemical composition

(e) AWS classification of filler metal, if used

(f) plloy designation and material specification of
insert| if used

(g) |[postweld heat treatment documentation, if
applidable

(h) jmechanical properties are not required, but if
inclugled, must be accurate to the raw material
specifjcation

MTRs for other components made to a material speci-
ficatign shall contain the minimum information speci-
fied By the material specification incorporated by
referefice.

GR5.3.2 Polymeric and Other Nonmetallic Material
Compenents. The manufacturer of polymeric and other
nonmfetallic components shall issue a Certificate of
Complliance that the components meet requirements as
show(lin Table PM-2.2.1-1.

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

A (ertificate of Compliance shall\be issued by the
seal manufacturer to certify compliance to this Standard
when|required by the ownexn/user. The Certificate of
Compliance shall contain(the information listed in
Table| PM-2.2.1-1. Additlonal agreements may be
required.

-5.3.2.2 Sealed Unions. The seal manufacturer
shall provide, upon request of the owner/user, a certifi-
cate of design ¢onformance that the sealed union meets
the infrusion.tequirements of SG-4.2.

GR}5.3:3 Electropolishing. The electropolishing

Lifiad |
LLLLLL er-guatified-procedure
(2) documentation of process controlCgf essential
variables

(3) instrument calibration records
(4) certificates of analysis fer'all chemidals used
(5) process testing and vérification

(f) postpassivation verification method(s) fused
(¢) for material manufacturers/suppliers jof compo-
nents whose surfaces hdve been electropolisied and/or
passivated, a Certificate of Compliance for Rassivation
and/or Electropolishing stating that standard industry
practices, suchids ASTM A967 or ASTM B912, as applica-
ble, have been‘used. If required by the owne}/user, the
manufacturer or supplier may be required fo demon-
strateithe effectiveness of their procedure by a method
muthally agreed upon.

GR-5.4 Weld and Examination/Inspection Log

The results of the welding, examination, and inspec-
tion shall be recorded on a Weld and Examination/
Inspection Log. The information required td be on the
Weld Log may be in any format, written or [tabular, to
fit the needs of the manufacturer/supplier| installing
contractor, inspection contractor, and owneér/user as
long as all required information is includedl or refer-
enced. Form WEL-1 (see Nonmandatory Appendix B)
has been provided as a guide for the Weld and
Examination/Inspection Log. This form infludes the
required data plus some other information fthat is not
required. The minimum requirements are as|follows:

(a) isometric drawing number (includinjg revision
number)

(b) weld number

(c) date welded

(d) welder and/or welding operator identification

(e) size

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, if required by the
owner/user)

{fJexamination
(1) date
(2) type of examination
(3) acceptance/rejection
(4) initials
(g) inspection
(1) date
(2) type of examination
(3) acceptance/rejection
(4) initials
(h) identification of blind welds

(16)
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(i) identification of manual welds

(j) basis of rejection

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

GR-5.5 Records Retention

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

ASME PTC 19.3 TW, Thermowells

GR-55-t—Vesset—Pocumentatiom——For—at——ASME PVHQ-1, Safety Standard for Pressure Vessels for

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

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

GR-5.5]2 Welding Documentation

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

(b) Presgure Vessels and Tanks. Records and retention
of records|for code vessels shall be in accordance with
ASME BPVC, Section VIIL

GR-6 U.5. CUSTOMARY AND SI UNITS

This Stahdard uses standard units listed in Mandatory
Appendix|IIl. Nonmandatory Appendix T has beeh pro-
vided as|a guide for U.S. Customary and SI unit
conversion.

GR-7 RHEFERENCES

For this|Standard, the most recent approved version
of the follpwing referencedsstandards shall apply:

3-A, Sanitpry Standards

Publisher:|3-A Sanitaty Standards, Inc., 6888 Elm Street,
Suite 2I), McLéan;, VA 22101 (www.3-a.org)

ANSI/AWS_AB8.0, Standard Welding Terms and
Definitions

Human Occupancy

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

Material specifications for metalliciaterials arg listed
by product form in Part MM.

ASTM A380, Practice forCleaning, Descaling, and
Passivation of Stainless{Steel Parts, Equipmerft, and
Systems

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

ASTM B912,:Standard Specification for Passivafion of
Stainless\Steels Using Electropolishing

ASTM @395, Standard Test Methods for Rubber
Property — Compression Set

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

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

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

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

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

ASTM E112, Test Methods for Determining Ayerage
Grain Size

ASTM E220, Standard Test Method for Calibratfion of
Thermocouples by Comparison Techniques

ASTM E230/E230M, Standard Specificatiop and
Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples

ASTM E644, Standard Test Methods for T¢sting

ANSI/AWS QCl1, Standard for AWS Certification of
Welding Inspectors

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

AWS G1.10M, Guide for the Evaluation of Hot Gas, Hot
Gas Extrusion, and Heated Tool Butt Thermoplastic
Welds

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

ASME B31.3, Process Piping

Tndustrial Reststance T hermometers

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

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

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive,
P.O. Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)
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DVS 2202-1, Imperfections in Thermoplastic Welding
Joints; Features, Descriptions, Evaluation

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

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

Publisher: European Committee for Standardization

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

NIH (BL-1/BL-4), Biohazard Containment Guidelines
Publisher: National Institutes of Health (NIH), 9000
Rockville Pike, Bethesda, MD 20892 (nih.gov)

Recommended Practice (RP) No. SNT-TC-1A, Personnel
Qualification and Certification in Nondestructive

Tactina
O

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

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

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

Publigher: U.S. Food and Drug Administration (FDA),
10903 New Hampshire Avenue, Silver Spring, MD
20993 (www.fda.gov)

IEC |60751, Industrial Platinum Resistance
Thefrmometers and Platinum Temperature Sensors
Publigher: International Electrotechnical Commission
(IEQ), 3, rue de Varembé, Case Postale 131, CH-1211

Gerleva 20, Switzerland /Suisse (www.iec.ch)

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

ISO 3@4-2, Rubber, vulcanized or thermoplastic ==
Detprmination of tear strength — Part 2: Small (Relft)
test|pieces

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

ISO 48, Rubber, vulcanized or theéxmoplastic —
Deflermination of hardness (hardness between 10
IRHD and 100 IRHD)

ISO §[15-1, Rubber, vulcanized‘or thermoplastic —
Detprmination of compression set — Part 1: At ambi-
ent jor elevated temperatures

ISO §[15-2, Rubber, yulcanized or thermoplastic —
Detprmination of*¢empression set — Part 2: At low
temperatures

ISO 816, Supérseded by ISO 34-2

effeftiof Jiquids

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

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

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

Publisher: American Society for Nondestrtict{ve Testing
(ASNT), 1711 Arlingate Lane, R.©®." Bpx 28518,
Columbus, OH 43228 (www.asnt.org)

United States Pharmacopeia and National Formulary
(USP-NF)
Publisher: U.S. Phamacopeia’Convention (USP), 12601
Twinbrook Parkway,"Rockville, MD 2(852-1790
(http:/ /www.usp.org/usp-nf)

GR-8 TERMS<AND DEFINITIONS

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

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

arc strike: a discontinuity consisting of anyf localized
remelted metal, heat-affected metal, or chahge in the
surface profile of any part of a weld or Hase metal
resulting from an arc, generated by the passagp of electri-
cal current between the surface of the weld or pase mate-
rial and a current source, such as a welding electrode,
magnetic particle prod, or electropolishing dlectrode.

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

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

audit: an on-site evaluation by an ASME-appojnted team
to review and report evidence of compliance of the appli-
cant with regard to the requirements of the ASME BPE
Standard, “after” issuance of a certificate.

autogenous fillet weld: a fillet weld that is produced with-
out the addition of filler metal. (See also seal weld.)

autogenous weld: a weld made by fusion of the base mate-
rial without the addition of filler. (See also gas
tungsten-arc welding.)

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

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

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

ilm of microorganisms or cell compaonents

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

certificate: a Certificate of Authorization issued by
ASME.

certificate holder: an organization holding a Certificate of
Authorization issued by the Society upon satisfactory
completion of evaluation of ability to comply with the
requirements of this Standard.

adhering to surfaces submerged in or subjected to fluid
environmgnts.

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

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

bioprocess:
ture and/

technique or operation used in the manufac-
r purification of biopharmaceuticals or other
biologicall materials, such as products derived from
microbial fermentation (e.g., yeast, mold, bacteria), cell
culture (eJg., insect, mammalian, plant), tissue culture,
blood, or milk fractionation.

bioprocessifig: see bioprocess.

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

blind weld] a weld joint by design that eannot feasibly
be visually inspected internally.

blister (polj
surface, cq

meric): a localized impetfection on a polymer
ntaining a pocket of fluid.

netallic): a localizéd. delamination within the
has an appearance of chipped or flaked-off
SEMI F019:0304, section 4.2.1.

borescope:|a devieé for indirect visual inspection of
difficult-to-aceess Tocations such as equipment and
pipes.
break: a di

blistering
metal that
areas. Per

continwitvinthe face of 2 fittinag
J S

ASME
btamp
Ctivity.

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

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

cGMPs: current Good Manwufacturing Practices. Current
design and operating practices developed by thd phar-
maceutical industry to-meet FDA requirements ap pub-
lished in the Code of Federal Regulations, Chapter 1,
Title 21, Parts 210"and 211.

chromatography: the purification of substances ba
the chemical, physical, and biological properties
molecdles involved.

bed on
of the

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

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

clean-in-place (CIP): cleaning of process contact syrfaces
of a system or component without disassembly beyond
the removal of single-use components.

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

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

bricap-
luring

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

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

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

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

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

cartridge seal: a self-contained seal assembly.

10

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

cluster porosity: porosity that occurs in clumps or clusters.

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

compression set: permanent deformation of rubber after
subscription in compression for a period of time, as
typically determined by ASTM D395.
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concavity: a condition in which the surface of a welded
joint is depressed relative to the surface of the tube or
pipe. Concavity 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.

consumable insert: a ring of metal placed between the
two elements to be welded that provides filler for the
weld, when performed with fusion welding equipment.

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

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

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

A consumable insert can also be used for the root pass
in a nmultiple pass weld with the addition of filler wire
(also ¢alled insert ring).

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

corrosfon: a chemical or electrochemical interaction
between a metal and its environment, which results in
changps in the property of the metal. This may lead to
impaifment of the function of the metal, the environ-
ment,[and/or the technical system involved.

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

ultraspund.
crater]a depression at the termination of 4 weld bead.

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

creep:
occur

a time-dependent permanent deformation that
under stress levels below the yield stress.

dead 14g: an area of entrapment in a vessel or piping run
that cpuld lead to contamination of the product.

defectd discontinuities that by nature or accumulated
effect [(for example, total crack length) render a part or
produlct unable'to meet minimum applicable acceptable
standgrdsier specifications. This term designates reject-
ability. (See also discontinuity.)

outside diameter and inside diameter of the|weld joint
as a result of heating the metal during welding. Colors
may range from pale bluish-gray to deepblug, and from
pale straw color to a black crusty¢Coating.

discontinuity: interruption of theltypical strycture of a
weldment, such as a lack of homogeneity in the mechani-
cal, metallurgical, or physicalCharacteristics of the mate-
rial or weldment. A disgontinuity is not nefessarily a
defect.

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

ital weld
gradually
g arc. The

downslepe: that part of an automatic orh
sequence during which the welding current is
redticed prior to extinguishing of the weldir
downslope portion of a welded joint is seen aga tapering
of the end of the weld bead with a reduction pf penetra-
tion from the beginning to the end of the doynslope so
that the final weld bead is small withf minimal
penetration.

duplex stainless steel: a group of stainless st¢els whose
chemical composition is designed to produge a room-
temperature microstructure that is a mixture df austenite
and ferrite.

the resist-
a material

durometer: measurement of hardness related t
ance to penetration of an indenter point in to
as typically determined by ASTM D2240.

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

in motion

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

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

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

delamination: separation into constituent layers.

demarcation: a localized area that is dissimilar to the
surrounding areas with a defined boundary.

dent: a large, smooth-bottomed depression whose diam-
eter or width is greater than its depth and that will not
produce an indication.
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elastomeric material: a material that can be stretched or
compressed repeatedly and, upon immediate release of
stress, will return to its approximate original size.

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

end grain effect: a surface discontinuity of small diameter
(or linear) cavities located perpendicular to the rolling
direction of the material and appearing after
electropolishing.
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etching: the process of removing a layer of metal from
its surface using a chemical and/or electrolytic process.

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

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

expiration date: the date after which the shelf life has

I I |
UCU.

welding, a nonpreferred term.) GTAW may be per-
formed by adding filler material to the weld, or by a
fusion process in which no filler is added.

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

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

been exce

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

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

fermentor| (fermenter): a vessel for carrying out
fermentatjon.

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

fixture ma
where the
cessing of

flash electrgpolish: an electrochemical process done for a
very shorf duration of time with a low current density,
which ne:t‘ner significantly alters the surface of the mate-
rial nor meets the acceptance criteria as set forth in
Table H-3|3-1 in Nonmandatory Appendix H of this
Standard.

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

ks: an area on an electropolished component
electrical connection was made for the pro-
the component.

flushing (rinsing): the flowing of water overithe process
contact suffaces of system components‘for the removal
of particulates or water-soluble contaminants.

full penetrdtion: a weld joint is said to be fully penetrated
when the [depth of the weld, extends from its face into
the weld jpint so that the joint is fully fused. For a tube-
to-tube wqld, no unfused portions of the weld joint shall
be visible on the inside-diameter of a fully penetrated
weld.

fusion: the
or of base

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

section 4.8.2.

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

haze: a localized diminished surfaee*brightness
monly produced by gassing©r,air pockets, d
electropolishing.

com-
uring

heat-affected zone: that portion’ of the base metal of poly-
mer that has not been mielted, but whose microstructure
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 njelting
in a furnace.

heat tint: coloration of a metal surface through oxifation
bytheating. (See also discoloration.)

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

holdup volume: the volume of liquid remaining in afvessel
or piping system after it has been allowed to drpin.

hydrotest: a pressure test of piping, pressure vesgels, or
pressure-containing parts, usually performed by pres-
surizing the internal volume with water at a pressure
determined by the applicable code.
hygienic: of or pertaining to equipment and piping sys-
tems that by design, materials of construction, and oper-
ation provide for the maintenance of cleanliness $o that
products produced by these systems will not adyersely
affect human or animal health.

hygienic clamn joint: a tube outside diameter uni con-
[e] L

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

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

guas tungsten-arc welding (GTAW): an arc welding process
that produces coalescence of metals by heating them
with an arc between a tungsten (nonconsumable) elec-
trode and the work. Shielding is obtained from a gas
or gas mixture. (This process is sometimes called TIG
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sisting of two neutered ferrules having flat faces with
a concentric groove and mating gasket that is secured
with a clamp, providing a nonprotruding, recessless pro-
cess contact surface.

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

icicles: localized regions of excessive penetration, which
usually appear as long, narrow portions of weld metal
on the weld underbead. (See also convexity and excessive
penetration.)
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inclusions: particles of foreign material in a metallic or
polymer matrix.

incomplete fusion (or lack of fusion): a weld discontinuity
in which fusion did not occur between weld metal and
faces or between adjoining weld beads. Also, in welding
of tubing, when the weld fully penetrates the wall thick-
ness but misses the joint, leaving some portion of the
inner (inside diameter) weld joint with unfused edges.

Material Test Report (mill test report or MTR): a document
in which the results of tests, examinations, repairs, or
treatments required by the material specification to be
reported are recorded. This document includes those of
any supplementary requirements or other requirements
stated in the order for the material. This document may
be combined with a Certificate of Compliance as a single
document. When preparing a Material Test Report, a
material manufacturer may transcribe data produced by

incomplete penetration (or lack of penetration): a groove . ooioo4io ol i30T he accents e onsibility
weld n which the weld metal does not extend com- ¢ 1o auccuracy andlauthenticity of the datd.
letely through the joint thickness.

I,) . & . ] . material type: a commercial designation f0r d gjven chem-
indicafion: a condition or an anomaly of a localized area istry range.
that hfis not been classified as being accepted or rejected. , . .

, . maximum working pressure: the<{preSsure at [which the
Inspec ors Delegate: a person Who 1s (.ielegated. by an system is capable of operating for a sustained period
ownet’s inspector to perform inspection functions as of time.
referepced in ASME B31.3, para. 340.4(c).

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

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

lamellgr tears: terrace-like fractures in the base metal with
a basjc orientation parallel to the wrought surface;
causedl by the high stress in the thickness direction that
resulty from welding.

lamindtions: elongated defects in a finished meta] prod-
uct, rdsulting from the rolling of a welded or-other part

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

leachables (polymeric): typically a subset*of extractables,
these fhemicals migrate from polymetic articles into the
produlct or process fluid.

linear
Linea
inade

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

liquid| penetrant _indication: refer to ASME BPVC,
Section V, Article’6, para. T-600, for testing an anomaly
or an [indication:

luster:|the‘state or quality of shining by reflecting light.
(See allso/variance in luster.)

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

meandering-of,or pertaining to a weld bead thht deviates
from side to side across the weld joint rgther than
tracking)the joint precisely.
mechanical polishing: a process by which abrasiye media is

applied to a surface until the specified surfacelroughness
(R,) is achieved.

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

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

misalignment (mismatch): axial offset of]
members.

the joint

ntched and
tion so as

miter: two or more straight sections of tube m
joined in a plane bisecting the angle of jun
to produce a change of direction.

molded seal: a seal that is manufactured by fofming in a
mating cavity.
than the
the mold-

mold flash: excess material that is greate
designed geometry of a part that is formed in
ing process.

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

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

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

nonsliding seal: a seal that does not have transverse or
rotational movement between the seal and mating
surface(s).
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nonuniform mechanical polishing marks: a localized surface
polishing pattern that is dissimilar to the surrounding
area.

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

off plane: a measurement of the offset between part cen-
terlines or two planes.

open head: for orbital GTAW, a welding head that is open
to the atmosphere external to the tube/plpe being
welded and that does not enclose the shieldi

which is still provided through the torch.

orange pee|: large-featured, roughened type of surface
visible to [the unaided eye whose surface appearance
pattern is [like that of an orange peel.

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

O-ring: rifjg seal of circular cross section.

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

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

owner/user
use rests.

the body upon which final possession or

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

oxide islanfl: 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 loeated in the heat-affected
zone of the weldment where)ant oxidation reaction has
taken plade.
packing: a
rings that

ype of shaft'seal formed into coils, spirals, or
is compressed into the seal cavity.

passivation|
surface of]
of a chem

removal of exogenous iron or iron from the
stainless steels and higher alloys by means

al dissolution-—mosttunicallbr by o froatment
7 T T =)

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

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

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

PFA: perfluoroalkoxy, copolymer of tetrafluoroethylene
and perfluorovinyl ether.

! acture
of medical drugs or compounds used to diagnose, treat,

or prevent a medical condition.

pickling: a chemical process for cleaninig and degcaling
stainless steel and other alloy parts, équipment, and
systems.

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

pit: a small surface void resulting from a localizgd loss

of base material.

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

slope.

polymera molecule consisting of many smaller groups.
They«¢an be synthesized either through chain redctions
or by templating. Some examples of polymers arg plas-
tics, proteins, DNA, and dendrimers.

polymeric materials: a natural or synthetic material whose

molecules are linked in a chain.

polypropylene (PP): polymer material composed ¢f car-

bon and hydrogen.

porosity: cavity-type discontinuities formed 1
entrapment during solidification.

Yy gas

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

bigned

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

conditions that is in contact with, or has the pofential
tobe in contact with, raw materials, in-process maferials,

with an acid solution that will remove the surface con-
tamination and enhance the formation of the passive
layer.

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

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

14

APTs; clearratitities ey W CIF, pure stear, process
gases), or components (e.g., stoppers) and where there
is a potential for the surface to affect product safety,
quality, identity, strength, or purity.

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

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

PTFE: polytetrafluoroethylene, homopolymer material
of tetrafluoroethylene.

pure s

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

schedule: dimensional standard for pipe as defined 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 system for poly-

cam: steam that is produced by a steam generator mer piping systems that relates wall thickness to pres-
that, when condensed, meets requirements for water-  sure rating as defined by ISO.
for-injection (WFI). seal chamber: see stuffing box.
purifigl water (PW): a classification of water according  seal face: surface point on which aseal/is aclieved.
to comipendial standards. seal point: location of process botindary creat¢d by com-
PVDH polyvinylidene fluoride, homopolymer, and/or  ponents in contact (seal), hadving sufficiept contact

copolymer material composed of carbon, hydrogen, and
fluorime.

pyrogdn: a fever-producing substance.

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

reflow
fusion

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

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

Clags I rouge: a rouge that is predominantly particulate
re that tends to migrate downstréam from its
tion point and can deposit ontprocess contact

systeths. The system'’s color transitions to gold, to blue,
to vamions shades of black, as the layer thickens. This

stress/load to create media“of environmentall isolation.

htness as
autogenous

seal weld: a weld usédito obtain fluid tig
opposed to mechanieal strength. (See also
fillet weld.)

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

Tl:rough an
e defined

self-draining: the elimination of all fluid from
duebo the force of gravity alone.

the system

SEM: scanning electron microscope.

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

Pquipment
hdvance of

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

shelf life: the duration, under specified stor
tions, from the date of manufacture to thg
the product can be placed in service without
unacceptable effect on performance.

hge condi-
last date
having an

shell leakage: a quantity of test fluid passing from the
inside of a component externally to atmosplere under
the defined test conditions.

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

may affect

size classification: the size of surface deficits i$ classified
in two groups: macro, referring to indicatiofs that can
be seen in adequate lighting without magnifi]Iation, and

surface oxidation initiates as a stable layer and is rarely
particulate in nature. It is an extremely stable form of
magnetite (iron sesquioxide, Fe;Oy).

sanitary: see hygienic.

sanitary (hygienic) weld: generally considered to be a
groove weld in a square butt joint made by the GTAW (or
plasma) process as a fusion weld without the addition
of filler material. A sanitary weld must be completely
penetrated on the weld 1.D., with little or no discolor-
ation due to oxidation, and be otherwise without defects
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micro, referring to indications that can be seen only with
the aid of magnification.

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

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

slope: an incline or deviation from the horizontal. A tube
or pipe installed in the horizontal plane is said to slope
if one end is positioned higher than the other.
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sparger: a device used to agitate, oxygenate, or aerate a
liquid by means of compressed air or gas.

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

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

- device forthe directed -distribution{delisz
\

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

system volume: total volume of liquid in the system,
including equipment, piping, valving, and
instrumentation.

tack weld: a weld made to hold parts of a weldment in

spray devi
ery) of liquids to defined process contact surfaces of

equipment. (See also static spray device and dynamic spray
device.)

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

squareness] face-to-face perpendicularity.

static seal: ja stationary sealing device.

static spray
duce a fix

device: a stationary device, designed to pro-
bd directional spray pattern.

ice (SIP): the use of steam to sanitize or steril-
of equipment without the use of an autoclave.

steam-in-p
ize a piece

stem seal: 3 seal element that is used on a shaft.

sterile: freq from living organisms.

sterility: the absence of all life forms.

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

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

superaustefitic stainless steel: a subgrodp)of austenitic
stainless gteels having elevated levels of nickel, chro-
mium, andl molybdenum compared with standard aus-
tenitic stafnless steels (e.g., UNS S31603) and that may
have othef additions (e.g., nittogen and/or copper) to
increase strength and resistatice to pitting corrosion and
stress corrpsion crackingyin the presence of chlorides.

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

proper alignment until the final welds are made

thermoplastic: long-chain polymers that are usuially not
connected by crosslinks. Once formed, these mafterials
can be reshaped.

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

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

tube: tube is sizedby its nominal outside diametpr. For
bioprocessing.equipment, tube does not include |pipe.

tungsten_inelusions: tungsten particles transferred into
the weld-deposit by occasional touching of the tufgsten
electrode used in the gas tungsten-arc process [to the
work or to the molten weld metal. These inclusigns are
often considered defects that must be removed ahd the
weld repaired prior to final acceptance. Tungsten|inclu-
sions may be invisible to the unaided eye, but are feadily
identified in a radiograph.

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

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

jacent
weld

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

uniformly scattered porosity: porosity that is distrjbuted

in a weldment in a uniform pattern.

user: see guwmner/user.

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

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

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

waviness: undulations or rippling of the surfaces.

welding operator: one who operates machine or automatic
welding equipment.
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weld joint design: the shape, dimensions, and configura-
tion of the weld joint.

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

WFI: water-for-injection, a classification of water
according to compendial standards.

17
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CHAPTER 2
DESIGN

»k CD

SD-1 PURPOSE AND SCOPE

The pugpose of Part SD is to establish design guide-
lines appljcable to bioprocessing equipment. Wherever
“equipment” is stated in this Part, it shall mean all bio-
processing equipment, components, assemblies, and
systems.

The pugpose of this Part is to provide requirements
for the spegification, design, fabrication, and verification
of process equipment and systems that are fit for
intended juse, and to minimize risk to the product.
Part SD also provides design guidelines that should be
applied at|the discretion of the owner/user on the basis
of assessegl risk to the product. Figures in this Part are
intended fo illustrate accepted applications of general
design prihciples and are not intended to limit alterhate
designs.

The scope of Part SD encompasses requirements for
equipmert, process systems, and utilities.that could
potentially impact product quality. Specific guidance is
provided for bioburden control in manufacturing pro-
cesses, including design requirements for cleaning, sani-
tization, ahd/or sterilization of(bipprocess systems.

SD-2 GHNERAL GUIDELINES

All equfipment andyor systems shall be designed
according] to the Bioprocessing application, require-
ments, and specifications of the owner/user. It shall
be the resporisibility of the owner/user to specify the
cleaning ahdy or sanitization requirements of the equip-

Part-SD
Systems Design

The owner/user shall detefmine the contaipment
level for the particular type.df-equipment or system, in
accordance with the Centers for Disease Contrpl and
Prevention (CDC) anid guidelines of the Na}ional
Institutes of Health,(NIH) or directives of the Eugopean
Union and other applicable local codes or environimental
regulations.

SD-2.2 Bioburden Control

[Resetved for future content]

SD-2.3 Bioburden Reduction

[Reserved for future content]

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

SD-2.3.1.1 Steam-in-Place. Equipment parfs and
components subjected to SIP should be designgd and
constructed to withstand continuous exposure t¢ satu-
rated steam at a minimum temperature of 266°F (L30°C;
representing 24 psig/1.65 bar under saturated |steam
conditions) for a duration of at least 100 hr under dontin-
uous steady-state conditions. All process conta¢t sur-
faces subjected to SIP shall reach the required
temperatures, under the required saturated steanj pres-
sure conditions, during the SIP cycle. Executing SIP
operations at temperatures exceeding 266°F (130°(") may
cause degradation of elastomers and/or dampge to
other components, resulting in reduction of dverall

ment and/or system.

Following installation, process contact liquid-service
systems should be flushed with deionized or better-
quality water and/or chemically cleaned, per owner’s
requirements, before being placed into service. This does
not apply to single-use or precleaned components.

SD-2.1 Containment

The containment level of the system or individual
pieces of equipment should be specified and communi-
cated by the owner/user.
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equipment life. SIP conditions that are more stringent
may be imposed by the owner/user. The use of elasto-
mers (within a piece of equipment or certain process
instrumentation) that could thermally degrade during
SIP shall be evaluated by the owner/user or
manufacturer.

SD-2.3.1.2 Depyrogenation.
content]

[Reserved for future

SD-2.3.2 Chemical Sanitization.
future content]

[Reserved for

(16)
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SD-2.4 Fabrication

Fabrication shall be performed in facilities where the
process contact surfaces are protected from contamina-
tion. During field welding and assembly, surface con-
tamination shall be prevented.

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

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

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

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

(a) mutually agreed to, in advance, by the owner/
user gnd manufacturer

(b)

(c) In compliance with FDA or other applicable regu-
lation§, as appropriate for the process

clearly identified to all parties

SD}2.4.1 Materials of Construction

SpP-2.4.1.1 General. Generally, materials such as
stainl¢ss steels, duplex stainless steels (e.g., 316-type and
316L-{ype alloys), and higher alloys have proven to be
acceplable. The owner/user shall be responsible for the
selectfon of the appropriate materials of construction
for the specific process. Metallic materials of construc-
tion afe listed in Part MM.

When nonmetallic materials are used (e.g., polymerie
materfals or adhesives), the owner/user shall speeify
whicH one of these materials shall carry a Certificate
of Compliance. The conformance of materialshall be
explicftly stated (e.g., conforming to FDA~21CFR 177
and UBP Section <88> Class VI). Polymetic materials and
other honmetallic materials of consfruction are listed in
Part GM.

SP-2.4.1.2 Process Compatibility

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

(b) Materialssshall be compatible with the stated bio-
procegsing eenditions, cleaning solutions, and SIP condi-
tions, [etc.,7as specified by the owner/user.

Qoo

SD-2.4.1.4 Transparent Materials

(a) Transparent materials (e.g., glass,, polymer) that
are used in viewing ports shall be rated[for thelapplicable
pressure, temperature range, and‘thermal sHock.

(b) Internally coated glass shall only be fised if the
coating complies with FDA regulations or angther regu-
latory authority’s regulations and is approyed by the
owner/user.

SD-2.4.2 Cleanability
(a) The following provisions are applicablg to tubing,
equipment, er\Systems intended to be clean¢d:

(1) Allstrfaces shall be cleanable. Surfpce imper-
fections\(e.g., crevices, gouges, obvious pit) shall be
eliminatéed whenever feasible.

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

(3) Fasteners or threads shall not be exppsed to the
process, 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 maferials (for
identification or traceability reasons) shouldl be made
on the process contact side. When markings ate required
on process contact surfaces, other methods offidentifica-
tion shall be used.

(b) The following provisions are applicablg to tubing,
equipment, or systems intended to be cleangd in place:

(1) Internal horizontal surfaces should be
minimized.

(2) The equipment shall be drainable gnd free of
areas where liquids may be retained and where soil or
contaminants could collect. The equipment shall be free
of areas of low flow and velocity or impact [where soil

(c) burtacesexpesedtobioprocessingtirids eleanine;
and SIP conditions must be

(1) homogeneous in nature

(2) impervious

(3) inert

(4) nonabsorbent

(5) nontoxic

(6) insoluble by process or cleaning fluids

(7) resistant to corrosion, scratching, scoring, and
distortion

19

or contaminants could collect.

(3) Design of corners and radii should meet the
following requirements: All internal angles of 135 deg
or less on surfaces shall have the maximum radius possi-
ble for ease of cleanability. Where possible, these surfaces
shall have radii of not less than % in. (3.2 mm) except
where required for functional reasons, such as the
bonnet/body connection. For special cases, the radii
may be reduced to % in. (1.6 mm) when agreed to by
the owner/user. When the % in. (1.6 mm) radii cannot
be achieved for essential functional reasons such as flat
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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 e 5 0.5 0.29
GSD2 s 10 1.0 0.57
GSD3 1, 20 2.0 1.15
GSDO Line slope not required

SD-2.4.3.4 Drain Points

(a) Piping and equipment should be installed with
designated drain points to maximize self-draining prop-
erties. The number of drain points should be minimized.
The equipment manufacturer shall indicate the proper
orientation to optimize drainability. The installer and
owner/user shall ensure that proper orientation is
achieved.

(b) Systems or equipment that cannot be gravity-

drained-shall use forced ovpn]cinﬂ wzith proccnviv d gas

sealing suffaces and flow control apertures, the surfaces
of these imternal angles shall be readily accessible for
cleaning and examination.

SD-2.4{3 Drainability

SD-2.4.3.1 General. For the purpose of bioburden
control angl cleaning, gravity is an effective way to facili-
tate draingge. To achieve gravity drainage, lines should
be pitched| to designated points at a specific slope. Refer
to Nonmapdatory Appendix C for suggested method of
slope meapurement. For gravity-drained piping/tubing
systems, the owner/user may define the system slope
in accordqnce with one of the designations listed in
Table SD-2.4.3.1-1. Gravity-drained piping/tubing sys-
tems shalll have a continuous pitch that is equal to or
greater than the slope designation. Line sections up to
10 in. (25 gm) in length (or longer with advance approval
of the owpner/user) that are level or have a positive
slope less|than the slope designation are acceptable if
is fitting-bound.

.4.3.2 Drainability Design Considerations.
’s process requirements should.be considered
tion of slope designation.
ss contact lines exposed-to liquid should be
inimize pooling i1l the system.
that are steam sterilized in place should be
acilitate grayity drainage of condensate.

(c) Linep that are cleaned in place should be sloped
to facilitate gravity drainage of cleaning fluids.

The physical«characteristics of the system (e.g., line
size, matefials,fluid viscosity, fluid surface tension) will
influence

sloped to
(b) Lin
sloped to

rainability at a givpn Q]npp and should also

where line drainability is required.
SD-2.4.4 Miscellaneous Design Details

SD-2.4.4.1 Lubricants

(a) Grease and other lubricating fluids that ar¢ used
in gearboxes, drive assemblies/etc., shall be confained
to prevent leakage of the lubricants or process,|either
directly or indirectly (e.g., ‘through seepage, seal|leaks,
etc.).
(b) The equipment.inanufacturer shall specify the
type of lubricants-that are to be used for maintepance.
If the specifiedTubticant is not accepted by the owner/
user, the cheice'of an alternative shall be agreed to by
the ownef/user and the equipment manufacturdr.
(c) Thé owner/user shall give his approval for the
lubriéants that could come in contact with the ptocess.
These lubricants shall be identified by name, manufac-
trer, and grade and shall conform to FDA o1 other
applicable regulatory codes.

SD-2.4.4.2 Exterior Design. Equipment locdted in
clean areas is periodically cleaned by wash-down or
manually cleaned by wipe-down with harsh cl¢aning
solutions. Such equipment shall conform fo the
following:

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

(b) Finishes shall be compatible with the areafroom
classification as agreed to by the owner/usqr and
manufacturer.

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

(d) All burrs or weld marks shall be removed

(e) Hinges should be easily removable and/or

be considered. The owner/user may apply additional
criteria in the selection of slope designation to address
issues such as product recovery or maintenance. Fluid
retention due to capillary action should be considered
when using tubing less than % in. (20 mm). System
leveling should be considered for mobile equipment that
is gravity-drained.

SD-2.4.3.3 Slope Considerations. The recom-
mended minimum slope designation for gravity-
drained process contact lines is GSD2.

cleanable.

(f) Equipment mounted on cabinets that are exposed
to the environment should be mounted flush.

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

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

(16)
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(i) Nameplates for tagging equipment should be con-
structed from corrosion-resistant material, such as stain-
less steel or polymeric material, and should have
minimal crevices. The nameplates should be attached
and sealed or attached with a corrosion-resistant wire
loop.

(j) There should be adequate clearance below or
under the equipment for cleaning, and a clearance for
discharge should be prov1ded Elevated equipment
underapen fra
. (150 mm) for wash down and cleaning. In other
h minimum of 4 in. (100 mm) would be adequate.

ious to moisture and cleaning agents.
(1) Electrical enclosures and conduit should be cleana-

SP-2.4.4.3 Surface Finishes. The finishes of pro-

Standprd.

PROCESS COMPONENTS
SD-3.1 Connections, Fittings, and Piping

SD}3.1.1 General

(a) Pesign of equipment should minimize theniumber
of conpections. Butt-welded connections should be used
whergver practical.

(b) IConnections to equipment shall\use acceptable
hygienic design connections, mutually agreeable to the
ownet/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‘ateas around the gasketed joint.
ASMH raised-face or’flat-face flanged joints should be
avoid¢d where possible (see Fig. SD-3.1.1-1).

(d) [Ferrules and ferrule connections should be as
short §s possibleto minimize dead legs. The use of short
welding fetrules should be incorporated into the design.

(e) |Alprocess contact fittings exposed to liquid

if using pipe (instead of tube) to ensure that the require-
ments of this Standard are met. The requirements of
hygienic tubing (e.g., surface finish, dimensions, and
tolerances) are not typically met by pipe.

SD-3.1.2 System Design

SD-3.1.2.1 General
(a) Product holdup volume in the system should be
minimized.

have routing and location priorlty over process and
mechanical support systems.

make-break connections are necessary.

SD-3.1.2.2 Dead Legs. Dead legs will bgd measured
by the term L/D, where L is the leg extensioh from the
I.D. wall normal to the flow pattern or directfon, and D
is the LD.%ef the extension or leg of a tubing fitting or
the nomihal dimension of a valve or instryment. 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 [./D values
based on the BPE definition for various tubihg geome-
tries and configurations.

There is evidence that an L/D of 2 or less mpy prevent
the branch from being a dead leg; however, the size and
shape of the branch are also important in d¢termining
if the branch could lead to contamination. With sufficient
flow through a primary pipeline, a branch mgy not con-
stitute a dead leg.

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

For high-purity water systems, an L/D of P or less is
attainable with today’s manufacturing and dgsign tech-
nology. For other bioprocessing systems, such as purifi-
cation, filtration, and fermentation having cluster, block,
and multiport valves, an L/D of 2 or less is gchievable.
However, it may not be achievable with cerfain equip-
ment and process configurations as they ar¢ currently

should be self-draining when properly installed.

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

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

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

(i) Piping systems described in Part SD refer to
hygienic tubing systems. Caution should be exercised

manufactured. An L/D of 2 or less is recommended but
shall not be construed to be an absolute requirement.
The system designer and manufacturer shall make 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 exceptions
exist or where the L/D of 2 or less cannot be met.

An L/D of 2 or less may not be achievable for weir-
type valves clamped to tees and certain sizes of close
welded point-of-use valves, as shown in
Fig. SD-3.1.2.2-1, illustrations (a), (d), (e), (f), and (g).
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Fig. SD-3.1.1-1 Flat Gasket Applications

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

by
an
St

g -

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

-\f\/*/J
—

(f) Socket Weld (g) Threaded
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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
&
T
L ~—1.D.—
Liﬂzm e aNB
b X
Nominal Wall 1.D: L/D
Size, in. Thickness D) Branch, L (Branch)
Y 0.035 0.180 2.16 12.00
A 0.035 0.305 2.10 6.88
Y 0.065 0.370 2.07 5.58
A 01065 0.620 2.07 3.33
1 0.065 0.870 2.19 2.52
1Y, 0.065 1.370 2.14 1.56
2 0.065 1.870 2.44 1.30
2% 0.065 2.370 2.44 1.03
3 0.065 2.870 2.44 0.85
4 0.083 3.834 2.83 0.74
6 0.109 5.782 4.24 0.73

23
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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

.;LD_;—
i 7
L a |
| N
&Y X
Nominal Nominal Tee Wall Branch Wall Branch 1.D., L/D
Tee Size, ir. Branch Size, in. Thickness Thickness D Branch{.l (Bfanch)
A Y 0.035 0.035 0.180 0.85 .71
A Y 0.065 0.035 0.180 082 .53
Y A 0.065 0.035 0.305 0.82 .67
VA Y 0.065 0.035 0.180 0.69 .83
A A 0.065 0.035 0.305 0.69 .26
A Y 0.065 0.065 0.370 0.69 .86
1 Y 0.065 0.035 0.180 0.69 .83
1 A 0.065 0.035 0.305 0.69 .26
1 Y 0.065 0.065 0.370 0.69 .86
1 %, 0.065 0.065 0.620 0.69 11
1Y, Y 0.065 0.035 0.180 0.69 .83
1Y, A 0.065 0.035 0.305 0.69 .26
1Y, Y 0.065 0:065 0.370 0.69 .88
1Y, A 0.065 0.065 0.620 0.69 11
1Y, 1 0.065 0.065 0.870 0.69 .79
2 Y 0.065 0.035 0.180 0.69 .83
2 A 0.065 0.035 0.305 0.69 .26
2 Y 0.065 0.065 0.370 0.69 .86
2 A 0.065 0.065 0.620 0.69 11
2 1 0.065 0.065 0.870 0.69 .79
2 1Y, 0.065 0.065 1.370 0.69 .50
2Y Y 0.065 0.035 0.180 0.69 .83
2Y, A 0.065 0.035 0.305 0.69 .26
2Y, Y 0.065 0.065 0.370 0.69 .86
2Y, 2 0.065 0.065 0.620 0.69 11
2Y, 1 0.065 0.065 0.870 0.69 .79
2Y, 1Y, 0.065 0.065 1.370 0.69 .50
2Y, 2 0.065 0.065 1.870 0.69 37
3 Y 0.065 0.035 0.180 0.69 .83
3 A 0.065 0.035 0.305 0.69 .26
3 A 0.065 0.065 0.370 0.69 1.86
3 A 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 2Y, 0.065 0.065 2.370 0.69 0.29
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Nominal Nominal Tee Wall Branch Wall Branch I.D., L/D
Tee Size, in. Branch Size, in. Thickness Thickness D Branch, L (Branch)

4 Y 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 1.91

4 A 0.083 0.065 0.620 0.71 1.14

4 1 0.083 0.065 0.870 0.71 0.81

4l 0-623 6-065 1376 o714 0.52

1 2 0.083 0.065 1.870 0.71 0.38

1 2% 0.083 0.065 2.370 0.71 0.30

1 3 0.083 0.065 2.870 0,71 0.25

Y 0.109 0.035 0.180 0486 4.77

A 0.109 0.035 0.305 0.86 2.82

Y, 0.109 0.065 0.370 0.86 2.32

¥/ 0.109 0.065 0.620 0.86 1.39

1 0.109 0.065 0.870 0.86 0.99

1Y%, 0.109 0.065 1.370 0.86 0.63

2 0.109 0.065 1.870 0.86 0.46

2Y, 0.109 0.065 2.370 0.86 0.36

3 0.109 0.065 2.870 0.86 0.30

4 0.109 0.083 3.834 0.86 0.22
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Fig. SD-3.1.2.2-1 Accepted Point-of-Use Designs

i

\— Note (2)

(a) (b)

/— Typical short-outlet tee

0 0
) |

Minimal span
=~ _[ (room for

il LCED CD oot

reduced size)
(c)
(d) Lr :

Branch may
be full or
reduced size

ﬂ

Short outlét
Notg ( to minimize

brapch
lefigth

Note (1)\
P
(f) (g)

Tangential side outlet
(to provide full drainage)

NOTES:
(1) L/D of 2 or less.
(2) L/D = 0 (preferred).
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Fig. SD-3.1.2.3-1 Double Block-and-Bleed Valve Assembly

o T o R
] ]
f \ f \
@ @H @ @
Prgcess 1 — — — G- Process 2
BN
Y\

For the header and valve size compinations where the
L/D of 2 cannot be met using these’ configurations, a
specific isolation valve design, as shown in
Fig. §D-3.1.2.2-1, illustratipns (b) and (c), may be
required to achieve the desired ratio.

SPp-3.1.2.3 Systeém Piping
(a) Routing of piping should be as direct and short
as pogsible to erisure a minimal quantity of CIP solution
to filll a circtiit/and eliminate excessive piping and
fittings.
(b) [Cross-contamination of process streams shall be

[ l

O O

AN J/

\ Bleed valve

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

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

(g) Field bending of tubing is permitted forl diameters
up to and including % in. (15 mm). The centerfline radius
of field-bent tubes should be not less than 2.5 times the
nominal tube diameter to mitigate the risk |of interior
surface damage (e.g., wrinkles, striations, afd cracks).
Field bending of tubing in larger diameters [or smaller
bend radii may be used with the approval of the owner/

physically prevented. Methods of separafion used n
industry are
(1) removable spool piece
(2) U-bend transfer panel
(3) double block-and-bleed valve system (see
Fig. SD-3.1.2.3-1)
(4) mix-proof valving
(c) The use of fluid bypass piping (around traps, con-
trol valves, etc.) is not recommended.
(d) The use of redundant in-line equipment is not
recommended due to the potential creation of dead legs.

user-wirerr aytuul.uiai.c 1r laycd.iuu techr li\.lu.c:- and proce-
dures (e.g., visual, borescope, and sectioning) are used.
(h) Ball valves are not recommended in fluid hygienic
piping systems. See SD-4.2.3(b) for further comments.
(i) Process contact surfaces of austenitic stainless
steel, except those covered by section SD-4.3.1, should
be passivated before being placed in service. Specific
passivation requirements shall be defined in the engi-
neering design documents and/or specifications and
shall be in accordance with SF-2.6. Passivation of electro-
polished surfaces is not required unless the surface has
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been altered (e.g., welded or mechanically polished)
or exposed to external contamination after
electropolishing.

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

SD-3.1.2.4 Hygienic Support Systems
(a) Hygienic supports should be used within classi-

standards. The metallic pipe or tube to be installed shall
meet the straightness criteria of ASTM A1016 to opti-
mize drainability. The support spacing shall not exceed
a distance that will permit the piping to deflect under
operating conditions.

SD-3.1.2.4.2 Pipe Hangers and Supports for
Nonmetallic Piping

(a) Nonmetallic piping system hangers and supports

shall be engineered based on the specific materials

ration
made

’s rec-

fied space§Hygienic Support design should incorporate  selected. When property instatted; stress concen
drainable|geometry to facilitate cleanability, have no  points will be minimized. Considerations shall‘be
exposed threads, and have minimal potential for collect-  to ensure drainability and overcome any defléction, such
ing and trdpping debris or liquids on the hanger. Materi-  that pooling is minimized. Refer to manufactures

als of construction shall be corrosion resistant and
compatiblg with the chemical, thermal, and physical
performarjce requirements of the installed location. The
materials phall have adequate strength and durability
to withstand the application of continuous and/or cyclic
thermal gxposure that may be encountered in the
designed gervice.

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

(c) The pupport systems shall provide for, and control,
the intended movement of the system. The designer
should talte into account system and equipment move-
ment when planning the design. Anchoering systems
should be| designed to avoid piping mlotion in any of
the three [Cartesian axes. Guiding systems should be
designed fo allow piping axial motion due to thermal
or mechanical loads. An anchorserves to secure the
piping in place, and a guidetwrill allow axial motion of
the piping and is used te allow for thermal expansion.

(d) Supports/hangérs should be installed close to
e in direction of piping. The only exception

other proce i
strength and durability to w1thstand the 1mposed loads
per MSS SP-58, Table 1. Per manufacturer’s recommen-
dations, supports/hangers should be installed as close
as possible to (and on both sides of, if possible) concen-
trated loads including valves, instrumentation, and filter
housings.

SD-3.1.2.4.1 Pipe Hangers and Supports for
Metallic Piping. Metallic piping system hangers and
supports shall be installed in compliance with
MSS SP-58, MSS SP-69, MSS SP-89, and ASME B31.3

28

nlcula-
 terial,
thick-
being
Xpan-

ommendations for spacing, which is"based on c
tions that take into consideration{the piping m
density, modulus of elasticity, diameter and wall
ness of the pipe, specific gravity of the fluids
transported, operating temperature, and thermal ¢
sion properties.

(b) The requirement. of a continuous support shall be
determined based.én the operating temperatur¢s and
the specific gravity of the process fluid being Jtrans-
ported. Suppeort channels may be available in a {V” or
“U” sectibh.and shall be manufactured with no|sharp
edges that may embed or cause damage to the pipe
exterior. These are commonly available in stainlegs steel
or fiberglass reinforced plastic (FRP) materials.|These
stpports 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
installed and supported to be self-draining [see
Fig. SD-3.2.1-1, illustrations (a) and (b)]. In temporary
runs, hose assemblies may be manually drained after
disconnecting.

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

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

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

with the de51gn allowable workmg pressure/vacuum
and design temperature range.

(f) Hose assemblies shall be inspected and main-
tained on a scheduled basis.

SD-3.2.2 Flexible Element

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

(b) The interior surface of the flexible element shall
be cleanable and drainable.
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Fig. SD-3.2.1-1 Flexible Hygienic Hose Design

Low point

Equipment

Drainable

(a) Accepted

Securing collar or ring

Fi¢xible eleme

| _—
Process-| —
region

Uniform sealing force
(c) Accepted

Substantially
flush

\ Hygienic fitting

with hose barbs

(c) The materials used shall comply with the applica-
ble requirements in Part PM and/or Part SG withregard
to bidcompatibility. The materials used must.also be
compatible with cleaning and/or SIP conditions.

SD}3.2.3 End Connections

(a) End connections shall be of afmaterial and design
sufficiently rigid to withstand the Jcombined forces of
the byrst pressure rating of the fléxible element and the
compfession forces required. to affect the secure assem-
bly with the flexible element. [Refer to Fig. SD-3.2.1-1,
illustrptions (c) and (d)3

(b) End connections shall be of a material compatible
with the process-fluid, cleaning solutions, and steam
wherd applicable. Materials shall meet the requirements
of SDj2.4 4 or'Part PM.

(c) [Efyed:connections shall meet all surface finish

Flexible element

Equipment

Flex hose in horizontal

(b) Not Accepted

Band type clamp

Gap

\Hygier ic fitting

with hose barbs

Nonuniform sealing force

(d) Not Accepted

(b) The owner/user shall evaluate whetlfer holdup
volume and drainability characteristics of a iliaphragm
pump are acceptable for the application. Sofne process
applications require the process system, including the
diaphragm pump, to remain continuously flqgoded with
sanitizing solution instead of being drained

(c) Process contact diaphragms, O-rings, gaskets, and
seals shall comply with Part SG. Process contdct metallic
materials of construction shall comply with|{ Part MM.
Nonmetallic process contact surfaces inclfiding dia-
phragms shall comply with Part PM.

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

(e) Where used, diaphragm fastenerg shall be
attached within the pump head such that ¢revices or
threads are not exposed to the process fluid$.

requh mrents of Part-SFor PartPive:
(d) End connections shall be a hygienic connection

design per 5G-3.3.2.

SD-3.3 Pumps

SD-3.3.1 Diaphragm Pumps

(a) Diaphragm pumps may be used in positive dis-
placement pump applications. Some diaphragm pumps
are available that provide low shear, constant flow or
pressure, low pulsation, high turndown ratio (e.g.,
1,000:1), and/or low particle generation.

29

(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.

SD-3.3.2 Hygienic Pumps

SD-3.3.2.1 General
(a) Pumps shall be cleanable. Pumps shall be selected
according to the operating conditions determined by
the owner/user (e.g., process, CIP, SIP, passivation).
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Fig. SD-3.3.2.2-1 Pump Impeller Configurations

(a) Open

(b) All process contact connections to the pump shall
be of a hygienic design (see Figs. 5G-2.2.2-1, SG-2.2.2-2,
5G-2.2.2-3} and SG-2.2.2-4).

SD-3.8.2.2 Centrifugal Pumps

(a) Hygjenic centrifugal pumps shall be capable of
CIP.

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

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

(d) Thefimpeller shall be attached to the shaft in such
a way thaf all crevices and threads are not exposed to
the procegs. Threads, such as ifi an impeller nut/bolt,
shall be sg¢aled by an O-ring or hygienic gasket. Refer
to Fig. SD13.3.2.2-2. The usewof O-rings or hygienic gas-
kets shall pe consistent-with Part SG.

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

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

(b) Semi-Open

&

(c) Shrouded/Closed

SD-33.2.3 Positive Displacement Pumps

(a) When possible, positive displacement gumps
should.be configured with vertically mounted inldts and
outlets to promote drainability and venting.
(b)) When using internal bypass pressure|relief
devices, they shall be of a hygienic design. It is prgferred
that an external, piping-mounted relief device (hygienic
rupture disk) rather than a pump-mounted byphass be
used.

SD-3.3.2.4 Rotary Lobe Pumps

(a) The owner/user shall specify the chemical, ther-
mal, and hydraulic operating conditions of the [pump
(e.g,. process, CIP, SIP) to ensure proper compgonent
selection. Hygienic rotary lobe pumps are tempgrature
sensitive (e.g., rotor to casing contact due to thermal
expansion).
(b) The pump should be designed and installed to
minimize holdup volume.
(c) Rotor fasteners shall be attached to the shqft in a
way that crevices and threads are not exposed [to the
process. Threads and crevices shall be isolated fr¢m the
process fluid by an appropriate hygienic seal, spich as

(g) The useof amr etbow-type casing drairr {5 ot Tec-
ommended without the use of an automatically con-
trolled drain. The casing drain connection shall be
designed to minimize the L/D as shown in
Fig. SD-3.3.2.2-4.

(h) The pump discharge connection should be tilted
to allow for full venting of the casing (see
Fig. SD-3.3.2.2-3).

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

(j) Shaft seals shall conform to Part SG.
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an O-ring or hygienic gasket (see Fig. SD-3.3.2.4-1).

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

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

(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. SD-3.4.1 defines the requirements
that are to be met in the design, fabrication, and supply

(16)

(16)
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Fig. SD-3.3.2.2-2 Acceptable Impeller Attachments

Sealing region
% /—Sealing region%[

g region

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

Fig..SD-3.3.2.2-3 Casing Drain Configurations

@)

NIA,

(a) Horizontal (b) Vertical

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

IS

J
Hif

(DI

N
o \
T—— N N
L L——
(a) Weir-Style (b) Radial-Style (c) Capped
Diaphragm Valve Diaphragm Valve

Fig. SD-3.3.2.4-1 Rotary Lobe Pump Rotor Attachment

Rotor
_\ /_ Pump cover
\\ /

Rotor fastener
Shaft e
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of pressurized and nonpressurized biopharmaceutical
vessels.

(a) Design and fabrication of vessels and internal
parts shall ensure that surfaces are free of ledges, crev-
ices, pockets, and other surface irregularities. If more
restrictive tolerances are required, they shall be included
as part of the fabrication specifications for the project.

(b) All heat transfer surfaces should be drainable and
ventable.

(c) Reinforcing pads, doubler plates, poison pads, etc.,

(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.

(I) Asrequired by the process, inlet nozzles tangential
SD-3.4.2-4

to-the vessel surface mavbe used (see Eia
a4 < S

shouldl be constructed of the same material as the vessel.
If the yessel material of construction is a superaustenitic
stainlgss steel, 316L-type alloys or other higher alloy
stainl¢ss steels may be used for these components on
non—grocess contact surfaces only. No telltale holes are
allow¢d on process contact surfaces and those that are
outside should be cleanable.

(d) Vessels that are to be exposed to temperatures
abovd 176°F (80°C) [e.g., SIP, hot water-for-injection
(WFI)} hot U.S. Pharmacopeia (USP) waters, and hot CIP
solutipns] should be designed for full vacuum service
[maxijmum allowable working pressure—external of

spherjcal are the most common types. Flat or conical
heads|should slope at not less than % in./ft (10 mm/
m) tofa common drain.

(f) All internal surfaces should be sloped or pitched
for drpinability.

(g) [Test protocols for drainability shall be agreed-upon
in adyance by all the parties (see SD-6.4)~All vessels
shouldl be checked for drainability during fabrication.

SD{3.4.2 Vessel Openings

(a) Nozzles that are designed to Be ¢gleaned by a spray
devicg¢ should have the smallest L/ ratio possible. For
non-flow through nozzles, an(L/D of 2 or less is recom-
mendgpd (see Fig. SD-3.4.2:1).

ozzles less thantl\in. (25 mm) in diameter are
commended unjess the system design provides
and CIP throtuigh the nozzle.
Bottom-meunited agitators, valves, pads, etc., shall
erfere with' the drainability of the vessel.
All iristrument probes and any sidewall penetra-
see Fig. SD-3.4.2-2) shall be sloped for drainage,

ing (see Fig. SD-3.4.2-3).

(e) Blank covers or hygienic plugs used in process
contact applications shall have the same finish as the
vessel internals.

(f) Drain valves should optimize drainability and
minimize branch L/D.

(¢) The number and location of spray devices should
be selected to eliminate shadowing at internal parts such
as mixer shafts, dip tubes, and baffles.

(h) The number of shell-side nozzles and connections
should be minimized.
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and Fig. P1-9.1.3.3-1).
(m) Manway covers should be dished rather than a
flat design.
(n) Flanges that have metal-tesretal confact on the
process contact side shall notdbe‘used.
(0) Allnozzles should bedflush with the interior of the
vessel except where projections are required to ensure
additives are directed into the process fluid (d.g., chemi-
cal addition) (see Fig{SD-3.4.2-5).

SD-3.4.3 Internal Components

(a) Sparger and dip tubes shall be designef in accor-
dance with§SD-3.4.1(a), (d), (f), and (g). Sparger and dip
tubes shall incorporate low-point drains [where applica-
ble, i.e:,"horizontal lines should slope at no} less than
Yt/ ft (10 mm/m)] and be properly supported to
ensure drainability. Refer to Table SD-2.4.3.141 to deter-
mine the appropriate slope designation.

(b) Dip tubes and spargers mounted in
neck should have an annular space betweep the O.D.
of the dip tube or sparger and the I.D. of the nozzle
neck in accordance with Table SD-3.4.3-1. An L/A of 2
or less is recommended (see Fig. SD-3.4.3-1)|If a larger
L/A exists, a method for cleaning this spade shall be
specified. In all cases, sufficient annular spage to allow
access for CIP coverage shall be provided.

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

(d) Mitered fittings for internal pipe workshall only
be fitted with the prior agreement between the owner/
user and manufacturer. When mitered joint§ are used,
they shall be designed and fabricated in accorflance with
the appropriate Codes.

(e) Vessels shall drain to a common poin

the nozzle

and shall
agreed to

are aps .11 ple _d = 0 A : DO1N ale
between the owner/user and manufacturer.

SD-3.4.4 Fabrication

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

(b) Flanges are not recommended, and their use shall
be minimized. The bore of weld neck flanges shall be
the same as the I.D. of the connected pipe or tubing to
prevent ledges and nondrainable areas.
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Fig. SD-3.4.2-1 Nozzle Design

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

Vertical Nozzles Radial Nozzles

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

Same di

stanc

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

C

<

™

S

(c) [Note (5)]
NOTES:
(1) Less dead space.
(2) Better CIP/SIP capabilities.
(3) Potential problems with CIP and SIP with capped connections.
(4) Dead space: stagnant areas.
(5) All L/D ratios to be calculated on long-side dimensions for vessel heads.
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Fig. SD-3.4.2-2 Side and Bottom Connections

Dished head or shell

N
N

Note (1)

(a) Accepted

/ Nondraining edg

NOTES:

= ~ A
Note (2) @J 3_/

(b) Accepted (c) Not Accepted

(1) If g flat gasket is used, mismatch of diameters can result in creviees.

(2) Telltale hole required.

Fig. SD-3.4.2-3 Sidewall Instrument Ports

Minimize ———I P
landing

(a) Accepted

NOTE:

! \
%i/—\— Minimize

(b) Accepted

(1) May also be pitched similar to illustration (b).
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N

(c) Accepted
[Note (1)]
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Fig. SD-3.4.2-4 Vessel Design Tangential Nozzles

L

=

il

<P

Definition of L/D for Tangential Inlet:

Top Section View

GENERAL NOTE: CIP through nozzle is recommended.

Fig. SD-3.4.2-5 Typical Nozzle Detail

/- Outside groove d

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

Inside groove design
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Radius

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

sign
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Table SD-3.4.3-1 Annular Spacing (16)
Recommendations for Hygienic Dip Tubes
Dip Tube Size Mount Nominal
Tube 0.D. Size
in. mm in mm
Y 12.7 2 50
% 19.1 2 50
1 25.4 3 75
1Y, 38.1 3 75
2 50.8 4 100
2Y, 63.5 4 100
3 76.2 6 150
4 101.6 6 150
Fig. SD-3.4.3-1 Accepted Nozzle Penetrations (16)

Mechanical $eal area

lasal

s S

A
(a) Dip Tube'or Sparge L
[Notes.(1) - (3)] X
AR N
-,

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

NOTES:

(1) Nozzle and dip tube size per Table SD-3.4.3-1.

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

(3) Requirements also apply to nozzles with instrument penetrations.
(4) A= 1in. (25 mm) minimum.
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Fig. SD-3.4.3-2

—~—T 71

5deg{ i h

IR

R\d/

bar stock

ASME BPE-2016

Internal Support Members

=

ST

\%i ==}
Support brace
can be deleted if

design allows

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

Continuous weld

Drainable

Welded pad or
doubler plate

Capable of CIP
(no shadows)

(c) Good Design
(Accepted)

Cie

«~/ Thermowell

Shadow —/\/;

(b) Nonhygienic Design
(Not Accepted: Flat Surfaces,

Ledges, and CIP Shadows)
Stitch weld:
£ not drainable
crevice

:|\ Doubler plate

\ Not capable of
\/Q%Z?( CIP (shadow)

(d) Poor Design
(Not Accepted)

Pooling
potential

cip Thermowell

7T
Droplet formation

Cascading

>5 deg actio%

(e) Positive Slope in All Directions

(Accepted)

&

(f) Positive Slope in Only One Direction
(Accepted)
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(c) Where slip-on nondrainable flanges are used, the
bore-side bevel weld shall be designed to eliminate
potential drainability and CIP difficulties.

SD-3.4.5 Finishes

(a) Surface finishes shall be specified in R, values (see
Table SF-2.4-1) and measured as required by Part SE.
Surface finish coupons shall be submitted when agreed
to by the owner/user and manufacturer.

(b) Process contact surface finish specifications shall

clean-in-place service (CIP; e.g., via spray, directed flow,
immersion, etc.).

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

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

(d) The annular space between the agitator shaft and
the agitator nozzle shall, for cleaning purposes, have an

pertaih to all the wetted or potentially wetted surfaces
(e.g., Yapor space, nozzle necks, agitators, thermowells,
dip tybes, baffles, etc.).

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

SD}3.4.6 Sight Glasses

(a) pight glasses on the vessels should be designed
with feference to SD-3.4.2(a). Sight glasses on vessels
shouldl be designed with the smallest L/D possible and
incorpgorate cleanable O-ring designs when applicable
(see Fjg. SD-3.4.6-1).

(b) |Refer to PI-9.1.2.3 for additional sight glass
requiements.

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

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

(e) Part SG requirements shall be met when mounting
a sightt glass.

(f) Preferred sight glass mountings are.shown in
Fig. SP-3.4.6-1.

SD-3.4.7 Portable Tanks. Portable, tanks shall be
desigmed in accordance with SD-3.4:

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

(b) [Casters should be de$igned for the environment
in which the vessel will be used.

(c) Flexible hoses uised to connect portable vessels
shall meet the requitements of SD-3.2.

(d) Provisions-fer”static grounding should be evalu-
ated and incorporated into the vessel design, if required.
The cgnnections for static grounding should be designed
to be fleanable.

SD-3.4.8 Media Bulk Containers.
future content]

[Reserved for

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

SD-3.5 Agitators and Mixers

SD-3.5.1 General

(a) All process contact surfaces of agitators and mix-
ers with their associated components shall be accessible
to the cleaning fluids as specified by the end-user for
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L/’A Uf 2—oT ltfbb, OT—a TITITTIITCITT Uf o \25 mrn) gap,
whichever is larger, to facilitate CIP spray coyerage [see
Fig. SD-3.4.3-1, illustration (b)].

(e) Cleaning and sterilization parameters sﬂ:all be pro-
vided by the owner/user prior to)deSign of tle agitator.
The manufacturers of agitatofs’and mixers dhall verify
the cleanability of their equipment as spefified and
agreed to with the end-user.

(f) Top-entering mixers with shaft seals ate typically
mounted to a vessél using a flanged or hygig¢nic clamp
connection [see Fig! SD-3.5.1-1, illustrations (h), (b), and
(c)]. The desigtier shall ensure that

(1) the/use of O-rings or hygienic gasKets to seal
betweennmating surfaces shall be consistent with the
currefit’ guidance provided in Part [SG (see
Fig$G-3.3.2.2-1).

(2) the selected mounting arrangement
port the agitator mounting design loads while
an appropriate seal.

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

(g) Sockethead cap screws shall notbe used in process
contact applications.

(h) The design of agitator process contact pgrts should
minimize the occurrence of void spaces. All vdids should
be closed by either fabrication (welding) o1 approved
sealing techniques (O-ring seals, etc.).

(i) The use of in-tank nonwelded connectfons (shaft
couplings, impeller hub-to-shaft, impeller blgde-to-hub,
etc.) should be avoided to minimize potential cleanabil-
ity issues.

will sup-
achieving

SD-3.5.2 In-Tank Shaft Couplings
(1) Welded in-tank shaft connections are preferred.

be agreed

to by the owner/user.

(c) In-tank couplings shall be of an accepted hygienic
design. See examples in Fig. SD-3.5.2-1.

(d) In-tank coupling location should be driven by pro-
cess and mechanical considerations.

(e) Threaded shaft connections are accepted for in-
tank couplings [see Fig. SD-3.5.2-1, illustration (a)].

(1) Shaft rotation is limited to a single direction for

threaded shaft connections to ensure that shaft sections
do not separate.
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(16) Fig. SD-3.4.6-1 Sight Glass Design
(Accepted)
s ) I
ENS N b ‘ -
(a) Full Flange Sight Glass (b) Hygienic Clamp on Hygienic Pad Connégtion

on Hygienic Pad Connection

77
V)

N
b

N\
s
N
(c) Hygienic Clamp Sight Glass (d) Hygienic Cross Sight Flow Indicator

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

(a) Bolted Flange With O-Ring

=
\1\/

(b) Hygienic Union With Gasket

!
a

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

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

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

(g) [The preferred locatien-for fastener hardware is
on thq underside of couplirigs. Accepted fastener types
include
(1) hex-head cap screws
(4) acorn-head cap screws
(3) threaded studs with acorn nuts

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

(c) Pad Flange

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

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

(4) O-ring with attached inboard flaf segment
located between coupling faces [see Fig. SD-3.5.2-2, illus-
tration (d)]; outboard clearance space providgd as above
to ensure cleanability of the coupling area.

(j) Bolted F]angpc shall be gsealed FEx mp]es of

(i) O-rings rather than flat gaskets are preferred to
seal coupling mating surfaces. Figure SD-3.5.2-2 presents
the following acceptable approaches for seal
applications:

(1) O-ring located in a single groove inboard of the
coupling outside diameter [see Fig. 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.

41

accepted fastener seals are shown in Fig. 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 (c)]

SD-3.5.3 Shafts and Keyways

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

(b) Solid shafts are preferred over hollow shafts.

(16)
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Fig. SD-3.5.2-1

15 deg to 45 deg

NG

Wrench flats

(a) Threaded Coupling

NOTE:
(1) See Fig.

(Accepted)

SD-3.5:2:3for alternative bolt seals.

Shaft Coupling Construction

i

15 deg to 45 deg

——| i

Note (1)

(b) Bolted Coupling
(Accepted)

— |l
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Fig. SD-3.5.2-2 Shaft Coupling Seal Arrangements

N\

(a)

N
I
)

(b)

O-ring groove detail

(c)

(d)

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

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

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

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

(f) Keyyays may require additional designand/or
cleaning practice to ensure drainage andfcleanability
(e.g., spray ball and/or wand additions;increased CIP
flow, and pdjusted spray coverage).

(g) Perrhanent shaft hardware, jfistalled on the pro-
cess conta¢t side, that may be required for routine main-
tenance (fe.g., support collars for mechanical seal
installation and removal, lifting eyes for shaft and/or
impeller ipstallation and<rémoval, etc.) shall be fully
drainable pnd cleanable-

SD-3.5{4 Hubs.and Impellers
(a) All-yeldediimpeller assemblies (e.g., hubs, blades)
are preferged:

— =
[ RSN E—
7“17 !
N \\ _
(a) Accepted (b) Accepted (c) Accepted

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

(d) Removable impellers and impellers with flat, hori-
zontal surfaces (e.g., flat-blade disk turbines, cohcave-
blade disk turbines, etc.) may require additional flesign
and/or cleaning practice to ensure drainage and|clean-
ability, e.g., drain holes, spray ball and/or wand addi-
tions, increased CIP flow, adjusted spray covgrage,
impeller rotation.

SD-3.5.5 Impeller and Shaft Support Bearing$

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

(b) Tank plates that support bottom-mounted mag-
netically driven mixers shall not interfere with drpinage

(b) Impeller hubs welded to the shaft are preferred
over removable hubs.

(c) Removable, hygienic impellers may be used where
impeller adjustment or substitution is required for pro-
cess 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 dam-
age during installation and removal.
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ot the vessel.

(c) When an application mandates the use of shaft-
steady/foot bearings, design features and/or proce-
dures 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


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

ASME BPE-2016

Fig. SD-3.5.5-1 Shaft-Steady Bearing

Mixer shaft

2 /_ Bushing (press fit

into housing)

Weld in place

\I

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

Hygienic set screw
with O-ring

Detail A

Chamfer radius

Steady bearing legs

(solid round preferred;
grind/cut to fit tank.bottom)

Tank bottom

(b) Alternative Bushing Securing Method
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AN
Detail A

0O-Ring With Groove Exposed for Flushing
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Fig. SD-3.5.5-2 Magnetically Coupled Mixer (Typical Bottom-Mount)

Impeller (driven) magnet

Magnetic coupling
comprised of these parts

Weld plate

Bearing surface

Impeller

Impeller hub

\

Drive magnet

Gear reducer —\‘

Motor —

f used, shall be of sealed (welded) censtruc-
cted for integrity, and acceptediper criteria
given in Part M] after installation.

(f) Magnetically driven mixers requife design fea-

supports,
tion, inspg

tures and)/ or procedures to ensufe,cleanability (e.g.,
drain hole}, spray ball and / or wdnd additions, increased
CIP flow, pperating the agitatop with the magnetically
driven impeller immersed Sn\CIP fluid).

(g) The prrangementofwear surfaces (bushing, shaft,
or shaft slpeve) shall facilitate drainage.

SD-3.5/6 Mechanical Seals
(1) Mechanieal* shaft seals shall incorporate design
features fqr drainability, surface finish, material of con-

tmpetterbipdes

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

SD-3.6 Heat Exchange Equipment

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

SD-3.6.1 General

(a) Straight tube heat exchangers are easier td clean
and inspect. The tubes can be seamless or fullHfinish
welded, as specified by the owner /user or manufagcturer.
(b) The heat exchanger process and non—procegs con-
tact surface inspection shall be possible by conventional

struction, etc., as outlined in Part SD, and shall be suit-
able for the application (e.g., process, CIP, SIP,
passivation).

(b) Normal operation of a mechanical seal generates
particulate debris. It is the responsibility of the end-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 Fig. SG-2.3.2.3-2)
may be used to prevent ingress of seal face wear particles
that could contaminate the process fluid.
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means.
(c) The technique used to form U-bend tubes shall
ensure the bending process does not create structural
imperfections (e.g., cracks, voids, delaminations). The
technique should minimize surface imperfections (e.g.,
orange peel, rippling). If requested by the end-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.

(16)
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(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.

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

(e) The LD. of the U-bends shall be large enough for
a borescopic inspection.

(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 contact surfaces shall be constructed
to withstand CIP and SIP or other cleaning/bioburden
control methods specified by the owner/user.

(b) The cleaning and steaming conditions shall be pro-
vided by the owner/user prior to the design of the heat

(f) rV{illilllulll lCLUllllllCllL‘lCL‘l ‘L}CllL‘l lddii IUI IlCﬂL
exchapgers should be as follows:
Nonjinal Tube O.D. Minimum Bend Radius
in. mm in. mm
0.375 9.5 0.625 15.2
0.500 12.7 0.750 19.1
0.625 15.8 0.938 23.8
0.750 19.1 1.125 28.6
1.000 254 1.500 38.1
(g) Welded shell-and-tube heat exchangers shall be

of a dpuble tubesheet design to prevent contamination
of thel process in the event of a tube joint failure (see
Fig. SP-3.6.1-1).
(1) During fabrication, when the tubes are to be
expanded into the inner and outer tubesheets, the pro-
cess cpntact surface shall not be scored.
(2) Tubes shall be seal welded to the outer
tubesheet.
(3) The distance between inner and outer ‘tube-
sheetq shall be sufficient to allow leak detection and
examination.
(4) Tubesheets and channels shall be drainable.
(h) [The owner/user shall specify the. orientation of
the exfhanger (i.e., horizontal or vertical), and the manu-
facturpr shall ensure the complete draining of the pro-
cess ljquid from the process(coritact side of the heat
exchanpger at the specified 'orientation, other than the
naturgl cohesive properties of said process liquid. If
this holdup is unacceptable, then the manufacturer shall
desigm some type ©fyassist to aid draining, such as an
air blgwdown.
(1) In the'Specified orientation, the shell side shall
also be drainable (e.g., WFI condensers).
(3) \Transverse baffles with notches should be pro-

exchanger.

SD-3.6.3 Gaskets and Seals

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

(b) Channel/bonnet gasketsshall be of 3
design.

cleanable

SD-3.7 Transfer Panels

SD-3.7.1 General

(a) The transfer panel shall be constructed so that the
process contact surfaces can be cleaned by a (IP fluid or
other method specified by the owner/user. The process
contact ‘surfaces shall be free of crevices, pdckets, and
other surface irregularities.

(b) The transfer panel nozzle elevation shall be prop-
erly designed with respect to the connecting pquipment
such as tank, pump, etc., to ensure drainabflity, clean-
ability, and bioburden control during process transfer,
CIP, and SIP.

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

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

SD-3.7.2 Nozzles or Ports
(a) Nozzle construction shall accommodate a design
feature that will assist in the elimination pf internal
surface anomalies caused in part by joining [the nozzle
to the panel structure.
(b) The method of joining a nozzle into a planel struc-

vided, WheTr Tiecessary, to allow for proper draimng of
the shell.

(3) The heat exchanger bonnet shall be match
marked with the outer tubesheet for proper orientation
to ensure drainability or cleanability.

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

() In shell-and-tube heat exchangers, the design pres-
sure for the process contact side shall be equal to or
greater than the design pressure of the utility side.
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ture shall be of hygienic design. Acceptance criteria for
these welds shall meet the requirements of
Table M]J-8.5-1.

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

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

(e) Nozzle-to-nozzle clearance shall be such that
jumper drain valve interference, if applicable, will not
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Fig. SD-3.6.1-1 Double Tubesheet Heat Exchanger Bonnet Design

Accepted

Outer tubesheet Inner tubesheet

Bonnet \ /
\

Full radius on
bonnet pockets

Pass rib drain slot /

Note (1)

T AY 7

A/ 1 H (]

Shell assel]

hbly

F
(
= C

/7,\ 7\l

A

S ———

Tube deformation from forming
(typical on both tubesheets)

Inner’tubesheet
Duter tubesheet

——I I—— Leak detection slots

undle

Seal weld\| . - — ]
U j Tube bundle must slope toward bonnet
\ !
4\ U-tube bundle
WTUbe hole key cut groove
(typical on both tubesheets)
NOTE:

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

]

i
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(b) Not Accepted
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NOTES:
(1) Flatness
(2) Toleranc

ASME BPE-2016

FigSD-377-2-
(Reference Table DT-7-2)

Inspection

planes for
/_ reference x Ii!
i Note (1)\‘H_

Center Center
to to Note (2)
center center

_\Note(1) H—

/

tolerahce defines the maximum gap allowed across the entire sealing surface relative to the inspection planes shown 3

bs dpplied to related nozzles (defined by jumper paths).
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occur when jumpers are connected in all possible
operating and cleaning configurations.

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

(g) Nozzle center-to-center and flatness tolerances are
extremely critical to proper panel functionality and shall
be agreed on by the manufacturer and end-user. Recom-
mended tolerances are per Table DT-7-2 and
Fig. SP-372-1

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

SD-3.7.5 Drain or Drip Pans

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

(LYY =as v

SD3.7.3 Headers or Pre-Piped Manifolds

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

(b) |To optimize the drainability at all nozzles, regard-
less of use, subheaders and pre-piped manifolds shall
¢ sloped. All-encompassing lines including long

ith the exception of subheaders, manifolds, and
nozzl¢s may be sloped as defined in SD-2.4.3.

SD{3.7.4 Jumpers or U-Bends

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

(b) Jumpers may have a low-point drain to provide
both gomplete drainage and vacuum break after.the
liquid| transfer has been completed (see Fig. SD=8:7.4-1).

The byanch L/D of a low-point drain connegctioir'should
be mihimized. Zero-static diaphragm valyes-are recom-
mendgd for low-point drains if availabléfrom the manu-
facturpr [see Fig. SD-3.7.4-1, illustrations (a) and (d)].
oint drain designs that incorporate a spool piece

for full rotation of/the drain valve [see

tion. 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.

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

(f) The same jumper should be used for process trans-
fer, CIP, and SIP.
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(b) Drain pans shall slope [preterred minimum of
Y, in./ft (21 mm/m)] to a low point and be'plped to the
process drain. The depth of the drain/pan is determined
by calculating the largest spill volurhe ahd acdjommodat-
ing it with a sufficient pan holdihg volume|Consider-
ation should be given to infereasing the dirain port
connection size in lieu of\ihcreasing pan 1epth. The
preferred drain port logcdtion is central bottofn draining
or central back draining:

(c) The elevatiorrof the pan should take irfto account
the clearance required for the jumper drain yalve posi-
tion when asconnection is made to the bottpbm row of
nozzles. Theé pan should extend horizontally| to accom-
modate the furthest connection and/or drain jpoint from
the face-of the panel.

SD-3.7.6 Proximity Switches

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

(b) The use of magnetic proximity switches that are
mounted behind the panel structure to avoid genetration
of the panel face is preferred. This eliminatign of struc-
tural penetration removes any unnecessary cifacks, crev-
ices, or threads at the point of attachment, [effectively
mitigating risk of process fluid entrapment afd/or con-
tamination concerns.

(c) Jumpers will contain a magnetic stem
the corresponding proximity switch. The use
magnetic material is required; however, it m

to activate
f a ferrous

to properly activate the corresponding proxi

withstand the specified temperature ranges for process
and SIP without compromising the magnet
performance.

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

SD-3.8 Filters

SD-3.8.1 Code 7 Cartridge Lock Design. The ASME
BPE Code 7 lock is designed to be used with filter

(16)
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Fig. SD-3.7.4-1 Transfer Panel Jumpers

IE

L
(a) Accepted
L
m: () i
()
LL
(b) Accepted (c) Accepted (d) Accepted
[
(e) Not Accepted (f) Not Accepted (g) Not Accepted
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cartridges using an SAE AS 568-226 double O-ring seal
and a two-locking-tab design.

SD-3.8.1.1 Design Features.
of the following features:

(a) a socket bore that is machined into a base or car-
tridge plate into which the filter cartridge O-ring adapter
is inserted.

(b) locking tab retainer mechanism that captures the
cartridge locking tabs when the cartridge is inserted into

This design consists

because it is independent of temperature and location
of the measurement device.

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

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

(e) During design, consideration should be given to

the socket bore.
(1) Table DT-4.5.1-1 shows a recessed tapered lock
retainpr design in which the locking tab retainers are

retainpr design in which a set of metal cages captures
the captridge locking tabs as the cartridge is rotated into
positipn.

(c) fhe locking tab retainers shall be designed with a
taper [to provide a secure lock for the cartridge. The
cartridge tabs shall travel through the narrowing tab
retainprs until a tight fit is achieved. The taper shall be
on thq upper portion of the tab retainer. Full capture of
cartridge tabs by the locking tab retainers is not required
to seclire cartridges for operation.

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

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

SP-3.8.1.2 Testing. The cartridge manufacturer
shall yalidate that its cartridge design\fits, seals, and
remaihs in place with one of the hodsing designs shown
in TaHles DT-4.5.1-1 and DT-4.5.2:1)

SD-3.

SDr3.9.1 General..'SD-3.9 covers spray devices
intended for use in bioprocessing equipment, intended
to rempain in place or be removed during production.
Recompmendations in this section are valid for water-
based| cleaning“solutions. The flow rate recommenda-
tions In this,section are for metallic vessels.

(a) ppray devices distribute rinse and cleaning solu-

Spray Devices

the followWIng I the Setection of spray device(s):
(1) residue characteristics
(2) equipment geometry and appurten
(3) physical location and otiertatio
device(s)
(4) process requirements ‘including air-purge and
steaming, if applicable
(5) cleaning system-~capacity
(6) installation 'of screen/strainer to grotect the
functionality of the spray device
(7) cleanifig cycle time
(8) cleaning chemistry compatibility with materials
of construction

ces
of spray

(9 potential orifice erosion (e.g., from C]P and SIP)
(fV)Spray devices are either static or dynamic.

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

(2) Dynamic spray devices are either sirjgle axis or
multiaxis. Both produce a defined impact pattern by
moving multidirectional spray(s). Dynamic sgray device
rotation is rinse water/cleaning solution|driven or
motor driven. Dynamic spray devices haje moving
parts, which may include bearings, gears, anfl turbines.

(-a) Single-axis dynamic spray defices (see
Fig. SD-3.9.1-1). When the orifices/nozzleg/slots are
manufactured at an angle, the resulting forcg¢ spins the
spray head. Rotation can also be turbine or mgtor driven.

(-b) Multiaxis dynamic spray device$ rotate in
more than a single plane (see Fig. SD-3.9.1-2). When
rinse water/cleaning solution driven, the flow through
the spray device turns a turbine wheel, which typically

tions to interior surfaces of bioprocessing equipment
by direct spray and use sheeting action for remaining
targeted areas. Spray devices are also used in other appli-
cations [e.g., water systems to maintain coverage of the
storage tank head space and in clean-out-of-place (COP)
cabinet washers].

(b) The differential pressure across the spray device
generates liquid velocity exiting through the spray
device orifices, nozzles, or slots. Differential pressure
and its resulting flow are key parameters of spray
devices. Flow is the recommended control parameter
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torms—the bud_y arotrc-ore-axtsas-wettasthe nozzle(s)
around a second axis, creating a repeatable indexed pat-
tern. When motor driven, the body and nozzles are
turned mechanically by the motor.

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

(h) Spray device(s) are specific to the application and
equipment. Spray devices are generally not interchange-
able without considering the specific flow, pressure,
equipment design, spray pattern, and drainability of the
spray device(s).
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Fig. SD-3.9.1-1 Dynamic Spray Device: Single Axis

Sl

GENERAL NOTE: Spray pattern is for illustration purposes.

Fig. SD-3.9.1-2 Two Axes Dynamic Spray Device

4

GENERAL NOTE: Number of jets is for illustration purposes.
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SD-3.9.2 Spray Device Requirements

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

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

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

3 gal/min/ft (25 L/min/m to 37 L/min/m) of perimeter
(2L + 2D). Reference Fig. SD-3.9.2.1-3. The majority of
the flow is directed toward the upper one-third of the
vessel to ensure coverage of appurtenances and provide
the sheeting action.

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

SD-3.9.2.2 Single-Axis Dynamic Spray Device

(d) pAheroperated—withinspecifieation—thespray
device(s) shall produce repeatable effective coverage
over g defined area of the equipment.

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

(f) bpray devices shall be accessible for functionality
verifidation, inspection, and maintenance.

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

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

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

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

(k) ppray devices shall not use lubfieants other than
the prpcess liquid. Dynamic deviees-are typically lubri-
cated by the rinse/cleaning solution(s).

SP-3.9.2.1 Static Spray. Device Requirements

(a) ptatic spray devicesshall have a positioning device
(prefefred) or mark to)allow for proper orientation dur-
ing refinstallation, @s)static devices are orientation sensi-
tive (dee Fig. SD=3:9.2.1-1)

(b) Weld-onor'self-cleaning slip-joint/ clip-on connec-
tions qire acceptable. Provision shall be made to ensure
propef oriéntation and location if a slip-joint/clip-on-

Requirements
(a) Rotation and/or frequency verificatign shall be
agreed on with the owner/user.
(b) Weld-on or self-cleaning slipgoint/ clip-on connec-
tions are acceptable. Other hygiénic alternatives shall
be agreed on with the owner /user.
(c) The flow rate guideliné for vertical cylirjdrical ves-
sels with dished heads is 1.9 gal/llslin/ft to
2.3 gal/min/ft (23.6;L7/min/m to 28.6 L/min/m) of
inner vessel circuniference. The majority of the flow is
directed toward. the upper head to ensure cpverage of
appurtenancesyand provide the sheeting actfon.

(d) The'flow rate guideline for horizontal fylindrical
vesselsowith dished heads is 1.4 gal/in/ft to
2.1 gal/min/ft (17.4 L/min/m to 26.1 L/min/m) of
perieter (2L + 2D). The majority of the flow[is directed
toward the upper one-third of the vessel to engure cover-
age of appurtenances and provide the sheetng action.

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

(f) High-velocity gas flow from air-blow$ 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 spiay device
according to the manufacturer’s recommendpation.

SD-3.9.2.3 Multiaxis Dynamic Sprz
Requirements
(a) Rotation and/or frequency verificatign shall be
agreed on with the owner/end-user.
(b) The time to complete a full impact phttern (see
Fig. SD-3.9.2.3-1) at a specified pressure o1f flow rate
shall be provided by the manufacturer.
(c) Weld-on or self-cleaning slip-joint/ clip-pn connec-
tions are acceptable. Other hygienic alternatives shall

y Device

style static spray device(s) 15 used.

(c) A portion of the flow is directed toward the spe-
cific appurtenances.

(d) The flow rate guideline for vertical cylindrical ves-
sels with dished heads is 2.5 gal/min/ft to 3 gal/min/ft
(31 L/min/m to 37 L/min/m) of inner vessel circumfer-
ence. Reference Fig. SD-3.9.2.1-2. The majority of the
flow is directed toward the upper head to ensure cover-
age of appurtenances and provide the sheeting action.

(e) The flow rate guideline for horizontal cylindrical
vessels with dished heads is 2 gal/min/ft to
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be agreed upon with the owner/user.

(d) The flow rate guideline for vertical cylindrical ves-
sels with dished heads is 1.3 gal/min/ft to
1.5 gal/min/ft (16.1 L/min/m to 18.6 L/min/m) of
inner vessel circumference to ensure coverage of appur-
tenances and provide the sheeting action.

(e) The flow rate guideline for horizontal cylindrical
vessels with dished heads is 0.8 gal/min/ft to
1.2 gal/min/ft (9.9 L/min/m to 14.9 L/min/m) of
perimeter (2L + 2D) to ensure coverage of appurtenances
and provide the sheeting action.
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Fig. SD-3.9.2.1-1 Static Spray Device
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Fig. SD-3.9.2.1-2 Flow Rate Guideh’t}e for Vertical Cylindrical Vessels
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Fig. 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 [J Static spray devices

15

Perimeter (2D + 2L), mm
6000 7500 9000 10500 12000 13500 15000 16500

20 25 30 35 40 45 50 55
Perimeter (2D + 2L), ft

Fig. SD-3.9.2.3-1 Impact Pattern Buildup
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(f) Flow requirements for the specific application
should be confirmed with the spray device and/or
equipment manufacturer or other subject matter experts.

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

SD-3.11.1 General

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

(b) Sampling systems shall not adulterate the process
fluid being sampled nor affect the sample characteristics
being tested.

(c) Aseptic sampling systems shall be steamable or
presterilizpd single-use.
enic sampling systems shall either be cleana-
[le-use.
tic sampling systems shall be closed to isolate
gs; protect the sample, sample container, and

(e) Collecting devices shall be designed, connected,
and discomnected in ways that maintain the integrity of

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

SD-3.11.3 Nonaseptic Sampling.
future content]

[Reserved for

SD-3.12 Steam Traps

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

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

(c) Where installed on process systems, traps shall be
maintainable to allow-easy examination and cléaning.
Welded traps aré, acceptable if agreed to Hy the
owner/user.

(d) The trap“design and mode of operation shall be
such that therisk of soil attachment to the wettdd sur-
faces is minimized, especially around the bellows and
seat (séeFig. SD-3.12-1).

(e) The trap shall be sized and installed to operate
such that there is no backup of condensate infto the
process equipment and clean steam system pinder
operating conditions. Operating conditions irjclude
heat-up, hold, and cool down.

(f) The trap shall be designed such that the rjormal
mode of mechanical failure will be in the open pgsition.

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

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

SD-3.13 Check Valves

(a) Check valves that are used in product cpntact
applications shall be of hygienic design. They slall be
designed for CIP. Crevices and holdup volumes ghould

the samplé-

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.
Consideration should be given to ease of assembly and
subsequent handling of the sample.

SD-3.11.2.3 Sample Collecting
(1) When using single-use collecting devices, consid-
eration shall be given to maximum pressure ratings of
valves, adaptors, and bags.
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be minimized.

(b) Check valves in process contact applications
should be installed in a manner that permits
self-draining. Nonself-draining valves may be used for
liquid streams that flow continuously (e.g., a compendial
water loop) or where valves are wetted with a sanitizing
medium when not in use (e.g., chromatography system
that is filled with sodium hydroxide solution between
uses).

(c) The flow direction and required orientation for
drainability should be clearly identified on the device.
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Fig. SD-3.12-1 Steam Traps for Clean Steam Systems

Radius internal corners
(where practical)
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Sealed bellows
/_ T
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(a) Serviceable Trap

Wherp the valve is integral to equipment (e.g., dia-
phragn pumps, homogenizers, etc.) indication of the
flow dlirection is not required.

(d) [The use of check valves with springs in product
contagt should be avoided. The end-user should deter-
mine whether check valves that use a spring are accept-
able f@r other process contact applications. Applications
wher¢ 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.

SD-3.15 Relief Devices

(a) Rupture disks (or other hygiefic pressure relief
devicgs approved by the owner/user) shall be installed
in a hygienic manner without compromising the safety
or efficiency of the system.

(b) [The cleaning systentdesign shall ensure that the
ruptute disk (or otherchygienic pressure relief devices
approped by the owheér/user) will not be damaged by
the cleaning proecess)(e.g., mechanical forces, chemical
compatibility, ete.).

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

(b) Welded Tyap

Sloped for drainability

(g) Safety pressurezelief valves that are us¢d in prod-
uct contact applications shall be of hygienic|design up
to the valve seat.

(h) Pressufejand safety pressure relief valyles shall be
installed ifia anner that permits self-drainihg on both
the process and discharge sides of the valve|seat.

(i) Pressure relief valves that are used in pgoduct con-
taet<dpplications shall be CIP capable. If rdquired for
CIP or SIP, an override that allows flow through the
valve shall be included.

(j) Pressure relief valves that are used in pgoduct con-
tact applications shall comply with 5G-3.3.23.

SD-3.16 Liquid Pressure Regulators

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

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

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

(d) Rupture disks shall be installed in the manufactur-
er’s recommended holder to ensure proper functionality
and cleanability.

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

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

SD-4 PROCESS UTILITIES
SD-4.1 Compendial Water Systems

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

(b) Loops shall be designed to provide fully devel-
oped turbulent flow in the circulating sections and to
prevent stagnation in any branches.
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SD-4.1.1 Compendial Water Generation

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

(b) Connections to the compendial water, feed water,
or condensate/blowdown compendial water by the
units shall be made by the use of hygienic design fittings.
All gasketed-fittings—shox i
manner ag to avoid dead legs and crevices.

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

SD-4.1{2 Compendial Water Distribution Systems

SD-4]1.2.1 Point-of-Use Piping Design for
Compendigl Water Systems. Point-of-use (POU) can be
defined asla location in a compendial water loop where
water is dccessed for processing and/or sampling.
Typically, the point-of-use assemblies are composed of
the followjing elements:

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

(b) POUY valves, equipment, and instruments

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

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

(a) All point-of-use assemblies will be ‘designed to
optimize dlrainability through the POU(valve.

(b) Ass¢mblies will be designed to promote the ability
to CIP, SI}, and/or purge with cléan gases.

(c) Valves used in point-of-use.applications should be
welded info the water distribution loop where possible.
Current industry designs.are.available to achieve an L/D
of 2 or lesp (see SD-3.1:2:2).

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

(e) Sample yalves should be installed only as needed
on the majin\leop.

(f) Sample valves should be installed where water
is used for the process to demonstrate water quality
compliance to compendial monographs.

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

(h) The length of tubing from POU valves to process
equipment should be minimized [see Fig. SD-4.1.2.1-1,
illustrations (a) and (b)].
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(i) If evacuating the system is not possible, appro-
priate porting of the primary POU valve should be
accomplished to facilitate sanitization.

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

(k) Physical breaks shall be employed between hoses,
drain valves, or any other component leading to drains
or sinks to avoid back-siphoning into the POU assembly

e SPb=%12- i i he dis-
tance H of the physical break should be at ledst
the inner diameter of the hoses, drain ydlves, ¢r any
other component leading to drains or sinks to|avoid
back-siphoning into the POU assembly:The break shall
be at least 1 in. (25 mm) for hoses,drain valves, of other
components with internal diameters less than o equal
to % in. (13 mm) (see Fig. SP-4:1.2.2-1).

(I) Tubing and other piping materials should be a
minimum of % in. (19 fam) in diameter to facilitafte free
drainage of water after’use.

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

(n) A FOU.may include a venturi or orifice plate, if
the restriction of water flow is required. Where| used,
the additions of these components will require a|blow-
down to ensure drainability.

(0) When compendial water systems are constfucted
of metallic materials, the surface finish should e less
than or equal to 25 pin. R, or 0.6 pm (see Part SF) and
may be internally electropolished. All 316L-type irjternal
surfaces shall be passivated.

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

cc e . | J=4%. -1, U d U U d U SR

twice

SD-4.2 Clean/Pure Steam Systems

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

systems.

SD-4.2.1 Clean/Pure Steam Generation

(a) All surfaces that come into direct contact wjth the
clean/pure steam, feed water, or condensate /blowdown
produced by the units shall be constructed of 316- or

6E-type-—staimte eetorotie atertatas—specified
by the owner/user.

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

(c) Units should be completely drainable and should
not contain any areas where agents used to clean, de-
scale, and/or passivate the units are trapped or not
easily flushed during rinsing operations.
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Fig. SD-4.1.2.1-1 Point-of-Use Piping
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Fig. SD-4.1.2.2-1 Physical Break in Point-of-Use Piping

‘

—»ld |<—

e

GENERAL NOTE:

SD-4.2{2 Clean/Pure Steam Distribution System

(a) The [distribution system shall have adequate pro-
vision to rpmove air during start-up and normal opera-
tions. The|use of air vents installed at locations where
air is likely to be trapped, such as at the ends of steam
headers, cpn assist in this requirement.

(b) The horizontal distribution lines should be sloped
in the dirgction of flow as indicated in SD-2.4.3. Where
necessary,|increases in height should be achieved by
vertical rigers (see Fig. SD-4.2.2-1).

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

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

(e) Trap|legs for the collectionef'condensate from the
steam distribution system should-be of equal size to the
distributign line for sizes up to“4 in. (100 mm), and one
or two link sizes smaller for lines of 6 in. (150 mm) or
larger. The¢se shall be trapped at the bottom. The line
size reducfion can/beinade after the branch to the trap
leg (see Filg. SD-42:2-2).

(f) Trap|legs-should be installed at least every 100 ft
(approximjately 30 m), upstream of control and isolation

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

(j) Branches and, points-of-use should be routegl from
the top of the steam header to avoid excessive cqnden-
sate loads at.the branch (see Fig. SD-4.2.2-2).

(k) Sampling points for clean/pure steam shojild be
located, O collect representative sample(s) of the dystem
(e.g.,‘generator outlet, distribution header ends, ¢ritical
points-of-use, autoclaves, or SIP stations).

SD-4.2.3 Clean/Pure Steam Valves. SD-4.2.3 kovers
isolation, regulation, and control valves that are part of
the steam system and are subject to continuous [steam
service.

(a) Valves for steam service shall be designpd for
drainability and should have minimal fluid hjoldup
volumes.

(b) Ball valves are an acceptable industry standard for
isolation purposes on continuous steam service. [[hree-
piece-body ball valves should be used instead of $ingle-
body designs for both cleanability and maintaingbility.
The bore of the ball valve assembly shall matfh the
inside diameter of the tube (see Fig. SG-2.3.1.3-1).

(c) All components shall be suitable for continuous
steam service at the temperatures and pressures|speci-
fied by the owner/user.

(d) Requirements for operation under CIP afd SIP

CC 2.2 19 2/ \(11\ d (N (12\]

valves, at the bottom of vertical risers, and at any other
low points.

(g) Condensate shall be allowed to drain to and from
steam traps. The use of overhead, direct-coupled, pres-
surized condensate return systems should be avoided
(see Fig. SD-4.2.2-2).

(h) Where possible, all components within the distri-
bution system should be self-draining.

(i) Dead legs should be avoided by design of runs
and the use of steam traps to remove condensate (see
Figs. SD-4.2.2-1 and SD-4.2.2-2).
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eorrditonsfsee S6G33 23t H and{ard3H<an 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.

SD-4.3 Process Gases

SD-4.3.1 Process Gas Distribution Systems. For this
section, a process gas distribution system is one that
extends from the bulk supply source (including cylin-
ders) to the points of use as defined by the owner/user.

(16)
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Fig. SD-4.2.2-2 Clean Steam Point-of-Use Design
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Owners/ysers and their Quality Assurance personnel  slope, high-point vents, and low-point drains nepd not
shall dempnstrate that their systems comply with 21 _\be incorporated into these systems.
CEFR 211, $ubpart D. (e) There shall be no nonvolatile residue. The gystem

(a) The jnstallation of process gas delivery and distri-©  design shall ensure that gas will remain pure throyghout
bution systems for use within the scope of this Standard its delivery.
requires appropriate selection of piping matefials. All (f) It is important to select appropriate prefiltes and
componerts shall be supplied or rendered both hydro-  final system filters. The final point-of-use gas [purity
carbon frep (e.g., oil free) and particulatéfree prior to  shall comply with the process requirements.

installatio

(b) For
shall speci
be hard d

h and/or use.

materials of construction,the owner/user
fy all materials. When eopper is used, it should
rawn and installed in“accordance with the

current edjition of NFPA 99, Chapter 5. When copper is
specified in a clean roont orarea, the owner/user shall
confirm that all planned ¢tleaning and sanitizing agents
are compatible with cepper and all materials of construc-
tion. When stainless/teel tubing is specified, the materi-
als of choice dre,304L-type or 316L-type alloys. Orbital
the recommended joining method. Inside

(¢) Gas systems testing and sampling shall cpmply
with 21 CFR 211 and ICH Q7 (International Confgrence
on Harmonization, Good Manufacturing Priactice
Guidance for Active Pharmaceutical Ingredients).

SD-4.4 Process Waste Systems

This section addresses process waste systems bgcause
the reliable function of the waste system can feduce
the risk of contamination to the process. By desfgning
systems that can be cleaned and rendered safe forfaccess

and preventive maintenance reliable aperation mhay be
T T

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 meth-
ods, 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.

(d) Gas systems are not designed or configured with
the intent or provisions to be cleaned, passivated, or
chemically treated after installation. Features such as
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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.

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)

(16)
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shall prevent process waste backflow to the process sys-
tem(s), reducing the risk of contamination.

The effectiveness and safety of process waste treat-
ment systems have been shown to benefit from incorpo-
rating the design principles of Part SD. This is true of
bio-inactivation systems where heat or chemical dosing
is used, or where biosafety containment is required.

SD-4.4.2 Bio-Inactiviation Systems. Depending on
the type of waste, the treatment method is chosen based

(4) agitation assembly including all internal sur-
faces of the impellers and the shaft up to the mechanical
shaft seal in contact with the product.

(5) feed systems from the vessel to the seat of the
isolation valve nearest to the bioreactor vessel or if the
feed stream is being filter sterilized, the sterilizing-grade
filter element.

(6) sampling system.

(7) product harvesting system from the vessel to

on effectiveness, efficiency, and jurisdictional require-
mentg The owner/user shall define the inactivation con-
ditiong and verify the effectiveness of the system with
respedt to these requirements. Bio-inactivation may be
desigmed to be continuous or batch type and is achieved
usingone or more of the following methods:

(a) thermal

(b) fhemical

(c) fadiation

The system design should minimize fouling and
buildyp of solids and films. Bio-inactivation systems
shouldl be cleanable to allow safe disassembly and main-
tenange. Where biosafety containment is a requirement,
the system shall be sanitizable.

In Bio-inactivation systems, piping design features
speciffed in SD-2 and SD-3 may help in achieving proper
and rgpeatable operation of these process waste systems.

SD-5 | PROCESS SYSTEMS

SD-5.1 Upstream Systems

SD}5.1.1 Bioreactors and Fermentors

Sp-5.1.1.1 General

(a) Peope. For this section, the terms “fermentors” and
“biordactors” are interchangeable. A bioreactor or fer-
mentdr shall be defined as a vessel-based system used
in the|growth of microorganisms or plant, mammalian,
or inspct cells.

(b) [The area within‘the bioreactor sterile envelope or
boundary shall be-designed for cleanability and biobur-
den control. As.a minimum, the bioreactor sterile enve-
lope ¢r houindary shall include the following (see
Figs. $D=5:1.1.1-1 and SD-5.1.1.1-2):

the—seatof thetsotatiormrvatve Trearesttothey bioreactor
vessel.

(c) A bioreactor is made up of a nuniber ofjsubassem-
blies. Process-contacting subassemblies require special
design consideration for cleaningand bioburden control.

(d) The bioreactor design for/cléanability ahd sterility
shall take into consideratiofithe biosafety levjel require-
ment for the system. A.bioteactor shall be designed in
accordance with a biosafety level requirement|as defined
by the National Institutes of Health or equivalpnt organi-
zation (e.g., BSL-1;BSL-2, BSL-3, or BSL-4). The biosafety
level requiremént should be determined baged on the
organism,{he'process, the product being prodficed, and/
or the owner/user’s preferences. To meet a specific bio-
safetylevel requirement, special operational [considera-
tions’ (e.g., steam blocks) may have to be pddressed
within the bioreactors’ subassembly designs. If the biore-
actor has been used to grow an organism thpt requires
biohazard containment, provision shall bp made to
decontaminate all surfaces that may have come in con-
tact with the product prior to CIP, or to c¢ntain and
decontaminate the fluids used for CIP.

(e) The bioreactor vessel should be pressune/vacuum
and temperature rated per the owner/user’s [design cri-
teria. The vessel shall be constructed, tested,|inspected,
and stamped in accordance with local ordinapces, regu-
lations, and codes.

(f) The area within the sterile envelope [should be
designed for CIP. For components that cannogt be CIP’d,
the design shall allow removal for replacement or man-
ual cleaning out of place.

(¢) The area within the sterile envelope [should be
designed for SIP. For those components or pssemblies
that cannot be SIP’d, the design shall alloyv removal
for steam sterilization using an autoclave ps long as

(17 Vessel internals.

(2) inlet gas piping from the filter element(s) to the
vessel and any installed isolation valving. If redundant
sterilizing-grade filters are used in series, the inlet filter
element farthest from the reactor vessel shall define the
sterile boundary.

(3) exhaust gas piping from the vessel side of the
exhaust filter(s) to the vessel and any installed isolation
valving. If redundant sterilizing-grade filters are used
in series, the exhaust filter farthest from the reactor ves-
sel shall define the sterile boundary.
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additional provisions are provided for stenilizing the
interface (e.g., steam block) once the components or
assemblies are reconnected to the remainder of the biore-
actor system. Autoclaved components or assemblies
shall be capable of being steam sterilized without degra-
dation to any of the elastomers or polymers that make
up the components or assemblies.

SD-5.1.1.2 Inlet Gas Assembly. The inlet gas
assembly shall be defined as a piping assembly that has
the ability to deliver controlled amounts of filtered gases
into a bioreactor vessel. The assembly shall include but
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Fig. SD-5.1.1.1-2 Bioreactor Sterile Envelope
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|
|
T

@)
Probe

(typical) —DE/\(?@«S<Gas

“Sample

Q)
Clgan >—-£ = assembly]  giator
sfeam +

seal

GENERAL NOTE: Design may vary.
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is not limited to the items in SD-5.1.1.2.1 through
SD-5.1.1.2.4.

SD-5.1.1.2.1 Flow Control Devices
(a) Flow control devices (e.g., rotameters, mass flow
controllers, and modulating control valves) shall be
installed outside of the sterile boundary; therefore, pip-
ing requirements within this section may not apply.
However, provisions shall be included within the design
to prevent instrumentation damage due to SIP proce-

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

SD-5.1.1.2.4 Inlet Gas Piping

(a) Overlay piping is defined as piping that directs

dures and[backflow.

(b) Flow control devices should be sized to prevent
a vacuum|condition, or a provision to bypass the flow
control dgvice shall be provided to maintain positive
pressure ifi the vessel.

SD-5.1.1.2.2 Inlet Filter Assembly

(a) For this section, an inlet filter shall be defined as
a filter element installed in a housing of suitable mate-
rial. The jnlet filter assembly shall be defined as the
filter(s) logal to the bioreactor.

(b) Inlef filter assemblies shall be designed for SIP
with prgvisions to remove entrapped air and
condensatp.

(c) If multiple inlet filters are used in series, then
the filter assembly closest to the bioreactor shall be a
sterilizing|filter.

(d) Proyisions shall be made for integrity testing of
the filter gssembly in situ or out of place.

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

(f) Gas filters should be installed above the bieteactor
liquid lev¢l.

SD-5.1.1.2.3 Gas Sparging Assemblies

(a) Spangers shall be defined as mechanical devices
normally Jocated below an impeller*used to disperse
gases withlin a charged bioreacter,\This section applies
to sparge [lances, wands, rings;yand other devices (see
Figs. SD-511.1.2.3-1 through SD¢5.1.1.2.3-4) that may be
mounted ih the bioreactor yessel to introduce various gas
streams fo} process operations. Sparge device assemblies
shall meefl the requirements of SD-3.4.2.
(b) Spa}?ers shallMbe designed for SIP with the vessel.

(c) SpargerSshould be designed for CIP. If the sparge
element cannot be CIP’d, provisions shall be made to

filtered gases to the vessel headspace.

(b) Inlet gas assembly piping (sparge andsoyerlay)
within the sterile envelope shall meet thé requirgments
as defined in SD-3.1.2.

(c) Inlet gas piping within the sterile envelopg shall
meet slope requirements as, defined for GSD3 in
Table SD-2.4.3.1-1.

SD-5.1.1.3 ExhaustGas Assembly. The exhaust
gas assembly is definedcas'a piping assembly thatimain-
tains the integrity of the sterile boundary with fespect
to sterility and préssure. The assembly shall ipclude
but is not limitéd“to the items in SD-5.1.1.3.1 tHrough
SD-5.1.1.3.3.

SP:5.1.1.3.1 Exhaust Filter
(axFor this section, an exhaust filter shall be defined
as_a filter element installed in a housing of stiitable
material.
(b) Exhaust filters shall be designed for SIP. Thg hous-
ings shall be installed in such a way as to prevgnt the
collection of condensate in the elements due to $IP.

(c) If redundant sterilizing-grade exhaust filtgrs are
used in series, then the filter farthest from the biofeactor
shall have a maximum rating of 0.2 wm absolfite. In
addition, provisions shall be included for draining con-
densate from the piping between the filters.

(d) Consideration should be made for CIP or rgmoval
in the case of cleaning out of place.

(e) Provisions shall be made for integrity testing of
the exhaust filter.

(f) Filter elements shall be removed prior to intfoduc-
tion of cleaning solutions into exhaust gas assenpblies.

(g) To prevent the exhaust filters from bec¢ming
blinded by condensate saturation during operati¢n, the
exhaust gas assembly may include exhaust condensers

remove the sparge assembly from the bioreactor for
replacement or cleaning out of place.

(d) The removable sparger shall be supplied with the
means to ensure that the installation orientation is in
compliance with design intent.

(e) If the bioreactor is sterilized with media in the
vessel, the SIP operation shall direct steam flow through
the sparge device.

(f) CIP for sparge devices that use porous material
for gas distribution requires particular attention. These
devices should be evaluated for CIP cleanability and
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(Fig. SD-5.1.1.3.1-1), exhaust heaters (Fig. SD-5.1.1.3.1-2),
or steam jacketed or electrically heated traced filter
housings (Fig. SD-5.1.1.3.1-3). These items shall be
designed for SIP and CIP.

SD-5.1.1.3.2 Exhaust Gas Piping
(a) The exhaust gas assembly within the sterile enve-
lope shall meet the requirements as defined in SD-3.1.2.
(b) Exhaust gas piping within the sterile envelope
shall meet slope requirements as defined for GSD3 in
Table SD-2.4.3.1-1.
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Fig. SD-5.1.1.2.3-1 Gas Sparging Assembly — Lance

Plan
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Fig. SD-5.1.1.2.3-2 Gas Sparging Assembly — Sintered
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Fig. SD-5.1.1.2.3-3 Gas Sparging Assembly — Ring
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Fig. SD-5.1.1.2.3-4 Gas Sparging Assembly — Single Orifice
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Fig. SD-5.1.1.3.1-1 Exhaust Gas Condenser
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Fig. SD-5.1.1.3.1-2 Exhaust Gas Heater
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Fig. SD-5.1.1.3.1-3 Electrically Heat Traced Filter Housing
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(c) The design of exhaust gas piping from the bioreac-
tor should ensure that there is no condensate accumula-
tion in the line downstream of the system.

SD-5.1.1.3.3 Back Pressure Control Devices
(a) If required, back pressure control devices (e.g.,
modulating control valves or regulators) should be
installed outside of the sterile boundary.

(b) Back pressure control devices shall not hinder the
bioreactor’s capability of being SIP’d and CIP’d

SD-5.1.1.4.3 Harvest Valves/Bottom Outlet
Valve. This section applies to all valves installed in the
vessel bottom head.

(a) Harvest valves shall meet the requirements of
5G-3.3.2.3.

(b) Bottom outlet valves shall be drainable and
installed in such a way as to ensure complete drainage
of the bioreactor contents.

(c) Bioreactor harvest valves shall be designed for SIP

(c) If a vapor-liquid separator is used in the exhaust
within} the sterile envelope, it shall be designed for CIP
and S[P.

SPp-5.1.1.4 Piping Systems

SD-5.1.1.4.1 Feed Lines. This section applies to
bioredctor piping systems used to feed liquid ingredients
(e.g., pH control reagents, antifoam reagents, media,
nutrignt, and inoculum).

(a) Feed lines shall be designed with the appropriate
piping system to allow CIP and SIP of the bioreactor
vessell and the feed line itself. CIP and SIP of the feed
line mjay be done independently or simultaneously with
the bipreactor.

(b) [f CIP of the ingredient feed system is performed
during active culture operations, then the design should
inclugle provisions to prevent cross-contamination
between CIP solutions and product.

(c) Malve and piping orientation shall be designedito
providle complete drainage during CIP and SIP

SD-5.1.1.4.2 Dip Tubes. This sectiénjapplies to
all bigreactor port tube-extensions within .the vessel.

(a) Pioreactor dip tubes shall meet'the requirements
of SD{3.4.2.

(b) Removable dip tubes (see Fig. SD-3.4.3-1) shall be
insertpd through a hygieni¢’fitting. The removable dip
tube ghall be supplied with the means to ensure that
the ingtallation orientation is in compliance with design
intent

(c) All wetted sturfaces shall be sloped to drain by
gravitly into the’yessel.

(d) [The SIP ‘operation shall direct or balance steam
distrifution’to establish and maintain sterilization tem-

sazidhian—thk
WHRHR—tHRe

ard-CHP-orCoOR
SD-5.1.1.5 Miscellaneous Internal-Comppnents

SD-5.1.1.5.1 Agitation Assemblies. This section
applies to mechanical agitator @ssemblies mpounted in
the bioreactor for achieving one or more mixjng-related
unit operations (e.g., blending; mass transfer, heat trans-
fer, and solids suspension):

(a) Agitators shallimeet the requirements

(b) Agitators with double mechanical seals (see
Fig. 5G-2.3.2.32) of magnetic couplings (Fig. pD-3.5.5-2)
are recommeéndeéd to isolate bioreactor contenfs from the
environment.

(c) Agitator seal or magnetic coupling c
shall be designed for CIP and SIP.

(d) Provisions shall be included in the design to clean
the product-contact surfaces of impellers. Additional
spray elements may be required to achieve qoverage.

(e) Bottom-mounted agitators shall not intgrfere with
free and complete drainage of bioreactor comtents.

pof SD-3.5.

mponents

S$D-5.1.1.5.2 Mechanical Foam | Breaker
Assemblies. This section applies to mechapical foam
breaker assemblies that may be mounted in the
bioreactor for reducing or eliminating foam jaccumula-
tion in the vapor space of the bioreactor.

(1) Foam breaker assemblies shall meet the require-
ments of SD-3.5.
(b) Foam breakers with either double mjechanical
seals (Fig. 5G-2.3.2.3-2) or magnetic gouplings
(Fig. SD-3.5.5-2) are recommended to isolate|bioreactor
contents from the environment.
(c) Foam breaker seal or magnetic couplihg compo-
nents shall be designed for CIP and/pr SIP as
appropriate.

peratl fe ] rina—ith ligzaticon bald

taox
tbe—dhring—thesterization—trold
period.

(e) If the bioreactor is sterilized with media in the
vessel, and the dip tube extends below the working level
of the media, the SIP operation shall direct steam flow
through the dip tube into the vessel.

(f) Bioreactor dip tubes shall be designed for CIP or
cleaning out of place (COP).

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

75

SD-5.1.1.5.3 Internal Coils
(a) Internal coils should be avoided where possible.
(b) Product-contact surfaces of internal coils require
provisions for CIP and SIP.

SD-5.1.1.5.4 Baffles. Baffle assemblies shall
meet the requirements of SD-3.5.

SD-5.1.1.5.5 Sprayballs/Devices/Wands. This
section applies to sprayballs, wands, and other devices
(see Fig. SD-3.9.2.1-1) that may be mounted in the
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bioreactor vessel for distributing cleaning solution dur-
ing 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.

(1) The SIP operation shall direct or balance steam
distribution to establish and maintain sterilization tem-
perature within the spray device during the sterilization
hold perigd

(b) whether the centrifuge is intended for open,
closed, or briefly exposed operation(s)

(c) the biosafety level containment and room classifi-
cation requirements of the process and system

(d) product phase (e.g., supernatant or solids)

(e) cleaning requirements (e.g., CIP or manual
cleaning)

(f) sanitization requirements (e.g., SIP)

(g) batch size

L) J£] ok
7

(2) With the exception of a combination sparger/
spray devjce, internal spray devices should be located
above the |bioreactor operating liquid level.

(3) If|the bioreactor is sterilized with media in the

into the v¢ssel.

SD-5.1.1.6 Instrumentation

(a) Instfuments installed within the sterile envelope
or boundgry shall be designed for SIP. Consideration
should be|made in the design for instrument removal
for calibration.

(b) Instfuments installed within the sterile envelope
or boundqry shall be designed for CIP or removed for
COP. In the case of COP, blind caps or plugs should be
provided fo maintain the integrity of the system.

(c) Temperature sensing elements should be installed
in thermqwells. Piping associated with in-line ther-
mowells ghall be sized to allow sufficient steam and
condensatp flow.

SD-5.1)2 Cell Disrupters

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

(b) The|device shall be designed with/the ability to
optimize dlrainability.

(c) The flesign shall incorporateshenshedding compo-
nents and|parts.

(d) Safety rupture disksshall be oriented for draina-
bility while maintaining‘system integrity and safety.

(e) The disrupter shall/lbe designed for ease of disas-
sembly tolallow fot, COP.

SD-5.1]3 Centrifuges

SD-5.1.3;1 General Description. Centrifugation is

L
H—processHetidfeedHov—rate
(i) solids cell type or particle size and distribytion

(j) solid concentration [in packed cell volume (PCV)]

(k) feed pressure

(I) process temperature

(m) density difference betweénysolvent anfl sus-
pended solids

(n) viscosity and surface tension of liquid

For each parameter, the user may also define whrning

and alarm tolerancestorflimits. Additional ptocess
requirements may be defined by the owner/user.
SD-5.1.3.3(Performance Requirements.| The

owner/user shall define the following system pefform-
ance requirepients:

(a) maximum allowable processing and cleaning/
sanitization times

(b) "desired purity (e.g., PCV in supernatan
solids)

For each parameter, the user may also define whrning
and alarm tolerances or limits. Additional performance
requirements may be defined by the owner/user.

SD-5.1.3.4 Disk Stack Centrifuge. In biopjocess-
ing, the disk stack centrifuge is typically used to separate
cells from cell broth or cell debris or acid precipitates
from liquid, or to recover inclusion bodies after homoge-
nization of microbial cells. A disk stack centrifuge con-
sists of a relatively shallow cylindrical bowl contpining
a number (stack) of closely spaced (e.g., U.S. equivalent
0.4 mm to 3.0 mm) metal disk plates or stacks that fotate.

or %

SD-5.1.3.4.1 Operating Capabilities and §ystem
Function. The centrifuge shall be capable of the fpllow-
ing functions:

(a) Cleaning. Centrifuges should be designgd for
cleaning in place. Different parts within the cenfrifuge
may have different cleaning requirements or procgdures.

a process USed 10 separate suspended materials of differ-
ent densities using centrifugal force. Centrifuges may be
used for collection of solids such as harvest of cells,
inclusion bodies of precipitated protein, or clarification
of bioprocess solutions. Different types of centrifuges
include disk stack centrifuges, tubular bowl centrifuges,
single-use centrifuges, and ultracentrifuges.

SD-5.1.3.2 Process Parameters. The owner/user
should define the following process parameters:
(1) whether the centrifuge will be used for collection
of solids, for clarification, or for both

76

Centrifuges that will be CIP’d shall be constructed of
materials compatible with the chemistry and conditions
of the cleaning process (SD-2.4.1.2). Centrifuges
designed for CIP shall comply with SD-2.4.2. Additional
requirements for disk stack centrifuges subject to CIP
include

(1) The vendor shall ensure that all product contact
surfaces are cleanable with the CIP process. This
includes adequate velocity of cleaning solutions in pip-
ing per SD-5.3.3.3. The use of instrument tees conform-
ing with Tables DT-4.1.2-10 and DT-4.1.2-11 is
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recommended for instruments. However, all product
contact branches (e.g., instrument tee/ports, process
branches) shall be exposed to cleaning fluids during CIP.

(2) The vendor should design the equipment to
include sample collection points that allow for represen-
tative cleaning verification/validation of all product
contact branches.

(3) Spray devices shall conform with SD-3.9.

(4) The vendor shall specify the recommended CIP
soluti i
tive cleaning.
(3) Due to fluctuations in flow (e.g., bowl dis-

capable of disassembly and reassembly for cleaning and
ination.

(b) |Sterilization/Sanitization. The owner/user shall
inform the manufacturer of the sterilization/sanitization
and sforage requirements (e.g., temperature, pressure,
chemistry) and storage condition (e.g., flooded or dry).
The vlendor/owner shall agree to the defined sterile
envelgpe or boundary.

Centrifuges that will be SIP’d shall be designed ii
accordance with SD-2.3.1.1. The vendor shall demon-
strate|saturated steam penetration across components
that define the sterile boundary of the system;

Certrifuges that will be chemically sanitized shall be
sanitiped with an agent and process that’have been
proveh to achieve the bioburden reduetion requirements
of the|system.

The| vendor should recommend._the operating condi-
tions (e.g., sanitizing agent supply flow rate, bowl speed,
dischqrge rate) required to.ensure effective chemical
sanitization.

SD-5.2 Downstream,Systems
SD}5.2.1 Filtration

Sp-5.2.1.1 General
(a) Albwetted surfaces should be accessible for clean-

(e) The housing assembly, tube-sheets, end plates, and
connections should be designed to prevent bypassing
of process fluid around the element.

(f) Parts forming internal crevices should be easily
disassembled to enable access for cleaning.

(g) Vent filters for hot process services should be heat
traced or steam jacketed. Other methods for preventing
moisture accumulation in vent filters, such as vent heat-
ers or condensers, could be considered.

SD-5.2.1.1.1 Cleaning

(a) Filtration systems that are designed fqr cleaning
in place shall be designed in accordance with SD-2.4.2
unless otherwise agreed to by.-flie:ownerf user and
manufacturer.

(b) Tangential flow filtration elemen{s may be
designed for repeated useand cleaned alonyg with the
system. When multipl€:use elements are ¢leaned in
place, system design(shall ensure suitable fconditions
(e.g., flow rates) ta properly clean the filtratiof elements.

(c) Direct flow filtration elements are typically not
reused and are’not installed during the cleanifg process.

SD-5.2.1.1.2 Sanitization. The ownler/user is
respensible for defining the sanitization requirements
based on the level of bioburden control requifred for the
unit operation. All components and filter elefnents shall
be either compatible with the selected sapitization
agents and conditions or capable of being r¢moved or
isolated prior to the sanitization process while main-
taining a flow path through the system.

(a) Chemical Sanitization. Equipment interf{ded to be
chemically sanitized shall be designed to ensfire contact
between process contact surfaces and the shnitization
solution.

(b) Thermal Sanitization or Sterilization. Temperature,
flow direction, and differential pressure of the thermal
sanitization or sterilization process shall be flefined by
the owner/user. The properties of the filtef elements
shall be considered to confirm compatibility|of the ele-
ment with the exposure conditions of a thermpl sanitiza-
tion process.

SD-5.2.1.2 Micro/Ultrafiltration System
(a) Skid pumps designed for both procegs and CIP

ing and exanuination.

(b) The filter housing shall be designed to allow for
complete venting and draining. Liquid tee-type filter
housings should be installed vertically, and vent-type
in-line filter housings should be installed vertically with
the condensate/drain port directed downward (see
Fig. SD-5.2.1.1-1).

(c) All nozzle connections shall be of a hygienic
design.

(d) Baffle plates, when used, should be cleanable and
designed for SIP.

bildl‘l 1U€ dEbigucd O PIUVIL«‘[E LLlIb uleut ﬂUW fur Cleaning.
All 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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Fig. SD-5.2.1.1-1 Tank/Vessel Vent Filters

AN

(a) In-Line Design
(Accepted)

SD-5.2.1.3 Depth Filtration.
content]

[Reserved for future

SD-5.)2.1.4 Tangential/Cross Flow Filtration.
[Reserved|for future content]

SD-5.22 [Reserved for future content]

SD-5.2.3 Chromatography. For_ this section,
“system” s intended to cover the chrematography pip-
ing skid, not including the associated-eolumn.

SD-5..3.1 Cleaning. Chifomatography systems
shall be d¢signed for cleaning\in place. Systems should
be designgd in accordanceswith SD-3.1 unless otherwise
agreed by|the owner/user and manufacturer.

SD-5.

SD+5.2,3:2:1 Chemical Sanitization. Chemical
sanitizatign proecesses are used to reduce bioburden. All
process cortaetsurfaeesef-systereom erts—sha
either be compatible with the selected sanitization
agents or be capable of being removed or isolated prior
to the sanitization process. Chromatography systems
are typically stored flooded with a sanitizing solution
to maintain bioburden control.

.3.2 Sanijtization

SD-5.2.3.2.2 Thermal Sanitization. Chromatog-
raphy systems may be designed for thermal sanitization.
However, because it is generally not possible to perform
thermal sanitization of columns, the requirement is often
waived for chromatography systems. If a system is

(b) T-Type Design

78

Low-point drain

(Accepted)

designed for thermal sanitization, components shall be
designed for the specified conditions, or shiall be
removed or isolated prior to the sanitization pfocess.
Note that if items are removed for sanitizatior], they
should be sanitized separately and reinstalled infa con-
trolled environment to avoid contaminating the system.

SD-5.3 Process Support Systems
SD-5.3.1 Cabinet Washers

SD-5.3.1.1 General

(a) Scope. This section describes the requiremehts for
washers that are designed to clean various materials
and components such as glassware, drums, con’%iners,
hoses, pallets, and accessories (washable items) that are
not cleaned in place. Requirements in this sectipn are
intended to be applied to cabinet washers, but may be
applied to other types of washers as appropriatg.
c and
should be capable of multiple cycle types for various
load conditions. Cabinet washers may be designed with
an integrated chemical addition system or receive clean-
ing solutions from a CIP system.

(c) All wetted process contact surfaces shall be of
hygienic design per the applicable sections of this
Standard.

(d) Cabinet washers shall include racks or holding
systems designed to enable repeatable exposure of
washable items to cleaning solutions.

(16)
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SD-5.3.1.2 Cleaning Cycles
(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 per-
form the following general phases during the cycle:

(1) prewashing
(2) washing

SD-5.3.1.4 Components

SD-5.3.1.4.1 General
(a) Materials of Construction
(1) Process contact surfaces shall comply with the
requirements of SD-2.4.1.
(2) All welded metallic process contact surfaces
shall be passivated in accordance with SF-2.6.
(3) External surfaces of the washer cabinet shall be

(4) cooling with filtered air
(c)

tions
(d) [Cleaning solution temperature shall be controlled

and monitored during washing and rinsing phases.

(e) TThe pressure and flow rates of cleaning solutions
supplfed to dynamic and static spray devices within the
chamber and/or loading racks should be monitored.

(f) It cleaning solutions are recirculated during the
cycle,|the recirculation pump shall meet the require-
ments) of SD-3.3.2.

(g) [The design should provide final rinse water at an
elevatpd temperature [e.g., > 149°F (65°C)] for sanitiza-
tion ahd improved drying efficiency.

[he design should enable multiple chemical addi-
Huring the prewashing and washing processes.

SP-5.3.1.3 Rinse Requirements

(a) [The final rinse step may be performed using fecir-
culated water integrated with drain steps or asa,single-
pass finse (or series of single-pass rinses) to' remove
residyal cleaning solutions. The final rinse Water at the
outlet|of the washer shall meet the owner/user’s accept-
ance ¢riteria (e.g., conductivity, total organic carbon,
cycle fime).

(b) [The ways of providing-a'single-pass rinse include
(1) direct connection supply from a utility water
systeth with hygienic safeguards to prevent backflow.
If a direct utility conwection is used, the design should
mitigdte the effect'ef variation in supply pressure (e.g.,
due tp draw by other users) and its impact on the
flow %ate.

(3) «use’of a water break-tank. The break-tank shall
be self-diainable and vented Rinse water from the

(3) rinsing fabricated with material that is resistant to cleaning and
(4) final rinsing sanitizing agents as specified by the owner/juser.
(3) drying with heated filtered air (4) Process contact polymeric materials [shall com-

ply with Parts SG and PM.
(5) Process contact metallic materials shpll comply
with Part MM.
(b) Surface Finish. The surface’finishes for fhe interior
surfaces of the chamber, wetted process contpct tubing,
and exterior surfaces exposed to cleaning solytions shall
be specified by the owtier/user using designations pro-
vided in Table SF{2:4-1. Electropolishing is n¢t required
unless specified’by the owner/user.

SD-5:3.1.4.2 Washer Chamber

SD-5.3.1.4.2.1 General

(4))The interior surfaces of the chamber 2
éred process contact surfaces. These surfa
have the potential to drip onto washed items
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 difficilt to clean
(e.g., wheels, cabling, external surfaces of exposed
hygienic-clamp connections) should be minimized and
assessed for the risk to product quality.

(c) All internal surfaces shall be sloped fo1| drainabil-
ity with a slope agreed on between the ownef /user and
fabricator. Where possible, a slope of not less fhan % in. /
ft (10 mm/m) is recommended.

(d) The chamber drainability should be verified dur-
ing fabrication. Verification methods and acceptance cri-
teria for drainability shall be agreed on in ddvance by
all the parties.

(e) Where the chamber interfaces with the dlean room,
the external surfaces shall meet the owner/uger’s speci-
fied requirements.

(f) External surfaces should be insulated t¢ minimize

re consid-
res, which
shall have

break-tank shall not contribute to the soiling or biobur-
den load in the cabinet.

(c) The hydraulic conditions (i.e., pressure and flow
rate) for the rinsing phases shall be consistent with those
established for washing phases to ensure consistent rins-
ing of the washable items, the chamber interior, and the
complete hydraulic circuit.

(d) The system shall be designed to provide analytical
verification of final rinse water quality (e.g., conductiv-
ity and/or total organic carbon).
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heat transmission and promote cleaning and drying.
(g) Breastplates, reinforcing pads, doubler plates, poi-
son pads, etc., which are required for welding dissimilar
material to the chamber, should be of the same material
as the chamber.
(h) Lubricants shall not be used where they may come
in contact with cleaning solutions or washable items.

SD-5.3.1.4.2.2 Chamber Openings
(a) Nozzles that are designed to be cleaned by a spray
device should have the smallest L/D ratio practical.
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For non-flow through nozzles, an L/D of less than 2 is
recommended (see Fig. SD-3.4.2-1).

(b) Sidewalls and chamber-ceiling nozzles should be
flush with the interior of the chamber (see
Fig. SD-3.4.2-5).

(c) Instrument probes and sidewall penetrations (see
Fig. SD-3.4.2-2) shall be sloped for drainability, unless
the instruments used require horizontal mounting (see
Fig. SD-3.4.2-3).

(d) Blang Lalll

(4) Loading racks should have a surface finish that
meets the surface finish requirements of the chamber.
Surface finish verification may not be possible for all
components of the loading rack.

(5) The loading rack manifold fabrication shall
comply with SD-3.1.2.3.

(6) Loading racks shall be self-drainable.

(7) Loading rack design considerations should
include the disassembly required for inspection and

H-adktananca

keoversshalhavethesamesurfacefinishas
the chamHer internals.
(e) Progess valves shall meet the requirements of
S5G-3.3.2.3
(f) Sample valves shall meet the requirements of
SD-3.11.2.].
(g) Sight glasses on the chamber shall meet the
requiremepts of Fig. SD-3.4.6-1. Sight glasses should be
designed pith the smallest L/D practical and should
incorporafe cleanable seal designs.

SD-6.3.1.4.3 Washer Door and Door Seals

(1) Washer doors and door seals shall be designed to
prevent wash fluid leakage during the entire wash cycle.

(b) For multiple-door systems, the doors shall be
interlockedl to allow the opening of only one door at a
time for lgading and unloading.

(c) Both sliding and swing door designs are
acceptabld.

(d) Dooys that interface with classified clean rooms
should no} be retracted to an uncontrolled space.

(e) Congtruction 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.

(g) Soljd or inflatable door seals shall meet the
requiremepts of SD-2.4.1.1 (e.g., conforming to FDA 21
CFR 177 and USP Section <88> Class-VI).

(h) Refdr to Part SG for specifications of seals.

SD-5.3.1.4.4 Internal Components
(a) Washer cabinet internal components include load-
ing racks pnd supports, thermowells, spray manifolds,
etc.
(b) Weldl-in thexthowells [see Fig. SD-3.4.3-2, illustra-
tions (e) and (f)]'shall have the same finish as the cham-
ber interngl§:

SD-5.3.1.4.5 Air Drying, Intake, and EXhaust
Systems. Where specified by the owner/user fo dry
washed items the following provisions,are applifable:

(a) The air intake system shall be‘iltered. A prefilter
and HEPA filter system are recommiended to protpct the
washed items.

(b) The drying system shall'provide heated, f
air to the chamber, the hydraulic circuit, and
components.

(c) The filtered dir used for drying may be supplied
from a controlled or uncontrolled environment.

(d) TemperatGre and humidity variability of
air should be considered in system design.

(e) The exhaust ducting should be designed to
condefsate to a drain.

Itered
n-line

intake

direct

SD-5.3.1.4.6 Spray Systems. Design of|spray
systems in cabinet washers requires the integrafion of
manifolded spray devices in the chamber with| those
installed in loading racks. Spray systems in cpbinet
washers may use both static and dynamic spray devices
that comply with SD-3.9.

(a) Loading-rack spray systems may have
changeable spray devices to accommodate a var
washable items in a single rack.

(b) Translational/reciprocating spray devices
cabinet using mechanical devices (e.g., pulleys and
sheathed cables) should be designed for ease of
sembly for inspection and maintenance.

(c) Mechanical devices used in the chamber shall be
compatible with the process fluids and shpll be
cleanable.

inter-
ety of

in the
PTFE
disas-

When
ystem,

SD-5.3.1.4.7 Chemical Addition Systems.
cleaning solutions are not provided by a CIP s

(c) Loading RacKs/ACcessories

(1) The racks are designed to support the cleaning
of specific washable items. The rack design should be
verified to provide complete spray coverage for wash-
able items defined by the owner/user in an arrangement
for which the loading rack is designed.

(2) Loading racks shall secure the washable items
during the wash cycle.

(3) Loading racks may be designed to distribute
rinse and cleaning solutions to interior and exterior sur-
faces of the washable items.
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the tollowing provisions are applicable:

(a) A number of chemicals that function as pH adjust-
ers, emulsifying agents, and/or soil removers may be
added during the cabinet washer cycles. The design con-
siderations should include positive identification of each
chemical delivery and connection.

(b) Concentrated chemicals may be delivered to the
washer from bulk distribution systems or from local
holding containers. The design of concentrated chemical
delivery and storage systems should consider minimiz-
ing human contact.
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(c) Design of concentrated chemical storage and dis-
tribution components should consider safety provisions
enumerated in SD-5.3.3.2(h).

(d) The design should include monitoring of adequate
bulk chemical supply (e.g., level) for the entire wash
cycle.

SD-5.3.1.4.8 Recirculation Pumps
(a) The pump shall have sufficient capacity (flow rate

(c) The washer design considerations should include
integration with the space where maintenance is per-
formed (e.g., minimizing moisture due to condensation).

SD-5.3.1.8 Testing. The test requirements shall be
defined by the owner/user and agreed to by the manu-
facturer, and may include tests beyond those described
in this section. These tests apply to newly installed sys-
tems and to modifications of existing systems (e.g., the
addition of a loading rack to an existing system).

and ppessure) for all spray configurations used in the
washdr.

(b) Pumps shall comply with SD-3.3.2.

(c) Pump seals shall comply with Part SG.

(d) [Pumps should be designed and configured to
enablg¢ access for removal, inspection, and maintenance.

SD-5.3.1.4.9 Heat Exchangers

(a) Heat exchangers included in cabinet washers to
heat dleaning solutions, rinse water, etc., shall comply
with $D-3.6.

(b) Heat exchangers using steam or a thermal liquid
may ihclude shell-and-tube, coil, or tube types.

(c) Electric heat exchangers may be direct or indirect
immefsion type heaters.

SD-5.3.1.4.10 Instrumentation

(a) JAll process contact instruments should comply
with the applicable sections of Part PI.

(b) [The design should enable operators to monitor
proceps parameters without having to pass through
changps in room classifications.

Sp-5.3.1.5 Branch Connections

(a) [The provisions of SD-3.1.2.2 ake dpplicable to
liquid-service process contact piping leading to the
chamlper and delivering cleaning(solutions to the spray
manifplds.

(b) Liquid-service branch_connections with an L/D
greatgr than 2 shall be preyided with low-point drains
that age opened betweeneach phase of the washing cycle
to avqid cross-contamination.

Sp-5.3.1.6  Fabrication

(a) [Cabinet\washers shall comply with the fabrication
requinemerits of SD-2.4.1.

(b) [Tubing within the process contact boundary

SD-5.3.1.8.1 Spray Device Coverage Test. Cabi-
net washers should be tested to confirm~complete spray
coverage of the specified washable itemsand the interior
process contact surfaces of the wdsher chamber. The
spray device coverage testing described ir} SD-6.1 is
applicable to cabinet washers, The spray devide coverage
test procedure described iftNonmandatory Appendix L
may be used for cabifiet>washers with the| following
additional considerations:

(a) Testing should include empty configurptions (i.e.,
loading rack otly).
(b) Testing,should include racks loaded tq capacity.

(c) It is acceptable to bypass the drying phase of the
cycle¢toyexamine the wet conditions. If pafts are dry
when inspected, they should be gently rewgtted with
ambient or cold water to observe any residual riboflavin
fluorescence.

(d) The sequence in which parts are examiied should
be documented to prevent false positive resfilts due to
transfer of residual riboflavin from one washable item
to a clean washable item.

SD-5.3.1.8.2 Drainability Test. The|proposed
drainability test procedure in SD-6.4 for vessgls may be
applied to cabinet washers with the following
exceptions/considerations:

(a) Tt is not necessary to fill the chambef with the
outlet closed. The chamber should be wetted by liquid
delivered through the spray system.

(b) The chamber drainability test shou
formed without drain pump assistance.

SD-5.3.1.8.3 Cycle Performance Test.| The per-
formance test should demonstrate the abiliy to clean
loaded items based on an initial list of wasHable items

agreed to by the end-user and manufacturgr. The test
2 .

d be per-

should be orbital-welded tubing where possible and
shall comply with Part M].

SD-5.3.1.7 Maintenance

(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.

(b) Mechanical components and instruments that
require maintenance may be located in an unclassified
space where the maintenance can be performed.
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should-rerifyremoval-of residuefromsurfaees and that
the final rinse meets the specified water quality (e.g., an
acceptable compendial water requirement) at the drain
within a specified period of time. The test should verify
that the process contact surfaces within the washer are
also cleaned to the same specifications used for the wash-
able items.

SD-5.3.1.9 Turnover Package Documentation. The
documentation requirements of GR-5 are applicable to
process contact components/instruments of cabinet
washers.
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SD-5.3.2 Steam Sterilizers/Autoclaves

SD-5.3.2.1 General. For this section, “autoclaves”
and “steam sterilizers” shall be used synonymously.
This section describes the requirements of autoclaves
that are used in bioprocessing for the steam sterilization
of hard, dry-wrapped, and liquid materials. Autoclave
chambers are pressure vessels and shall be pressure and
temperature rated per the owner/user’s design criteria
with a minimum pressure rating of 25 psig at 266°F

the noncondensable gases from the autoclave chamber.
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 cool-down phase. Liquids can also be
cooled by slow-rate exhaust. Heating rates should be
adjustable to help compensate for differences in heating
profiles of items in mixed loads.

SD-5.3.2.2.3 Air Filter Sterilization. An indepen-

(1.7 barg 4T I30°C). The chambers shall also be vacuum
rated.

For systems used in the processing of materials used
in the Eurgpean market, autoclaves may also be required
to comply with Pressure Equipment Directive (PED)
97/23/EC| and/or EN-285. Special conditions such as
bioseals njay be required for autoclaves used in BSL-3
and BSL-4] applications. Please refer to the Biosafety in
Microbiolggical and Medical Labs (BMBL) and Centers
for Diseasp Control (CDC) guidelines for these special
conditiong.

This se¢tion does not pertain to pasteurizers, ETO
(ethylene pxide), VHP (vaporized hydrogen peroxide),
or ClO; (chlorine dioxide) type sterilization equipment.

The manufacturer shall define the sterile boundary of
the systerI

SD-5.3.2.2 Cycle Types. Autoclaves should be
capable off multiple cycle types for various load condi-
tions. Autgclaves shall only be used to sterilize the types
of goods f¢r which they are designed. The most common
load typ¢s are specified in SD-5.3.2.2.1 through
SD-5.3.2.213.

SD-5.3.2.2.1 Hard Goods Cycles. “Hard goods”
refers to gpods such as metallic instruments) containers,
and glassyare. Effective removal of noricondensable
gases is requuired for effective autoclaving of hard goods.
Hard gopds may be wrappéd)or unwrapped.
Unwrappg¢d goods can often be effectively autoclaved
using eithér a single vacuumpull or gravity air displace-
ment. The¢se goods canssometimes be autoclaved at
higher temperatures. Multiple vacuum pulse precondi-
tioning is fequired ferwrapped goods to ensure proper
evacuation of noncendensable gases from both the auto-
clave champber-and autoclaved goods. Steam sterilizers
used for the-processing of wrapped or porous goods

dent air filter SIP sterilization cycle should be pr¢vided
for the in situ sterilization of the chamber vent|filters
ensuring supply of sterile air for cool-down) phases of
autoclave loads.

SD-5.3.2.3 Components

SD-5.3.2.3.1 General

(a) Materials of ConstructierixMaterials in conta
steam shall resist corrosign.ffom steam and steain con-
densate. The materials shall not affect steam quality and
shall not release any substances known to be tgxic or
that could adultérate the product. Piping/tubirfg and
fittings shall bépressure and vacuum tight. The pjping/
tubing layoutshould be designed to eliminate dedd legs
within the\sterile boundary. Tubing within the |sterile
boundary should be orbital-welded stainless stegl tub-
ing,where possible and shall comply with Part MJ

t with

polishing is not required for steam sterilization s

(c) Elastomers. Elastomers shall comply with S
SG-3.1.2, and SG-3.3. Elastomers shall be resistant to
corrosion and to chemical and thermal degradation.
Elastomers used in autoclave applications shall bg capa-
ble of withstanding pressures of a minimum of 25 psig
at 266°F (1.7 barg at 130°C). Seals should meet the {esting
requirements specified in SG-4.2.

(d) Insulation. External surfaces should be insulated
to minimize heat transmission.

SD-5.3.2.3.2 Doors. Autoclave door(s) shall be

shall be abte—to P vacutT to—tevelsbetow— ybia
[69 mbar (a)] and maintain the vacuum with a maximum
leak rate of 0.1 psi/5 min (6.9 mbar/5 min). Cooling,
drying (pulse, vacuum) is an optional cycle step used
to dry goods at the end of the autoclave cycle. Heated
pulse drying is also recommended for the drying of
porous goods such as rubber stoppers. Exhaust rates
and heating rates should be adjustable for pressure-
sensitive materials.

SD-5.3.2.2.2 Liquid Cycles. Forced air removal
preconditioning is an optional cycle used to evacuate
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accessible, cleanable, and replaceable, and should be
capable of undergoing inspection without dismantling.
The door seal shall be resistant to clean steam and clean
steam condensate. The door on the nonsterile side shall
be capable of reopening after closing without undergo-
ing a cycle. The door(s) shall not be capable of opening
during a sterilization cycle. The doors shall be con-
structed of materials that are resistant to clean steam
and clean steam condensate. For multiple-door systems,
the doors shall be interlocked to allow the opening of
only one door at a time. The unloading (“sterile-side”)
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door shall remain sealed in standby mode. Refer to Part
SG for specifications of seals used in bioprocessing.

SD-5.3.2.3.3 Sterile Air/Vent Filters. Where the
sterilization cycle requires admission of air into the
chamber, the air should be filtered with a sterilizing filter
(0.22 pm or less). The filter element shall be replaceable.
Provisions for the steam in place of the vent filter ele-
ments should be provided.

SD-532 34 Steam Trapc Refer to SD-312 for

recording chamber pressure during active autoclave
cycles shall be included.

(c) Date/Time. Provisions for recording the date and
time during an autoclave cycle shall be included.

(d) Recording may be achieved by paper or 21CFR

Part 11-compliant electronic means.
SD-5.3.3 CIP Systems and Design
SD-5.3.3.1 General

requiements of steam traps.

SD-5.3.2.3.5 Loading Carts/Trays. Carts and
trays pxposed to clean steam shall be constructed of
materjals resistant to clean steam and clean steam con-
densate. Carts, trays, and chamber shall be accessible or
removable and cleanable.

SD-5.3.2.3.6 Valves. Valves and sealing materi-
als lofated within the sterile boundary shall comply
with $G-3.3.2.3. Valves within the sterile boundary are
typicallly only exposed to clean steam service and chemi-
cal(s) psed during passivation. Exposure to these condi-
tions $hould be considered when selecting a valve type
for thys application.

SD-5.3.2.3.7 Check Valves. Provisions to pre-
vent bpck-siphoning into the service feed systems should
be conpsidered.

SD-5.3.2.3.8 Jacket. The jacket shall be con=
structed using materials that are resistant to corresion
and degradation from steam or clean steam and-clean
steam| condensate, as applicable.

SP-5.3.2.4 Other Features

SD-5.3.2.4.1 Drain Temperature.: Waste to drain
tempgrature shall comply with Owner/user specifica-
tions. [The owner/user must spegify discharge tempera-
ture requirements to the manufacturer.

SD-5.3.2.4.2 Instrumentation. Autoclave pres-
sure gnd temperatufe~shall be displayed at all doors.
All inptruments within the sterile boundary should be
of hygienic design. Instruments shall be capable of being
calibrjated and-replaced. The instrumentation shall
include the-following:

(a) [lemiperature. Independent temperature elements

SD-5.3.3.1.1 Scope and Definitions

(a) The following terms are defined(for"thjis section:

(1) CIP circuit: the sum of pathsiwithir] a process
unit operation that are cleaned ag‘part of a single CIP
cycle (e.g., bioreactor, buffer kold vessel).

(2) CIP cycle: the execdted recipe of rins¢s, washes,
and air blows used to clean soiled equipment.

(3) CIP path: the specific destination |contacted
with cleaning solution/rinse water during g CIP cycle
(e.g., spray deyice’path, inoculum line patl, addition
line path). Multiple paths within a circuit may|be cleaned
simultanegusly.

(4) ‘elean-in-place (CIP) system: a system tfised in the
prepatation, distribution, delivery, and sfibsequent
repioval of cleaning solutions to soiled equipment.

(b) All in-circuit components of the CIP system (e.g.,
filter housings, pumps, vessels, heat exchangelrs, transfer
panels, instrumentation, valving, piping) shall be
designed to be cleanable, drainable, and gf hygienic
design appropriate for use in contact with prqcess fluids
per the applicable sections of this Standard.

SD-5.3.3.1.2 CIP System Operating Capabilities

(a) The CIP system shall be capable of deliyering and
subsequently removing cleaning solutiong to soiled
equipment in a verifiable and reproducible fanner.

(b) The CIP system shall be capable of removing pro-
cess soils to an owner/user-determined acceptance
criteria.

(c) The CIP system shall be capable of remo}ying clean-
ing chemicals to a verifiable amount charafteristic of
the final rinse solution.

SD-5.3.3.1.3 CIP System Functionality
(a) A CIP system is a distributed system ¢f properly

(one or two for monitoring and recording and an inde-
pendent one for controlling temperature) shall be pro-
vided. The chamber temperature recording element
should be located in the chamber drain. Each tempera-
ture element shall be accurate to +0.18°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 temperature and clean steam resistant.

(b) Pressure/Vacuum. Pressure/vacuum instruments
shall be provided. The pressure instruments shall moni-
tor the chamber and jacket pressures. Provisions for
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tegrated components ncluding the following:

(1) CIP skid (CIP preparation equipment) designed
to prepare the cleaning solution. The CIP skid should be
designed to deliver feed water, inject cleaning chemicals,
heat, and supply the cleaning solution to the soiled
equipment. The skid shall also be designed to remove
all residual cleaning chemicals added during the cycle.

(2) CIP distribution equipment designed to trans-
port the cleaning solution to and from the soiled equip-
ment. The distribution equipment may also return the
solution to the CIP skid, if applicable.
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(3) Spray devices (if applicable) designed to deliver
the cleaning solutions throughout the soiled process
equipment.

(4) Instrumentation and controls architecture (if

rinse solutiens

Table SD-5.3.3.3-1 Flow Rates to Achieve
5 ft/sec (1.52 m/s)

Sanitary Tube Size

applicable) designed to communicate, monitor, and syn- 0.D. I.D. Flow Rate
chronize the CIP cycle, and report CIP variables. in mm in mm gal/min L/min
(b) .The follov.ving cleaning variables should be consid- 5 12.7 0.37 9.4 1.7 6.3
ered in the design of the CIP system and CIP cycle: 0.75 19.1 0.62 15.7 4.7 18
(1) time of exposure (contact time) to wash and 1.0 25.4 0.87 22.1 9.3 35
15 381 137 348 23 87
2 50.8 1.87 47.5 42.8 162

(2) temperature of wash and rinse solutions
(3) cHemical concentration of wash solutions
(4) flgiid hydraulics
(c) A %P system should include the capability to
control directly or indirectly (monitor and record if
applicable) the following CIP variables:

(1) tijing of CIP cycle

(2) pqth being cleaned (e.g., valve position indica-
tion, pressure/flow verification, manual setup
verificatiop)

(3) CJP supply temperature (or return if applicable)

(4) conductivity, volume of cleaning chemical
added, or cleaning chemical concentration for wash
solutions

(5) fipal rinse conductivity or residual cleaning
chemical doncentration

(6) CIP supply flow rate

(7) totalized flow (if timing not monitored)

(8) CIP supply pressure

(9) sgray device rotation (if used)

(10) ipterruption or unacceptable decrease itvflow
to a path

(11) pressure of clean compressed aix supply (if
used in aif blow)

SD-5.8.3.2 CIP Skid Design

(a) For [this section, a CIP skid.consists of a wash
and/or rirjse tank with all requisite valves, pumps, and
instrumentation. Provision forséparation of feed waters
and wash solutions shouldbe considered. CIP skids may
be located in a fixed,(centralized location or may be
portable and used ddjacent to the soiled equipment.

(b) The [CIP skid design should consider the CIP cir-
cuit volume for-water consumption, location of skid in
facility (i?Fixed), chemical consumption, waste effluent,

(f) The CIP skid should have flow<control, either via
pump output or by means of flow ‘control valves.

(g) CIP supply pumps shall\bé designed and| fabri-
cated per SD-3.3.2. The pdmp design should consider
the handling of a gas/liquid mixture.

(h) The design should consider hazardous opgration
of cycle consideringchoice of cleaning chemicals. Chem-
ical segregation,, spill control, addition handling,|mate-
rial compatibility, secondary containment, and
personnel safety should be considered.

SD:5:3.3.3 CIP Flow Rate Guidelines for Pfocess
Lines
(@) For effective cleaning, the CIP flow rate sﬂ;all be
sufficient to ensure that the cleaning agent and #finsing
solutions wet all targeted surfaces within the CIP Hound-
ary. The CIP flow rate should be greater than the grocess
flow rate.
(b) Table SD-5.3.3.3-1 details flow rates that ¢nsure
solution contact in straight horizontal and verticgl lines
for line sizes up to 2 in. (50 mm) without branches,
fittings, and other in-line components. These flow rates
correspond to a flow velocity of 5 ft/sec (1.5m/s),[which
is well into the turbulent range and typical for CIF solu-
tions that are within the scope of this section gnd all
line sizes referenced in Part DT.

(c) CIP flow rate requirements should be cons
in conjunction with other CIP process variable
temperature, chemical concentration, and time).

(d) Air trapped in branches may inhibit full dontact
of cleaning agent and rinsing solution to those process
contact surfaces. The flow direction, line orientatign, line

dered
(e.g.,

and energy required to clean a given circuit.

(c) The wash/rinse tank(s) shall be designed and fab-
ricated per SD-3.4. The tank(s) shall be designed for
cleanability per SD-5.3.3.4 and shall be equipped with
a spray device(s) per SD-3.9.

(d) If used on wash/rinse tanks, a hydrophobic vent
filter shall be designed to prevent moisture accumula-
tion in the vent filters and shall be fabricated per
SD-5.2.1.

(e) Heat exchange equipment shall be designed and
fabricated per SD-3.6.1.
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size, and presence and orientation of branches, fittings,
and other equipment can have a significant influence on
the flow rate required to remove air. Adequate solution
contact may be achieved at a flow velocity of 5 ft/sec
(1.5 m/s) with 1.5 in. (38 mm) and larger short-outlet
tees (Table DT-4.1.2-5). Smaller diameter short-outlet
tees and tees with longer branches may 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

(16)
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(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

(5) orienting branches so the flow of the liquid
entering the tee is directed toward the blocked branch

(d) Spray device design and location shall ensure
appurtenances such as manways, baffles, dip tubes, agi-
tator impellers, and nozzles are contacted with cleaning
solution. Some appurtenances may require additional
provisions for cleaning.

(e) Spray devices only ensure coverage of the exterior
of installed appurtenances and equipment. If not
removed during CIP, cleaning solutions shall flow
through appurtenances to clean their interior.

(6) ldllLllEb Wil.ll libk Uf illLUlllPlCLE bUluLiUll COITLACl
shoulf be considered worst-case locations that may
require local cleaning verification.

NOTE:
due to

Factors that may mitigate the risk of insufficient cleaning
incomplete air removal from branches include

(a) {IP flow rates higher than process flow rates are likely to
wet all|surfaces that were soiled.

(b) Instruments or other devices protruding into the flow path
may crpate additional local turbulence.

(c) Jondensate generated during hot washes or hot rinses as
part of p CIP cycle may provide some additional rinsing of surfaces.

(d) T

blows

ynamic flow conditions during route transitions and air
nay assist wetting.

SPp-5.3.3.4 Design Guidelines for Cleaning Process
Vessels

(a) [Process vessels should be cleaned via internal
spray device(s) designed to consistently expose all inter-
nal syrfaces to the cleaning variables described in
SD-5.3.3.

(b) [The use and application of a particular spray
devicg design to satisfy these requirements shall be
decided by the owner/user. Spray devicesishall be
designed and fabricated per SD-3.9~Aalso see
Fig. $D-3.9.2.1-1 for static spray‘device design
considerations).

(c) Pished-head vertical vessels should have cleaning
solutipns delivered with the majority of flow directed
towarfl the upper head and sidewall area at the upper
knuclle radius. Cylindrical horizontal vessels should
have ¢leaning solutionsidelivered with the majority of
flow directed toward the upper one-third of the vessel.
(1) If a statiessprayball is used, gravity provides a
solutipn sheetifig over the side wall and bottom head
(vertigal vessels) or lower surfaces (horizontal vessels).
(4) <& dynamic spray device is used, the device

vessel during CIP. Proper hydraulic balance-(gupply 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 advefsely affect
the operation. The installation 6f a vortex bfeaker may
be required.

(h) Vortex breaker (design is to be decided by the
owner/user. Vortex breaker surfaces shall bg¢ sloped to
eliminate poolingyduring CIP and positiofied to not
adversely affeétthe hydraulic balance of the CIP circuit.

(i) For process vessels equipped with an agitator, the
impellershould be rotated at an appropriate ppeed dur-
ing the €IP cycle.

SD-5.3.3.5 CIP Distribution Design

SD-5.3.3.5.1 CIP Distribution Guidelings (Supply

and Return)
(a) General
(1) The use and application of a particulgr distribu-
tion design or combination of designs is to be decided
by the owner/user. SD-5.3.3.5 discusses design and
installation considerations for a series of CIP distribu-
tion options.
(2) All CIP distribution designs shall be|sloped for
drainability as per SD-2.4.3. Slope designatign GSD2 is
recommended.
(3) The use of looped headers, transfer ganels, and
valve types (e.g., divert, mix-proof, multiport, zero-
static, and diaphragm) should all be consid¢red in the

design of the CIP distribution system.

(b) Looped Headers (See Fig. SD-5.3.3.5.1-1)
(1) For this section, a CIP distributioh “looped
header” shall be defined as a piping ring spirrounded
by circuit-specific isolation valves. The entir¢ ring path

may directly spray areas throughout the vesset or Tely
on sheeting action.

(3) Figure SD-3.9.2.1-2 details ranges of flow recom-
mendations for static sprayballs on vertical process ves-
sels under typical cleaning loads. The recommendations
in Fig. SD-3.9.2.1-2 ensure sufficient coverage.

(4) The criteria to ensure sufficient coverage on
horizontal process vessels vary with geometry and size.

(5) Sufficient exposure shall be confirmed by cover-
age testing per SD-6.1 at the site of equipment manufac-
ture and/or installation.
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1s cleaned during a CII” cycle.

(2) The dimension from the looped header to the
isolation valve weir or seat should conform to SD-3.1.2.2
(see Fig. SD-3.1.2.2-1 for details). The use of short-outlet
tees or zero-static valves is to be decided by the
owner/user.

(3) Future connections (if applicable) on the looped
header should use capped short-outlet tees or capped
installed zero-static valves.

(4) Looped header connections should be oriented
horizontally when used in CIP return applications.
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Fig. SD-5.3.3.5.1-1
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(5) CIP supply header design should provide for
adequate pelocity in parallel cleahing paths (e.g., line
size reducfion in loop header)-

(c) Trangfer Panels. Transfér.panels shall be designed
and fabricated per SD-3.7 1.

(d) Multiport Valves.(For this section, a CIP distribu-
tion “mulfiport valve™ shall be defined as a multiple
valve assembly fabricated as a single body to minimize
distances pnd‘maximize drainability [see SG-3.3.2.3(a)
for details.

CIP circuit or path

P

skid or drain

#2 supply

(2) Swing elbows or piping spools shall bp con-
nected to adequately supported piping to maintajin line
slope and connection alignment.

SD-5.3.3.5.2 CIP Distribution Piping
(a) The distribution piping and components in 3
culated CIP circuit shall be hygienic for design and
cation as per SD-3.1.2 and SD-2.4.3.
(b) The distribution piping and components in 4 once-
through CIP circuit or path (not recirculated) shall be
hygienic for design and fabrication as per SD-3.1}2 and

recir-
fabri-

(e) Zero-Stafic Chains (See Fig. SD-5.3.3.5.1-2)

(1) For this section, a CIP distribution “zero-static
chain” shall be defined as a manifold of circuit-specific
zero-static valves.

(2) Provision shall be made to flush the manifold
in a zero-static chain.

(f) Swing Elbows
Fig. $D-5.3.3.5.1-3)

(1) For this section, a “swing elbow” or “piping
spool” shall be defined as a removable section of pipe
used to provide a positive break between two paths.

and Piping Spools (See
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SD-2.4.3 upstream of the location of cleaning perform-
ance verification.

(c) CIP supply piping should be sized to ensure that
the fluid flow meets or exceeds the guidelines stated in
sections SD-5.3.2.3 and SD-5.3.2.4.

(d) The distribution circuits shall be designed such
that fluid flow will maintain a positive pressure relative
to the process drain, preventing backflow.

(e) CIP return piping shall be designed to maintain
hydraulic balance (supply and return flow) of the CIP
circuit.
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Fig. SD-5.3.3.5.1-3 Swing Elbow Arrangement
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SD-5.3.3.5.3 CIP Return Pumps

(a) [CIP return pumps (if required) shall be designed
and fgbricated per SD-3.3.2. Centrifugal pumps are pre-
ferred| for CIP return applications. If a gas/liquid mix-
ture if anticipated, then hygienic liquid ring pumps are
recommended.

(b) When a vessel is included in the circuit, CIP return
pumpp should be placed as close as possible to the vessel
bottoth outlet and at the low point of the circuit.

(c) Provision shall be made to flush through the casing
drain jof CIP return pumps.

(d) [CIP return pumps shall be designed to maintain
hydraulic balance (supply and return flow) of the CIR

circuif.

SD-5.3.3.5.4 CIP Return Eductors. For (this sec-
tion, 4 CIP “return eductor” shall be defined as a device
that upes a motive fluid to create a pressure differential
that r¢turns the CIP solution.

(a) |CIP return eductors shall\be designed and
installed to be drainable.

(b) [CIP return eductors shall be designed to be remov-
able for examination.

(c) ppecial design factors shall be considered when
using |CIP return eductors (e.g., vapor pressure, return
line size).

SDt5.3.4.Thermal Treatment Systems

SP-5:3.4.1 General. The thermal treatment sys-

To/from
CIP circuit #1

SD-5.3.4.1.1 Terminology. “High-temperature
short time” (HTST) refers.t@'processing at a cqmbination
of temperature and time that is designed td achieve a
desired level of bigbtirden reduction or virdl inactiva-
tion. Treatment cénditions (i.e., exposure tethperatures
and residence fimes) for HTST systems range broadly,
dependingon/the performance goal of the system.

“Ultrashigh temperature” (UHT) refers to processing
at temiperatures above 275°F (135°C) with rapid heating
and_cooling and short exposure times to achieve what
is 'generally accepted as a sterile condition.

SD-5.3.4.2 Performance Requirements. The
owner/user shall define the following systerh perform-
ance requirements:

(a) treatment temperature range

(b) required residence time at treatment tgmperature

(c) process liquid flow rate

(d) discharge temperature range

(e) maximum heating surface temperafture, 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 paranjeters shall
be specified by the owner/user, including specifying the
process fluid’s incoming temperature gnd other
properties.

SD-5.3.4.3 Thermal Treatment System Design
SD-5.3.4.3.1 System Configuration

tems described here reduce or eliminate viable microor-
ganisms and viruses in a liquid under continuous flow
conditions. Treatment of process liquids using high tem-
perature for a short residence time may be desired to
minimize degradation of the product or a product inter-
mediate. Thermal systems may be designed to achieve
goals that do not require sterilization of the process
liquid, such as inactivation of viruses or a particular
bacterial species. Bio-inactivation (waste treatment) sys-
tems (SD-4.4.2) and food pasteurization systems are not
included in the scope of this section.

(a) Thermal treatment system example contigurations
are shown in Figs. SD-5.3.4.3.1-1 and SD-5.3.4.3.1-2.

(b) HTST/UHT systems retain the process liquid at
an elevated temperature in a retention tube.

(c) The upstream heat exchanger in HTST systems
heats the process liquid, whereas the heating in UHT
systems is achieved by heat exchanger or direct steam
injection. Direct steam injection is performed with a
steam injector valve (typical) or in an infusion chamber.
These elements heat the process liquid to the required
temperature.
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{ Treated medi

Fig. SD-5.3.4.3.1-1 Example HTST Process Flow Schematic Diagram
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Fig. SD-5.3.4.3.1-2 Example Direct Steam Injection UHT Process Flow Schematic Diagram
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GENERAL NOTES:
(@) Qnly major piping and instruments are shown.

(b) Additional or alternative piping, valves, instruments, and equipment_may be required for the following purposes:

(1)} pressure safety

(2] media prefiltration with differential pressure monitoring
(3] CIP requirements

(4] SIP or hot-water sanitization requirements

(5) alternative skid startup sanitization methods

(6)] single-pass media startup sanitization methods

(7] low-pressure condensate return

(8] maintenance and calibration requirements

(9)) energy recovery

(d) [The downstream heat exchanger in HTST systems
and/qr the flash cooler in UHT systems cools the process
liquid| after the required\ residence time in the reten-
tion tyibe.

(e) HTST/UHT (systems may also be equipped with
an engrgy recovery heat exchange system.

(f) At a minimium, the following parameters shall be
monitpredzand controlled by the system:

(1) ‘heater outlet temperature

infusion chamber

water system connection) or sanitized and primed using
the process liquid.

SD-5.3.4.3.2 Heat Exchangers. Heat ¢xchangers
shall be designed to meet the performance requirements
in SD-5.3.4.2 and the applicable design criterig of SD-3.6.
The owner /user shall specify any additional parameters
required by the manufacturer, such as utilitids available
and process liquid characteristics. Heat ekchangers
should be designed and operated at higher tteated pro-

(2) cooler outlet temperature
(3) flow rate
(4) back pressure

(¢) Theretention tube outlet temperature shall be con-
tinuously monitored by the system.

(h) The system shall be configured to enable priming
to purge any entrapped gases and residual liquids (e.g.,
storage solutions) to the drain and to heat the system
during startup. The owner/user shall specify whether
the system shall be primed using compendial water
(from a break-tank or from a backflow-protected direct

89

cess liquid pressure than the utility side or untreated
process liquid-side pressure 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 require-
ments needed to minimize process fouling (e.g., mini-
mum Reynolds number or velocity and/or maximum
process contact surface temperature).

Energy recovery heat exchangers use either direct or
indirect recovery of energy residing in heated process
liquid flow by preheating incoming process liquids with

(16)
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exiting treated liquid. Direct recovery uses one heat
exchanger for this purpose, typically tube-in-tube,
which shall be hygienic on both hot and cold sides.
Indirect recovery uses two exchangers with a recircu-
lated heat transfer fluid to prevent process liquid
contamination.

Heat exchangers in HTST and UHT applications are
typically more challenging to clean than heat exchangers
in most other bioprocess applications. The following
types of heat ex a i

e bonnet drain slots and slippage between
and tube sheet shall be considered in thermal
the heat exchanger.

Coil heat exchangers are defined as a coiled
tube for ptocess liquid flow, inside a shell designed for
a heating/[cooling medium. Coil heat exchangers shall
be installed in a self-drainable vertical orientation.

(c) Electyric. Electric heat exchangers shall be designed
to providg uniform heating, for example, where electric
current is gpplied directly to the process-contacting tube.

(d) Tuberin-Tube. Process liquid, typically in the inner
tube, is en¢losed in an outer tube containing counterflow
heating o1] cooling fluid.

(e) Platg-and-Frame. See cautions in SD-3.6 regarding
use of plate-and-frame heat exchangers before consider-
ing use in|this application.

the bonnef
design of
(b) Coil.

SD-5.3.4.3.3 Steam Injectors

(a) Steam injectors shall introduce pure steam direétly
into procegss liquids to provide precise, instantaneous
heating in| HTST or UHT system:s.

(b) Steam injectors shall be installed suchthat single-
phase flow is achieved at the desired outlet temperature.
A sight glass installed downstreamrof the steam injector
is recommended to confirm single-phase flow.

(c) Steam injectors shall bé oriented to permit CIP,
or designgd for disassembly.and cleaning out of place
(COP), with agreement frefir the owner/user. Where the
steam injection systemis designed for CIP, it shall be
drainable jand exposed to CIP solution across the seat
of the stegm injection valve.

(d) Conpideration should be given to how condensate
introduced_ infto the process liquid may dilute the media

time in order to account for axial dispersion in the
piping.

(b) The retention tube diameter should be no larger
than the main system piping diameter in order to mini-
mize the residence time range due to axial dispersion.

(c) The retention tube should be designed with con-
sideration for axial mixing due to turbulence and veloc-
ity profiles in the tube. (For example, the average
centerline velocity in turbulent flow in tubing is typically

o-to 25% greate e elocity.)

(1) The design shall take into account theg
defined acceptable probability target that each process
fluid particle meets the required residence time.

(2) The Taylor equation for axial-dispersion |n tur-
bulent flow can be used to determinéthe requirefl tube
length. As an example, Fig. SD-5:3.4.3.6-1 shows the
theoretical additional retention\fdbe length that fvould
be required for a water-like*liquid treated at|[216°F
(102°C) for 10 sec in a 1-11."(25-mm) nominal retention
tube to account for axial*dispersion, assuming anf insig-
nificant number of\bends. In the figure, to ensufe that
less than 1 particle out of 10'? has less than the |10-sec
required residence time at 9.2 gal/min (35 L/mih), the
retention ¢ube length would have to increase by 24%.
Actual retention tube geometry, such as the numbger and
radii,0f elbows, coils, or U-bends, may impact the fesults.

(d) The retention tube shall be designed to fnable
visual inspection at its inlet and outlet. The owne}/user
shall specify whether inspection is required for two-
phase flow during operation and/or for cleaning
effectiveness.

(e) The retention tube shall be designed to mgintain
a consistent temperature within the tube durinp heat
treatment (e.g., the tube should be insulated andl shall
not have branches or tees that could result in low local
temperatures).

(f) No device shall be permitted for short-cirquiting
a portion of the retention tube (e.g., bypass valyes) to
compensate for changes in rate of process liquid flow.

(g) Theretention tube shall have a continuous upward
slope toward the discharge complying | with
Table SD-2.4.3.1-1 category GSD3 to ensure thaf air is
purged from the retention tube during operation. ]t shall
be drainable during cleaning and/or sterilization

operations.
VA PR N

and alter the overall flow rate.

SD-5.3.4.3.4 Flash Chambers.
future content]

[Reserved for

$D-5.3.4.3.5 Pumps. Pumps used in HTST/
UHT systems shall be hygienic and shall comply with
SD-3.3.

SD-5.3.4.3.6 Retention Tube
(a) The owner/user shall specify the average resi-
dence time required to achieve the required residence

90

. £l o doa doaal 1 & 4+l : 1 t
77 INO POITTTOIT OT e T CTeITIOIT tH DT DTTWECIT t mie

and the outlet temperature sensors shall be heated.

SD-5.3.4.3.7 Instrumentation.
future content]

SD-5.3.4.3.8 Flow Control. The flow rate shall
be controlled and monitored to ensure proper system
operation.

SD-5.3.4.3.9 Back Pressure Control. The system
shall be designed to ensure that pressure downstream
of the heating exchanger or steam injector is above the

[Reserved for
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FiL. SD-5.3.4.3.6-1 Example of Additional Retention Tube Length Required to Account for Axial lllixing (16)

Accepted fraction of not fully treated process fluid [Note (1)]
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NOTES:
(1) “Nat fully«treated” fluid is defined as fluid whose retention time is less than the required retention time.
(2) “Bdse length” is the average fluid velocity in the retention tube multiplied by the required retention time.
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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.

SD-5.3.4.3.10 Materials of Construction
(a) The following should be considered in selection
of materials used in fabrication of HTST/UHT systems:
(1) Cyclic temperature and pressure conditions
may shorten the life of materials.

the sterile envelope or boundary shall be designed
accordingly. Sterilization may be provided by condition-
ing the system with liquid at exposure temperature for
the required duration, by chemical sterilization, or with
a SIP cycle.

SD-5.3.4.4.4 Priming. The initial liquid passing
through the thermal treatment system is not expected
to meet the required treatment parameters. The system
shall be capable of a priming operation to fill the system

(2) Sqlutions at high temperature may accelerate
the rate qf metal corrosion or elastomer/polymer
degradatign.

(3) Hjgh-temperature operating conditions used in
UHT systgms may exceed the temperature ratings of
typical bigprocessing equipment or components.

(b) Although UHT processing conditions are outside
the normal performance ranges specified in SD-2.3.1.1,
process-contacting materials shall meet the require-
ments of IParts MM, PM, and SG.

.3.4.3.11 System Interfaces

(a) The pwner/user shall specify the maximum allow-
able discharge temperature for connections to the system
outlet and] drains.

(b) The pwner/user shall specify whether system san-
itization/gterilization ends within the system boundary
or extendg beyond the system boundary to upstream or
downstregm equipment.

(c) To design appropriate interfaces with source and
destinatiopn 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
sterilizinglfilters). The owner/user shall specify whether
the thermagl treatment system is intended.to-be imple-
mented as|part of an open, functionally.¢losed, or briefly
exposed

SD-53.4.4 Operating Capabilities and System
Function. | Thermal treatmenf\systems shall be capable
of the follpwing functions.

SD-5.3.4.4.1 Drainability. The process contact
portions of the systemi shall be drainable per SD-2.4.3.

SD-5.3.4.4:2" Cleaning. Thermal treatment sys-
tems shalll be.designed for cleaning in place of process
contact sul i ithi

a-cucktanm

with liquid, remove air, and establish pressure anl flow
control. The thermal treatment system may be-frimed
by the process liquid to be treated or by a primingfliquid
(e.g., WEFI).

SD-5.3.4.4.5 Thermal Sanitization. The o
user shall define the sanitizatiofy conditions (e.g
and temperature). UHT systems shall be san
HTST systems should betsanitized when nee
ensure that the treated pfocess liquid is not ¢

jvner /
, time
tized.

exchanger, flash chamber) must be thermally sapiti
toymeet the functional closure criteria.

SD-5.3.4.4.6 Temperature Stabilization.
mal treatment systems shall be designed to st
the temperature of the liquid before diverting it
destination. Heating, cooling, flow rate, and bacl
sure controls are enabled and allowed to stabiliZe.

If the system uses a priming liquid, such as WFI, the
system shall stabilize the temperature using the pfiming
liquid and then transition to and restabilize usihg the
process liquid. Stabilization using the process [liquid
should continue until all the priming liquid hag been
cleared from the system, at which point the systerh shall
divert the heat-treated process liquid to the destipation.

Ther-
hbilize
to the

pres-

SD-5.3.4.4.7 Heat Treatment. The systenp shall
deliver heat-treated process liquid to the destihation
only if the performance requirements are met. If they
are not met, the system shall divert the liquid to ahother

may have different cleaning requirements or procedures.
Where fouling of heated surfaces may occur, cleaning
and operational procedures should address potential
fouling of those segments of the system. When compen-
dial water from a break-tank is used in nonrecirculating
mode to condition and flush the system, provision shall
be made for the sanitization of the water tank and its
piping at a minimum.

SD-5.3.4.4.3 Sterilization. If sterilization of the
thermal treatment system is required, the area within
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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 heat treatment continues until the desired amount
of liquid is treated. At the conclusion of the process
batch, the system may flush residual treated process
liquid forward using a treated priming liquid to max-
imize recovery.
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SD-5.3.4.4.8 Post-Use Sequence. At the end of
the treatment process, the system shall turn off the heat-
ing and cooling equipment. The system may flush the
HTST or UHT equipment with water to prepare for
subsequent cleaning. The post-use sequence should fin-
ish by draining the system or promptly initiating the
CIP sequence.

SD-5.3.4.5 Product Impact
(Degradation, Fouling, Precipitation).

Considerations
[Reserved for

position over time may provide an indication of pump
performance degradation, flow instrumentation drift, or
fouling affecting system flow resistance.

SD-5.3.4.7 Maintenance.
content]

[Reserved for future

SD-5.3.5 Solution Preparation Systems. Solution
preparation systems are used for the preparation, stor-
age, and distribution of buffer solutions, media solu-

tions and other raacornnl'c used-in hinﬁrocessing,

futurd content]

SP-5.3.4.6 Testing. Process parameters (e.g., resi-
dence| time at temperature) to be tested for HTST or
UHT phall be defined by the owner/user. The system
design should accommodate test instrumentation
requined to verify the process parameters and confirm
the control/monitoring process performance.

(a) [Temperature performance should be verified
using|temperature measurement devices independent
of the|system instruments at the inlet and outlet of the
retentjon tube. The independent sensors should be posi-
tioned in a manner that allows measurement of the bulk
fluid {emperature.

(b) |Average residence time should be determined. It
may He determined by dividing the retention tube vol-
ume By the measured flow rate.

(c) Minimum residence time may be characterized at
a givgn flow rate by measuring the time lag response
between the inlet and outlet of the retention tube as a
resultfof a step change in the supply fluid temperattire.

(d) [Iif a surface temperature limit has been specified
by th¢ owner/user, the heating surface téemperature
shouldl be verified. For electrically heated tubing, the
exteripr surface temperature may besmeasured to pro-
vide gn indirect, but conservative, measure of the inte-
rior spirface temperature. For_steam-liquid or liquid-
liquidlheat exchangers, the utility-side (e.g., steam or hot
water) inlet temperature may-be measured to provide an
indireft, but conservative,'measure of the tube surface
tempgrature.

(e) nitial testing of new equipment should document
the he¢at supplied'to meet the process requirements.
Changes in theheat required to meet the process require-
ments] mdy~indicate the onset of deleterious fouling.
The hgat’supplied can be correlated to power input for

I
formulation, and filling operations. Syslems may
include components for transfer and mixing of solids
and liquids (e.g., agitators, in-line mixers, vacfium trans-
fer equipment, intermediate bulk‘econtainers). The sys-
tems may also include tanks/vessels fo} solution
preparation and for solution storage. Systems may also
include components desighed specifically for[bioburden
reduction or solution Conditioning. Examples of these
include filtration systems and thermal condit{oning sys-
tems such as UHF/HTST systems.

Preparationfanks may be designed for opefjations that
are briefly exposed to the room environment [e.g., addi-
tion of reagents through an open port) when appropriate
measures-are exercised for bioburden contro] and other
particulate contamination (e.g., filtration to feduce bio-
burden after reagents are dissolved).

The owner/user shall define which proc¢ss contact
surfaces require cleaning and/or sanitizatiorf (e.g., ves-
sel internals, solids transfer equipment, solutipn transfer
lines, vent lines) and which cleaning methods (e.g., CIP,
COP, water rinses) and/or sanitization methods (e.g.,
chemical sanitization, SIP, hot-water flush)| are to be
used.

When a solution sterilizing-grade filter is pIP’d with
the system, the sterile envelope shall includp the filter
membrane. In practice, this requires a d¢sign that

achieves sterilization conditions across|the filter
membrane.
SD-5.3.5.1 Contamination Control. [Measures

should be taken to contain powders that ar¢ added to
mixing tanks and to contain aerosols that may be gener-
ated during solution preparation to mitigate|the risk of
cross-contamination between operations. The owner/
user shall assess the risk of cross-contaminatiqn between
operations. Controls to mitigate the risf of cross-

electrically heated tubes, steam pressure for steam heat
exchangers, and non-process liquid inlet and outlet tem-
peratures for liquid-liquid heat exchangers.

(f) Initial testing of system performance should docu-
ment the steady-state pump speed, pump differential
pressure, flow rate, system back pressure, and back pres-
sure control valve position. The pump speed, flow rate,
and pump differential pressure may be compared to the
manufacturer’s pump curve as a benchmark. Changes
to the relationship among pump speed, pump pressure
differential, flow rate, and back pressure control valve
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contanmination may mclude

(a) physical separation (e.g., separate rooms,
isolators)

(b) airflow controls (e.g., dust collection systems, fil-
tration of circulated air, flow direction)

(c) use of closed-process systems

(d) temporal separation

(e) procedural separation

The owner/user shall specify requirements for mitiga-
tion of risks from environmental contamination and
growth of adventitious agents such as bacteria, fungi,

(16)
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and viruses in solutions during processing and hold
times.

SD-5.3.5.1.1  For systems that require closure,
controls to achieve and maintain a functionally closed
system after mixing may include

(a) equipment to achieve required bioburden reduc-
tion in prepared solutions (e.g., sterilizing-grade filters,
HTST, sterilization vessels)

(b) technologies that prepare equipment for use (e.g.,

Fig. 5.4.1.2-1, which are designed for isolation,
cleanability, and/or bioburden control. These compo-
nents/systems have the potential to affect product qual-
ity and include the following:

(a) lyophilizer chamber

(b) condenser vessel

(c) lyophilizer shelves

(d) vacuum systems

(e) isolation bellows

CIP, SIP] use of gamma-irradiated single-use
componerits)

(c) procedures and designs to maintain control during
processing and holds after bioburden reduction (e.g.,
system cldsure after sanitization, drying equipment for
holds, and hold and processing time limits)

SD{5.3.5.1.2  Systems used for aseptic pro-
cessing shall have all surfaces that contact sterile process
streams dpwnstream of the bioburden control device
capable of being sterilized. This includes interfaces
between cpmponents that are sterilized separately.

SD-5.3.5.1.3  Systems used for buffer distribu-
tion may [require a filter to reduce bioburden during
transfers tp downstream systems, particularly when the
buffer is gfowth-promoting or is transferred to a holding
system before use. Tanks used for long-term storage of
solutions ghould be designed to be sterilized unless the
intended golution is bactericidal or bacteriostatic.

SD-5.4 Fill and Finish Systems
SD-5.4{1 Lyophilizers/Freeze Dryers

SD-5.4+.1.1 General. For the purposetof ‘this sec-
tion, the t¢rms “lyophilizer” and “freeze-dryer” may be
used synohymously. This section des¢ribes the require-
ments for cleanability and bioburdén control of lyophi-
lizers that| are used for biophatfmaceutical processing.
This sectign applies to lyophilizers in which product is
loaded onfo shelves. Other designs that use methods
and components not described in this section should
be evaluafed and agreed upon by the owner/user. A
lyophilizef comprises'a number of interconnected com-
ponents. Components with process contact surfaces
and/or product/contact surfaces shall be designed for
cleanabili

Lyophilizer surfaces of components, piping, equip-
ment, or systems that are isolated by design from both
product and process fluids are not process contact sur-
faces nor required to be designed for cleanability or
bioburden control. Examples of surfaces that are not
process contact surfaces include the exterior surfaces
of equipment, drain lines, vacuum lines, and systems
containing hydronic or hydraulic fluids.

SD-5.4.1.2 Components. A lyophilizer is com-
prised of functional components/systems, as shown in

{fJ internal moving parts
(¢) spray devices

(h) gas filter assemblies

(i) doors and door seals
(j) valves

(k) instruments

SD-5.4.1.2.1 General

(a) All components shall'be rated for the applicable
pressure, vacuum, temiperature range, thermal phock,
and exposure to sanitizing agents [e.g., vaporized hydro-
gen peroxide (VHR)] when applicable.
(b) Process ¢ontact surfaces made from metalliqmate-
rial should ¢comply with SD-2.4.1.1 through SD-3.4.1.3.
(c) Process contact surfaces made from nonmjetallic
materidlshould comply with SD-2.4.1.1, SD-24.1.2,
SD-24.1.4, and Part PM.

SD-5.4.1.2.2 Lyophilizer Chamber

(a) The interior surfaces of the lyophilizer chamber
(chamber vessel) are considered process contact
surfaces.
(b) The lyophilizer chamber includes all necessary fit-
tings and closures (e.g., doors, bellows, isolation vplves).
The chamber floor shall be self-draining.
(c) The surface finishes of the chamber internfl sur-
faces (i.e., door, walls, ceiling, and floor) shall be|speci-
fied by the owner/user using the designatipns in
Table SF-2.4-1.
(d) Where the chamber interfaces with the clear} room
or isolator, the surfaces shall meet the owner/user’s
specified requirements.

SD-5.4.1.2.3 Condenser Vessel

(a) The condenser vessel, used to contain thp con-

denser heat exchanger, is connected to the chamber ves-
T i Ive.

(b) All surfaces shall be self-draining.

(c) In systems designed with backstreaming preven-
tion (i.e., prevention of reverse flow from the vacuum
pumps), the condenser vessel is downstream of the
chamber. The condenser vessel surfaces are not process
contact surfaces and do not have surface finish
requirements.

(d) In systems not designed with backstreaming pre-
vention, the condenser vessel surfaces are process con-
tact surfaces. The surface finishes of the condenser vessel
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Fig. SD-5.4.1.2-1 Typical Lyophilizer Component Assembly
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shall be specified by the owner/user using the
designations in Table SF-2.4-1.

SD-5.4.1.2.4 Lyophilizer Shelves
(a) The flat surfaces of shelves supporting containers
of product (e.g., vials containing product) are considered
process contact surfaces.
(b) The flat surfaces of shelves are considered product
contact surfaces if product without containers is placed
directly on the shelves.

sealed by a bolted flange connection with an O-ring seal
within the chamber vessel facilitates replacement and
maintenance. The inside of the bellows may be evacu-
ated, vented, or pressurized to facilitate retraction or
extension of the bellows. The lyophilizer may be pro-
vided with a leak-test system to ensure the bellows are
intact.

(d) When specified, the bellows shall be suitable for
sterilization and shall allow for full penetration of the

prri]i7ing agent at all surfaces inside the gterile

(c) Surfaces of the structural components of the
shelves arg considered process contact surfaces.

(d) The|shelf heat transfer performance depends on
shelf flatness. The loading/unloading and initial con-
tainer clopure performance require the shelves to be
level. Thefefore, shelves are not required to be sloped.
Methods ¢ther than self-draining may be required to
remove regidual CIP liquid (e.g., collapsible shelves may
be contragted to remove residual CIP liquid from shelf
surfaces fpllowed 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 gwner/user using the designations in
Table SF-24-1. A rougher surface may be specified for
the bottorh side of the shelves by the owner/user to
meet progess requirements (e.g., stopper adhesion
prevention).

SD-5.4.1.2.5 Vacuum Systems

(a) The|lyophilizer vacuum pumps and condenser
cooler establish a pressure gradient during lyophilizas
tion from|the chamber vessel through the condenser
vessel regulting in single-direction flow toward the
lyophilizef vacuum pumps. To maintain an enyirenment
appropriate for aseptic processing in the chamber vessel,
the vacupm system shall prevent/teéverse flow
(backstreaming).

(b) The [lyophilizer vacuum pumnps are not hygienic
components and should be designed to be outside the
sterile boyndary.

(c) Whdre vacuum pumps.for wet service (e.g., liquid
ring vacuyim pumps) @résused to evacuate air/vapor
from the ¢hamber and.condenser vessels, they should
be located| outsid¢\the sterile boundary.

SD-5.44:2:6 Isolation Bellows
(a) Isolqtiofbellows are employed to isolate nonhy-

boundary.

SD-5.4.1.2.7 Internal Moving Parts«\The fpllow-
ing should be considered in the design’of toving parts
(e.g., the raising and lowering of the&helves) within the
chamber and/or condenser vessels:

(a) Nonmetallic material majysbe used for n
parts in order to reduce friction (e.g., PTFE,
UHMWPE). The selection,of the material shoul
sider minimizing particle 'generation.

(b) Contact surfaces-between moving parts shall be
exposed to solutions used for cleaning and bioHurden
control.

(c) A bellows may be used to isolate the chamber
and/or condenser from moving parts that are pot of
hygieniccdesign.

oving
PEEK,
H con-

SD-5.4.1.2.8 Spray Devices

(a) Spray devices are used in lyophilizers to fa
the cleaning of surfaces inside the chamber an
denser vessels. Spray devices in the condenser
may also be used for directing spray at the con¢lenser
cooler to facilitate defrosting of the condenser cgoler.

(b) Spray devices designed for cleaning should pro-
vide sufficient flow and force to clean flat surfacep (e.g.,
shelves) by direct spray. Cleaning the internal syrfaces
of a lyophilizer by direct spray may require a qupply
pressure and flow rate that are substantially highg¢r than
are typical for cleaning an empty vessel. The qupply
pressure and flow rate should meet the manufacfurer’s
recommendation for these spray devices.

(c) Both static and dynamic spray devices are g
able for use in lyophilizers. The use and applicafion of
a particular spray device design should be agreed upon
among the owner/user, lyophilizer manufacturgr, and
CIP system integrator. The number of spray devicgs may

ilitate
l con-
vessel

ccept-

gienic moving components from the lyophilizer sterile
boundary.

(b) The surfaces of the bellows and its mounting con-
nections exposed to the inside of the lyophilizer are
considered process contact surfaces and should be
assessed for cleanability. The bellows shall be extended
during the cleaning cycle to provide access to all exposed
process contact surfaces.

(c) The bellows shall be sealed at each end to isolate
the inside of the lyophilizer from external conditions.
Bellows may be bolted or welded into place. A bellows
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be reduced iI the shelves are allowed to move during
cleaning. Spraying of shelves should be designed to
avoid the interference of spray streams of opposing
directions.

(d) The use of threaded connections for spray devices
shall be agreed upon by the owner/user.

(e) Spray devices shall meet the provisions of SD-3.9.2.

(f) Spray device design, location, and orientation shall
ensure appurtenances (e.g., nozzles, bellows, shelf sup-
ports, and hoses) are exposed to complete spray
coverage.
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SD-5.4.1.2.9 Gas Filter Assemblies

(a) For the purpose of this paragraph, the gas filter
assembly is defined as those filters installed for the pur-
pose of filtering process gases supplied to the lyophi-
lizer. The filter assembly includes the filter media, seals,
housing, and connected tubing.

(b) The last filter in the path of the gas to the lyophi-
lizer (proximal filter) shall be part of the sterile boundary

and be designed for the chosen means of bioburden
reduction(e g SIP or VHDP) This filter shall be a steriliz-

(k) Door seal lubricants shall not be used in aseptic
processing applications.

(I) Refer to Part SG for specifications of seals used in
bioprocessing.

SD-5.4.1.2.11 Valves
(a) Valve design and selection for service shall follow
5G-3.3.2.3(a) and Part SD as appropriate. The application
of a specific valve type for a given service should be
agreed on by the manufacturer and owner/user.

ing-grade filter. If a redundant sterilizing filter is used,
both f{lters shall be included within the sterile boundary.
(c) Filter assemblies that are steamed in place shall
be degigned to
(1) limit the pressure drop across the filter to within
the mpnufacturer’s specifications in the specified flow
directjon
(3) permit temperature monitoring in a location
repregentative of the coldest location
(3) accommodate the integrity testing of the proxi-
mal fifter, either in situ or out of place
(d) [if CIP of the gas filter assembly is specified, provi-
sions fshall be made in the design for removal of the
filter plement(s) prior to the CIP. Filter elements shall
be reipstalled prior to sterilization of the filter assembly.

SD-5.4.1.2.10 Doors and Door Seals

[ yophilizer doors and door seals shall be designed
thstand vacuum, cleaning, and sterilization
ions.

[yophilizer doors shall be accessible, cleanable,
bplaceable and should be capable of undergoing
tion without dismantling.

(c) [For multiple-door systems, the doors shall be
interlgcked to allow the opening of only one door at a
time during normal operation.

(d) [Doors and locking hardware that interface with
the cl¢an room should not be retracted to uncontrolled
space

(e)
accep

)

able s

(a)
to wi
condi

(b)
and r
inspeq

Both sliding and.“swing door designs are
able.

Door seals can be made with either static or inflat-
pals. Stafic'seal grooves that hold the seal may be

() Hygienic valves shall be used inside|the sterile
boundary.

(c) Diaphragm valves are acceptable fo
fluid service.

(d) Butterfly valves may be used'ds part of
boundary when piping/tubing)is larger th.
diameter.

(e) Ball valves may beused outside the stes
ary to establish positive-isolation.

(f) Pressure relief devices or rupture disks ¢f hygienic
design may besused as part of the sterile bojindary.

(g) If the lyophilizer is designed for isolatign between
the chamber ahd condenser, the isolation valvie may take
the formyof a mushroom valve, butterfly valvfe, or other
proprietary valve design.

SD-5.4.1.2.12 Instruments

(a) All instruments within the sterile poundary
should comply with all applicable sections jof Part PI,
including PI-2.1, PI-2.1.1(c) and (f), and PI-2{2.2.

(b) Instruments in process contact shquld be of
hygienic design.

(c) Instrument probe surfaces and side poft penetra-
tions shall be oriented for self-drainage.

(d) Instruments installed within the sterile
should be designed for CIP and sterilizati
ments not designed for CIP should be remove
ing and reinstalled for sterilization.

(e) Locations with product-sensing instrurhents (e.g.,
thermocouples and RTDs) and wire leadfthroughs
should be considered when designing for clganing and
sterilization.

(f) Instrumentation with integral seals or dliaphragm
seals is preferred within the sterile boundarfy. The risk

F hygienic

the sterile
in 2 in. in

ile bound-

boundary
bn. Instru-
 for clean-

assessed

on either the\door or the chamber. oF . - ) .
(¢) [The(3eal groove may be set back from the chamber of using instrumentation without integral sdals or dia-

flangd edge to keep the seal in position during vacuum 1phra§m sials (.e].g.L, Plrarzl giiuge??L shouleL ined b

Conditions. pasec o tneTrIsSKto-proauctquatity —as cretermine y

(h) Compression of a single static seal to achieve a
metal-to-metal contact is preferred to avoid a gap
between door and chamber vessel.

(i) The door static-seal design shall provide access for
manual sanitization as the seal face under compression
does not permit penetration of sterilizing agents.

(j) A combination (static and inflatable) seal design
with the static seal circumscribing the inflatable seal
provides for penetration of sterilizing agents across the
sealing face of the inflatable seal.
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the owner/user.

SD-5.4.1.3 Sterile Boundary. For the purpose of
identifying areas that should be exposed to sterilizing
agents, the following areas within the chamber and con-
denser vessels define the sterile boundary as indicated
in Fig. 5.4.1.3-1:

(a) the inside surfaces of the chamber vessel to the
chamber door isolation seal.

(b) the inside surface of the condenser vessel to the
condenser door isolation seal.
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Fig. SD-5.4.1.3-1 Lyophilizer Sterile Boundary
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(c) the dhamber and condenser drains to the first isela- (b) For process contact surfaces, the use of pins) clevis
tion drain|valve. rods, snap rings, and clips may be required to mount
(d) the pacuum pump inlet connection in the con-  hardware inside the sterile boundary but should be min-
denser vegsel to the first isolation vacuum valve closest ~ imized and agreed on by the owner/user. The syrfaces
to the confdenser vessel. of these fasteners should be among those assesged for
(e) the yacuum break/gas inlet lin€ to the sterile gas  cleaning and penetration of sterilizing agents.
filter. If redundant sterilizing filtefs in series are used, (c) Socket head cap screws and counterbored| holes
the sterile|boundary ends at the/membrane of the filter ~ inside the sterile boundary shall only be used with the
farthest frpm the chamber vessel. agreement of the owner/user.
the (IP/SIP inlet linesito the first CIP /SIP isolation -
() . / . o / SD-5.4.1.5 CIP of Lyophilizers
valve that|is closed during the lyophilization process. .
. . (a) Systems used to clean lyophilizers shall cpmply
(g) the sealing surface on all instruments connected : s .
with SD-5.3.3.1.2. Cleanability requirements of SID-2.4.2
to the chamber arid’condenser vessels. . s j
. are applicable to lyophilizers except for SD-2.4.4(b)(1),
(h) thermocotiple/RTD seals connected directly to the . "
which does not apply to lyophilizer shelves.
chamber g4nd.condenser vessels. . ;
(b) It is accepted practice to use water as tHe CIP

(i) the éxposedsurface-of-thepressurerelefvalve o : i v — ————————— |

fluid for cleaning water-soluble compounds. Water for

rupture disk.

SD-5.4.1.4 Internal Connections and Fasteners
(1) Threads sealed by an O-ring or hygienic gasket

are accept

able. The use of exposed threads within the

lyophilizer sterile boundary should be avoided. If other
means of fastening are not practical, the use of exposed
threads may be permitted with the agreement of the
owner/user. The surfaces of exposed threads should be
among those assessed for cleaning and penetration of

sterilizing

agents.

injection shall be used for the final rinse in aseptic pro-

cessing 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 determin-
ing the required coverage. The acceptance criteria for
coverage shall be agreed to by the manufacturer and
owner/user. Nonmandatory Appendix L provides an
acceptable procedure for spray device coverage testing.
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(d) The process contact surfaces within the condenser
vessel may be cleaned via internal spray devices to pro-
vide the coverage agreed on between the manufacturer
and owner/user.

(e) Internal liquid distribution piping shall be sloped
to meet the requirements of GSD2 to facilitate gravity
draining.

(f) External liquid distribution piping shall be
designed with valve actions that facilitate gravity drain-

(b) a dual control design may be used to deliver high
steam flow rates that are often required during the heat-
ing 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 be used for tight control during the exposure
phase.

(c) a vacuum drying phase should be used to elimi-

i | hrepripedopeotareetthetegritememtee Goba——natcans condensale remamingaithin the stegile bound-
(g) [The liquid level in the chamber and condenser 4ty following SIP.

vessels should be minimized during once-through CIP
by cofrect sizing of the drain and by providing slope to
the reppective drain. A CIP drain pump may be used
to assist draining of the chamber and condenser vessels.
(h) [When recirculated CIP is used, the following
requirements apply:
(1) Recirculated systems shall be drainable includ-
ing ptimp casing(s).
() Recirculated systems shall be capable of remov-
ing refidual chemicals and debris during the final rinse.
(i) The chamber and condenser vessels shall be self-
draingble.
(1) Process contact surfaces shall be sloped to meet
the rdquirements of GSD3 for drainage of CIP fluids
and t¢ prevent the collection of condensate during the
steamjng processes.
(3) Interior surfaces of nozzles penetrating the vers
tical yalls of the vessel shall be sloped to meet(the
requitements of GSD3.
(3) The floor of the vessel shall be sloped-toward
the drpin connection to meet the requirements of GSD3,
unlesy otherwise agreed to by the manufacturer and
ownet/user.

SPp-5.4.1.6 Bioburden Reduction in Lyophilizers.
LyopHilizers designed for biebtrrden control should con-
sider the following;:

(a) pressure or vacumm hold testing in preparation for
the bipburden reduction process. Refer to leak detection
para. pD-5.4.1.7.

(b) pvacuationef air from the chamber and condenser

(d) if cooling and drying are accomplishefl with the
introduction of a process gas with openldraing, a positive
pressure differential shall be maintained to pfeserve the
sterile boundary during this opefation.

(e) temperature monitored throughout th¢ SIP cycle
should include coldest (worst-case) locations] If routine
monitoring of worst-cdse‘locations is not prhctical, the
temperature of locatiofis that have been correlated to the
actual worst-casedgcations may be monitorgd instead.

(f) to minindize cold locations during SIP, (horizontal
penetrations\should be sloped to allow condensate to
drain.

SD-5.4.1.6.2 Hydrogen Peroxide Sterilization.
When designing lyophilizers for sterilizdtion with
Hydrogen peroxide gas under vacuum

(a) the system should be designed to be|dried and
have a surface temperature that meets the|supplier’s
specification for the hydrogen peroxide supply system
[typically 59°F (15°C) and 176°F (80°C)] prior fo the start
of the sterilization process.

(b) the system should be designed to verify that the
residual hydrogen peroxide levels are below] the estab-
lished thresholds, after the sterilization procegs has been
completed. Threshold levels should be agreedl on by the
owner/user for both operator’s safety and the potential
impact on the product quality.

SD-5.4.1.7 Leak Rate

(a) Lyophilizers designed for aseptic lyophilization
processes shall be designed to meet leak-rate testing
criteria as agreed to by the owner/user. The sterile
boundary should be leak tested before aseptic opera-

vessels to_reduce the potential for air to be trapped  tions begin. The leak rate is calculated as follows:
during the”bioburden reduction process. Effective air
evacuftion may be achieved through the use of a liquid Q= AALtV
ring vacuum pump or similar.
. Lo here
SD-5.4.1.6.1 Steam-in-Place. When d W
1 >4 . en designing Q = leak rate, mbar-L/s
lyophilizers for steam-in-place _ - .
@ hould enter the lvophili t onl V = the lyophilizer system volume subject to the
.a Steam_ shou _er,l e%’ the lyophi 1.zer at on y.one vacuum, adjusted to exclude the volume occu-
point at a time to minimize the potential to trap air or pied by internal hardware, L
1cond.ensate’. Iflsteam r\ieed}fL tg enter ;hrollégh mulgple AP = the absolute pressure rise during the test, mbar
ocations simultaneously, the design should create tlow At = the test duration, sec

paths that avoid air entrapment. The design should
ensure that condensate will freely flow toward low-point
drains.
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(b) Leak-rate testing should be performed on a clean,
dry, and fully assembled and insulated system with the
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condenser cooler in operation to capture residual vapor.
Typically, leak rates less than 0.02 mbar-L/s are accept-
able for new installations. Leak-rate testing is intended
to confirm vacuum integrity of the system.

(c) Leak-rate tests are performed at high vacuum con-
ditions with an absolute pressure typically on the order
of 0.01 mbar.

(d) Sufficient stabilization time will avoid misinter-

pretation of the vacuum leak rate due to virtual leaks.
Virtual le ks are identified hy aleak rate that stabilizes

using a complete CIP per protocol during cleaning
validation.

SD-6.2 Cleaning, Steaming, and Bioburden Control
Testing

Cleaning, steaming, and bioburden control testing (in
addition to spray device testing) shall be as agreed to
by the owner/user and manufacturer, and in accordance
with accepted industry standards.

over time,
(e) Indi

jected to

tested pri

SD-5.4+.1.8 Branch Connections

(a) The|provisions of SD-3.1.2.2 are applicable to
liquid-senvice process contact piping leading to the
lyophilizet.

(b) Nozgles within the sterile boundary should be
designed fo allow for full exposure to the sterilizing
agent.

(c) Nozkles and other appurtenances that are cleaned
by liquid $praying should allow complete coverage.

(d) Lyophilizer internals should be designed to avoid
low pointg where fluid can be trapped.

Fidual component assemblies, which are sub-
bacuum conditions, should be helium leak
r to final installation.

SD-6 DHSIGN CONFORMANCE TESTING

Design
formation
All design|

conformance testing shall not result in the
of any surface anomalies or contamination.
conformance tests and test results doctimen-
tation shall have the date and time recorded. Each test
document|shall include a record of personnel who per-
formed arjd confirmed the test results.

SD-6.1 S

An acceptable spray device goverage test procedure
is provideql in NonmandatoryAppendix L. The purpose
of the sprdy device coverage test is to demonstrate and
document|liquid coverage-of the process contact sur-
faces. Theltest provides.information about liquid cover-
age and the conditions necessary to achieve this
coverage @s a prerequisite for cleaning of the process
equipment. Effective coverage shall be visually deter-
mined using¢a fluorescent solution and an ultraviolet

ray Device Coverage Test

SD-6.3 Fluid Requirements for Leak Testing

Where leak testing is required, the following|fluids
shall be used:

(a) Hydrostatic testing shall use-¢l€an puriffied or
deionized water filtered at 25 microris or better, junless
otherwise agreed to by the owner /tser.

(b) Pneumatic testing shall use oil-free clean dry air,
nitrogen, or inert gas filteted" at 25 microns or etter,
unless otherwise agreed t0 by the owner/user.

SD-6.4 Vessel Drainability Test

Specific steps\or operations in a bioprocesp may
require vessels‘to be self-draining. A drainability test
for such vessels shall be conducted as agreed to[by all
parties. AAs" a proposed test procedure, the following
should be considered:

(@) The vessel shall be in its intended operating|orien-
tation within a tolerance agreed to by the owne/user.

(b) The vessel shall be filled approximately [to the
weld seam that joins the shell to the bottom heaf.

(c) The outlet valve shall be opened, the vessdl shall
be vented to atmosphere, and the vessel shall be allowed
to drain by gravity.

(d) There shall be no puddles of water left
bottom of the vessel greater than as agreed to
owner/user and manufacturer.

It is generally understood that residual water thay be
present in the form of droplets that typically dlo not
exceed a diameter of 5 mm. Residual water dfoplets
adhere to process surfaces due to surface tensiqn and
are not indicative of a vessel’s drainability. Obgerved
puddles that are displaced with a 1.0-in. (25-mm) fubber
dowel applied perpendicular to the puddle and r¢-form
at the point of displacement indicate a flat or unin{nded

n the
by the

low point, and that area shall be repaired to the sqtisfac-
.1

lamp or by other verification methods as agreed to by
the owner/user and manufacturer. The minimum
acceptable water quality is noncompendial purified
water (e.g., reverse osmosis or deionized). Acceptance
criteria and coverage test protocol should be agreed to
by the owner/user and manufacturer.

Spray device coverage tests are not intended to dem-
onstrate system cleanability. System cleanability is
achieved through the equipment design, the spray
design, knowledge of the soils, cleaning agent selection,
and cleaning process parameters. Cleanability is verified

100

tiorrof-the-owner/user—Puddles-thatare-disptaced with
a 1.0-in. (25-mm) diameter rubber dowel applied per-
pendicular to the puddle and do not return to the point
of displacement are considered to be large droplets and
do not constitute a test failure.

NOTE: Filter housings are available in several designs. In some
cases, flat-bottom filter housings are specified by the owner/user
based on their risk-assessed process and equipment requirements.
Flat-bottom cartridge-mount filter housings, including those that
will be steamed in place, are exempt from this test, and the equip-
ment shall be installed as agreed by the manufacturer and
owner/user.

(16)
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CHAPTER 3
MATERIALS

MM-1 PURPOSE AND SCOPE

The| purpose of this Part is to identify metallic materi-
als considered acceptable for use in hygienic service.
It ideptifies material specifications, grades and alloys,
matcifng filler metals, fabrication guidelines, and other
attriblfites necessary for this service. It also specifies the
data that must be submitted to the MM Subcommittee
for anfy new or unlisted alloy that is proposed for inclu-
sion in Part MM.

MM-2 ALLOY DESIGNATIONS

MM-2|1 General

Thig Part identifies for use those metallic materials of
construction that have demonstrated the ability to meet
weldifg and surface finish criteria as set forth in other
parts [of this Standard. It is the responsibility of the
ownefr /user to ensure that any metallic materials
select¢d for use from those listed-in Tables MM-2.1-1
through MM-2.1-4 are approptiate for the intended
applidation.

The| guidelines and critefia listed in this Part of the
Standprd indicate a geheral acceptability for use and do
not address the specifics of fabrication or requirements
of any given sefVice.

MM-3 STUSES OF SPECIFICATIONS

Part-vtivi
Metallic Materials

MM-3.2 Listed Specifications

Materials purchased to'specifications lited in the
appropriate sections 9fMM-4.2 through MM-4.7 may be
used for applicatiors governed by this Standafd. Fittings
must be purchased to the requirements of Part DT.
Valves mustdneet the requirements of SG-3.3.3.3. Materi-
als used invapplications governed by this Stamdard shall
conformito a specification listed in the alove para-
graphs, except as provided in MM-3.3.

MM-3.3 Unlisted Specifications

Alloys in specifications not listed in MM-4.2 through
MM-4.7 may be used for applications governjed by this
Standard provided they conform to a publisted specifi-
cation covering composition, physical and fnechanical
properties, method and process of manufafture, heat
treatment, and quality control, and otherwise meet the
chemical composition requirements of one of the specifi-
cations listed in MM-4.2 through MM-4.7. Alloys not
listed in Tables MM-2.1-1 through MM-2.1t4 may be
used for applications governed by this Stafjdard pro-
vided the following requirements are met:

(a) The applicable requirements of MM-8 jare met.

(b) The specific written permission of the opner/user
is obtained.

Materials listed in MM-5.2.6 are exemp} from the
requirements of MM-3.3.

MM-3.4 Unknown Materials

Materials of unknown origin or specificatiqn shall not

MM-3.1 General

The documents listed in MM-4.2 through MM-4.7 may
contain references to codes, standards, or specifications
not listed in this Part of this Standard. Such unlisted
codes, standards, or specifications are to be used only
in the context of the listed documents in which they are
referenced. 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.

be used in hygienic service.

MM-3.5 Reclaimed Materials

Reclaimed pipe/tube and other piping components
may be used, provided they are properly identified as
conforming to a published specification listed in
MM-4.2, MM-4.3, MM-4.4, MM-4.5, or MM-4.6 or to a
published specification not listed in those paragraphs
and otherwise meeting the minimum requirements of
MM-8. Sufficient cleaning and examination shall be done
to determine minimum wall thickness and freedom from

(16)
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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 R 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
S$30403 ce 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 10.043.0
$31600 e 0.08 2.00 0.10 16.0-18.0 10.0~14.0 2.00-3.00
1.4401 0.07 2.00 0.10 16.5-18.5 10.0-13.0 2.00-2.50
$31603 e 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 Stééls
S$31703 R 0.030 2.00 0.10 18:0-20.0 11.0-15.0 3.0-4.0
1.4438 0.030 2.00 0.10 17.5-19.5 13.0-17.0 3.0-4.0
N08904 e 0.020 2.00 0.10 19.0-23.0 23.0-28.0 4.0-5.0 1}0-2.0
1.4539 0.020 2.00 0.15 19.0-21.0 24.0-26.0 4.0-5.0 1.20-2.00
N08367 0.030 2.00 0.18~0.25 20.0-22.0 23.5-25.5 6.0-7.0 0.75
S$31254 - 0.020 1.00 0,18-0.25 19.5-20.5 17.5-18.5 6.0-6.5 0.40-1.00
1.4547 0.020 1.00 0.18-0.25 19.5-20.5 17.5-18.5 6.0-7.0 0.$0-1.00
N08926 . 0.020 2.00 0.15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0}5-1.5
1.4529 0.020 4.00 0.15-0.25 19.0-21.0 24.0-26.0 6.0-7.0 0.40-1.50
Duplex Stainless Steels
$32205 e 0.030 2.00 0.14-0.20 22.0-23.0 4.5-6.5 3.0-3.5
1.4462 0030 2.00 0.10-0.22 21.0-23.0 4.5-6.5 2.50-3.5

GENERAL NQTES:

(@ Maximum, unless rangesoxminimum is indicated.

(b) Values listed in this Jable“are primary elements only and are not complete chemical compositions as listed in specific product type
material|specifications: Alloy composition is typically at the low end of the ranges indicated above. Refer to appropriate producf type
material[specification for complete material composition requirements.

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

NOTE:

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

Numberi

ng System, latest edition.

102
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Table MM-2.1-2 Wrought Nickel Alloys: Nominal Compositions (wt; %)

UN§
Designgtion
[Note [1)] EN Number C Cr Ni Me. Cu Qther
NO66R5 S 0.10 20.0-23.0 58.0 min 800~10.0 Fe: 4.0 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: 4.0 max.,
(Nb + Ta): 3.15-4.15,
Ti: 0J40 max.
N102[76 A 0.01 14.5-16.5 Balance 15.0-17.0 W: B.0-4.5
2.4819 0.01 14.5-16.5 Balance 15.0-17.0 0.5 W: B.0-4.5
Co: 2.5 npax., Mn: 1.0
nax.
NO60pR2 A 0.015 2070-22.5 Balance 12.5-14.5 W: p.5-3.5
2.4602 0.01 20.0-22.5 Balance 12.5-14.5 W: p.5-3.5
Fe: 2.0-4.0, Co: 2.5
hax.

GENERAL NOTES:

(@ Makimum, unless range or minimum jis\indicated.

(b) Valpes listed in this Table are primary_élements only and are not complete chemical compositions as listed in specific proquct type
mafgerial specifications. Alloy compasition is typically at the low end of the ranges indicated above. Refer to appropriate prpduct type
majerial specification for complete material composition requirements.

() Allgys listed between horiZontal lines are not equivalent, but comparable.

NOTE:

(1) For|cross-referencing.of the UNS numbers listed above to common alloy names, refer to SAE Metals and Alloys in the Unifigd
Numbering System.latest edition.

103
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Cast Designations

ASME BPE-2016

Approximate Wrought

Table MM-2.1-4 Wrought Copper: Nominal
Compositions (wt. %) (Cleaned for Oxygen Service)

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

CWO024A 99.90 0.015-0.040

Equivalent GENERAL NOTES:
UNS ACI EN UNS EN (@ Minimum, unless range or maximum is indicated.
Designation | Designation Designation Designation Designation (b) Copper grades listed between horizontal linescare-hot efuiva-
lent, but comparable.
Austenitic Stainless Steels
192600 CF8 e 530400
1.4308 1.4301 imperfections that would bg unacceptable |n the
192500 CF3 . 530403 . intended service.
14309 1282 MM-3.6 Designation of Alloy and Fluid Service
192900 CF8M 531600 The user is responsible for designating the specific
1.4408 1.4401 alloy, from MM-2,4o be used for each system haying a
192800 CF3M ”_ 531603 .” process contact surface. The user is alsc? responsiple for
1.4409 1.4404 identifying thetappropriate fluid service categqry for
1.4435 piping oruibing, in accordance with the definitions in
. ] the currentedition of ASME B31.3, Process Piping.
Superaustenitic Stainless Steels
P99 M PV e MM4  REFERENCED SPECIFICATIONS
194651 CN3MN . N08367 MM-4.1 General
193254 CK3MCuN e 531254 e Standards and specifications adopted by refergnce in
1.4557 145 this Standard are listed by product form in this Part. It
Duplex Stainless Steels is not considered practical to identify the specific gdition
192205 CD3MN — 532205 ”. Qf gach standard and specification 11sted. in thg fqll pwing
1.4470 1.4462 listing; therefore, the most current edition is injplied.
Sources for procuring any of the listed material spqcifica-
Nickel-Based Alloys tions are found in Nonmandatory Appendix V.
N26625 CW6MC . N06625 e Material manufactured in accordance with earlier edi-
2.4856 tions of the referenced standards and that in al] other
N30002 | Cwi2mw " N10276 . respects conforms to this Standard will be consjdered
2.4819 to be in conformance with this Standard.
N26455 CW2M v N10276 o The ASME Boiler and Pressure Vessel Code (BPVC)
2.4610 has adopted many of the listed ASTM material spqcifica-
2.4819 tions. Materials furnished to the latest edition of these
N30107 eWEM o N10276 . ASME specifications are also considered to be in donfor-
2.4819 mance with this Standard.
AL M LW, PR il TockR A TR
N26002 O — NJG077 — WhenpreparmgaiviatertattestReport-hvHR)2 mate-
2.4602 rial manufacturer may transcribe data produced by other
organizations, provided he accepts responsibility for the
GENERAL NOTE:  Alloys listed between horizontal lines are not equiv-

alent, but comparable.

accuracy and authenticity of the data.

MM-4.2 Tubing/Piping

Tubing and piping manufactured in accordance with
the following specifications may be used:

ASTM A213/A213M, Specification for Seamless Ferritic
and Austenitic Alloy — Steel Boiler, Superheater, and
Heat-Exchanger Tubes
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ASTM A249/A249M, Specification for Welded
Austenitic Steel Boiler, Superheater, Heat-Exchanger,
and Condenser Tubes

ASTM A269, Specification for Seamless and Welded
Austenitic Stainless Steel Tubing for General Service

ASTM A270/A270M, Specification for Seamless and
Welded Austenitic and Ferritic/Austenitic Stainless
Steel Sanitary Tubing

ASTM A312/312M, Specification for Seamless, Welded,
and T—Tanvi]y Cold Worked Austenitic Stainless Steel

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, Duplex (Austenitic/Ferritic) for General
Applira’rinn

Pipgs

ASTM A511, Standard Specification for Seamless
Stainless Steel Mechanical Tubing

ASTML A789/A789M, Standard Specification for
Seamless and Welded Ferritic/ Austenitic Stainless
Stedl Tubing for General Service

ASTM A790/A790M, Standard Specification for
Seapmless and Welded Ferritic/ Austenitic Stainless
Pipe

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

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

ASTM B626, Specification for Welded Nickel and
Nickel-Cobalt Alloy Tube

ASTM B675, Specification for UNS N08367 Welded Pipe

ASTM B676, Specification for UNS N08367 Welded Tube

ASTM B690, Specification for Iron-Nickel-Chromiums-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Seamless Pipe and Tube

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

DIN
and|
DIN 1

EN 10216-5, Seamless steell tubes for pressure
purposes — Technical delivery conditions — Part 5:
Staipnless steel tubes

EN 10R17-7, Welded steel tubes for pressure purposes —
Tedhnical delivery conditions — Part 7: Stainless
stedl tubes

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

7744, Wrought nickel alloys with molybdenum
chromium — Chemical compesition
7751, Tubes of wrought nickel alloys — Properties

ASTM A995/A995M, Standard Specifidation for
Castings, Austenitic-Ferritic (Duplex).Staipless Steel,
for Pressure-Containing Parts

EN 10213, Steel castings for pressuré purpos
EN 10283, Corrosion resistantsteel castings

es

MM-4.4 Forgings

Forgings manufacturéd in accordance with
ing specifications may be used:

ASTM A182/ A182M, Specification for Forgedl or Rolled
Alloy and Stainless Steel Pipe Flanges, Forged
Fittings,"and Valves and Parts for High-Tgmperature
Seryice

the follow-

ASTM.B462, Specification for Forged pr Rolled
BNS NO06030, UNS NO06022, UNS| N06035,
UNS NO06200, UNS NO06059, UNS| N06686,
UNS NO08020, UNS NO08024, UNS| N08026,
UNS NO08367, UNS N10276, UNS| N10665,
UNS N10675, UNS N10629, UNS| N08031,
UNS N06045, UNS N06025, and UNS R20033 Alloy

Pipe Flanges, Forged Fittings, and Valves| and Parts
for Corrosive High-Temperature Service

ASTM B564, Specification for Nickel Alloy Horgings

EN 10222-5, Steel forgings for pressure pyirposes —
Part 5: Martensitic, austenitic, and austeniitic-ferritic
stainless steels

EN 10250-4, Open die steel forgings fo
engineering purposes — Part 4: Stainless s

r general
teels
MM-4.5 Plate, Sheet, and Strip

Plate, sheet, and strip manufactured in gccordance
with the following specifications may be us¢d:

ASTM A240/A240M, Specification for Chromium and
Chromium-Nickel Stainless Steel Plate, $heet, and

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 follow-
ing specifications may be used:

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

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

105

Strip for Pressure Vessels and for General Applications

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

ASTM B443, Specification for Nickel-Chromium-
Molybdenum-Columbium Alloy (UNS N06625) and
Nickel-Chromium-Molybdenum-Silicon Alloy
(UNS NO06219) Plate, Sheet, and Strip

ASTM B575, Specification for Low-Carbon Nickel-
Chromium-Molybdenum, Low-Carbon Nickel-
Chromium-Molybdenum-Copper, Low-Carbon
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Nickel-Chromium-Molybdenum-Tantalum, and Low-
Carbon Nickel-Chromium-Molybdenum-Tungsten
Alloy Plate, Sheet, and Strip

ASTM B688, Specification for Chromium-Nickel-
Molybdenum-Iron (UNS NO08366 and UNS NO08367)
Plate, Sheet, and Strip

DIN 17744, Wrought nickel alloys with molybdenum
and chromium — Chemical composition
DIN 17750, Strip and sheet of nickel and wrought nickel

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 follow-
ing specifications may be used where permitted by the
owner/user:

ASME B16.22, Wrought Copper and Copper Alloy

alloys — Properties

EN 1002841, Flat products made of steels for pressure
purposds — Part 1 — General requirements

EN 1002847, Flat products made of steels for pressure
purposgs — Part 7: Stainless steels

EN 10088-P, Stainless steels — Part 2: Technical delivery
conditipns for sheet/plate and strip of corrosion
resisting steels for general purposes

EN 10095,/ Heat resistant steels and nickel alloys

MM-4.6 K

Hollow [products, rod, and bar stock manufactured in
accordande with the following specifications may be
used:

ollow Products, Rod, and Bar Stock

ASTM A2)6, Standard Specification for Stainless Steel
Bars angl Shapes

ASTM A479/A479M, Specification for Stainless Steel
Bars and Shapes for Use in Boilers and Other Pressure
Vessels

ASTM B5[/4, Specification for Low-Carbon Nickel-
Chromjum-Molybdenum, Low-Carbon Nickel-
Molybdenum-Chromium-Tantalum, Low-Carbon
Nickel{"hromium-Molybdenum—Coppet,»and Low-
Carbon [Nickel-Chromium-Molybdénum-Tungsten
Alloy Rpd

ASTM B691, Specification for Iron-Nickel-Chromium-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Rod, Baf, and Wire

DIN 1774%, Wrought nickel alloys with molybdenum
and chrpmium — Chemical composition

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

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

Solder-foimtPressure FIttings
ASME B16.50, Wrought Copper and Coppér
Braze-Joint Pressure Fittings

Alloy

MM-5 BASE METALS AND FILLER_MATERIALS
MM-5.1 General

This section provides requirements and recommenda-
tions for the base metals-listed in Tables MM-2.1-1
through MM-2.1-4. The use of base metals othefr than
those listed in this section is permitted with the opvner/
user’s written appréval (see MM-3.3).

This sectionsalse recommends filler metals anfl con-
sumable inserts' for welding these alloys in orfler to
produce weldments whose weld metal has corrosion
resistance consistent with that of the base metal. Details
necessary for welding are provided in Part MJ.

MM-5.2 Base Metals
MM-5.2.1 Austenitic Stainless Steels

MM-5.2.1.1 Weld Ends. Weld ends that arg to be
autogenously welded shall have a sulfur cqgntent
between 0.005 wt. % and 0.017 wt. % [se¢ also
MJ-2.1.1(a)]. This requirement applies to the austenitic
stainless steels listed in Tables MM-2.1-]1 and
MM-2.1-3. This requirement does not apply to materials
used in the construction of process components, ¢nly to
the weld ends of process components in their fina] form.

MM-5.2.1.2 Ferrite. If specific ferrite levels {n aus-
tenitic stainless steels are deemed necessary to mgintain
certain properties, the owner/user shall specify refjuired
ferrite ranges separately for the base metal, for|welds
in the solution-annealed condition, and for welfls left
in the as-welded condition. As a general rule, mpterial
with high ratios of Ni to Cr show lower ferrite leyels 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

EN 10272, Stainless steel bars for pressure purposes

106

;.}lC 1lJ(lth lllC'LCl} Clll\l Du‘L}DCLiLlCllIL 'LU \A4 C}L]lillb- 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 num-
bers refer to as-solidified austenitic stainless steels and
therefore indicate predicted ferrite levels of the respec-
tive autogenous welds, welds with filler metal, or cast-
ings. Additional information regarding ferrite can be
found in Nonmandatory Appendix G.

MM-5.2.2 Superaustenitic Stainless Steels. The
superaustenitic stainless steels in Tables MM-2.1-1 and

(16)
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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 0.5t0 4
levels less than 0.005%
Wrought product forms with a 1.0to 6

sulfur range of 0.005% to
0.017%

procedure that exposes this material to these tempera-
tures should be minimized. 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
resistance and is corrected in castings by a full solution
anneal as specified by the material specification or as

GMAW [[6GTAW TSz E3 16t #to—t+2-ftote {23}
[Notg (1)]

SMAW lising ER316L [Notes (3),
@]

CF8M gnd CF3M castings

4 to 10 [Note (5)]

5to 15

GENERAL NOTE: FN ranges determined from D. ). Kotecki and

T. A. S|ewart, “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 5.9/5.9M, Specification for Bare Stainless Steel Welding
Eleftrodes and Rods.

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

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

(4) Eleftrodes with a restricted FN usually require a special order,
with the exception of 2 FN maximum product for cryogenic ser-

vic¢ temperatures.

(5) FN Jn the as-deposited weld is influenced by welding tech-
nigue and is lowered by nitrogen pickup or weld metal
dildtion.

MM-2.1-3 are prone to the precipitation of tndesirable
secongdlary intermetallic phases such.as'sigma and chi.
This prrecipitation typically occurs il the range of 1,000°F
to 1,900°F (540°C to 1 040°C). Thisjis a concern during
weldihg and other thermomechanical processes, includ-
ing sojlution annealing. It is)therefore, desirable to keep
expogure time withinsthis temperature range to a
minimum.

Owhers/users aré'cautioned that any service temper-
ature, [heat treatment, or joining procedure that exposes
these materials’to these temperatures should be mini-
mized. The material manufacturer should be consulted
for sppcific-instructions regarding heat treatment.

Tecommended by the materiat manufacturgr. All cast
materials shall be supplied in the solution<antjealed con-
dition, and the solution-anneal procédure phall meet
the time and temperature requirements of the product
specification. Any weld repair by)thé casting manufac-
turer shall meet the requirements*of the specffication or
shall be as specified by the lowner/user.

MM-5.2.5 Copper Altoys. In applicationsjallowed in
Part SD and/or approved by the owner/uder, copper
tubing may be usedfor process gas distributiqn systems.

MM-5.2.6_Special Alloys. When speciffed by the
owner/user alloys listed in Table MM-5.2.4-1 may be
used forprocess contact surfaces in unique apjplications,
such as,original equipment manufacturer (OEM) process
instrumentation, pump internals, etc. These aljoys, when
sérving as process contact surfaces, must medt all appli-
cable surface finish requirements of this Stapdard.

MM-5.2.7 Unlisted Alloys. Alloys nof listed in
Part MM and having corrosion resistance lesp than that
typical of UNS 530403 may be used for procgss contact
surfaces in unique applications such as OEM jnstrumen-
tation when the owner/user has determingd that the
proposed material is suitable for the intend¢d service.

MM-5.3 Filler Materials

Filler material shall conform to a published specifica-
tion. Table MM-5.3-1 lists the recommended f{ller metals
for welding the listed austenitic, superaustgnitic, and
duplex stainless steels and nickel alloys.

Table MM-5.3-2 lists the recommended matgrials from
which consumable inserts may be made for upe in weld-
ing the listed superaustenitic and duplex stairjless steels.

Filler materials other than those |listed in
Tables MM-5.3-1 and MM-5.3-2 may be usefl with the
prior approval of the owner/user provided fhat

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 532205, may
be prone to the precipitation of undesirable secondary
intermetallic phases such as sigma and chi. This precipi-
tation occurs continually in the range of 1,200°F to
1,830°F (650°C to 1 000°C). Owners/users are cautioned
that any service temperature, heat treatment, or joining

tr—theyproduceweldmetat travimg corrosion resist-
ance 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 MJ
of this Standard are met.

MM-5.3.1 Austenitic Stainless Steels. Only the low-
carbon grades of stainless steel filler metals may be used
to weld these alloys.
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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)

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
autogenously, postweld heat treatment is required in
accordance with Table MM-5.4-1.

MM-6 MECHANICAL PROPERTIES

MM-6.1 General

R50250 R Ti — Grade 1
3. 7025 o v . . c 1. 1 .1
1TIC DPELILLL SCIVICC CITVITOIUIICTIU 10 WILICIT UIC alloys
R50400 o Ti — Grade 2 in Tables:. MM-2.1-1 through MM-2.1-4 may be. Ls.ed is
3.7026 not within the scope of this Standard. The possib}lity of
material deterioration in service should be consjdered
R56400 . Ti — Grade 5 by the owner/user. Carbide phase degradation offcorro-
3.7164 sion resistance, susceptibility to inférgranular cogrosion
) of austenitic materials, or grdin boundary attpck of
R52400 Ti — Grade 7 . . ..
nickel-based alloys are among'those items reqiring
R56320 Ti — Grade 9 attention.
R53400 Ti — Grade 12 MM-6.2 Tubing/Piping
N06200 Hastelloy C-2000 [Note (1)] All tube or pipe used for process contact surfaces and
non-—process.cofitact surfaces shall meet the mechanical
N06600 Inconel 600 [Note (2)] property requirements of the specification to whidh they
are manufactured.
S17400 - 17-4 PH [Note (3)]
1.4542 . .
MM:-6.3 Fittings and Valves
GENERALNOJE: Alloys listed between horizontal lines are not equiv- Refer to DT-2 for strencth requirements for fittings
alent, but cdmparable. & q &
NOTES: and valves.
(1) Hastelloy C-2000 is a registered trademark of Haynes . When material is cold worked, its mechanical pr.oper-
Internatipnal, Inc. ties can be expected to change from ’fhc.)se of the ofiginal
(2) Inconel ks a registered trademark of Specia[ Metals Carp. heat of the raw material. MTRs for flttlngs are thg¢refore
(3) 17-4 PH|is a registered trademark of AK Steel, Cincinnati, not required to list mechanical properties; howgver, if
Ohio. they do, they must comply with the specifications for the
raw materials from which the fittings were fabrjcated.
MM-5.8.2 Superaustenitic annd,Duplex Stainless
Steels. 1If a filler metal or corisimable insert is used ~ MM-6.4 Toughness

during thle manufacture of process components, it
should be |n accordance with:the filler metals or consum-
able inserts listed in Table\MM-5.3-1 or Table MM-5.3-2,
respectively. Other nickel-chromium-molybdenum fil-
ler metals|or consuinable inserts may be used as long
as the corrosion‘tesistance of the final weld metal meets
or exceeds that'of the base metal. The manufacturer
must also ki i i i

as part of the documentation.

MM-5.3.3 Copper Alloys. Table MM-5.3.3-1 lists the
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

108

Some of the materials listed in Tables MM|-2.1-1
through MM-2.1-3, as well as Table MM-5.2.6-1, uydergo
a decrease in toughness when used at low temperatures,
to the extent that other applicable codes may require
impact tests for applications even at temperatures higher
than 20°F (-7°C). It is the responsibility of the opvner/
user to ensure that such testing is performed arjd that
e requirements of all applicable codes are met.

MM-6.5 Testing

Refer to DT-6 for the testing requirements for fittings
and SG-4.3.1.1 for the testing requirements for valves.
MM-6.6 Positive Material Identification (PMI)

When PMI is performed, it is limited to alloy verifica-
tion. Refer to Nonmandatory Appendix U for guidance
regarding procedures 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)]

UNS Designation ACI Designation EN Designation

Insert Alloy [Note (2)]

UNS Designation

EN Designation

Superaustenitic Stainless Steels

N08904 N06625
N06022
N10276

1.4539 2.4856

2.4602

2.4819
NOB367 N06625
N06022
N10276
NOB926 N06625
N06022
N10276

1.4529 2.4856

2.4602

2.4819
S3[1254 N06625
N06022
N10276

1.4547 2.4856

2.4602

2.4819
194651 CN3MN N06625
N06022
N10276
193254 CK3MCuN N06625
N06022
N10276

1.4557 2.4856

2.4602

2.4819

Duplex Stainless Steels

S3p205 N06022
N10276

1.4462 2.4602

2.4819
]99205 CD3MN N06022
N10276

1.4470 2.4602

2.4819

GENERAT NUTE:_The use of UNS consumable nserts 1s 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.

111
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(16) Table MM-5.3.3-1 Brazing Filler Metals for Copper
Base Metal [Note (1)] Filler Metal
UNS Number EN Designation AWS Classification SFA Specification UNS Designation EN Designation
C10200 Ce BCuP-3 5.8 C55281
BCuP-4 C55283
BCuP-5 C55284
BCuP-6 (55280
BCuP-7 C55282
C12000 .. BCuP-3 5.8 C55281
BCuP-4 (55283
BCuP-5 C55284
BCuP-6 C55280
BCuP-7 C55282
C12200 - BCuP-3 5.8 C55281
BCuP-4 55283
BCuP-5 C55284
BCuP-6 C55280
BCuP-7 C55282
CWO024A

GENERAL NOTE:  The use of AWS/UNS filler metal is recommended for brazing of UNS base metal; the use of EN filler metal is recom

for brazing df EN base metal.
NOTE:
(1) Copper grades listed between horizontal lines are not equivalent, but comparable.

(16) Table MM-5.4-1 Solution Anneal Heat Treatment
Requirements for Superaustenitic and Duplex
Stainléss Steels

Base Metal Alloy [Note,(1)] Solution Anneal Temperature
UNS Designation EN Designation [Notes (2), (3), and (4)]

Superaustenitic Stainless Steels

mended

531703 . . o
1.4438 1,900°F (1 040°C)
N08904 . . o
1.4539 2,000°F (1 095°C)
S31254 e . o
1.4547 2,100°F (1 150°C)
N08367 . 2,025°F (1 105°C)
N08926 e . .
1.4529 2,010°F (1 100°C)
Duplex Stainless Steels
S3290¢L ’I’Q 0. ‘7’n1 QOF
1.4462 (1 020-1 100°C)
NOTES:
(1) Alloys listed between horizontal lines are not equivalent, but
comparable.
(2) Minimum solution anneal temperature unless range is
specified.

(3) No minimum anneal time is specified, however, very short
anneal times can result in inadequate time at temperature to
restore the corrosion resistance of autogenous welds.

(4) Post solution anneal cooling shall be achieved by a water
quench or rapid cooling by other means.

112
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MM-7 CORROSION-RESISTANCE REQUIREMENTS
MM-7.1 General

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

Standard ASTM corrosion tests commonly used are dis-
cussed in Nonmandatory Appendix F.

MM-8 ADDITION OF NEW ALLOYS TO PART MM
MM-8.1 General

Metallic materials of construction may be considered
for use under the rules of this Standard by providing
the following information to the ASME BPE Staff

MM-7[2—Corrostom Testing

Corfosion testing may be performed for the following
reasoijs:

(a) fo compare a number of alloys in a specific stan-
dard ¢nvironment

(b) to determine the compatibility of an alloy in an
ownef/user-defined environment

Onde a particular alloy has been selected for an appli-
cation, more extensive testing may be appropriate. This
testing may involve the evaluation of any one of a num-
ber of|process variables on material performance. These
varialfles include, but may not be limited to, upset tem-
peratyre conditions, varying concentrations of the corro-
sive dgent or condition, cleaning chemical type and
concentration, various surface finishes, welding process,
and filler metal alloy. It may be appropriate to use elec-
trochgmical test methods or a standard immersion test
methqd to evaluate the effect of the various parameters.

Secretary as follows:

(a) listing of the alloy in an industry-rec¢egnfized speci-
fication or standard including (tensile| strength
properties.

(b) evidence that the proposed material will have cor-
rosion resistance equal to or, gréater than 304[L stainless
steel (UNS S30403) in a sexrvige environment [within the
scope of this Standard -See’Nonmandatory Appendix F
for additional information.

(c) evidence that\the material can be m¢chanically
polished, electropolished, and/or passivated fo meet the
applicable réquirements of Part SF.

(d) a reeommended welding process(es), [filler met-
al(s), and>evidence showing that the comBination of
base metal, filler metal(s), and recommendgd welding
pregéss(es) meets the applicable requirgments of
Parts MJ and SF. Special restrictions, exceptions, or guid-
ance shall be noted.

113
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Part PM
Polymeric and Other Nonmetallic Materials

PM-1 PURPOSE AND SCOPE

Some thermoplastics, such as thermoplastic elasto-

The pugpose of this Part is to provide the basis for
selecting and using polymeric and other nonmetallic
materials.

This Paft describes the types of polymeric and other
nonmetalljc materials, identifies different ways to char-
acterize mjaterials, and describes various applications
and their fequirements. This Part includes requirements
for both single-use and multiuse components.

PM-2 MATERIALS

Polymefic and nonmetallic materials have found
widespreald use in bioprocessing equipment because of
their broagl range of physical and chemical properties,
their ability to be formed into complex shapes, and their
biocompatibility. Polymeric materials may be used in a
range of applications including static and dynamic seals,
hoses, pumps, tubing, barrier coatings, diaphragms,
valves, filters, etc. The choice of material class depends
on the degign requirements and material performance,
both as inptalled and during use.

For in-depth discussion and guidance on polymeric
and nonpetallic materials, see Nonmandatory
Appendix|N.

PM-2.1 Materials of Construction

Materials of construction shall be sele¢ted to maintain
the purity pnd integrity of the prodiict/process fluid. It is
the owner)/ user’s responsibility.to select the appropriate
materials ¢f construction for theconditions of use. Mate-
rials should be compatible ‘Wwith the stated processing
conditiong, cleaning solttions (where appropriate), and
sterilizing|conditions(where appropriate), etc., as speci-
fied by th¢ owner/user. The following sections outline
the major ¢lasses'of polymeric and nonmetallic materials
and theiy fequirements for use in bioprocessing

TNeTs, COMbINE an elastomer such as ethylene propylene
diene monomer (EPDM) with a plastic such as'p
pylene, giving the resulting thermoplastic_compound
properties of flex endurance and sealability’ and fan be
used for tubing, seals, diaphragms,eté/Thermoplastic
elastomers (TPE) combine the features of melt pgocess-
ability and flexibility.

Many polymeric materials.are described in ASTM
standards that detail their cOmposition and mecHanical
properties. It is the owner/user’s responsibility td select
materials that are appropriate for their applicatipns.

Filler materialsimay be used to enhance the properties
of thermoplastio polymers. Fillers may be carbon pased,
inorganic, metallic, organometallic, etc., as nee
performangce!

Additives may be used in the bulk of the poly:
well as the surface, as required.

PM-2.1.2 Thermoset Polymers. Thermosdts are
polymers that, in their final state after processing, are
rendered substantially insoluble and infusible] Fully
processed thermosets cannot be resoftened or re-fprmed
by exposure to heat. Exposure to excessive heat will
cause degradation.

Thermoset polymers are processed from a lighid or
malleable state and are converted to the solid state by
irreversible curing with heat, catalysis, or other 1neans.
Chemical cross-links are formed between p;ﬁlymer
chains during the curing process. This results in arf inter-
connected polymer network with the cross-linH junc-
tions restricting flow of the polymer when expgsed to
thermal or mechanical stresses.

Thermoset polymers can be classified into either ther-

equipment:

PM-2.1.1 Thermoplastic Polymers. Thermoplastic
polymers will melt and flow to form desired shapes
when sufficiently heated. They can be melt-processed
into a wide variety of shapes by molding, extruding,
thermoforming, etc., and can be re-formed and shaped
with heat and/or pressure.

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

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
thermoset polymers are shown in Table PM-2.1.2-1.

Most thermoset polymeric materials contain reinforc-
ing fillers and other additives to meet required use con-
ditions. Fillers may be carbon based, inorganic, metallic,
organometallic, etc., as needed for performance. Elasto-
mer formulations typically contain 5% to 50% filler to
achieve optimum properties.

(16)
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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

Polysulfones

Fittings, connectors, filter housings,
piping and rigid tubing, column
tubes, filter media

Polyether ether ketone (PEEK)

Thermoplastic polyolefins Polypropylene (PP)

Ultra-low-density polyethylene (ULDPE)

Fittings, connectors, piping and rigid
tubing, filter media and capsules,

Low-density polyethylene (LD

Ultra-high-molecular-weight p
(UHMW)

Thermoplastic fluoropolymers
Perfluoroalkoxy (PFA)
Polytetrafluoroethylene (PTFE)

Thermoplastic elastomers
(TPE)

Blends with EPDM with polyp
Styrene-isobutylene-styrene b

High-density polyethylene (HDPE)

Fluorinated ethylene propylene (FEP)

Ethylene tetrafluoroethylene (ETFE)
Polyvinylidiene fluoride (PVDF)

Copolymers of ethylene and octane
Ethylene-vinyl acetate copolymer (EVA)

PE) bags

olyethylene
Fittings, piping and tubi

hosé,/filter media and
diaphragms, pumps,

g, flexible
capsules,
essel liners

ropylene
lock polymers

Tubing, bags

Table PM-2.1.2-1 Common Thermoset’Polymers and Applications

Type of Polymer

Example Polymers

Example Applications

Thermofset elastomers

Silicone (VMQ)
Fluoroelastomers.(EKM)
Perfluoroelastomer (FFKM)

Rigid tHermosets

Ethylene propylene diene\(EPDM)
Ethylene propylene rubber (EPR)

Fiber-reinforced polymer (FRP/GRP) composites

Tubing, seals, gaskets, diaphragms,
and hoses

Tanks and pipes

PM2.1.3 Other Nonmetallic Materials. Solid single-
phase|nonmetallic materials-can’be divided into amor-
phoug nonmetallic materials(€.g., glass, amorphous car-
bon) gnd crystalline nonmetallic materials (e.g., sintered
silicon) carbide, graphite).

If manufactured\by heating and subsequent cooling,
these naterials are often referred to as ceramics. Materi-
als mpay consist’of a mixture of an amorphous and a
crystafllin€phase (e.g., glass-ceramics). To improve per-
formance; nonmetallic materials may be combined with

intended use. The requirements for complian
marized in PM-2.2.1. The requirements relate [to identifi-
cation, traceability, biocompatibility, and| marking.
Methods for characterizing material perforfnance are
discussed in PM-3. Application-specific pefformance

€ are sum-

requirements are detailed within section PM-4.
Polymeric materials exposed to process fluids and/
or that have a high probability of exposure shall comply

to the USP directive with regard to USH <87> (or
ISO 10993-5) and USP <88> Class VI (or ISP 10993-6,

other materials such as metals or polymers to form mul-
tiphase mixtures. Examples of such materials are metal-
matrix composites such as cemented tungsten carbide
with an alloyed nickel binder matrix and resin-impreg-
nated 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/user is
responsible for the qualification of materials for the

115

-10, and -1T) on biological reactivity (see PM-3.1). Exam-
ples of materials that may come into direct contact with
process fluids include tubing, pipe, fittings, filters, bags,
gaskets, O-rings, diaphragms, pinch tubes, and valve
stem seals.

PM-2.2.1 Certificate of Compliance. A Certificate of
Compliance shall be issued by the manufacturer to cer-
tify compliance to this Standard when required by the
end-user. Additional certification documentation may
be required. The Certificate of Compliance shall contain
the information summarized in Table PM-2.2.1-1.


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

(16)

ASME BPE-2016

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 nitfide

Amorphous inorganic nonmetallic material

Crystalline inorganic nonmetallic material

Sight glasses, vessel lights,
optical sensors, glass
electrodes

Mechanical seals, bearings,
process sensors

Tungsten garbide
Zirconium |dioxide

Reaction-borjded materials
Silicon catbide
Silicon nitfide

Siliconized darbon-graphite

Resin-impregnated carbon-graphite

Cemented mpterials
Tungsten ¢arbide with alloyed binder
Tungsten g¢arbide with nickel binder
Tungsten g¢arbide with colbalt binder

Multiphase mixture of crystalline silicon
carbide or nitride and silicon

Multiphase mixture of crystalline silicon
carbide, carbon, and graphite

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

Crystalline inorganic nonmetallic in a
metallic matrix

Mechanical, sedls

Mechanical seals

Mechanical seals

Mechanical seals, bealings

PM-2.2.2 Labeling and Marking. Manufacturers
shall mar} the package containing polymer components
or assemblies with the manufacturer’s name, part num-
ber, and|lot number or unique identifier (see
Table PM{2.2.1-1) to enable the manufdacturer to trace
back to the raw material(s) and processing conditions
used to fahricate the component/agsembly. Manufactur-
ers should|/mark the component /(assembly itself to avoid
potential Ipss of traceability and to aid in positive identi-
fication off components/asSemblies after use.

PM-2.2|3 Change Management

PM-2{2.3.1 General. Change management
requiremehts apply to polymeric or other nonmetallic
process contaet materials and components. These

(3) changes to published or agreed specificdtions
(4) discontinuance of a material or compongnt
(5) changes in regulatory or compliance ptatus
(e.g., USP)
(b) Minor Changes. A minor change is a change that
is not expected to affect form, fit, or function.

PM-2.2.3.3 Owner/User Notification. The sypplier
shall notify the owner/user of a significant change. The
owner/user should be notified of a planned signfificant
change a minimum of 6 months prior to the dhange
becoming effective or distribution of the modified mate-
rial or component.

PM-2.2.3.4 Supplier Responsibilities. Thf sup-
plier is responsible for effectively managing changes

requirem nts app]y 1o cing]p_nca and multiuse

components.

PM-2.2.3.2 Change Classifications
(a) Significant Changes. A significant change is a

change that may affect form, fit, or function of the mate-
rials/components. Significant changes require owner/
user notification and may also require retesting. Exam-
ples of significant changes may include

(1) formulation changes

(2) manufacturing means, methods, or materials
changes

both internally and through the supply chain. The
impact of the change may vary depending on the mate-
rial or component supplied. The supplier shall document
how change management will be executed for their
materials or components.

PM-2.2.3.5 Owner/User Responsibilities. The
owner/user should supply any specific requirements
for change management, including point of contact. The
owner/user should evaluate the change notification for
impact to their process.
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Table PM-2.2.1-1 Content Required on the Certificate of Compliance

Applications
Polymeric Seals
(Includes
Diaphragms Connectors Polymeric Other
Requirements and Hygienic Chro- (Includes Containers  Polymeric Nonmetallic
to Conform Union Seals) Filters matography Steam to/ (Rigid Process Process  Single-Use
to ASME BPE [Note (1)] Hoses Tubing [Note (2)] Columns Through) and Flexible) Components Components Assemblies

Manufacturer's name X X X X X X X X X X
Manufgcturer’s contact X X X X X X X X X X

information
Part number X X X X X X X X X X
Lot number or unique iden- X X X X X X X X X X

tifier|or serial number
Materigl(s) of construction X X X C X X X X X

(progess contact)
Compogind number or X e X X X

uniqye identifier
Cure ddte or date of X R X X X X X X

manyfacture
USP «87» or ISO 10993-5 X X X X X X X X X X
USP <88> Class VI or X X X X X X X X X

ISO 10993-6, -10, -11

GENERAL NOTE:
PM-4.1]5.

NOTES:

(1) Forlhygienic union seals, the intrusion category shall be provided (5G-4.2).

For components subjected to operations such as gamma irradiation or steam, specific certification shall be grovided. See

(2) Specific lot release criteria may be required for differenttypes of filtration elements depending on their type and applicatign. These

additional requirements should be decided by the‘owner/user and the supplier.

PM-3| PROPERTIES AND PERFORMANCE

Maferials should be selected to retain their functional
propefties and to mininmize’their impact on the process
fluid. Materials shouldibe'selected to not affect the purity
and integrity of thé drug product. This section outlines
the rdquirements-for biocompatibility, extractables/
leachdbles, physical properties, and chemical compati-
bility. |[Each of the following sections should be consid-
ered fprithe application.

Biocompatibility testing of candidate components for
qualification requires both in vivo (animal tgsting) and
in vitro (testing in glass) tests. In vivo testing i described
in the United States Pharmacopeia [(USP) in
Chapter <88> (or ISO 10993-6, -10, and -11) arjd involves
intramuscular implantation, intracutaneoug injection,
and systemic toxicity testing. In vitro testing i$ described
in the United States Pharmacopeia in Chapter <87> (or
ISO 10993-5) and is used to place extract from{ candidate

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 interfering
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
biocompatibility and the proper material selection shall
be the responsibility of the system user.

117

pnlymm«c in—direct contact wazith lining cell (typically

mouse cells) for a prescribed period of time. The amount
of cell lysing (death) shall be recorded and reported for
the particular polymer material.

Material manufacturers shall provide, on customer
request, documentation (test report) of the in vivo
USP <88> Class VI and in vitro USP <87> testing on
final manufactured parts. Failure of either test indicates
unacceptable biocompatibility of candidate material.
Such failures are often attributed to leachables from
cured elastomeric seals extractables and may include

(16)
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catalyst residues, cross-linking agents, process aids,
plasticizers, etc.

PM-3.2 Extractables and Leachables

PM-3.2.1 General. Testing of process equipment/
components made of polymeric materials for extract-
ables and leachables should be done to identify chemical
substances that could migrate into the process fluid,
potentially affecting the process or altering the final
product. f T f

bioprocegsing equipment/component evaluation
related to jextractables and leachables characterization.

PM-3.2.2 Extractables. Extractables are chemical
substanceg that can be removed from polymeric materi-
als using appropriate solvents (e.g., polar and nonpolar).
Extraction| studies are conducted under conditions that
exceed typlical bioprocess manufacturing or storage con-
ditions (e.g., higher temperature, pH, or concentration
or longer fexposure time) and are used to generate an
extractabl¢s profile for a given polymeric material. Man-
ufacturers|should provide extractables profile data for
polymeric/materials used in equipment/components on
request by|the owner/user. The extractables profile'gen-
erated may vary depending on both the extraction condi-
tions and the extraction fluids used in the study.
Depending on the purpose of the study,.one or more of
the followjng types of extraction study should be done
to generate an extractables profile,

PM-3]2.2.1 Polymeric Material Specific Extraction
Study. is study is done to\generate an extractables
profile that characterizes~the total content of soluble
chemical qubstances cgfitained in the polymeric mate-
rial. The ¢xtractionsolvent(s) and conditions shall be
appropriafe for the¢particular polymeric material being
tested. Ngnmandatory Appendix O-2 identifies recom-
mended donditions for a polymeric material specific

PM-3.2.3 Leachables. Leachables, typically a subset
of extractables, are chemical substances that migrate into
the drug product from process equipment or its con-
tainer under normal conditions of use and/or storage.
Leachables may also be created as a result of chemical
reactions with other leachables and/or ingredients in
the process fluid or drug product. Leachables studies
conducted in process and of the final product shall be
the responsibility of the owner/user.

o - . . .
= f e PTeD D XIdCt10

shall include careful sample preparation approptj
the test article and analytical techniques t6 be uged.
The size of the sample should be determined in con-
sideration of the material, test equipment; analytigal test
sensitivity, and the sample available,for testing.
Any tool used for sample preparation shall not adul-
terate the sample.
Prior to extraction, test.safples should be expgsed to
the same pretreatment process (under worst-case condi-
tions) that the matérial would see when uded as
intended.

PM-3.2.5 Documentation. Documentation of tesults
shall include the extraction method(s), analytica] tech-
nique(s) protocol, sample surface area (or weight) to
volumefdtio, and extraction time and temperatute. Rel-
ative limits of detection should be reported.

PM-3.2.6 RiskAssessment. The owner/user should
consider supplier data, relevant standards, regylatory
guidance, and industry recommendations as listed in
Nonmandatory Appendix O, when performing|a risk
assessment.

The results of the risk assessment should detdrmine
the suitability of the equipment/component for its
intended use.

PM-3.3 Physical and Mechanical Properties of
Thermoplastic Polymers

The physical and mechanical properties of thHermo-
plastics are important to better understand how fluid
exposure could affect the polymer’s strength, stiffness,
inertness, durability, barrier properties, etc. Physidal and
mechanical properties can be characterized usingl many
different standards (e.g., ASTM, ISO, DIN, and JIS). Typi-
cal properties include tensile strength, elongation to
break, modulus, and, in some cases, seam strength, weld

extractionlstereby-

PM-3.2.2.2 Extraction Study in Bioprocess Model
Solutions. This study is done to generate an extract-
ables profile under conditions that exceed those typically
found in bioprocessing applications. The model solu-
tions and 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 O-3 identifies recommended conditions for
an extraction study in bioprocess model solutions.

strength, coefficient of friction, compression set, tensile
set, hardness, specific gravity, transparency, etc.

Common useful tests for evaluating thermoplastic
performance are listed in Nonmandatory Appendix K.

The interpretation of immersion test results is depen-
dent on the specific application. In such cases, a different
material may be more suitable for the application. The
overall life of the equipment may be shortened signifi-
cantly if the correct polymer is not selected. The end-
user must ultimately interpret the relevance of the test
results for the applicable process.
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PM-3.4 Chemical Compatibility of Thermoplastic
Polymers

Chemical concentration, temperature, and duration of
exposure can all affect the property retention of thermo-
plastic polymers. When selecting a thermoplastic poly-
mer for chemical contact, the user should consult the
supplier for case histories and test data, where available.

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

determining the suitability of the material for the
application.

PM-3.8 Chemical Compatibility of Nonmetallic
Materials

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

tempqTattre: testing is required, specific fluids should-lpe used to
PM-3)5 Physical and Mechanical Properties of expose test samples for the necegsary [time and
Thermoset Polymers temperature.
Phyjsical and mechanical properties can be character- ~ PM-3.9 Polymeric Surface Finish
ized ysing many different standards (e.g., ASTM, ISO, Polymeric material contaet surface classififations are

DIN, and JIS). Typical properties include hardness, ten-
sile sfrength, elongation to break, modulus, and tear
strength. In some cases, abrasion resistance, compres-
sion det, specific gravity, transparency, etc., may be
important. Properties may be affected by manufacturing
and use conditions (e.g., temperature, pressure, physical
stresq). Common tests for evaluating physical and
mechhnical properties are listed in Nonmandatory
Appendix K. Property requirements should be discussed
betwden the owner/user and the supplier, and the
owneg/user shall be responsible for determining the
suitabjility of the material for the application.

PM-3J6 Chemical Compatibility of Thermoset

Elastomers

Chg
expos
set el
for ch

mical concentration, temperature, and-duiration of
ire can all affect the property retention‘of thermo-
istomers. When selecting a thermoset elastomer
bmical contact, the user should consult the supplier

found in Part SF.

PM-4 APPLICATIONS
PM-4.1 Single:Use Components and Asseniblies

s that are
cturing of

This subsection defines the requiremen
applicable and unique to the use and manuf.
single-tise components and assemblies. These products
are intended for one-time use and may be peferred to
as disposables. In this subsection, “component” is
defined as an individual unit, and “assembly’| is defined
as the combination of two or more individyal compo-
nents. This subsection will address the methodls for iden-
tifying, inspecting, packaging, joining, biocothpatibility,
and sterilization applicable to single-use polymers, com-
ponents, and assemblies.

bnents and
to provide
e end-user

PM-4.1.1 ldentification. Single-use comp
assemblies shall be designed and packaged
lot traceability. The traceability shall enable th

for c'as e historigs and test c.la'ta, Where available. If further to identify the raw material(s), processing conditions
testing is required, specific ffujds should be used to  yjtica) 1o support the manufacturer’s specifichtions, and
expos test samples for the necessary time and tempera- 14 date of manufacture.
ture. Chemical compatibility is particularly important
for mpterials that are) reused. Chemical compatibility PM-4.1.1.1 Labeling. The primary pagkaging of
testing should be done to screen candidate materials for sir.lgle-use Compongnts and gssemblies shall |be labeled
applidations inyelwing cleaning, storage, or exposure to with the following information:
potentially harsh chemicals. (a) manufacturer
(b) part identifier

PM-3.7 Physical and Mechanical Properties of Other (c) lot identifier

i ials Additional information can be included ch the label

L4

Physical and mechanical properties of other nonme-
tallic materials, such as those listed in Table PM-2.1.3-1,
may be characterized using many different standards
(e.g., ASTM, ISO, DIN, and JIS). Typical properties may
include, but are not limited to, hardness, strength, self-
lubrication, and transparency. In some cases, low friction
between sliding surfaces may be important. Properties
may be affected by use conditions. Material selection
should be discussed between the owner/user and sup-
plier, and the owner/user shall be responsible for

119

on agreement between the manufacturer and end-user.

PM-4.1.1.2 Certificate of Compliance. The single-

use component or assembly manufacturer shall issue a
Certificate of Compliance that contains the following
information:

(a) manufacturer

(b) part identifier

(c) lot identifier

(d) date of manufacture and/or expiration date

(e) compliance information
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Additional information can be included in the
Certificate of Compliance on agreement between the
manufacturer and end-user.

PM-4.1.2 Inspection and Packaging. The packaging
of single-use components and assemblies shall be per-
formed to help control the potential introduction of bio-
burden, particulate, or other contaminants to the
component, assembly, or the end-user’s system (see
PM-4.1.7 and Nonmandatory Appendlx N, section N—Z)

the packaging and that the contents meet the spec1f1ed
criteria befween the supplier and end-user.

PM-4]1.2.1 Inspection. Single-use components
and assenpblies shall be inspected for the presence of
particulatg¢s or other contaminants before primary pack-
aging as agreed on by the manufacturer and end-user.
This inspection shall take place in a controlled environ-
ment in agcordance with the intended use of the final
componerit or assembly.

PM-4/1.2.2 Packaging. The purpose of packaging
of single-fise components and assemblies is to control
the potentjal introduction of bioburden, particulates, or
other contpminants. The packaging shall not adulterate
the compqgnent and assembly. Primary packaging shall
take place[in a controlled environment at a level suitable
for the figal use of the component or assembly. The
of single-use components and assemblies
shall be lapeled according to PM-4.1.1.1.

PM-4.113 Joining Methods. The joining of polymers
may be pefformed in many ways for single-use applica-
tions. Exainples of these joining techniques incltide, but
are not limited to, welding, heat sealing, overmolding,
solvent bgnding, mechanical connections,yand adhe-
sives. With any of these methods, the ptocedure for the
joining of polymers, components, or assemblies shall be
controlled|to ensure repeatable results. The joint shall
not leak, ghall meet the pressure-requirements for the
intended fise, and shall maintdin the integrity of the
componerit or assembly’s contact surface.

PM-4.114 Biocompatibility. The biocompatibility of
single-use|componénts and assemblies must be consid-
ered Care%lly due ‘to the potential for large product

contact arpas‘eand long contact times. Many of these
componerits ‘and assemblies are composed of multiple

(b) biological reactivity, in vivo (i.e., USP <88>) or
equivalent per recognized compendia agreed to by the
end-user and manufacturer

Additionally, the user should consider protein adsorp-
tion, preservative absorption, leaching of low-
molecular-weight compounds, endotoxins, and the pres-
ence of animal-derived compounds in single-use compo-
nents and assemblies.

PM-4.1. 5 Sterilization (Bloburden Control). Single-
: ' : 7 atible with

methods include autoclaving and gammad irrad
Autoclaving is generally performed by, thelownet
Gamma irradiation is generally comtracted to 4
party by the manufacturer. The owqier/user shall|deter-
mine the appropriate method ahd level of docuinenta-
tion required for the given application.

PM-4.1.5.1 Gamma lrradiation. Single-use 3ssem-
blies that will be gamma ‘irradiated shall be manufac-
tured in a controlledenvironment. The maxfmum
recommended gamma irradiation dose should be|speci-
fied by the manufacturer of the single-use assenfbly or
component.\When establishing a maximum doge, the
manufacttitet should consider the effects on physical
and mechanical properties (e.g., appearance, tensile) and
chemical characteristics of the materials used (e.g.,
leachable/extractable effects). The supplier shall pro-
vide lot-specific certification of processing to the opner/
user. The degrees of validation are the followingj:

(a) validated sterility assurance level per a recognized
standard (e.g., ISO 11137).
(b) gamma irradiated to the specified dose range. No
validation of the effectiveness is conducted.

PM-4.1.6 Shelf Life, Storage, and Expiration Date.
The shelf life of a single-use component or assembly is
the duration under specified storage conditiong 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 whith the
shelf life has been exceeded. The manufacturer shall, on
request, provide methodology used to determing shelf
life or expiration date such as aging tests, stability tests,
or other industry standards.

(a) Nonsterilized Components and Assemblies. Th¢ man-
ufacturer shall provide an expiration date (preferred)

materials or multilayer structures, and the primary con-
cern is how the process interacts with the contact sur-
faces. The design of the component and assembly shall
not compromise the integrity, safety, or efficacy of the
process fluid. The focus of evaluations should be on the
material of construction of the process contact surface,
but it is preferred to evaluate the complete component
and assembly. Ata minimum, the process contact surface
shall comply with the following tests:

(a) biological reactivity, in vitro (cytotoxicity, i.e.,
USP <87>)

120

or the manufacturing date and shelf life, plus storage
requirements and any special handling requirements.
Shelf life shall be based on raw material, component,
and/or assembly data.

(b) Sterilized Components and Assemblies. The manu-
facturer shall provide expiration dates, storage require-
ments, and any special handling requirements. Shelf life
shall be based on raw material, component and/or
assembly data, sterilization method, and package integ-
rity. Package integrity testing shall be performed per a
relevant standard (e.g., ISO 11607). See PM-4.1.2.2.

(16)

(16)

(16)


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

(16)

ASME BPE-2016

PM-4.1.7 Particulates. Single-use components and
systems should be free of loose, nonembedded, and solid
particulates as seen by direct visual observation, without
magnification. Particulates greater than or equal to 100
are considered to be visible. The TAPPI Size Estimation
Chart may be used for reference. Particulates smaller
than 100 p are considered to be subvisible and should
be minimized.

PM-4.1.7.1 General. Particulates may uninten-

(e) establishment of a particulate investigation pro-
cess to identify/quantify foreign particulates and deter-
mine their source, along with a corrective action plan

PM-4.2 Piping
The following shall be considered in the design of
polymeric rigid piping and tubing.

PM-4.2.1 Sizing Comparisons. Thermoplastic pip-
ing systems are available in a variety of sizing standards.

tionally be present on surfaces of the single-use article
ay impact the manufacturing process and/or
t. Particulate sources include machines, materi-
thods, environment, and people. More informa-

ize particulates, as applicable. The level of obser-
vatior] and particulate control should be appropriate for
the degree of risk for the particular application (e.g.,
fill/ fijish).

PM-4.1.7.2.1 Suppliers. Suppliers should
implement controls to ensure their single-use product
can meet their established particulate criteria. Some een-
trols include the following;:

(a) [proper use and maintenance of manufacturing
equipment

(b) Juse of controlled environments for the manufac-
turing and assembly process such as a*classified clean
room [or clean zone

(c) pppropriate packaging; see PM-4.1.2

(d) fraining of manufactiring personnel on particu-
late cgntrol practices

(e) product inspection*and documentation of batch
records

(f) establishment of a particulate investigation pro-
cess tq identify? quantify foreign particulates and deter-
mine their-sotrce, along with a corrective action plan

Tube/pipe (e.g., Schedule 40, Schedule 80)| Standard
Dimensional Ratio (SDR) 11, and SDR 21“afe some of
the most common standards used. Table PNI-4.2.1-1 is
a reference that compares the outside and ins{de dimen-
sions of these standards. It is important to consider these
standards when performing system sizing cplculations
to enhance dimensional alignment of pipe/fube inner
diameters to allow for sterility, cleanability, and draina-
bility. Tube inside dimensions are critical for{alignment
to stainless steel systems.

PM-4.2.2 Pressure Ratings. Polymer
tems have varying pressure ratings dependi
rial and\sizing standards. Valves and
connections such as sanitary adapters, flanges, or
threads may carry pressure ratings independpnt of pipe
and fittings. Elevated operating temperaftures will
decrease overall system rating. Consult material manu-
facturers for specific details.

PM-4.2.3 Thermal Expansion. Polymeri¢ materials
will expand and contract with changing tgmperature
conditions. The effect of thermal expansion mjust be con-
sidered and designed for in every thermoplastic system.

To compensate for thermal expansion, it|is recom-
mended to use loops, offsets, and changes ir} direction.
By using the pipe itself to relieve the stress, tl{e integrity
of the pipe system is maintained. The use of pellows or
pistons is not recommended due to the fofmation of
pockets and gaps where liquids may be held up. The
amount of thermal expansion growth in a pjpe system
is generally calculated by the following fornhula:

(U.S. Customary Units)
AL =12 X L X a X AT

ticulate matter

[PM-4.1.7.2.2 Owner/User Qwners/users where _
should implement controls to ensure their use of single- L " len%;h .Of thefpg)e rur}, ft ion. in. /in. /°F
use products can meet their established particulate crite- “= Coet 1?1Tnt 3 tt erma : exp gnsmrcll, HI' /in./
ria. Some controls include the following: AL = matetia’ and temperature dependen
; ; ; . = change in length, in.

(a) procedures to determine risk associated with par- AT = temperature change, °F

(b) supplier quality agreements with agreed-on par-  (SI Units)
ticulate acceptance criteria AL = L X @ X AT

(c) required incoming inspection documentation

(d) training of personnel in best practices for the han-  where

dling and use of single-use products
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L = length of the pipe run, mm
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a = coefficient of thermal expansion, mm/m/°C
material and temperature dependent
AL = change in length, mm
AT = temperature change, °C

Typical coefficients of thermal expansion at room tem-
perature by material type are found below. Consult the
manufacturer for exact coefficient values.

(U.S. Customary Units)

wherever practical. Hygienic design of connections shall
comply with SD-3.1.

PM-4.3 Hose Assemblies

PM-4.3.1 General. This section defines the require-
ments for flexible hose assemblies intended for repeated
use. Hose assemblies are defined here as a length of a
flexible, polymeric element with at least one end connec-

tion securely affixed and capable of containing fluids

PVDF 6.6 x 107°, in./in./°F
PFA 7.0 x 107°, in./in./°F
PP|8.33 x 107>, in./in./°F

(SI Units)
PVDF 1.2 x 107°, mm/m/°C
PFA 1.2 x 10°, mm/m/°C
PP[1.5 x 10°, mm/m/°C

AT {s the maximum (or minimum) temperature minus
the ingtallation temperature. If the installation tempera-
ture of time of year is unknown, it is practical to increase
the AT by 15% for safety. It is not necessary or practical
to usq the maximum temperature minus the minimum
tempgrature 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
manufacturers. Hanging distances are based on
material as well as the specific gravity and tem-
peratyre of the process media. Operating ¢onditions of
all applicable processes, including CIP and SIP, must
also b considered. Hanging criteria generally increase
with dystem operating temperaturés. The placement of
hanggrs, guides, and anchors is.critical in systems
expospd to thermal cycling. Hanger locations should be
identified by the system engineer and laid out to allow
for exppansion and contfaction of the pipe over its life
of opgration.

-4.2.4.2 _Hanger and Clamp Types. Avoid using
hangers that,place a pinpoint load on the pipe when
tightehed, A-U*bolt hanger is not recommended for ther-
mopldstic piping. Hangers that secure the pipe 360 deg

less likely to scratch the pipe in the event of movement.
Clamps should be evaluated to avoid rough edges that
could damage the pipe. Ideally, if a metal clamp is being
used, an elastomer material should be used in between
the pipe and the clamp. Refer to Part SD for exterior
cleanability.

PM-4.2.5 Connections and Fittings. Design of
equipment should minimize the number of mechanical
connections. Fusion welded connections should be used

123

o'/
temperature).

PM-4.3.2 Hose Construction

PM-4.3.2.1 Flexible Elements/, Elements may be
constructed from a single, homogeneous material or
multiple layers. Multilayer elements may copsist of an
inner contact layer surrotinded by one or thore addi-
tional reinforcement layers and an outer cgver. Rein-
forcement layers may\include fabric braiding, [metal wire
braiding, and variQus elastomeric materials| The liner
design shall allow for drainability and cleahability as
required by the ‘end-user.

PM-4,3:2.2 Mechanically Affixed and Re
Connéctions. Metallic and nonmetallic end cpnnections
are @ttached to the flexible element by mechgnical com-
pression. The design shall ensure a seal is thaintained
at the end of the barb [see Fig. SD-3.2.1-1, {llustration
(d)]. Band-style hose clamps are not recommpnded [see
Fig. 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 pfocess con-
nection shall be consistent with Table DT-7-1.

PM-4.3.2.3 Flare-Through End Connectiops. 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 infegral gas-
kets or provisions for standard gaskets.

PM-4.3.2.4 Molded-in-Place End Conng
Molded-in-place end connections are secured
ible element by a thermal or chemical bong
in-place end connections using nonrigid maferials may
require additional stiffening reinforcement tofachieve an
adequate process connection seal. Molded-iny-place end

isable End

ctions.
to the flex-
. Molded-

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 10993-5)
and USP <88> Class VI (or ISO 10993-6, -10, and -11)
tests on all polymeric process contact materials. End-
users may request similar testing on noncontact layers
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that may come in contact with the process fluid if the
inner liner fails. Hose assembly suppliers shall provide,
on customer request, documentation of the biocompati-
bility testing on final manufactured hose assembly mate-
rials. Failure of either test indicates unacceptable
biocompatibility of the candidate hose assembly.
(b) Surface Finish. Surface finish of metallic end fit-
tings shall comply with the requirements of Part SE.
(c) Particle Generation. Hose assembly designs should
minimize w a articles that co
the process.
(d) Extrictables. Hose assembly materials shall con-
form to the requirements of PM-3.2.

PM-4.313 Hose Assembly Performance. The equip-
ment supplier should be informed of all the conditions
under whiich the hose assembly may be expected to
operate. This should include the methods, frequency,
and length of cleaning and sterilization procedures. In
addition tp the service temperature and pressure, any
parameters that may affect the hose assembly perform-
ance shotild be provided. The equipment supplier
should inform the end-user of the life cycle expectancy
and the methods that will ensure that the hose assembly
operates yithin its design specification (e.g., routine
maintenarice).

PM-43.3.1 Service Temperatures and Pressures.
Hose assemblies shall be capable of withstanding ther-
mal and pressure cycling between the rated upper and
perature and pressure limits.

.3.2 Nonroutine Events. The complete pro-
cedure for nonroutine events such as passivation,
derouging, and postconstruction cleaning should be
supplied by the end-user. The supplier should inform
the end-uger whether the hose assemblyywill perform
as specifigd during these events. Thé end-user should
perform a|risk assessment to determine if a new hose
assembly {s required after nonréutine events.

PM-433.3.3 Cleaning Systems

(a) Cledn-in-Place (CIP).-Hose assemblies shall be
designed in accordancé with SD-3.1. The hose assembly
shall be installed to“attow for drainability (see SD-3.2).

(b) Cleapi-out-ofsPlace (COP). External surfaces of hose
assemblies subject to COP shall be compatible with
cleaning ajgénts and be nonabsorbent. Hose assemblies
shall be designed to allow etfective removat of cleaning
agents from external surfaces.

PM-4.3.3.4 Sterilizing Systems. Hose assembly
requirements shall be based on the sterilization method
used. All process contact surfaces should be designed
to minimize crevices. When crevices cannot be avoided,
sterilization testing shall be performed to validate steril-
ity within the system boundaries. All hose assemblies
and hose assembly process contact surfaces shall be
designed to accommodate expansion and contraction
during sterilization and cooldown stages.

PM-4.3.4 Hose Assembly Installation. Hose assem-
blies shall be installed per SD-3.2 and used in accordance
with the supplier’s guidelines (e.g., bend radius).
Change in hose assembly length due to pressure and
temperature cycling and the potential effect on draina-
bility should be considered by the end-user.

PM-4.3.5 Compliance Requirements

plier to certify compliance to this Standatd(when
required by the end-user.

PM-4.3.5.2 Certificate of Comipliance.| The
Certificate of Compliance shall contain the following
information:

(a) manufacturer’s name

(b) part number

(c) unique identifier ofithé hose assembly

(d) material of construction of process contact|items

(e) compliancedto USP <87> (or ISO 10993-%) and
USP <88> Class. VD (or ISO 10993-6, -10, and -11

(f) packaging and storage recommendationp (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 identifigr shall
enable the supplier to identify the raw materigl and
processing conditions used to fabricate the articlg. Sup-
pliers shall mark the hose assembly itself to avoid poten-
tial loss of traceability and to aid in positive
identification of hose assemblies.

PM-4.3.5.3 Test Requirements. Conformande test-
ing is done on initial qualification of the hose asspmbly.
Testing is intended to show design conformance fand is
not required on every hose assembly. Testing shall be
repeated for significant changes in raw materials ¢r pro-
cesses used to fabricate hose assemblies.

PM-4.4 Chromatography Columns

PM-4.4.1 General. This section defines typical
design elements related to large-scale chromatography
columns and includes columns that are intendpd for
repeated use in processing. Although chromatography
i i i fes for
cleaning and/or sanitization should be considered.
More information on chromatography columns can be
found in Nonmandatory Appendix S.

PM-4.4.2 Pressure-Retaining Parts. The column
tube is both a product contact surface and a pressure-
retaining component. Chromatography columns are
vessels operating under pressure and should meet the
requirements of ASME BPVC, Section VIII, as referred
to in GR-1, as applicable. If the column tube is acrylic,
it shall comply with ASME PVHO-1, Case 14, Low UV.
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The owner/user is responsible for informing the manu-
facturer of the normal and abnormal operating condi-
tions to which the column may be exposed. The
manufacturer is responsible for ensuring the column
will operate safely under said conditions.

PM-4.4.3 Design for Cleaning and Sanitization

PM-4.4.3.1 Cleaning. Columns should be
designed in accordance with SD-2.4.2 with the exception
of the .
chromjatography columns is achieved by control of con-
tact time and concentration of the appropriate cleaning
agentg.

PM-4.4.3.1.1 Seals. All seals shall conform to

Part SG.

PM-4.4.3.1.2 Exterior Surfaces. Exterior sur-
f columns shall be nonabsorbent and compatible
rleaning agents. Columns shall be designed to
effective removal of cleaning agents from surfaces.

faces
with
allow

PM-4.4.3.1.3 Hygienic Connections. Hygienic
conngctions shall conform to other Parts of this
Standprd.

PM-4.4.3.2 Sanitization

PM-4.4.3.2.1 Chemical Sanitization. All product
contaqt surfaces within the system shall be compatible
with the sanitization agents selected.

PM-4.4.3.2.2 Thermal Sanitization. When ther-
mal sgnitization is used, all column product contact sur-
faces ghall be designed to accommodate expansion and
contrgction during exposure and coeldown stages.

PM-4.4.4 Column Materials. ‘Column materials for
all product contact surface wetted parts shall conform
to applicable sections of Parts'SD, PM, and SE.

PM-4.4.5 Column-Performance. The owner/user
shall lpe responsible~for informing the manufacturer of
the copditions underwhich the column may be expected
to opgrate. This shall include the methods, frequency,
and durationof cleaning and sanitization procedures.
In adglition’ to the service temperature and pressure,

PM-4.4.6 Compliance Requirements

PM-4.4.6.1 General Requirements. A unique iden-
tifier shall be indelibly marked on the column or the
column’s support structure. The unique identifier shall
enable the owner/user to identify the supplier and the
supplier to identify the raw material and processing
conditions used to fabricate the article.

PM-4.4.6.2 Certificate of Compliance. A Certificate
of Compliance shall be issued by the column manufac-

turer to certify compliance to this Standfard when
required by the owner/user.
The Certificate of Compliance shallContain the follow-

ing information:
(1) manufacturer’s name
(b) unique identifier of the ¢elumn
(c) material of construction of process corftact items
(d) compliance to USP«87> Class VI (or ISO 10993-5)
and USP <88> (or ISO10993-6, -10, and -11)]
Also see Table PM-2.2.1-1.

PM-4.5 Filtration Elements and Components

PM-4.5.1 General. This section defines gnd recom-
mends.design elements related to hygienic filfration pro-
cesses.' This section includes aseptic and fjonaseptic
processes and includes the following filtratipn compo-
nents: housings, holders, and elements. Morg informa-
tion on filtration elements and componerfts may be
found in Nonmandatory Appendix S.

PM-4.5.2 Filtration Formats. There are|two basic
modes of filtration: direct flow and tangentidl flow. For
multiuse filters, cleaning and/or sanitization| should be
considered. For single-use filters, sanitizatign require-
ments shall be determined by the owner/usgr.

PM-4.5.3 Housing and Encapsulation. Hilter hous-
ings and encapsulated components are wettpd and are
vessels operating under pressure. Requiremefts for ves-
sels operating under pressure are found in ASME BPVC,
Section VIII, as referred to in GR-1. The opner/user
shall be responsible for informing the manuffacturer of
all expected operating conditions to whichl the filter
housings may be exposed. The manufactur¢r shall be
responsible for ensuring the filter housings anf encapsu-
lated components will operate safely upder said
conditions.

L tlbat £floot 1l 1 £
Tamcrerstraray arrccr e coramT perrotmance

any p
shall be provided.

PM-4.4.5.1 Service Temperature and Pressure.
Columns shall be capable of withstanding thermal and
pressure cycling between the rated upper and lower
temperature and pressure limits.

PM-4.4.5.2 Routine Maintenance. To ensure con-
tinued column performance, consideration must be
made to the accessibility of all column components for
routine maintenance.

125

PM-4.5.3.1 Housings. Housings shall be designed
in accordance with Part SD. Materials used in the con-
struction of filtration housings shall conform to Part MM
for metallic materials or Part PM for polymeric mate-
rials.

PM-4.5.3.2 Encapsulation. Encapsulated filtration
elements are designed for handling purposes or in place
of metallic housings. Materials used in the encapsulation
of filtration elements shall conform to Part PM for poly-
meric materials or Part MM for metallic materials.

(16)
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PM-4.5.3.2.1 Holders. Materials used in the con-
struction of holders shall conform to Part MM for metal-
lic materials or Part PM for polymeric materials.

PM-4.5.4 Design for Cleaning and Sanitization

PM-4.5.4.1 Cleaning. Filtration elements shall be
designed in accordance with SD-3.1 and shall be compat-
ible with the cleaning agents (to be agreed by the manu-
facturer and owner/user).

The following are typical integrity test procedures that
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 agreed on
between the manufacturer and owner/user. Integrity
testing may be performed either pre- or postprocess.

PM
Part SG.

PM
faces shall

PM-4,

PMt4.5.4.2.1 Chemical Sanitization. Chemical
sanitizatign processes are used to reduce bioburden. All
product (}r\ltact surfaces shall be compatible with the

4.5.4.1.1 Seals. All seals shall conform to

4.5.4.1.2 Exterior Surfaces. All exterior sur-
conform to SD-2.4.4.2.

5.4.2 Sanitization

sanitizatign agents selected (to be agreed by the manu-
facturer amd owner/user).

PM
sanitizatig

4.5.4.2.2 Thermal Sanitization. Thermal
n requirements should be considered during
the desigr| process. The components shall be designed
to accominodate the elevated temperatures and the
expansion| and contraction during exposure and cool-
down stages. Special consideration should be given
when designing for potential vacuum situations. Filtra-
tion elemgnts should be tested and verified for multiple
steam cycles per vendor qualification methods. Filtra-
tion elemgnts shall conform to SD-2.3.1.

PM-4.5(5 Filtration Performance. The ownet/user
shall be rgsponsible for informing the manufacturer of
all the cor|ditions under which the filtef elements may
be expectdd to operate. This shall include the methods,
frequency|and duration of cleaning/and sanitization pro-
cedures. I} addition to the service temperature and pres-
sure, any|parameters thatymay affect the filtration
performarjce shall be provided.

PM-4)5.5.1 Service Temperature and Pressure. Fil-
tration elements shall be capable of withstanding ther-
mal and pressure\cycling between the rated upper and
lower temperature and pressure limits.

PM-4. o4 aHrtenance 5
tinued filtration performance, consideration shall be
given to the accessibility of all filtration components for
routine maintenance.

PM-4.5.5.2.1 Integrity Testing and Permeability
(a) Integrity Testing. Tests may be required to ensure
that the filtration elements and components are integral
and meet specific process requirements. Sterilizing-
grade membranes should be tested to the specific bacte-
rial retention protocol (refer to 2004 ¢cGMP Filtration
Guideline and ASTM F838).

th)—Normmtzed—Meter—Permeability—DPuring—tangential
ty test

clean

flow applications, a normalized water permeabili
(NWP; see Nonmandatory Appendix S-2:5) o1
water flux test may be performed.

PM-4.5.6 Installation. Installation shall be in
dance with the manufacturer’s guidelines.

accor-

PM-4.5.7 Compliance Requirements

b iden-
ement
bnable
pplier
litions
liance
cturer
red by

PM-4.5.7.1 General Regdirements. A uniqu
tifier shall be indelibly marked on the filtration e}
or support structure, The unique identifier shall
the owner/user toidentify the supplier and the sy
to identify the{raw material and processing cong
used to fabricate the article. A Certificate of Comy
shall be issued by the filtration element manufg
to certify_compliance to this Standard when requi
the owner/user.

PM-4.5.7.2 Certificate of Compliance.
Certificate of Compliance shall contain the foll
information:

(a) manufacturer’s name

(b) date of manufacture of the element

(c) unique identifier of the element

(d) material of construction of process contact]

(e) compliance to USP <87> (or ISO 10993-
USP <88> Class VI (or ISO 10993-6, -10, and -11

Other certifications of compliance should be
on by the manufacturer and owner/user.

The
pwing

items
) and

ngreed

PM-4.6 Polymeric Hygienic Unions

When using polymeric hygienic unions, several
cation variables should be considered to ensurg
mum performance. Some variables include fluig
process temperature, system pressure, vibration, 1
als of construction, sterilization method (where

appli-
opti-
type,
hateri-
hppro-
, and

duration of use.
PM-4.6.1 Multiuse

PM-4.6.1.1 Installation. The manufacturer shall
provide installation procedures.

PM-4.6.1.2 Performance. Ferrules and clamps
should be designed and manufactured to maintain com-
ponent alignment, ensure proper assembly, and avoid
leakage. Ferrules should meet the nominal dimensions
of Table DT-7-1, except for dimension A, which shall
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achieve clearance as per DT-9.4(e). Pressure and temper-
ature ratings of polymeric hygienic unions should be
provided by the manufacturer.

PM-4.6.1.3 Cleaning. Ferrules and clamps should
be cleanable as per SD-2.4.2 and SD-3.1.2.2.

PM-4.6.1.4 Bioburden Control.
future content]

[Reserved for

PM-4.7 Steam-Through and Steam-to Connections

PM-4.7.1 General Requirements. Steam-through
and steam-to connectors are designed to connect 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 (section SG-4)

(c) be self-draining (Part SD)

(d) be sterilizable per PM-415

PM-4.6.1.5 Seals. [Reserved for future content]

PM-4.6.2 Single-Use.
requirements, see PM-4.1.

For general single-use

PM-4.6.2.1 Installation. See PM-4.6.1.1.

PM-4.6.2.2 Performance. See PM-4.6.1.2.

PM-4.6.2.3 Seals. See PM-4.6.1.5.

(e) be compatible with SIP, poststerilizg
gamma irradiation) at 266°F (130°C) fer 1 h
surfaces)

(f) meet the biocompatibility requirementd of PM-3.1

(g) meet the Certificate of Compliance requirements
of Table PM-2.2.1-1

Owners/users shall reviety’ the manufacty
sure/temperature ratings.against the design
for all applicable processing conditions (e.g.
uct transfer, etc.).

tion (e.g.,
I (exposed

rer’s pres-
conditions

SIP, prod-
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CHAPTER 4
PROCESS COMPONENTS

«k NT

J) Part D1
imensions and Tolerances for Process Components

DT-1 PU'rPOSE AND SCOPE

The pugpose of this Part is to provide requirements
that ensurg process component fit-up and compatibility.

This Paft specifies dimensions, tolerances, and all
supplementary conditions for process components.

DT-2 PRESSURE RATING

Metallid fittings manufactured to this Part shall meet
or exceed |the pressure ratings shown in Table DT-2-1
and shall Have an ambient temperature bursting strength
of at least| three times the 100°F (38°C) rated internal
working pressure as shown in Table DT-2-1 (see also
Fig. DT-2-]1).

Fabricafed components employing welds shallbe
rated at 100% of the above ratings.

Valves manufactured to this Part shall be ratéd per
the manufacturer’s marked pressure and temperature
recommer{dations.

DT-3 WALL THICKNESS

The nominal wall thickness©fythe fittings and process
componerts at the point ofjoining shall be the same as
the tube t¢ which they afe welded. The thickness of the
weld endq shall conferm with the tolerances listed in
Tables DT}3-1 and/DT-3-2.

After fabricationand surface treatment, the wall thick-
ness in any formed part of the fitting or process compo-
nent, bey¢nd the control portion as defined in DT-7,

and are listed for reference only($ee GR-6). For ngminal
metric size tubing and fittings, refer to the apprqpriate
international standards.

DT-4.1 Fitting Dimensions

Dimensions for fittings that are governed Hy this
Standard are grouped and categorized into tablgs.
All sizes shown in these tables are nomina| O.D.
tube sizes:
All aritomatic weld end fittings shall have mirfimum
tangent lengths per Table DT-4.1-1. The tangent length,
T,-is'defined as the straight length measured frqm the
welding end.
The categorized groups in DT-4.1.1 through D[[-4.1.5
designate specific fitting dimensions.

DT-4.1.1 Elbows/Bends. Refer to Tables DT-#.1.1-1
through DT-4.1.1-8.

DT-4.1.2 Tees/Crosses.
through DT-4.1.2-11.

DT-4.1.3 Reducers.
through DT-4.1.3-3.

DT-4.1.4 Ferrules. Refer to Table DT-4]1.4-1.
Hygienic clamp ferrule dimensions are specified in
Table DT-7-1.

DT-4.1.5 Caps.
DT-4.1.5-2.

Refer to Tables DT-#.1.2-1

Refer to Tables DT-4.1.3-1

Refer to Tables DT-4.1.541 and

DT-4.2 Nonstandard Fitting Dimensions

shall be a minimum of 65% of the nominal wall thickness.
For guidelines regarding all shop and field welds, refer
to Part MJ. All welds shall meet the provisions of MJ-8
and Fig. MJ-8.4-1.

DT-4 DIMENSIONS

Process components are designed for use with nomi-
nal outside diameter (O.D.) tubing for the sizes listed
in Table DT-4-1. The dimensions are accompanied with
soft metric conversions from the U.S. Customary units

Fittings not specifically described in Tables DT-4.1.1-1
through DT-4.1.5-2 may be constructed using combina-
tions of centerline-to-end dimensions from the tables.

For tees and crosses, use Tables DT-4.1.2-4 and
DT-4.1.2-8 for standard clamp leg Ilengths;
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 clear-
ances 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 “O” (off angle)
in Table DT-3-1. Fittings furnished to this Standard shall
not be mitered.

DT-4.4 Valve Dimensions

The dimensions of the valve or valve fabrication shall
conform to manufacturer’s standards, or as agreed to

These tolerances shall apply after heat and surface
treatment.

The control portion of the fitting or process compo-
nents (refer to C in the Table DT-3-1 illustration) is the
length from the welding end over which tolerances for
wall thickness and O.D. are maintained. The length of
the control portion is fixed for all sizes at 0.75 in. (19 mm).
For exceptions, see Table DT-4.1.4-1 for ferrule lengths
and Table DT-4.1.5-1 for automatic tube weld caps.

by th¢ purchaser and manufacturer.
Stafidard dimensions for valve hygienic clamp con-

nectipns covered by this Standard are given in
Table|DT-4.4.1-1. All sizes shown are nominal O.D.
tube dizes.

The| categorized group in DT-4.4.1 designates specific
valve |[dimensions.

DT-4.4.1 Diaphragm  Valves. Refer to

Table [DT-4.4.1-1.
DT-4.5 Filter Dimensions

Stafidard dimensions for filter components covered
by thip Standard are referenced in SD-3.8 and are given
in TaHles DT-4.5.1-1 and DT-4.5.2-1.

DT{4.5.1 Code 7 Tapered Locking Tab Retainer:
Recesfed. Refer to Table DT-4.5.1-1.

DTi4.5.2 Code 7 Tapered Locking Tab Retainer:
External. Refer to Table DT-4.5.2-1.

DT-5 | MATERIALS

Maferials used in the manufacture of fittings and other
procegs components shall conform to-ene of the material
specifjcations listed in Part MM.

DT-6 | TESTS

Hydirostatic testing)of each fitting is not required in
this Standard; however, fittings shall be capable of with-
standing a hydrestatic test pressure of 1.5 times the
pressyre rating shown in Table DT-2-1 at 100°F (38°C).

DT-7 LTOLERANCES

DT-8 WELD ENDS

Where a 316L-type alloy is specified, the fnaterial of
the automatic weld end shall donform to the require-
ments for chemical composition as pregcribed in
MM-5.2.1.1. For nonautomatic weld ends, the chemical
composition shall meet-the'requirements of the applica-
ble ASTM specification:

Automatic weld-énds furnished to this Starjdard shall
be furnished with square-cut ends, free from| burrs and
breaks. All weld end connections for valves|shall have
a minimum unobstructed weld end length ¢qual to or
greater than the minimum control portion ag per DT-7.

DT-9 HYGIENIC CLAMP UNIONS

DT-9.1 Typical Hygienic Clamp Unions

Typical hygienic clamp unions are degcribed in

5G-2.2.2.

DT-9.2 Hysgienic Gaskets

Fittings and process components with hygienic clamp
unions furnished to this Standard shall empjloy gasket
materials and gasket designs that meet the requirements
of Table DT-2-1 and Part SG. Gasket seal pgrformance
in the clamp union shall be based on the piinciples of
SG-4 and shall comply with the dimensionpl require-
ments of Fig. SG-4.2-1 when the union assemBly is tight-
ened to an amount recommended by the mapufacturer.
Gasket seal width as shown in Fig. SG-4.2-1f shall be a
maximum of 0.085 in. in the uncompressed| condition
prior to installation.

Tables DT-3-1, DT-3-2, DT-4-1, and DT-7-1 list the
required tolerances for fabricated fittings and process
components depicted by this Standard. Table DT-7-1 lists
the required tolerances for machined hygienic clamp
ferrule profiles. When 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, Supplement 2.
Table DT-7-2 lists the required tolerances for transfer
panel nozzles and jumpers.
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DT-9.3 Connections

Connections meeting all dimensions of Table DT-7-1
are considered interchangeable. Alternative sealing
designs are acceptable, provided the following are met:

(a) dimensions A, 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, dimen-
sion B of Table DT-7-1 shall not apply. All connections
shall meet the applicable requirements of paras. SD-3.1,
5G-3.3.2.1, and 5G-3.3.2.2.

(16)

(16)
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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
nominal gpp per Fig- SG4:2-1 i
ened to the proper design specifications

(d) caude the gauging and contact diameter between
the ferrulep and the mating surfaces of the clamp to occur
at the gauping diameter (A) specified in Table DT-9.3-1
when instplled and tightened to achieve the nominal
gap per Fig. 5G-4.2-1

W -

NOTE: As|this is a nominal design condition, manufacturing
tolerances df the components will cause some variation in the
actual gauging and contact diameter at assembly.

(e) avoigl any interference with any clamp union com-
ponents of itself that would prevent proper assembly
when assgmbled with all components (see Fig. DT-2-1)

DT-10
DT-10.1

For fittings and process components including, but
not limitel to, tubing, valves, pumps, filter housings,
and instrumentation, each item shall be visually exam-
ined for the following criteria, as a minimum. It is not a
requiremept that the packaged components be remoéved
from the ofiginal packaging, provided the following can
be verifieq:

(a) manjufacturer’s name, logo, or tradeémark

(b) alloy/material type

(c) description including size and configuration

(d) heafj number/code

(e) process contact surface(finish designation [only
one surfade finish (SF) designation allowed]

(f) reference to ASMEBPE

(1) APME BPE Cettificate of Authorization holders
shall mark the reférence to this Standard by applying
their ASME Cestification Mark with BPE Designator.
Refer to Flg. CR+1-1.

(2) NenASME B ertificate of Ay
holders shall only mark “BPE.”

(g) pressure rating for valves

(h) no damage or other noncompliances

INIMUM EXAMINATION REQUIREMENTS
isual Inspection

DT-10.2 Documentation Verification

Refer to Part GR for documentation verification
requirements.

DT-10.3 Physical Examination

For this paragraph, a “lot” shall be defined as a specific
combination of size, configuration, and heat number
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for fittings and process components including, but not
limited to, tubing, valves, pumps, filter housings, and
instrumentation in a single shipment.

If required by the owner/user, a percentage of each
lot may be physically examined by the manufacturer,
installing contractor, inspection contractor, or owner/
user for the following criteria:

(a) wall thickness (for weld ends only)

(b) outside diameter (for weld ends only)

urface fimd as-specitied

(d) visual

When required examination reveals a-deéfect(s), an
additional 10% of that lot shall be examined fpr the
specific defect(s). If this examinatigh ‘réveals ahother
defect, an additional 10% of that lot)shall be examined
for the specific defect(s). If additional defects are found,
perform 100% examination.or-reject the balance|of the
lot. All examined and aceeptéd material in this I¢t may
be retained and used.

The completed Material Examination Log shall
describe all of the\features listed above. The resplts of
the examination’shall be recorded on a Mdterial
Examinationlog. This documentation may be one line
item for the'total quantity of a particular size, configura-
tion, and’heat number. The information required to be
on the:Material Examination Log may be in any fprmat,
written or tabular, to fit the needs of the manufakturer,
installing contractor, inspection contractor, and opner/
user as long as all information is included or referpnced.

Refer to Forms MEL-1 and MEL-2, which hav¢ been
provided as a guide for the Material Examinatign Log
(see Nonmandatory Appendix B).

DT-11 MARKING

DT-11.1 Fitting Marking Information

Except as specified in DT-11.1.1, each fitting and pro-
cess component shall be permanently marked By any
suitable method not injurious to the process contajct sur-
face to show the following:

(a) heat number/code traceable to Materigl Test
Report for each process contact surface compongnt

(b) material type

7

(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
Fig. CR-1-1.

(2) Non—-ASME BPE Certificate of Authorization
holders shall only mark “BPE.”

(e) process contact surface designation for the appro-

priate BPE specification [only one surface finish (SF)
designation allowed]
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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 fitting or process component
does not permit complete marking, the identification
marks may be omitted in reverse of the order presented
above. However, the heat number and material type
shall be marked on the fitting or process component.

(f) process contact surface designation for the appro-
priate BPE specification [only one surface finish (SF)
designation allowed]

NOTE: All marking of a process component should be made
outside of the control portion to optimize welding fit-up and
identification.

DT-11.2.1 Exceptions
(1) Where the size of the valve does not permit com-

plete marking, the identification marks may be omitted
i —th d-abeve—Hewever, the

(b) Where the size of the fitting or process component
does ot permit complete marking of the heat number,
a marjufacturer’s code number is acceptable under this
Standprd.

DT-11{2 Valve Marking Information

Exc
permg

bpt as specified in DT-11.2.1, each valve shall be
nently marked by any suitable method not injuri-
ous tojthe process contact surface to show the following;:
(a) |heat number/code traceable to Material Test
Report for all wetted metal component parts of the valve
or valje fabrication, if more than one heat is used
(b)
(c)
(d)
(e)

valve pressure rating

Mmaterial type

manufacturer’s name, logo, or trademark
Feference to this Standard (BPE)

) ASME BPE Certificate of Authorization holders
shall mark the reference to this Standard by applying
their |ASME Mark with BPE Designator. Refex’to
Fig. R-1-1.

(1) Non-ASME BPE Certificate of Authorization
holdets shall only mark “BPE.”

(1

EE =W VAt S0 3 P £3 Z
inreverse-ofthe-order presented-abeveH
erial type

heat number, valve pressure rating, and m
shall be marked on the valve.

(b) Where the size of the valve doesnot p
plete marking of the heat number-adnanufact
number is acceptable under this‘Standard.

DT-11.3 Modified Surfaces

When the surface finish' of a process component is
modified, the surface finish designation mafking shall
be changed to match the final surface finish designation
according to Table SF-2.4-1. Only the final finigh designa-
tion shall belindicated.

After renoval of the original markings, all d
and tolerances must comply with Table DT-
applicable, Table DT-3-2.

brmit com-
irer’s code

imensions
-1 and, as

DT-12 PACKAGING

All end connections of fittings or process c
shall be protected with end caps. Additiona
shall be sealed in transparent bags or shrink
Additional packaging for process compong
than fittings, shall be as agreed to by the pur
manufacturer.

mponents
ly, fittings
wrapped.
nts, other
Chaser and
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(16) 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 kPa
100 38 200 1379 200 1379 200 1379 150 1034
250 121 165 1138 150 1034 125 862 75 517

GENERAL NOTES:

(@) These pressure ratings apply to the hygienic clamp and gasket. For information on pressure ratings, see the manufacturer’s guidelines
for the components.

(b) For instaflation practices, refer to Fig. DT-2-1.

Fig. DT-2-1 Clamp Conditions at Installation

Spacing should be
Acceptable maintained after
torquing per
DT-9.4(e)

Not Acceptable

When clamp epds
are contacting,
the required Joad

—— - | -
is not impartgd
onto the gasket
? per DT-9.4(e)

Spacing should be.

Acceptable maintained after Not Acceptable
torquing per
DT-9.4(¢)
imi]
Acceptable Not Acceptable
fams) jimi|
Not Acceptable
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Table DT-3-1 Final Tolerances for Mechanically Polished Fittings and Process Components

|mmmmmmmm
I
I [,
| -
[ -~ 7 [ ]
N
\\ // —>| ~C (0] Q{ l—
/ T —>
! L
I N—R
I
I
: O
I
I
i E i
|
Squareness Equivalent Centefline
Face to Angle Radius
Nomindl 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
Y +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 0.463 14.30
3/8 +0.005 +0.13 +0.003/-0.004 +0.08/%0.10 0.005 0.13 0.012 0.30 1.8 0.030 0.76 1.125 28.58
A +0.005 *0.13 +0.005/-0.008 ¢+0.13/-0.20 0.005 0.13 0.014 0.36 1.6 0.030 0.76 1.325 28.58
A +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/-0008” +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 2.350 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 3.900 76.20
2Y, +0.010 *0.25 +0.005/-0.008 +0.13/-0.20 0.010 0.25 0.054 1.37 1.2 0.050 1.27 3.450 95.25
3 +0.010 +0.25. %+0:005/-0.008 +0.13/-0.20 0.016 0.41 0.068 1.73 1.3 0.050 1.27 4.400 114.30
4 +0.015 +038.+0.008/-0.010 +0.20/-0.25 0.016 0.41 0.086 2.18 1.2 0.060 1.52 6.Q00 152.40
6 +0.030 #0.Y6 +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 NOTES:
(@) Tolg¢ranceon\end-to-end and center-to-end dimension E is +0.050 in. (1.27 mm) for all fittings and process components depicted. For

thol

(b) Sed

ke not depicted in this Standard, see manufacturer for standards.
Taple DT-3-2 for electropolished wall thickness tolerances.

©
(d
(e)

See DT-7 (Tolerances) for C control portion lengths.
See Table DT-4.1-1 for T tangent length dimensions.
Tolerance for centerline radius (CLR) is +10% of the nominal dimension (R).
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3-2 Final Tolerances for Electropolished
fittings and Process Components

Wall Thickness

Nominal
Size, in. in. mm
A +0.003/-0.006 +0.08/-0.15
A +0.003/-0.006 +0.08/-0.15
Y, +0.005/-0.010 +0.13/-0.25
A +0.005/-0.010 +0.13/-0.25
1 +0.005/-0.010 +0.13/-0.25
1% +0.005/-0.010 +0.13/-0.25
2 +0.005/-0.010 +0.13/-0.25
2Y, +0.005/-0.010 +0.13/-0.25
3 +0.005/-0.010 +0.13/-0.25
4 +0.008/-0.012 +0.20/-0.30
6 +0.015/-0.017 +0.38/-0.43

Table DT-4-1 Nominal O.D. Tubing Sizes

Tube Wall
Tube 0.D. Thicknéss
Nominal

Size, in. in. mm in. mm
Y 0.250 6.35 0:035 0.89
A 0.375 9.53 0.035 0.89
Y 0.500 12.70 0.065 1.65
A 0.750 19,05 0.065 1.65
1 1.000 2540 0.065 1.65
1Y, 1.500 38.10 0.065 1.65
2 2.000 50.80 0.065 1.65
2Y, 2.500 63.50 0.065 1.65
3 3,000 76.20 0.065 1.65
4 2,000 101.60 0.083 2.11
6 6:000 152.40 0.109 2.77

GENERAL NOTE:

tolerances.

Table DT-4.1-1

Tangent Lengths

Nominal Tangent, T
0.D. Tube
Size, in. in. mm
Y 1.500 38.10
A 1.500 38.10
Y, 1.500 38.10
% 1.500 38.10
1 1.500 38.10
1% 1.500 38.10
2 1.500 38.10
2Y, 1.500 38.10
3 1.750 44.45
4 2.000 50.80
6 2.500 63.50
GENERAL NOTES:
(@ Minimum tangent lengths for ferrules do not apply. See
Table DT-4.1.4-1, dimensions B and C, for available length
options.
(b) Minimum tangent length for %, in. to ¥, in. size automgtic
tube weld: 180 deg return bend does not conform (see
Table DT-4.1.1-7, dimension B).
(©) Minimum tangent lengths for Tables DT-4.1.2-2, DT-4.1.2-3,

DT-4.1.2-7, DT-4.1.3-1, and DT-4.1.3-2 do not apply.

Refer to ASTM A270, Supplement 2 for tubing
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Table DT-4.1.1-2 Automatic Tube Weld: Hygienic

Pad |
€tampjoint; 90-deg-Ethow—
B
Table DT-4.1.1-1 Automatic Tube Weld: 90-deg
Elbow
A —
e PP T IR
//
7
Ve
A
i | A
| I
! {
| |
| |
| |
| |
T |
! |
|
|
A :
|
Nomindl Size, in. in. mm
Y, 2.625 66.68 B
A 2.625 66.68 Nominal
A 3.000 76.20 Size, in. in. mm in. mm
/., 3.000 76.20
Y 2.625 66.68 1.625 41.28
1 3.000 76.20 % 2.625 66.68 1.625 41.26
A 3.750 95.25 A 3.000 76.20 1.625 41.28
2 4.750 120.65 % 3.000 76.20 1.625 41.28
Y 5.500 139.70
1 3.000 76.20 2.000 50.80
3 £.250 158 75 1% 3,750 95.25 2.750 69.85
4 8.000 203.20 2 4.750 120.65 3.500 88.90
6 11.500 292.10 2Y 5.500 139.70 4.250 107.95
3 6.250 158.75 5.000 127.00
4 8.000 203.20 6.625 168.28
6 11.500 292.10 10.500 266.70
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(16)  Table D] deg
A
A
Nominal Size, in. in. mm Nominal Size, in. in. mm
1 1

Y 1.625 41.28 A 2.000 50.80
% 1.625 41.28 A 2.000 50.80
A 1.625 41.28 Y 2.250 57.15
A 1625 41.28 VA 2.250 57.15
1 2.000 50.80 1 2.250 57.15
1Y 2.750 69.85 1% 2.500 63.50
2 3.500 88.90 2 3.000 76.20
2Y 4.250 107.95 2% 3.375 85.73
3 5.000 127.00 3 3.625 92.08
4 6.625 168.28 4 4.500 114.30
6 10.500 266./0 [$] 6.250 158.75
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Table DT-4.1.1-5 Automatic Tube Weld: Hygienic
Clamp Joint, 45-deg Elbow

PN

Table DT-4.1.1-6 Hygienic Clamp Joint: 45-deg
Elbow

A
Nominal Size, in. in. mm

Y 1.000 25.40

A 1.000 25.40

¥ 1.000 25.40

A 1.000 25.40

Nomindl

Size, in. in. mm in. mm 1 1.125 28.58

1%, 1.438 36.53

Y 2.000 50.80 1.000 25.40 2 1.750 44.45

% 2.000 50.80 1.000 25.40 2% 2.063 52.40
Y 2.250 57.15 1.000 25.40

A 2,250 57.15 1.000 25.40 3 2.375 60.33

4 3.125 79.38

1 2:250 57.15 1.125 28.58 6 5.250 133.35
1Y, 2.500 63.50 1.438 36.53
2 3.000 76.20 1.750 44,45
2Y, 3.375 85.73 2.063 52.40
3 3.625 92.08 2.375 60.33
4 4.500 114.30 3.125 79.38
6 6.250 158.75 5.250 133.35
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Table DT-4.1.1-7 Automatic Tube Weld: 180-deg

Return Bend

A

Table DT-4.1.1-8 Hygienic Clamp Joint: 180-deg

Return Bend

A

B B
!
/
/
/
N 7/
N 7
\\ //
A A
Nominal Nominal
Size, in. in. mm in. mm Size, in. in. mm in. mm
A 4.500 114.30 2.625 66.68 A 4.500 114.30 3.125 79.38
A 4.500 114.30 2.625 66.68 A 4.500 114.30 3.125 79.38
Y 4.500 114.30 3.000, 76.20 % 4.500 114.30 3.500 88.90
A 4.500 114.30 3,000 76.20 A 4.500 114.30 3.500 88.90
1 3.000 76.20 31000 76.20 1 3.000 76.20 3.500 88.90
1Y, 4.500 114.30 4.500 114.30 1Y, 4.500 114.30 5.000 127.00
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 2Y, 7.500 190.50 6.250 165.10
3 9.000 228.60 6.500 165.10 3 9.000 228.60 7.000 177.80
4 12.000 304.80 8.500 215.90 4 12.000 304.80 9.125 231.78
6 18.000 457.20 11.500 292.10 6 18.000 457.20 13.000 330.20
GENERAL NOJTE: ,Y/iin.=/, in. sizes do not conform to Table DT-4.1-1.
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(16) Table DT-4.1.2-1 Automatic Tube Weld: Straight
Tee and Cross

A
Table DT-4.1.2-2 Automatic Tube Vlleld:
I e ) Short-Outlet Hygienic Clamp Joint [fee
4
|
|
: A jﬁ' T
B
i
T X -——4- 4--
|
|
|
|
| A
|
|
|
|
:
EEE § R ettt e T - B
: Nominal
: Size, in. in. mm in. mm
|
: Y, 1.750 44,45 1.000 25.40
I A 1.750 44.45 1.000 25.40
| Y, 1.875 47.63 1.000 25.40
: A 2.000 50.80 1.125 28.58
|
: 1 2.125 53.98 1.125 28.58
! A 1Y, 2.375 60.33 1.375 34.93
' 2 2.875 73.03 1.625 41.28
2Y, 3.125 79.38 1.875 47.63
A 3 3.375 85.73 2.125 53.98
Nomindl Size, in. in. mm 4 4.125 104.78 2.750 69.85
6 5.625 142.88 4.625 117.48
. 1.750 44.45
s 1.750 44.45
Y, 1.875 47.63
/. 2.000 50.80
1 2125 03 98
1%, 2.375 60.33
2 2.875 73.03
2Y, 3.125 79.38
3 3.375 85.73
4 4.125 104.78
6 5.625 142.88
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Table DT-4.1.2-4 Hygienic Clamp Joint: Straight (1¢)
Tee and Cross

|
I
I
|
|
| A
I
| —
I
I |
]
I
|
|
o . . . |
(16) Table PT-4.1.2-3 Hygienic Mechanical Joint: :
Short-Outlet Run Tee i |
I
1
| A
i
c
A
L
B A
A B c
Nominal
Size, in. in. mm in. mm in. mm
Y 4.875  22.23  1.750 (N#.45  1.750  44.45 2
A 875 2223 1.750°\“44.45 1.750  44.45 !
Y q.875  22.23 1875V 47.63 1.875  47.63
A 1.000  25.40 £2.000  50.80 2.000  50.80 A
1 {125 285872125 5398 2.125 53.98  NominalSize, in. in. mm
1Y, 1375 8493 2375 60.33 2375  60.33 1
2 1.625 «.\41.28 2875  73.03 2.875  73.03 é} ;;28 ;;12
2} 1875 47.63 3.125  79.38 3.125  79.38 8 ‘ )
/2 A 2.250 57.15
E) 2.375 60.33
3 2125  53.98 3.37/5 85.73 3.37/5 85.73 *
4 2.750  69.85 4.125 104.78 4.125 104.78 1 2.625 66.68
6 4.625 117.48 5.625 142.88 5.625 142.88 1Y, 2.875 73.03
2 3.375 85.73
2Y, 3.625 92.08
3 3.875 98.43
4 4.750 120.65
6 7.125 180.98
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Table DT-4.1.2-6 Automatic Tube Weld:
Reducing Tee

Y
|
|
|
|
|
| B
|
|
|
|
v |
T
|
|
|
|
. A |
Nominal Size,
Table DT-4.1.2-5 Hygienic Cl int fn. a 8
e DT-4.1.2- ienic mp Joint:
a 5 Ve a Pl X Y in. mm in mm
Short-Outlet Tee
: 7 Y 1.759 44.45 1.750 44.45
| T Y A 14875 47.63 1.875 47.63
| 1 B Y A 1.875 47.63 1.875 47.63
! A A 2.000 50.80 2.000 50.80
| ] i l Y/ V2 2.000 50.80 2.000 50.80
| A A 2.000 50.80 2.000 50.80
|
; 1 Y, 2.125 53.98 2.125 53.98
I 1 A 2.125 53.98 2.125 53.98
1 Y, 2.125 53.98 2.125 53.98
I 1 A 2.125 53.98 2.125 53.98
1Y, Y, 2.375 60.33 2.375 60.33
. 1Y, A 2.375 60.33 2.375 60.33
Nomindl
Size, in. in. mm in. mm 1Y, 1 2.375 60.33 2.375 60.33
) 2 Y 2.875 73.03 2.625 66.68
/2 2.250 57.15 1.000 25.40 2 % 2.875 73.03 2.625 66.68
Y 2.375 60.33 1.125 28.58 2 1 2.875 73.03 2.625 66.68
} 2.625 66.68 1.125 28.58 2 1Y, 2.875 73.03 2.625 66.68
1/ 2.875 73.03 1375 34.93 2Y, Y 3.125 79.38 2.875 73.03
2 3.375 85.73 1625 41.28
2Y, VA 3.125 79.38 2.875 73.03
2Y, 3.625 92.08 1.875 47.63 21/2 11 3.125 79.38 2.875 73.03
3 3.875 9843 2.125 53.98 21/2 1% 3.125 79.38 2.875 73.03
4 4.750 20:65 2.750 69.85 2% l2 3.125 79.38 2.875 73.03
6 7.125 180.98 4.625 117.48 3 /2 3.375 85.73 3.125 79.38
3 A 3.375 85.73 3.125 79.38
3 1 3.375 85.73 3.125 79.38
3 1Y, 3.375 85.73 3.125 79.38
3 2 3.375 85.73 3.125 79.38
3 2Y, 3.375 85.73 3.125 79.38
4 A 4.125 104.78 3.625 92.08
4 % 4.125 104.78 3.625 92.08
4 1 4.125 104.78 3.625 92.08
4 1Y, 4.125 104.78 3.625 92.08
4 2 4.125 104.78 3.875 98.43
4 2Y, 4.125 104.78 3.875 98.43
4 3 4.125 104.78 3.875 98.43
6 3 5.625 142.88 4.875 123.83
6 4 5.625 142.88 5.125 130.18
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Table DT-4.1.2-7 Automatic Tube Weld: Short-
Outlet Hygienic Clamp, Joint Reducing Tee

Y

)

Nominal Size,

in. A B

X Y in. mm in. mm

A Y 1.750 44.45 1.000 25.40
Y Y 1.875 47.63 1.000 25.40,
Y A 1.875 47.63 1.000 2540
VA Y 2.000 50.80 1.000 2540
A A 2.000 50.80 1.000 25.40
A Y 2.000 50.80 1.000 25.40
1 Y 2.125 53.98 1.125 28.58
1 A 2.125 53.98 1.125 28.58
1 Y 2.125 53.98 14125 28.58
1 A 2.125 53.98 1.125 28.58
1Y, Y 2.375 60.33 1.375 34.93
1Y, VA 2.375 60.33 1.375 34.93
1Y, 1 2.375 6033 1.375 34.93
2 Y 2.875 %3.03 1.625 41.28
2 VA 2.875 73.03 1.625 41.28
2 1 2.875 73.03 1.625 41.28
2 1Y, 2,875 73.03 1.625 41.28
2Y, Y 3.125 79.38 1.875 47.63
2Y, A 3125 79.38 1.875 47.63
2Y, 1 3.125 79.38 1.875 47.63
2%, 1 3.125 79.38 1.875 47.63
2Y, 2 3.125 79.38 1.875 47.63
3 Y, 3.375 85.73 2.125 53.98
3 VA 3.375 85.73 2.125 53.98
3 1 3.375 85.73 2.125 53.98
3 1Y, 3.375 85.73 2.125 53.98
3 2 3.375 85.73 2.125 53.98
3 2Y, 3.375 85.73 2.125 53.98
4 Y 4.125 104.78 2.625 66.68
4 VA 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
o4 412 g.120 1Ud.70 2.0Z0 00.006
4 3 4.125 104.78 2.625 66.68
6 Y 5.625 142.88 3.625 92.08
6 VA 5.625 142.88 3.625 92.08
6 1 5.625 142.88 3.625 92.08
6 1Y%, 5.625 142.88 3.625 92.08
6 2 5.625 142.88 3.625 92.08
6 2Y, 5.625 142.88 3.625 92.08
6 3 5.625 142.88 3.625 92.08
6 4 5.625 142.88 3.750 95.25
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Table DT-4.1.2-8 Hygienic Clamp Joint: Reducing

Tee

Y

|

1

|

|

|

|

I B

|

|

[N

|

|
e — IS— =1

|

|

|

1

|

|

[
Nominal Size,

in. A

X Y in. mm in. mm
A A 2.250 57.15 2.250 57.15
A Y. 2.375 60.33 2.375 60.33
b A 2.375 60,33 2.375 60.33
A A 2.500 6350 2.500 63.50
A A 2.500 63.50 2.500 63.50
A % 2.500 63.50 2.500 63.50
1 A 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 66.68
1 A 2.625 66.68 2.625 66.68
1Y% ¥ 2.875 73.03 2.875 73.03
1%, A 2.875 73.03 2.875 73.03
1%, 1 2.875 73.03 2.875 73.03
2 ¥ 3.375 85.73 3.125 79.38
2 % 3.375 85.73 3.125 79.38
2 1 3.375 85.73 3.125 79.38
2 1% 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
2Y 1 3.625 92.08 3.375 85.73
2% 1% 3.625 92.08 3.375 85.73
2Y, 2 3.625 92.08 3.375 85.73
3 b 3.875 98.43 3.625 92.08
3 A 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 98.43
3 2Y, 3.875 98.43 3.625 98.43
4 % 4.750 120.65 4.125 104.78
4 VA 4.750 120.65 4.125 104.78
4 1 4.750 120.65 4.125 104.78
4 1Y%, 4.750 120.65 4.125 104.78
4 2 4.750 120.65 4.375 111.13
4 2Y, 4.750 120.65 4.375 111.13
4 3 4.750 120.65 4.375 111.13
6 3 7.125 180.98 5.375 136.53
6 4 7.125 180.98 5.750 146.05
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Table DT-4.1.2-9 Hygienic Clamp Joint: Short-

Outlet Reducing Tee

Table DT-4.1.2-10 Automatic Tube Weld:
Instrument Tee

l
l 1o~
J.

X-Ht---———-------—- ittt
|
1
|
I
|
Nominal Size, in. A
Nominal Sizp, . R
in. A B X Y in. mm in. mm
X in. mm in. mm Yy ox 1% 2.500 63.50 0.875 22.23
Y, il 2.250 5715 1.000 25.40 Y, % 11/2 2.500 63.50 1.000 25.40
i iy 2.375 60.33 1.000 25.40 1 X 1% 2.500 63.50 1.125 28.58
A B A 2.375 60.33 1.000 25.40
Y, b A 2.500 63.50 1.000 25.40 A X 2 2750 69.85 1.000 25.40
VA . 2.500 63.50 1.000 25.40 %X 2 2.750 69.85 1.125 28.58
%, E A 2.500 63.50 1.000 25.40 1 X 2 2.750 69.85 1.250 31.75
1 iy 2.625 66.68 1.125 28.58 1Y%, x 2 2.750 69.85 1.500 38.10
1 EA 2.625 66.68 1.125 28.58
1 E A 2.625 66.68 1.125 28.58
1 ¥, 2.625 66.68 1.125 28.58
1% 1, 2.875 73.03 1.375 34.93
1% 3, 2.875 73.03 1.375 34.93
1Y, 2.875 73.03 1.375 34.93
2 W 3.375 85.73 1.625 41.28 Table DT-4.1.2-11 Hygienic Clamp Joint:
2 34 3.375 85.73 1.625 41.28 Instrument Tee
2 3.375 85.73 1.625 41,28
2 A 3.375 85.73 1.625 4128
2Y A 3.625 92.08 1.875 47.63 T
2Y, ¥, 3.625 92.08 1.875 47.63
2% 3.625 92.08 1.875 47.63 B
2Y, 15 3.625 92.08 1:875 47.63 l
2%, 3.625 92.08 1.875 47.63 T
3 E A 3.875 98.43 2.125 53.98
3 b 3.875 98.43 2.125 53.98
3 3.875 98.43 2.125 53.98
3 A 3.875 98.43 2.125 53.98
3 3.875 98.43 2.125 53.98
3 2l 3.875 98.43 2.125 53.98
4 P A 4.750, 120.65 2.625 66.68 Nominal Size, in. A
4 b 4,750 120.65 2.625 66.68 -
X Y in mm in. mm
4 %.750 120.65 2.625 66.68
4 112 4.750 120.65 2.625 66.68 1/2 X 11/2 3.000 76.20 0.875 22.23
4 4.750 120.65 2.625 66.68 i x 1% 3.000 7620  1.000 | 25.40
4 2 4 750 120 A5 2625 L6 (R 1
T X 75 37000 76.20 T1I25 28.58
4 3 4.750 120.65 2.625 66.68
6 7 7125 180.98 3.625 92.08 i x 2 3.250 8255 1.000  25.40
6 VA 7.125 180.98 3.625 92.08 3/4 X 2 3.250 82.55 1.125 28.58
6 ! 7.125 180.98 3.625 92.08 1 x 2 3.250  82.55 1250  31.75
6 1% 7125 180.98 3.625 92.08 1% x 2 3250 8255  1.500  38.10
6 2 7.125 180.98 3.625 92.08
6 2Y, 7.125 180.98 3.625 92.08
6 3 7.125 180.98 3.625 92.08
6 4 7.125 180.98 3.750 95.25
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Table DT-4.1.3-1 Automatic Tube Weld: Concentric and Eccentric Reducer

4

| t—

R L;j/— R2

T

‘

L1 — L= ¥\
|<— [2 —w] r
X Y X+—— / ‘
T ; " [2 —
. { ,
R1
R2
A A
I.D Tangent, 1.D. Tangent, 0.D. Tangent, Q.D. Tangent, Internal Internal External
Nomingl Size, Overall Length, Large End, Small End, Small End, Large End, Taper, Radius, Radius,

in. A, L1, min. L2, min. L3, min. L4, min. ma); > R1, min. R2, min.
X Y in. mm in. mm in. mm in. mm in. mm deg in. mm| in. mm
A 1/4 1.625 41.28 0.375 9.53 0.875 22.23 0250 19.05 0.750 19.05 30 0.250 6.35/0.031 0.79
l/2 1/4 1.875 47.63 0.375 9.53 0.875 22.23,07750 19.05 1.000 25.40 30 0.250 6.35]0.031 0.79
Y 3/8 1.875 47.63 0.375 9.53 0.875 22.23* 0.750 19.05 1.000 25.40 30 0.250 6.35/0.031 0.79
3/4 3/3 2.000 50.80 0.375 9.53 0.875 22:23 0.750 19.05 1.000 25.40 30 0.250 6.35]0.031 0.79
A A 2.125 53.98 0.375 9.53 1.1255)28.58 1.000 25.40 1.000 25.40 30 0.250 6.35/0.031 0.79
1 l/2 2.500 63.50 0.375 9.53 1.125.7 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35]0.031 0.79
1 | % 2125 5398 0375 9.53 1125 2858 1.000 25.40 1.000 2540 30 0250 6.35[0.031 0.79
11/2 3/4 3.000 76.20 0.375 9.53 1.125 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35]0.031 0.79
1Y, 1 2.500 63.50 0.375 953 1.125 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35/0.031 0.79
2 1 3.375 85.73 0.375/9:53 1.125 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35]0.031 0.79
2 1% 2,500 63.50 0.375 “9.53 1.125 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35/0.031 0.79
21/2 11/2 3.375 85.73 0375 9.53 1.125 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35]0.031 0.79
2Y, 2 2.500 63.50,-0.375 9.53 1.125 28.58 1.000 25.40 1.000 25.40 30 0.250 6.35]0.031 0.79
3 11/2 4.250 107.95\,0.375 9.53 1.125 28.58 1.000 25.40 1.500 38.10 30 0.250 6.35]0.031 0.79
3 2 3.375 @53 0.375 9.53 1.125 28.58 1.000 25.40 1.500 38.10 30 0.250 6.35/0.031 0.79
3 21/2 2.625( 66.68 0.375 9.53 1.125 28.58 1.000 25.40 1.500 38.10 30 0.250 6.35]0.031 0.79
4 2 5.125+130.18 0.375 9.53 1.125 28.58 1.000 25.40 1.500 38.10 30 0.250 6.35]0.031 0.79
4 21/2 4250 107.95 0.375 9.53 1.125 28.58 1.000 25.40 1.500 38.10 30 0.250 6.35]0.031 0.79
4 3 3.875 98.43 0.375 9.53 1.625 41.28 1.500 38.10 1.500 38.10 30 0.250 6.35]0.031 0.79
6 3 7.250 184.15 0.375 9.53 1.625 41.28 1.500 38.10 2.000 50.80 44 0.250 6.35/0.031 0.79
6 4 5.625 142.88 0.375 9.53 1.625 41.28 1.500 38.10 2.000 50.80 44 0.250 6.35]0.031 0.79
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Table DT-4.1.3-2 Hygienic Clamp Joint: Tube Weld Concentric and Eccentric Reducer

! \ [ -
L1 | % | | L1
T Y X
« Y
P \ R1 p/
‘ R2 ‘
| A — [ A
Internal
1.D Tangent, 1.D. Tangent, 0.D. Tangent, Taper Internal Extefnal
Nominal Overall Large End, Small End, Small Endy @ ’ Radius, Rad|us,
Size, in. Length, A, L1, min. L2, min. L3, min: ma;( R1, min. R2, min.

X Y in. mm in. mm in. mm in, mm deg in. mm in. mm
A A 2.125 53.98 0.375 9.53 0.875 22.23 0.750 19.05 30 0.250  6.35 0.031 0.79
Y Y 2.375 60.33 0.375 9.53 0.875 22.23 0.750 19.05 30 0.250  6.35 0.031 0.79
Y A 2.375 60.33 0.375 9.53 0.875 22.23 0.750 19.05 30 0.250  6.35 0.031 0.79
A A 2.500 63.50 0.375 9.53 0.875 22.23 0.750 19.05 30 0.250  6.35 0.031 0.79
%, Y 2.625 66.68 0.375 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 0.375 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 0.375 9.53 1125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
1Y, A 3.500 88.90 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
1Y, 1 3.000 76.20 0.375 953 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
2 1 3.875 98.43 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
2 1Y, 3.000 76.20 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
21/2 11/2 3.875 98.43 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
2Y, 2 3.000 76.20 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
3 11/2 4.750 120.65 0375 9.53 1.125 28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
3 2 3.875 98443 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
3 21/2 3.125 7938 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
4 2 5.750 , «146.05 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250  6.35 0.031 0.79
4 21/2 4.875 123.83 0.375 9.53 1.125 28.58 1.000 25.40 30 0.250 6.35 0.031 0.79
4 3 4500 114.30 0.375 9.53 1.625 41.28 1.500 38.10 30 0.250  6.35 0.031 0.79
6 3 87000 203.20 0.375 9.53 1.625 41.28 1.500 38.10 44 0.250 6.35 0.031 0.79
6 4 6.375 161.93 0.375 9.53 1.625 41.28 1.500 38.10 44 0.250  6.35 0.031 0.79
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Table DT-4.1.3-3 Hygienic Clamp Joint: Concentric and Eccentric Reducer
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R1 R2
k N . | 72 é M\
L1 -
I X+
X Y |
f | L2
o Y
: n
D E/ %
R2
| A A |
loternal
I1.D Tangent, I.D. Tangent, Taper Internal External
Nomingl Size, Overall Large End, Small End, @ ’ Radius, Radius,
in. Length, A, L1, min. L2, min. ma;( R1, min. R2, min.

X Y in. mm in. mm in. mm deg in. mm in. mm
3/3 1/4 2.625 66.68 0.375 9.53 0.875 22.23 30 0.250 6.35 0.0p1 0.79
Y A 2.875 73.03 0.375 9.53 0.875 22.23 30 0.250 6.35 0.0B1 0.79
Y 3/3 2.875 73.03 0.375 9.53 875 22.23 30 0.250 6.35 0.0p1 0.79
3/,, 3/8 3.000 76.20 0.375 9.53 0.875 22.23 30 0.250 6.35 0.0B1 0.79
3/4 Y 3.125 79.38 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
1 Y 3.500 88.90 0.375 953 1.125 28.58 30 0.250 6.35 0.0B1 0.79
1 3/4 3.125 79.38 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
1Y, 3/4 4.000 101.60 0.3%5 9.53 1.125 28.58 30 0.250 6.35 0.0B1 0.79
1% 1 3.500 88.90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
2 1 4.375 111.13 Q0.375 9.53 1.125 28.58 30 0.250 6.35 0.0B1 0.79
2 1% 3.500 88.90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
2Y, 1Y, 4.375 111,18 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
2Y, 2 3.500 88.90 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
3 1Y%, 5.250 133.35 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0B1 0.79
3 2 4.375% 111.13 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
3 2Y, 3.625 92.08 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0B1 0.79
4 2 6.250 158.75 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0p1 0.79
4 2Y, 5.375 136.53 0.375 9.53 1.125 28.58 30 0.250 6.35 0.0B1 0.79
4 3 5.000 127.00 0.375 9.53 1.625 41.28 30 0.250 6.35 0.0B1 0.79
6 3 8.500 215.90 0.375 9.53 1.625 41.28 44 0.250 6.35 0.0B1 0.79
6 4 7.000 177.80 0.375 9.53 1.625 41.28 44 0.250 6.35 0.0p1 0.79
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Table DT-4.1.4-1 Automatic Tube Weld: Ferrule
i
[ T ]
N : -
|
|
|
|
A B C |
|
|
|
|
|
|
|
L
|
|
Nominal ¢
Size, in. in. mm in. mm in. mm
A 1.750  44.45 1125 28.58  0.500 1270
3/3 1.750 44.45 1.125 28.58 0.500 12.70
Y 1.750  44.45 1125  28.58  0.500, ) 12.70
3/4 1.750 44.45 1.125 28.58 Q.500 12.70
1 1.750 44.45 1.125 28.58 0.500 12.70
1Y, 1.750  44.45 1125 28.58) 0.500 12.70
2 D.250 57.15 1.125 28.58 0.500 12.70
21/2 D.250 57.15 1.125 28.58 0.500 12.70
3 D.250 57.15 %1257 28.58 0.500 12.70
4 D.250 57.15 1.125 28.58 0.625 15.88
6 B.000  76.200 )1.500 38.10 0.750  19.05

Table DT-4.1.5-1 Automatic Tabe'Weld: Qap

' A

B
A
Nominal Size, in. in. mm

A 1.500 38.10

A 1.500 38.10

1 1.500 38.10

1Y, 1.500 38.10

2 1.500 38.10

2% 1.500 38.10

3 1.750 44.45

4 2.000 50.80

6 2.500 63.50
GENERAL NOTE:  Minimum L.D. control portion length, B, is 00375 in.

(9.53 mm) for all sizes.
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Table DT-4.1.5-2 Hygienic Clamp Joint: Solid End Cap

A

r
%T R /2272227

A, min.

Nominal Size, in. Type in. mm
Y A 0.187 4.75
A A 0.187 4.75
Y A 0.187 4.75
¥/ A 0.187 4.75
1 A 0.250 6.35
1 B 0.250 6.35
1% B 0.250 6.35
2 B 0.250 6.35
2 B 0.250 6.35
3 B 0.250 6.35
4 B 0.312 7.92
6 B 0.437 11.10

T
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T e T 2T femi i ir yle
Diaphragm Valve
I
TN \Y
I
I
]
| X \
I
I
N
I
I
A - D 1_
I
]
I
I
N
I
I
I
s\ ..
T
I
Nominal Size,
in. in. mm
Y, fractional 2.500 63.50
34 fractional 2.500 63.50
1/, fractional 2.500 63.50
A 3.500 88.90
VA 4.000 101.60
1 4.500 114.30
1Y, 5.500 139.70
2 6.250 158.75
2Y, 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

TN
}__

10 deg to 20 deg

/() [°

1

R0.060 in. (1.562 mm)

C
SECTION: A-A
Dimension Tolerance
in. mm in. mm

A 1.250 (min.) 31.75 (min.) Note (1)

1.400 (max.) 35.56 (max.)
B 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 R1.430 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:

(@) Locking tab retainer options are shown as possible options and do not represent all possible designs.
(b) All surfaces 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

Bl B
C
H
Weld zone
B \ E 104deg to 20 deg
3 > —| :
\ [ 11 i
f 3
=+ | +
D
/\4 R0.060 in. (1.52 mm)
C
SECTION: B-B
Dimension Tolerance
in. mm in. mm
B 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 R1.430 R36.32 +0.010 +0.25 ote (1)
G 0.060,(max.) 1.52 (max.) ote (2)
H 0.125+«(max.) 3.18 (max.)
GENERAL NQTES;
(@) Locking tab-retaireroptions—are—shownas—pessible-optonsantd-dorotrepresentat-peossible—desiens:

(b) All surfaces shall meet the specified finish of wetted surfaces, excluding the weld zones.

NOTES:

(1) Clearance for locking tabs.

(2) O-ring le

ad-in chamfer.
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Table DT-7-2 Transfer Panel andJumper

Tolerances

Flatness Tolerance
Maximum Gap

Center-to-Center
Dimensional

Connection
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
1% 0.020 0.51 0.015 0.38
2 0.025 0.64 0.015 0.38
2% 0.025 0.64 0.015 0.38
3 0.030 0.76 0.015 0.38
4 0.040 1.02 0.015 0.38
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Table DT-9.3-1 Hygienic Clamp Ferrule: Design Criteria

B, gauging width

Nominal design
clamp to ferrule
contact point per
DT-9.4(d)

Clearance
per DT-9.4(e)
% %\ Clearance
per DT-9.4(e)

5

2

8 <— 0.065in. (365.mm)

g per DT-9.4(c)

£

(o]

>

©

(o]

<

Basic Gauging and Contact
Diameter, A (ref.) Gauging Width, B
Nominal Dimension Dimension Tolerance, # Hygieni¢ Clamp
Size, in. Type in. mm in. mm in. mm Size} in.

Y A 0.867 22.02 0.164 4.17 0.004 0.10 1,
A A 0.867 22.02 0.164 4.17 0.004 0.10 3,
A A 0.867 22.02 0.164 4.17 0.004 0.10 A
VA A 0.867 22.02 0.164 4.17 0.004 0.10 3,
1 A 1.222 31.04 0.164 4.17 0.004 0.10 ISO N15
1 B 1.748 44.39 0.155 3.94 0.005 0.13 171,
1Y, B 1748 44.39 0.155 3.94 0.005 0.13 171
2 B 2280 57.91 0.155 3.94 0.005 0.13 y
2Y, B 2.811 71.39 0.155 3.94 0.005 0.13 21,
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 ¢
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Part Pl
Process Instrumentation

Pl-1 PURPOSE AND SCOPE

(b) Liquid-filled elements in measuring devices

The|purpose of this Part is to provide requirements for
procegs instrumentation. This Part defines the minimum
requifements for the application of process contact
instrumentation in hygienic systems. This Part applies
to insfrument components that are in contact with the
procegs.

PI-2 | PROCESS INSTRUMENTATION GENERAL

REQUIREMENTS

Progess instrumentation includes sensors, transmit-
ters, analyzers, controllers, recorders, transducers, final
contrgl elements, signal converting or conditioning
devicgs, and supporting components (e.g., light sources
and sjght glasses).

Finpl control elements such as control valves or
varialjle-speed pumps are covered in other Parts of this
Standprd.

PI-2.1] General Considerations

PI2.1.1 Installation. All process instrumentation
shouldl be installed per the manufactiiret’s instructions
for prpper operation.

Ind{cating devices shall be oriented and located such
that they can be easily viewed for maintenance and
operafion purposes. Instruments shall be located and
orientpd so connections\ean be easily made and ade-
quate|space is provided for calibration, maintenance,
and r¢placement.

Insfruments; connecting tubing, and systems shall be
suppdrted by\mounting brackets as necessary to prevent
potential Gtresses on the instrument and tubing system,
and tq allow for ease of removal without disturbing the

shotld ot contain materials that can potentilly impact
product quality.

(c) The internal volume of the liquid-fillegl elements
should be minimized.

(d) Instruments should have integral hygienic fittings.
Threaded ferrules are not acceptable to conveft standard
instrumentation to hygieni€/standards. Procdss connec-
tions shall be of hygienic.design, per the requirements
of Parts SD and SG,iin-erder to ensure cleanability of
the system.

(e) Gauge siphonis (pigtails) shall not be ysed. Isola-
tion valves should be used if required by the owner/
user for reutine maintenance or calibration.

(f) Where required for proper operation,|all instru-
mentsj.valves, and in-line devices shall be pgrmanently
makked for proper installation (flow difection or
orientation).

PI-2.1.3 Exterior Design. Material seleftion shall
consider all intended uses, ambient condifions, and
cleaning agents as specified by the owner/user. Sensors
and transmitters shall be housed in an enclosiire with an
appropriate protection rating as specified by ’:Le owner/
user and shall comply with Parts SD and SG.

PI-2.2 Instrumentation Categories

Process instrumentation may be broadly chtegorized
by process installation type as in-line, insertipn, at-line,
and off-line devices. Process instruments wjthin these
categories share some basic installation recpmmenda-
tions for hygienic design and in-process performance.

PI-2.2.1 In-Line Devices. In-line processifstruments
are self-contained devices installed directly irto the pro-
cess tubing system similar to a standard fiffting. Basic

installation requirements for hygienic opgration as
found in Part SD Pprfqi‘n to in-lind process

adjacent components.

Remote-mounted devices (transmitters, etc.) shall be
mounted with appropriate supports to a permanent
structure. Ladders, handrails, guardrails, etc., shall not
be acceptable mounting supports. If necessary, dedi-
cated 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 pro-
cess and environment.

instrumentation.

In-line devices may be installed directly in the process
stream or in a bypass line to facilitate periodic services
(see Fig. PI-2.2.1-1). Device-specific recommendations
are defined later in this Part.

PI-2.2.2 Insertion Devices. Insertion devices are
instruments that are inserted directly into the process
tubing system or process vessel to measure a parameter.

Insertion devices generally require proper immersion
in the process fluid for optimal performance. Installation
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Fig. P1-2.2.1-1

In-Line and At-Line Instrument Installation Examples

In-Line Instrument
Installed on bypass
with isolation valves with
product reintroduced

of insertioh devices must balance performance require-
ments and| hygienic design. Refer to later sections of this
Part and/jpr the manufacturer’s recommended guide-
lines for specific recommendations (see Fig. P1-2.2.2-1).

PI-2.2.3 At-Line Devices. At-line devices are instrus
ments thaf measure various parameters by the means
of a sidesfream sampling loop, which is generally:hot
reintroduded back into the process. Connection-of the
sampling ptream shall be compliant with Rart SD and
designed fo ensure continuous sampling flow to main-
tain hygienic operation for optimal fneasurement (see
Fig. PI-2.2}1-1).

P1-2.2/4 Off-Line Devices: -Off-line devices are
instruments located away from the main process and
are not coyered in this Part.

In-Line Instrument
Installed directly in
product stream

PI-3:2;1 Original Packaging. The integrity |of the
original packaging of any component, with cleaning cer-
tifications such as passivated, cleaned for oxygé¢n ser-
Vice, or hydrocarbon free, shall be maintained ¢luring
inspection and storage.

PI-3.3 Instrument Handling: Protection of Procgss
Connections and Surface Finish

Care shall be taken to protect the process connecfion(s)
and surface finish of the instrument during rec¢iving,
handling, calibration, and storage.

PI-3.4 Instrument Storage

PI-3.4.1 Special Considerations. Special congidera-
tions for storage shall be made for certain instrumnenta-
tion, such as analytical instruments, according [to the
manufacturer’s recommendations.

PI-3  INSTRUMEN] RECEIVING, HANDLING, AND PI-3.4.2 Instrument Shelf Life and Environmental
Requirements. Instruments with limited shelf ljves or
PI-3.1 In environmental requirements (temperature, humidity,

Material compatibility and environmental storage
conditions shall be considered when receiving, han-
dling, and storing process instrumentation. All instru-
ments 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.

158

etc.) shall be identified.

Additional information regarding instrument
receiving, handling, and storage is contained in
Nonmandatory Appendix Q.

Pl-4 FLOWMETERS
Pl-4.1 Coriolis Flowmeter

Pl-4.1.1 General Considerations. This section pro-
vides the requirements for installation and operation of
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Fig. PI-2.2.2-1 Accepted Insertion Device Installation Examples

L = per manufacturer recommendation

Instrument Socket With Sidewall With Angled Angled Sidewall With
Beveled Interior Hygienic Ferrule Hygienic Ferrule

A = 15.deg type/device dependent

Flush-mount  Top-mount insertion
instrumentation with flush-style
Pressure gauge , fitting hygienic ferrule

hygienic ferrule /5

Top-mount insertipn
with hygienic ferrfile

Sight glass with
hygienic ferrule

159
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Fig. PI-4.1.3.2-1 Manifold or Flow Splitter for
Dual-Tube Construction Flowmeters and Potential for
Product Holdup

AT

Product holdup
not acceptable

Coriolis fl
maceutica
hygienic 1

The des
flowmeter
PI-4.1.2 an

Pl-4.1.
and/or in
bility and
attached.
affect drai
manifold
in combin|

The Corn
surface re
process-w
manifold

Pl-4.1.;

bwmeters specific to bioprocessing and phar-
industries as well as other applications with
Pquirements.

jgn, construction, and fabrication of Coriolis
s are governed by other Parts of this Standard.
d PI-4.1.3 may be used as a general reference.

P Essential Components. Improper design
tallation of a flowmeter can affect the-draina-
cleanability of the system to which it is
Three components of Coriolis flowmeters
hability and cleanability: the flow tube(s), the
br flow splitter, and the process connections
htion with the installationjangle.
iolis flowmeter shall meet the process contact
uirements as specified in Part SF for all the
etted components including flow tube(s),
flow splitter;and process connection.

Components

Pl-4.1.3.1-Flow Tube(s). Coriolis flowmeters are
either of gingle-tube or dual-tube construction. The
tube(s) carbe-—ettherstrateht-orbert—Thegeote
tube bends shall be considered when assessing draina-
bility and determining installation requirements.

PI-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 Fig. PI-4.1.3.2-1. The geome-
try of manifolds or flow splitters shall be considered
when assessing drainability and determining installa-
tion requirements.

160

PI-4.1.3.3 Process Connections. The interface
between the process connections and the sensor tube(s)
may result in product holdup, even with single straight
tube flowmeters. This is shown for concentrically reduc-
ing process connections in Fig. PI-4.1.3.3-1. Eccentrically
reducing process connections may allow a single-tube
construction flowmeter, with a tube inside diameter dif-
fering from the process line inside diameter, to be
mounted in horizontal piping. The geometry of process
i i i i i hall be
Prmin-
meter
ttings

considered when assessing drainability and det
ing installation requirements. The Coriolis. flow
shall use acceptable hygienic connections and f
as per Part SG.

Pl-4.1.4 Installation. The mantfacturer sha
vide the owner/user with the motinting and clean
requirements necessary to maintain, operate, and
erly drain the flowmeter

1 pro-
pbility
prop-

Pl-4.1.4.1 Drainability. The flow tube or tub
manifold or flow splitter, and the process conng
shall be considered)a system. If a design can be su
with different ‘types of process connections, th
orientation.shall consider the worst case for drain.
or each type of process connection shall be cons
individually.

Coriolis flowmeters should be drainable with gravity.
Coriolis flowmeters that are not drainable with gravity
shall be indicated by the manufacturer and shouldl be of
single-tube or other system design to minimize pfoduct
holdup. An additional motive force (e.g., air purge) may
be required to ensure complete drainability.

Drainability requirements should be determir
process requirement and shall be defined &
owner/user.

es, the
ctions
bplied
bn the
bility,
dered

ed by
y the

Pl-4.1.4.2 Cleanability. Coriolis flowmeters

a dual-tube construction with small-diameter tubg
a potential for plugging and can adversely affg
cleanability of the flowmeter. It is the responsib
the owner/user to assess the risk of plugging a
effectiveness of cleaning processes, based on the
cess and the information provided by the manufa
Requirements relating to cleanability, sterilit]
drainability are addressed in Part SD.

using
s have
ct the
lity of
hd the
r pro-
cturer.
y, and

ounting Locatie 8 mended
to install the Coriolis flowmeter vertically with the pro-
cess fluid flowing upward through the flowmeter (refer
to Fig. PI-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.

For Coriolis flowmeters that are drainable with grav-
ity, the manufacturer shall provide the owner/user with
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Fig. PI-4.1.3.3-1 Concentrically Reducing Process Connection

B A

A = custemer ferrule

B = sefiser process connection
C =-customer pipe I.D.

D = sensor process connection I.ID.

. E = sensor measuring tube I.D.
connection)

Product holdup
not aceeptable

Fig. PI-4.1.4.3-1 Vertical Installation

t
(!
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Fig. PI-4.1.4.4-1 Minimum Angle of Inclination, «

a (for full drainability)

1

informatign on how the flowmeter is to be installed to
ensure effective drainability.

For flowmeters that are mounted in-plane with the
process lifje, the information should include the mini-
mum angle of inclination, «, and how to orient the flow-
meter in that plane (refer to Fig. PI-4.1.4.4-1 for definition
of angle of inclination, a). It is recommended that the
informatiqn be provided in pictorial format.

The manufacturer’s recommendation for installation
and suppdrt of Coriolis flowmeters should be followed.

Pl-4.1.4.5 Special Considerations for Passivation of
Coriolis Flpwmeters. Coriolis flowmeter materials of
constructipn vary significantly between manufacturers.
Certain pgssivation procedures may damage Coriolis
flowmeter| materials. If the Coriolis flowmeter is to be
passivated, the complete passivation procedure shouyld
be provided by the owner/user to the manufacturer for
review anfl approval.

If the oyner/user and the manufacturer cannot agree
on an acceptable passivation procedure, the Owner/user
shall remqve the flowmeter during passivation.

Pl-4.1.5 Performance. The Coriolis flowmeter per-
formance paries depending on the parameter to which
it applies [e.g., mass, volume; density, temperature, or
viscosity).

Guidelifes and comnien terminology for selection,
installatiof\, calibration,.and operation of Coriolis flow-
meters arg identifiéd\in ASME MFC-11 and ISO 10790.

Pl-4.1.5.1-Accuracy. For Coriolis flowmeters, the
accuracy $pecification usually includes the combined

Pl-4.1.5.3 Ambient Influences.,"(Large differences
in the temperature between the;measuring tube(s) and
the ambient temperature can causé errors in the tgmper-
ature compensation (e.g., CIE/SIP). The use of insylation
materials can reduce thesg~éffects.

Pl-4.1.6 Selection{)The major consideration| when
selecting and sizing a Coriolis flowmeter is the [trade-
off between pressure drop and flowmeter perforance
(accuracy).

The nedessary engineering data shall be suppljed by
the owner/user to ensure correct sizing of the Cporiolis
flowmeter. The manufacturer shall use this inforrpation
to.provide all necessary calculations for minimum and
maximum velocities, accuracy, and pressure drop. This
will optimize the flowmeter performance over thee flow
rate range with a pressure drop that is acceptable for
both CIP/SIP and normal operating conditions.

Chemical compatibility should be established
between process-wetted materials [i.e., the flow tfibe(s),
the manifold or flow splitter, the process connegtions]
and the process fluid and the cleaning fluid (e.g., ptocess,
CIP, SIP, and passivation).

Pl-4.1.7 Maintenance. There are no specific npainte-
nance requirements for a Coriolis mass flowmetér.

Pl-4.1.7.1 Seals/Gaskets. The manufacturer shall
advise the owner/user if the process connections are
not fully welded to the sensor body and if use of a
seal/gasket assembly that requires periodic inspection
is needed.

Pl-4.1.7.2 Recalibration/Verification Schedulle. A

. . 1 :1: 1 . 4
effects of lllCallt)/, J.cl.icatcu.uut_y, Iy sterests;arra—zero

stability.

Pl-4.1.5.2 Process Influences. Coriolis flowmeters
deliver their best performance when completely filled
with a uniformly distributed process fluid. Entrained
gas should be eliminated or minimized.
Multiphase applications involving nonhomogeneous
mixtures can cause measurement errors. The use of fil-
ters, air and/or vapor eliminators, or other protective
devices to reduce errors in measurement should be
placed upstream from the Coriolis flowmeter.

Coriolis flowmeter properly installed and operated
within the manufacturer’s guidelines on clean, noncor-
rosive, and nonabrasive fluids is stable. The frequency
of recalibration or verification of the flowmeter is gov-
erned by the criticality of the measurement and the
nature of the operating conditions. The frequency of
calibration verification shall be determined by the
owner/user.

As the Coriolis mass flowmeter is a mass flow device,
it is preferable to perform the calibration verification
against a mass traceable reference. Calibration against
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Fig. PI-5.1.2.1-1 Bulb, Horn, Isolated Horn, and Rod-Style Antenna

O N

7

a volyme traceable reference combined with a density
tracegble reference may be used where applicable.
Master flowmeters may be used to verify calibration of
Coriolis flowmeters.

Calfbration of the mass reference or a master flow-
meter|shall be traceable to nationally recognized stan-
dards|or other standard as agreed to by the owner/user
and mpanufacturer.

Carmbration procedures
ASMH MFC-11.

can be found in

PI-5 |LEVEL INSTRUMENTS
PI-5.1| Radar Level Instruments

PI-5.1.1 General. Radar level instruments are also
referr¢d to as noncontact radar, free space radar, and
through-air radar level instruments.

These instruments use high-frequency electromag-
netic ignals to measure the distance between theinstru-
ment and the upper surface of the targeted process fluid
directly below the instrument.

Thege instruments should be configured for the spe-
cific cpmbination of vessel and procéssfluid to ensure
measyrement performance.

PI-3.1.2 Essential Components: A radarlevel instru-
ment {s comprised of an anfenina, a process connection,
and syipporting electronics.

Thd process contact.¢omponents of a radar level
instruent shall meet‘the surface requirements as speci-
fied irf Part SF and'inaterial of construction requirements
as spgcified ifPart MM or Part PM. Requirements of
procegs coritact welds are specified in Part M]J.

P]-5/1.2.1 Antenna. The antenna of a radar level

in order to achieve the specified performante, as well
as to ensure cleanability.

PI-5.1.3.1 Drainability. 0 prevent gny liquid
holdup on the sensor’s process contact suffaces, the
radar level instrument sho@ld, be mounted pg¢rpendicu-
lar to the surface of the process fluid.

PI-5.1.3.2 Cleanability. Cleanability is determined
by the combination of antenna design and| geometry
and the location of the process connection. F¢r effective
cleanabilitynshadowing effects, recessed freas, and
annular, spaces created by the installed antepina should
be takenyinto consideration.

PI-5.1.3.3 Mounting Location. The procg¢ss connec-
tion should be located on top of the vess¢l. For the
most accurate results, the mounting location|should be
selected to minimize or avoid obstructions within the
space below the antenna.

To ensure a reliable level measurement, thd mounting
location should be % to % of the vessel radiys, as mea-
sured from the vessel centerline (see Fig. PI{5.1.3.3-1).

The minimum detectable vessel level is giyen by the
mounting location. To determine if the vesgel is com-
pletely empty, the sensor should be pointed td the lowest
section of the vessel.

PI-5.1.3.4 Orientation. The sensor ghould be
mounted perpendicular to the surface of the process
fluid.

PI-5.1.3.5 Insertion Length/Depth. WA vessel’s
maximum working level shall be below the insertion
depth of the radar level instrument.

PI-5.1.3.6 Special Considerations. Egch instru-

instrument is available in bulb, horn, or rod construction
(see Fig. PI-5.1.2.1-1). The antenna is either isolated by
or encapsulated in polymeric or other nonmetallic
material.

PI-5.1.2.2 Process Connection. The radar level
instruments and isolating seals shall use hygienic con-
nections as per Parts SD, DT, and SG.

PI-5.1.3 Installation. The mounting location and
orientation of the antenna should be in accordance with
the manufacturer’s recommendations. This is important

ment has a specific minimum measuring distance (also
referred to as blocking distance or dead band) (see
Fig. PI-5.1.3.3-1) immediately in front of the antenna, in
which measurements are not possible.

When radar level instruments are installed in nonme-
tallic vessels, the signal may detect objects outside the
vessel. The owner/user should consult with the manu-
facturer for additional requirements.

The owner/user should consult the manufacturer
regarding energy emitted by the radar level instrument
to evaluate potential impact on the process fluid.
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Fig. PI-5.1.3.3-1 Dead Band, Measuring Range, and Mounting Location
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PI-5.1.4 Performance. Performance is determined
primarily by the reflective properties of the process fluid,
mounting location, and orientation within the vessel.

PI-5.1.4.1 Accuracy. The accuracy shall include
the combined effects of linearity, repeatability, and
hysteresis.

PI-5.1.4.2 Process Influences. The following pro-

cess conditions may reduce the radar signal strength
returned._to the antenna which mavy imp;mf an the mea-

Fig. PI-7.3-1 Typical Installation Styles

—

Z 7 7 77 77 777X Y2 7z 7777777

suring performance:
(a) p wavy or rippled surface
(b) vortices in the process fluid
(c) large changes of the reflective properties of the
procegs fluid
(d) foam, steam, or mist on top of the process fluid
(e) puildup on the antenna

P]-5.1.4.3 Ambient Influences. Ambient influ-
ences |[do not affect the measuring performance if they
are within the manufacturer’s specifications.

PI-5.1.5 Selection. The main consideration when
selecting a radar level instrument is the required per-
formance for the specific application as described in
PI-5.144.

PI-6 | PRESSURE INSTRUMENTS

[Regerved for future content]

PI-7 | TEMPERATURE SENSORS AND ASSOCIATED
COMPONENTS

PI-7.1] General

Thip section presents requirements for commonly
used femperature-sensing instrdments. Additional
information on temperature-sersors and influences on
sensof performance can{befound in Nonmandatory
Appendix P.

PI-7.2] Components

PI47.2.1 Sensors. Temperature sensors addressed
in thig section include resistance temperature detectors
(RTDq) and-thermocouples. RTDs are the preferred sens-

ing t r‘]‘\‘nr\]r\gv Thprmnr’nnrﬂ]nc are nr‘r‘ppfnh]p with

(a) Direct or Indirect Insertion in Tee

(b) Direct or Indirect Insertion in an Elbow

L

owner/user approval.

PI-7.2.2 Thermowells. Thermowells are used to pro-
tect the sensor and enable calibration or replacement
without stopping the process or breaching the system
boundary. Common thermowell styles are straight ther-
mowells and elbow thermowells.

PI-7.3 Installation

Installation methods include tee style, elbow style,
or nonintrusive (see Fig. PI-7.3-1). Tee- and elbow-style

165

GENERAL NOTE:

\‘\_/'\

(c) Nonintrusive

Shown with nonspecific hygienic connections.
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installations can be direct insertion (sensor is in direct
contact with the process fluid) or indirect insertion (sen-
sor is isolated from the process by an installed ther-
mowell). Nonintrusive sensors covered in this section
are integral sensors with a section of process tubing.
Clamp-on-style nonintrusive sensors are not addressed
in this section.

(a) Tee-Style Installations. When tee-style installations
are used for direct or indirect insertion, a hygienic pro-
cess conne

(b) Elbojv-Style Installations. When elbow installations
are used, the process connections shall be hygienic con-
nections dr weld ends. When using a direct insertion
sensor in gn elbow, the instrument connection shall be
a hygienid connection.

(c) Nonintrusive-Style Installations. The process con-
nections f¢r nonintrusive sensors shall be hygienic con-
nections o weld ends.

PI-7.3.1 Drainability. The installed sensor shall meet
the drainapility requirements of Part SD.

PI-7.3.R Cleanability. The installed sensor shall
meet the dleanability requirements of Part SD.

PI-7.3.3 Mounting Location. The sensor mounting
location shall be specified by the owner/user to ensure
the measyrement meets the process system require-
ments. Locations near process influences per PI-7.4.3
and ambignt influences per PI-7.4.4 should be avoided
whenever [possible as they can affect the accuracy of the
measurement.

When sglecting mounting locations in vessels,-the
minimum [working volume of the vessel shall be.consid-
ered. The Inserted sensor shall not interfereswith opera-
tions, such as filling and draining of the yessel. 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 Iqisertion-Style Sensoks,vThe installation orienta-
tion shall ensure that’the insertion length (see
para. PI-7.8.5) is in contadt with the process fluid under
all operating conditions.

(b) Elbojw Therimqwells. For process systems with tub-
ing size l¢ss ¢han 2.5 in. (64 mm), the flow shall be
toward th¢ sensor tip [see Fig. PI-7.3.4-1, illustration (a)].

For systems with tubing size o in. (64 mm) or
greater, flow toward the sensor tip or perpendicular to
the sensor is acceptable as long as the full insertion
length is covered by the process fluid under all operating
conditions [see Fig. PI-7.3.4-1, illustration (b)].

(c) Nonintrusive Sensors. Nonintrusive sensors shall
be mounted such that the process fluid is always in
contact with the instrument wall / tube where the sensing
element is located. The preferred orientation is vertical,
in a vertical section of the process tubing where the
flow direction is upward. For alternate orientations, the

166

sensor manufacturer’s installation recommendations

shall be followed (see Fig. PI-7.3.4-2).

PI-7.3.5 Insertion Length/Depth

(a) Insertion and Sensitive Lengths. “Insertion length”
is the length of the sensor or thermowell in contact with
the process fluid. “Sensitive length” is the length of the
measuring element, internal to the sensor.

NOTE: hese terms are no

ive-type

sensors.

(b) Tee Installations. The insertion lengthyshould be 10
times the diameter of the sensor tip or thermowgll tip,
plus the element sensitive length (sée’ Fig. PI-7.3|5-1).

Alternate insertion lengths are acéeptable with proper
consideration of the installation details and gensor
design (consult the manufaetuter) and with owne}/user
approval.

The minimum insertion shall locate the midp¢int of
the sensitive length’at the centerline of the procesp tube.

The maximund insertion shall maintain a mirfimum
of one sensor tip diameter or thermowell tip digmeter
spacing between the instrument tip and tube wallloppo-
site the installation point.

(c)Insertion Length in Elbow Thermowells. The
tion\lehgth should be 10 times the diameter of the pensor
tip or thermowell tip, plus the measuring element sensi-
tive length (see Fig. PI-7.3.5-2). Alternate insprtion
lengths are acceptable with owner/user approval.

inser-

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 frocess
system operation, thermowells can be constructed using
thin walls and smaller diameters. The owner/user shall
consult with the sensor/thermowell manufafturer
regarding design and material selection to ensure proper
operation under the required system opefating
conditions.
(2) Measurement Accuracy. Proper thermal dontact

between the sensor and thermowell is important to
ensure measurement accuracy. The thermowell bore
diameter should be designed to be 0.01 in. (0.2% mm)
STCAter than the Sensor diar sensor
design should be used to ensure sensor tip contact with
the inside end of the thermowell. Use of thermally con-
ductive compound between the outer sensor wall and
internal surface of the thermowell and/or metal-to-
metal contact is recommended. Consult with the sensor
manufacturer regarding the application of thermal
compound.

(b) Nonintrusive Sensors. Nonintrusive-style sensors
will typically provide a slower response time than most
insertion-style sensors.

oTo A

DI'L :Q-C‘i

(16)
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Fig. PI-7.3.4-1 Accepted Elbow Orientations and Flow Directions

Flow Flow

f
| !

N - N -

\S
&

[ D [ D
e o
(a) For All Tube Sizes (b).For Tube Sizes 2.5 in. (64 mm) and Largpr

GENERAL NOTE: Shown with nonspecific hygienic connections.

Fig. PI-7.3.4-2 Accepted Nonintrusive Orientations and Flow Directions

Flow

!

Z | -,
P\ /3
;%—F_ Flow
s 4 % f \%
[ 2
(a) Vertical Orientation With Flow Upward (b) Horizontal Orientation With Sensor

Located on Bottom Side of Installation

GENERAL NOTE: Shown with nonspecific hygienic connections.
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Fig. PI-7.3.5-1 Sensor Insertion Lengths for Tee Installations

— T =Tube O.D.

D x 10

H

D = Tip diameter | S = Sensitive length

Insertion length = (D X 10) + S=—

(a) Optimum Insertion Length

— T =Tube O.D.
—I1.D.=T - (WX 2)
W = Tube wall

Centerline of tubing S = Sensitive length
Insertion length = (1.D./2) + (S/2) =

(b) Minimum Insertion Length

— T =Tube 0.D.
= NhDl=T—-(WxXx2)
W = Tube wall

[ \

/ /

D =Tip diameter e |=—

Insertion length = I.D. — D =

(c) Maximum Insertion Length

GENERAL NOTE: Shown with nonspecific hygienic connections.
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Fig. PI-7.3.5-2 Sensor Insertion Lengths for Elbow Installations

— ]

Insertion depth = (DX 10) + S |<—o

o o HY
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rD = Tip diameter

B

(a) Direct Insertion.Elbow

—— Insertion depth ={D X 10) + S  |=—v0
DX 1Q S = Sensitive length
Z A
%
D = Tip diameter
. L
I D
( ?

GENERAL NOTE:

(b) Indirect Insertion Elbow Thermowell

Shown with nonspecific hygienic connections.
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PI-7.4 Performance

PI-7.4.1 Accuracy. The measurement accuracy will
be influenced by the characteristics of the selected sen-
sor, sensor insertion depth, ambient temperature, instal-
lation location, flow condition, and wiring.

(a) Sensor Accuracy. ASTM E1137 and IEC 60751
define the nominal resistance vs. temperature relation-
ship and standard sensor interchangeability criteria for
RTD-type sensors

(a) Thermowells installed within the process system
boundary shall be fabricated with hygienic connections
or be welded to the process tubing.

(b) ASME PTC 19.3 TW, where applicable, shall be
considered to ensure sufficient thermowell strength
under all process conditions.

(c) Thermowell design and style (straight or elbow
type) shall be specified based on line size, process condi-
tions, and installation location. Elbow thermowells are

S dofi h inal millivol Plcfcucd fortirresizes thatare 851 \13 TITIIT) Trrgiame-
A TMEB(_) € 1}r11?st enci)mma mitivo ;S VvS. temper- ter or less. Straight thermowells are acceptable| when
ature refationship and accuracy fOr various e insertion length criteria can be achieyéd:
thermocouple-type sensors. . .
. , - (d) Thermowell installations may causé a pressure
(b) Wiring and Cabling. Sensor wiring lengths and

configuration shall be considered when assessing mea-
surement accuracy.

PI-7.4.2 Response Time. When temperature tran-
sients are {mportant to monitor or control, the response
time specification for the selected sensor (or sensor with
a thermowell) shall be less than one-half the desired or
anticipategl process system response time.

PI-7.4.3 Process Influences. Entrained gas bubbles
shall be mjnimized near the fluid temperature measure-
ment locatfion as gas can cause a delay in sensor response
due to varjations in thermal conductivity and/or insta-
bility in the temperature measurement.

PIl-7.4.4 Ambient Influences.
should be followed to reduce the stem conduction effects
caused by|the temperature differences between the(ro-
cess and gmbient area. When the recommendéd inser-
tion length per PI-7.3.5 is not feasible, insulating the
exterior |portion of the sensing instrument is
recommer{ded.

Nonintrsive-style sensor accuracy ‘can be affected by
the tempgrature difference between the process and
ambient afea. Insulating the exterior portion of the sen-
sor can refluce this effect.

The insertion criteria

PI-7.5 Selection
PI-7.5.1 Sensor‘Selection. Sensor type, materials,
constructipn methods, and performance criteria (stabil-

ity, repeatpbility, hysteresis, and self-heating) shall be

drop, which shall be considered in the‘system dpsign.

PI-7.6 Sensor Calibration Verification

Calibration methods fer-temperature sensdrs are
described in ASTM E644\and ASTM E220.

PI-8 ANALYTICAL INSTRUMENTS
PI-8.1 Conductivity

PI-8.%:1 General. Conductivity measurements are
used“to determine the level of ionic activity within an
aguieous media. They are used in hygienic applidations
for in-line monitoring of process and water syptems.
Compendial water, in part, requires conductivity mea-
surements of water for injection (WFI) and pyrified
water (PW) as an integral component of validated
systems.

There are three basic types of conductivity spnsors
designed for specific measurement rgnges:
two-electrode, multielectrode, and electrodeless. Sensor-
type selection is dependent on intended measufement
and installation requirements. The owner/user ghould
consult the manufacturer for final selection suitpbility
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 orjexter-
nal temperature sensor for compensation to express the
conductivity of the solution at a standard tempefature.

considered when choosing a sensor.
(a) Insertion-style sensors are preferred as they pro-
vide the best measurement accuracy and responsiveness.
(b) Nonintrusive sensors are acceptable when
insertion-type sensors are not feasible due to potential
flow restrictions or small-diameter process tubing.

PI-7.5.2 Thermowell Selection. A thermowell shall
be used for insertion-type temperature sensors that
require sensor removal without breaching the process
system boundary.

170

PI-8.1.2 Essential Components. An electrode-type
sensor has wetted electrodes, between which an
AC voltage is applied and the amperage measured is
expressed as conductivity (see Fig. PI-8.1.2-1).

An electrodeless sensor consists of a nonconductive
body material encapsulating two nonwetted coils/
toroids. Measurements are made of the induced current
from the powered coil to the measurement coil by having
the process fluid pass through the center and around
the outside of the nonwetted coils (see Fig. P1-8.1.2-1).

(16)
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Fig. PI-8.1.2-1 Conductivity-Type Examples

Two-electrode
sensor

Sensor body

Innfer electrode

electrodes

P]-8.1.2.1 Sensor Types. There are three typical
designs of conductivity sensors.

(a) |[wo-Electrode. A two-electrode-type conductivity
sensof generally consists of an Quter shaft/body and
inner felectrode. Conductivity(measurements are made
in thig interstitial space and(require this area to be fully
wettedl.

(b) Multielectrode. AASmultielectrode-type conductiv-
ity sepsor consists~of a wetted body with inner and
outer plectrodes-gererally arranged on the same plane.
Condiictivity, mfeasurements are made immediately in
front ¢f andiin between the electrodes and require this
area tp be-fully wetted. A nonconductive material of

Dual €oil (toroid) housing

Multielectrode

sensor

Electrodeless
sensor

Most conductivity sensors are offered as insertion
devices, with some manufacturers offerihg in-line
options.

Electrode conductivity sensors should b¢ installed
with flow into the sensor while maintaining dfainability.
Figure PI-8.1.3-1 provides examples of aLceptable
installations.

PI-8.1.3.1 Drainability. Conductivity sepsors shall
be installed in accordance with Part SD|to ensure
drainability.

PI-8.1.3.2 Cleanability. Conductivity sgnsors shall
be cleanable as required in Part SD.

construetionisrequired-between-the-electrodes-with-the
sensor body generally used as the insulator.

(c) Electrodeless. An electrodeless-type conductivity
sensor consists of two encapsulated coils. One coil gener-
ates a current and the second coil detects changes pro-
portionate to the conductivity of the process fluid. An
electrodeless sensor requires process fluid through and
around the coils for proper measurements.

PI-8.1.3 Installation. All conductivity sensors
require full immersion of their measurement electrodes
or coils into the process fluid for proper functionality.

PI-8.1.3.3 Mounting Location. Insertion electrode
sensors perform best with process fluid flow into the
sensor’s electrode(s) as shown in Fig. PI-8.1.3-1.

Electrodeless sensors shall be mounted with coils fully
immersed in the process.

In-line installations shall ensure continuous process
fluid flow around sensor electrodes or coils to maximize
measurement accuracy.

PI-8.1.3.4 Orientation. Conductivity sensors shall
be oriented to ensure electrodes or coils are fully wetted.
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Fig. P1-8.1.3.6-1

Installation Clearance Requirements

R = per manufacturer
recommendation

Horizontal installations should not be top-mounted
insertjons to avoid air pockets or bubbles interfering
with fhe measurement.

P
user
regard
cient

P
trodeq
cause
surem
manu,
dation]
Cor
tems
perio
water

Pl
gener
of air

-8.1.3.5 Immersion Length/Depth. The owner/
hall follow the manufacturer’s recommendations
ing immersion length/depth to allow for suffi-
learance of electrodes or coil fields.

-8.1.3.6 Special Consideration. Sensor elec-
mounted too close to tube or vessel walls may
conductivity field distortions resulting in mea-
ent inaccuracies. The owner/user shall consult the
facturer’s clearance requirements and recommen-
s (see Fig. P1-8.1.3.6-1).

ductivity sensors for purified water of WFL sys-
bhall be installed in such a manner as to-allow
lic calibration in accordance with compendial
requirements.

B.1.4 Performance. Conductivity devices are
lly required to be full of proeess liquid and free
[pockets. Consult the manufacturer for details.

P
lines ¢

-8.1.4.1 Accuracy,- Compendial water guide-
stablish a standard for the quality assessment of
water|pased on measutenients of the electrolytic conduc-
tivity.[Sensors used for WFI or PW systems shall comply
with this accuracy*requirement.

P]-8.1.4.2' Response Time. Conductivity sensor
respopse fimes are impacted predominately by the
respomse.time 0 p ing

sensor types are responsive to changing conductivity
levels without changes in temperature. Electrodeless
sensors are slower to respond in processes with changing
temperatures due to the nonconductive nature of the
coils’ encapsulating material.

P1-8.1.4.3 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.
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PI-8.1.4.4 Ambient Influerices. Not applicable.

PI-8.1.5 Selection. Sensor selection shall be based
on the anticipated conduotivity range of the pyocess. The
following may be used as a general selectior] reference:

(a) Two-electrode sensors should be selected for WFI
systems, PW_syStems, or other process fluid§ that have
low conductivity ranges. These sensors are mgst suitable
for systems*from 0.02 pS/cm to 10 000 wS/qm.

(b) Multielectrode (more than two) sensorq should be
selected for process fluids that have mediym to high
eonductivities, such as those found on CIP ¢r chroma-
tography systems. These sensors are most sjitable for
systems ranging from 0.01 uS/cm to 800 wS|/cm.

(c) Electrodeless (inductive or toroidal) sensors
should be selected for process fluids that havp the high-
est conductivity. These sensors are most suitaple for sys-
tems ranging from 0.1 mS/cm to 2 000 mS/¢m.

PI-8.1.6 Maintenance

PI-8.1.6.1 Calibration/Verification Schedule. Sen-
sors used in WFI or PW systems shall be callibrated in
accordance with compendial water requirenfents.

PI-8.2 pH — Glass Measuring Electrode

he require-
lective pH
maceutical
h hygienic

PI-8.2.1 General. This section provides t
ments for installation and operation of ion-se
sensors specific to bioprocessing and phar|
industries as well as other applications wit
requirements.

The design, construction, and fabrication

bf pH sen-
\dard.

PI-8.2.2 Components. Commonly used pH sensor
technologies incorporate four major components

(a) an ion-selective electrode (measuring electrode)

(b) an electrolyte-filled reference electrode

(c) a liquid interface (reference junction)

(d) an internal or external temperature sensor (tem-
perature compensator)

Typical pH sensor construction combines all four of
these components into one body, referred to as a combi-
nation pH sensor (see Fig. PI-8.2.2-1).
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Fig. PI-8.2.2-1 pH Sensor Components

(b) Locating sensors in areas prone to flashing, cavita-
tion, or siphoning or where the sensor may not be in
constant contact with liquid should be avoided.

(c) Maintenance of pH sensors should be considered
when selecting sensor location.

The owner/user should consult with the sensor man-
ufacturer for mounting recommendations.

PI-8.2.3.4 Orientation. pH sensors should be
installed in horizontal tubing, up-flow tubing, appropri-

Temperature compensator
ﬁ Reference electrode
——2) Reference junction
/—@ Measuring electrode

Other cpmponents that compose a complete sensor
assembly may include elastomeric seals and gaskets,
polymericf and/or metallic-based components,holders,
and hygiehic clamp connections.

PI-8.2.3 Installation. All pH sensops-require inser-
tion of th¢ measuring electrode and geference junction
into the pyocess fluid for proper functionality. Most pH
sensors ar¢ offered as insertion devices. Figure PI-8.2.3-1
provides pxamples of acceptable installations. The
owner/uspr should consult-with the sensor manufac-

turer to d¢termine other ifistallation options.

PI-8.2.3.1 Drainability. When installed, pH sensor
assemblieg shall be @rainable in accordance with Part SD.

PI-8.3.3.2 Cleanablllty The owner/user should
consult with fthe

ity of the sensor for the 1ntended use and sterlhzatlon /
sanitization methods.

PI-8.2.3.3 Mounting Location. Sensor mounting
location affects sensor performance. The following pro-
cess-specific issues should be considered when speci-
fying the location and use of a pH sensor:

(a) The point of addition of acid and/or base to the
process solution should be considered when locating a
pH sensor. Sufficient distance and/or time is required
to ensure complete liquid mixing and reaction.
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ately designed flow cells, and vessels. Most pH pensor
technologies exhibit optimal performance’jwhen
installed at 15 deg or more from the horizontal (see
Fig. PI-8.2.3.4-1).

pH sensors can be sensitive to flow profile. Ofienta-
tion should be kept consistent in order to produce fepeat-
able results.

The owner/user should follow the sensor manufac-
turer’s installation orientation recommendatigns for
optimal measurement feliability.

PI1-8.2.3.5 InSertion Length/Depth. The 5
shall be inserted\Mar enough into the tube or vegsel so
that the senser measuring electrode and reference junc-
tion are always in contact with the process fluid. Unpro-
tected sensor exposure should be limited to help prevent
inadvértent breakage. Maximum recommended|inser-
tion\of an unprotected sensor from the holder fis less
than or equal to 0.25 in. (6.3 mm) as measured fr¢m the
reference junction (see Fig. PI-8.2.3.5-1).

The owner/user should consult with the senso
ufacturer for appropriate sensor design and §
holder selection.

ensor

man-
ensor

PI-8.2.3.6 Special Considerations. The meapuring
electrode and reference junction should be kept wet at
all times whether in service or in storage. Extended
periods without liquid contact will permanently] affect
sensor performance.

pH sensors are consumable devices and requir
odic replacement. The owner/user should consid
sor accessibility during installation planning.

The owner/user should consult with the senso
ufacturer for specific storage, handling, and rew
recommendations.

P peri-
br sen-

man-
etting

PI-8.2.4 Performance pH sensor performan:

tion, maintenance, and mstallatlon dependent Cr1t1ca1
factors that affect performance and the frequency of
replacement are

(a) changes in span and response (measuring elec-
trode function)

(b) changes in offset and stability (reference electrode
function)

(c) temperature compensator response

(d) installation (insertion length, location, and
orientation)
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Fig. PI-8.2.3-1 Accepted pH Sensor Installations

3
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(a) Horizontal Flow (b) Upward Flow

(c) Vessel Installation
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Fig. PI-8.2.3.4-1 Accepted Mounting Orientations

150 deg

15 deg

15 deg or greater

tb-UpwardFtowor-Vesset-Orfentation
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Fig. PI-8.2.3.5-1

Insertion Length or Depth

(e) maintenance schedules and methods

(f) postmaintenance sensor recovery time

pH [sensors are sensitive to coating and/or plugging
of thelmeasuring electrode and reference junction. After
cleanipg, sensors should be calibrated.

The| owner/user should contact the sensor manufac-
turer|for recommendations based on documented
ownef/user performance requirements.

P]-8.2.4.1 Accuracy. Published“pH sensor accu-
racy dan be affected by calibration-(standardization)
meth¢pds, maintenance procedures and frequencies,
cleaning methods, process/conditions, sensor design,
installation, and sensor age-and condition, as well as
the amhbient conditions.

P]-8.2.4.2 Response Time. pH sensor response
time if affected by:sensor design, sensor age and condi-
tion, gnd process temperature. As a sensor ages or pro-
cess fluid temperature decreases, sensor response time
will bpcome slower.

L =0.25in. (6.3 mm)

The owner/user should discuss process fconditions
with the sensor manufacturer to minimize potentially
negative process influences.

PI-8.2.4.4 Ambient Influences. pH sensors, in
combination with other loop components (electronics
and cables), can be affected by electrical noige, electro-
magnetic/radio-frequency interference (EMI/RFI),
ground loops, close coupling of sensors yith other
instruments or equipment, and external }ashdown
environments.

The owner/user should consult with the s¢gnsor man-
ufacturer to match the complete loop with ambient
conditions.

PI-8.2.5 Selection. The owner/user shotild consult
with the manufacturer to determine sensor applicability
and loop component (mounting hardware, [cable, and
electronics) compatibility.

PI-8.2.6 Maintenance. Maintenance sch¢dules and
methods shall be established by the owner/fiser based

PI-8.2.4.3 Process Influences. pH sensors are sen-
sitive to process influences that include, but are not
limited to, process fluid velocity, process fluid tempera-
ture, high pH, and high ionic strength.

Process fluid velocity in excess of 8 ft/sec (2.4 m/s)
can cause excessive signal noise and physical damage.

As process fluid temperature increases, response time
becomes faster but sensor life may be adversely affected.

High pH (over 12 pH) will tend to decrease sensor life.

High ionic strength chemicals such as those used in
CIP systems can decrease sensor life.

OIT OWTIICT /'ubu hibl.ULiLal cxpuicuLc aud SCI1ISOr manu-
facturer recommendations.

PI-8.2.6.1 Calibration/Verification Schedule. pH
sensors should be calibrated using multipoint and/or
single-point methods.

A multipoint calibration adjusts both the sensor span
(measuring electrode) and sensor offset (reference elec-
trode). A single-point calibration, often referred to as
standardization, only adjusts the sensor offset.

pH sensor span, offset, response time, and stability can
be affected by coating and/or plugging of the measuring
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electrode and reference junction. Operators should per-
form a calibration or standardization after each cleaning
or sterilization cycle.

The owner/user should consult with the sensor man-
ufacturer to establish procedures based on sensor
design, owner/user expectations, instrument historical
performance, and process design.

PI-9.1.3.1 Drainability. Optical devices shall be
installed in accordance with Part SD to ensure
drainability.

PI-9.1.3.2 Cleanability. Process fluid—contacting
surfaces of optical devices shall be cleanable as required
per Part SD.

PI-9.1.3.3 Mounting Location.
shall be mounted in a pipe or vessel where a representa-

Optical devices

PI-9 OPTICAL SR AN
PI-9.1 0p|tical Devices A light or combined light and sight glass fofviewing
hall b ted as sh in Fig. P1-9.1.3:3: 1.
PI-9.1.1 General. Optical devices are used to mea- shafl be mountec as shown I Tlg X3

sure variojis process characteristics parameters includ-
ing color, |turbidity, concentration, percent suspended
solids, opffical density, particle and cell size/shape, cell
density, arjd cell viability. Applications include filtration,
chromatography, cell culture fermentation, and water
systems.

PI-9.1.]

PI-9.1.2.1 Light Source(s). Optical devices include
a light source(s) such as visible (VIS), ultraviolet (UV),
near infrated (NIR), or infrared (IR), which is transmit-
ted into the process fluid.

PI-9.1.2.2 Sensor. Sensor types include photo
detectors, [photomultipliers, and CCD (charge-coupled
device) inmaging chips. The system can involve various
optical cotnponents to focus, filter, and enhance the light
beam either one-dimensionally or multidimensionally:

Components

PI-9.1.2.3 Sight Glass. Sight glasses are one’ of
the key components of an optical device. Process fluid—
contactingl components of the sight glass assembly shall
comply wjth Parts MM and PM.

(1) When glass is used as a sight glass for viewing
(viewport), a glass fused to metal hermetic compression
seal shall pe used. The fused glass-shall be circular in
shape within the metal frame,

(b) Bubbles in the fused.sight glass are acceptable but
the size apd quantity shetld be kept to a minimum.
Bubbles shall not be_ptesent on the glass surface.

(c) The |seal point of the glass fused to metal sight
glass is af the surface. The surface of the sight glass
shall be integral, continuous, and free of defects such
as creviced and pits

PI-9.1.3.4 Orientation. The prefefred moun
in-line optical devices is in the vertical section of
to avoid particle segregation. The<{probe should
constant contact with the proeessAluid.

ing of
ubing
be in

PI-9.1.3.5 Insertion_Length. For tube diafneters
less than 1 in. (25 mm), experimental test data ghould
be used to assess performance.

For in-line installation of tube diameters ranginp from
1 in. (25 mm) to*¥/in. (100 mm), optical probes ghould
be mounted.;a minimum (L) of 0.3 in. (8 mm}) away
from any dnfetior tube wall (reference Fig. PI1-9.1{3.5-1).

For vessels and tubing in excess of 4 in. (10§ mm)
diameter, optical probes should be mounted whg¢re the
glass measurement surface is a minimum (L) 0f{ 1.5 in.
(88 mm) from any interior tube wall (refdrence
Fig. P1-9.1.3.5-2).

PI-9.1.3.6 Special Considerations. Specidl 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 wjndow
caused by the optical devices. Testing of the ¢ptical
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.

For light sources used for viewing only, a thermal
switch, timer, momentary switch, IR filter, or somg¢ other
suitable means should be considered to control over-
heating.

PI-9.1.4 Performance. In-line optical devices gener-
ally require the tube to be full of liquid and free ofjexcess
air pockets. Certain optical devices can tolerate the¢ pres-

(d) Cracked glass shall not be used.

(e) Sight glasses shall be marked with the glass type,
maximum pressure, and temperature rating as per
Part DT.

(f) Typical sight glass mountings are shown in
Fig. SD-3.4.6-1.

PI-9.1.3 Installation. The measuring probe should
be installed past the boundary layer. Seals used for
installation of viewport sight glass shall meet the
requirements of Part SG.
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€nce of some air bubbles. The owner/ user should con-
sult with the optical device manufacturer for guidance.

PI-9.1.4.1 Accuracy. Optical devicesare inherently
accurate and repeatable but dependent on device-
specific calibration.

PI-9.1.4.2 Response Time. Optical sensing ele-
ments provide instantaneous readings with no delays
due to process conditions such as temperature or flow.
The owner/user should consult the manufacturer if a
specific response time is required.

(16)

(16)

(16)

(16)

(16)

(16)
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Fig. PI-9.1.3.3-1 Vessel Light Glass Design and Mounting

(Accepted) 7»

%\\1 = k
(a) Hygienic Full-Flange Light Glass (b) Hygienic Clamp Light
on Hygienic Clamp Pad on Hygienic Clamp Pad (c) Hygienic Clamp Light

= -

S S S

(d) Fiber-Optic Light on Hygienic Clamp

(e) Typical Vessel Light Glass Mounting Tangent to Tank Head
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Fig. PI-9.1.3.5-1 In-Line Insertion Length

)T

Fig. PI-9.1.3.5-2 Insertion Probe Length

Linin = minimum recommended
distance from interior tube wall
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PI-9.1.4.3 Process Influences. Velocity and partic-
ulate content in the process fluid may impact the clean-
ing frequency requirement of the optical device.

PI-9.1.4.4 Ambient Influences. Some optical sens-
ing electronics have limited process and ambient tem-
perature ranges. The owner/user should consult the
manufacturer to ensure the selection is compatible with
the temperature conditions.

PI-9.1.5 Selection. Optical device sensing technolo-
gies vary based on the intended application and suitable
measurement ranges. The owner/user shall determine
the desired measurement range and unit of measure-
ment before selecting the optical device and associated
technology.
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Part SG
Sealing Components

SG-1 PURPOSE AND SCOPE

DIN 11864 (-1, -2, -3, O-rings)]. (See Figs. SG-2.2.2-3 and

The purpose of this Part is to provide the requirements
for the sedling components of seals, valves, and fittings
used in thg bioprocessing industry. These sealing compo-
nents cregte or maintain process boundaries between
system components and/or subassemblies to ensure
process syptem integrity. This Part defines the design of
seals, valves, and fittings. This Part also enables equip-
ment marjufacturers, system designers, and owners/
users to splecify the required seal, valve, and fitting type
and performance for specific applications. It is not the
intent of this Part to inhibit the development or use of
new techrfologies.

SG-2 SEALING COMPONENT TYPES
SG-2.1 General

Sealing fomponents used in bioprocessing equipment
take a varjety of forms based on their function within
the systemh and the process boundaries to the atmo-
sphere angl other systems, which they must maintain.
The following sections define the main types of sealing
componerts and their acceptability for use in(the bio-
processing industry. For this section, seals,are divided
into staticland dynamic seals. All acceptable ‘seals shall
meet the ¢lesign criteria, materials, and/performance
characterigtics contained in this Standatd.

SG-2.2 Sfatic Seals

S$G-2.2{1 General. A static seal is characterized by
the absende of relative metion between sealing surfaces,
or between the sealing-surface and a mating surface,
after initigl installation. Small amounts of movement
that might be caused by thermal expansion, vibration,
bolt stretch,-or-seal response to fluid pressure do not

SG-22.2%)

Other hygienic unions and cross-sectional geometries
shall meet all of the requirements of this Standard, pxcept
for the ferrule dimensions.

Nonhygienic connections shown in'Fig? SG-2.2.p-5 are
not recommended (e.g., threaded fittings exposed fo pro-
cess fluid).

5G-2.2.3 O-Ring Seals. (An O-ring is a ring seql with
a circular cross section (a'toroid), designed to be peated
in a groove and comptessed during assembly. (-rings
are most often used as static seals. These are used jexten-
sively in hygieni€ applications and can seal both radially
and axially opposed faces. Common static O-ringfappli-
cations include sealing fasteners, shaft couplings, and
pump andfiltration components.

Other'ring seal geometries of varying cross s¢ctions
(e.gy, manway gaskets) may be used in hygienic applica-
tions. However, significant differences may exist ip their
performance (e.g., pressure and cleanability), anfl they
should be evaluated accordingly.

Examples of O-ring industry standards irjclude
SAE AS568, Aerospace Size Standard for O-Rings, and
ISO 3601, Fluid Power Systems — O-Rings.

For use in bioprocessing applications, O-rings and
their mating surfaces shall meet the requirementsof this
Standard.

S$G-2.2.4 Other Static Seals. Other static seals used
in bioprocessing applications shall meet the rejquire-
ments of this Standard (e.g., flat gaskets, L-cups, U-cups,
stoppers, septums, and bioseals).

Inflatable static seals are static seals where gas s sup-
plied to the inner part of the seal, providing a pillow
barrier between the process and the atmosphere{ They
are commonly used in large process components, and
in connections, to support structures.

alter the static definition

$G-2.2.2 Hygienic Unions. Hygienic unions provide
connections between process components (e.g., pipe fit-
tings, tank fittings, instruments, and hoses) to ensure
the process integrity is maintained. They include seals
between two ferrules.

The geometry of the most common hygienic union
is governed by Table DT-7-1 and is shown in
Figs. 5G-2.2.2-1 and SG-2.2.2-2. Other geometries for the
opposing ferrules are also used in the industry and are
controlled by relevant industry standards [e.g., ISO 2852,

SG-2.3 Dynamic Seals

A dynamic seal is characterized by the movement
of the seal surface and a mating surface after initial
installation.

SG-2.3.1 Valves

$G-2.3.1.1 General. Valves are process compo-
nents that provide dynamic seals within the process.
They also provide seals between the process and the
atmosphere.
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Fig. SG-2.2.2-1 Hygienic Union per Table DT-7-1

See Fig. SG-4.2-1
See Fig. SG-4.2-1 intrusion/recess

4

(Accepted)

| S

(Aceepted)

Fig. SG-2.2.2-2-/ Hygienic Clamp Union per Table DT-7-1

Symmetric ferrules

(Accepted)

J
(a) Typical Hygienic Clamp Union — (b) Typical Hygieni¢:€lamp Union — (c) Typical Hygienic Clamp Un{on —
ih. and Smaller (Type A) per Table DT-7-1 1in. (Type B) per Table DT-7-1 1.5 in. and Larger (Type B) per Table DT-7-1

(Accepted)
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Fig. SG-2.2.2-3 Hygienic Union per DIN 11864

g
7

(Accepted]

Fig. SG-2.2.2-4 ‘Hygienic Clamp Union per DIN 11864

Asymmeétric ferrules

(Accepted)
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Fig. SG-2.2.2-5 Nonhygienic Connections

(Not Accepted for Hygienic Service)

Actual sealing point
Crevice area

/Tubing
| ~ ) j
\ )
\ )

Fitting or valve

(a) Roll-On Fitting
(b) Compression Fitting

Major crevice area

Rouglh interior
finigh

(c) Threaded Joint Clearance at bolt % Gasket not poditively
holes may permit “““ HHH located may|slip
misalignment N and cause lafge crevice

(d) Flanged Joint

=1 =
=

(e) Bevel'Seat | ~ > #

Fitting7 /—Crevice area

Tubing or pipe gﬁﬁﬂé
AL

1 \- Difficult to clea

V.
() — {fT Nozzle Detail

zzr

(g) Socket Joint
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Fig. $G-2.3.1.2-1 Weir Valves

(a) Weir Diaphragm Valve

SG-2.B.1.2 Diaphragm Valves

(a) Weir| Diaphragm Valve, Weir Diaphragm Tank Bottom
Valve. Thq diaphragm seal is a flexible membrane that
forms pogitive closure when compressed against the
weir (see Hig. 5G-2.3.1.2-1). The diaphragm is a product/
process cdntact seal creating both static (atmospheric)
and dynamnic (differential) seals.

(b) Radlal Diaphragm Valve, Radial Diaphragm Tank
Bottom Valpe. The diaphragm seal is a flexible membrane
that formg positive closure when compressed against
a radial s¢at (see Fig. SG-2.3.1.2-2). The diaphragm’is
typically g4 product/process contact seal creating both
static (atmospheric) and dynamic (differential) seals.
However, in some designs static seals may‘be used
between hHody components.

(c) Weirfess Diaphragm Valve. The diaphragm seal is a
flexible m¢mbrane that modulates flow across a weirless
valve body and also forms plositive closure when
compresged against the wkirless valve body (see
Fig. 5G-2.8.1.2-3). The diaphragm is a product contact
seal creatipg both atmespheric and differential seals.

(d) Linefr Control Valve. A sliding seal (such as an
O-ring) or|nonsliding seal (such as a diaphragm) is used
to seal a linear.Stem (see Fig. SG-2.3.1.2-4). For closure,
the linear |contrel valve may use a soft seal such as an

\/W

(b) Weir Diaphragm Tank Bottom/alve

rotating ball. Staticseals are used between body cpmpo-
nents. A dynanfic)seal is used on a rotary stegn (see
Fig. 5G-2.3.1.3-1).

SG-2{3.1.4 Rising Stem Single, Double-Sedt Mix-
Proof, and Needle Valves. Plug(s) are used to clode flow
against seat(s). Dynamic seal(s) are used on [linear

stem(s). Static seals are used between body comppnents
(Sée Fig. 5G-2.3.1.4-1).

SG-2.3.1.5 Butterfly Valves. The seat/seal
a dynamic seal when the disk is rotated into the closed
position (see Fig. SG-2.3.1.5-1). The seat/seal also[forms
the primary stem seal to prevent leakage through the
stem journal.

S$G-2.3.1.6 Thermostatic Steam Trap. The|valve
seat is closed by a plug attached to a dynamic bpllows
seal. The body cavity for a serviceable steam {rap is
typically sealed by a static seal (see Fig. SD-3.1.3.2-1).

$G-2.3.1.7 Back Pressure Control Valve. A non-
sliding seal (such as a diaphragm) is used to seal allinear
stem. For closure, the valve may use a soft seal, sjich as
an O-ring or diaphragm, or a metal-to-metal sedl/seat
(see Fig. 5G-2.3.1.7-1). To regulate the flow, the opgrating
diaphragm responds to pressure to control the r¢gulat-
ing plug and functions as a static seal aroupnd its

reates

O-ring or

(e) Regulator Valve. A control diaphragm is a flexible
membrane that typically is used as a pressure barrier
and also forms a static seal to the atmosphere. A plug-
type dynamic seal may be used for closure. Static seals
are used between body components. To regulate the
flow, the operating diaphragm responds to pressure to
control the regulating plug and functions as a static seal
around its perimeter (see Fig. SG-2.3.1.2-5).

$G-2.3.1.3 Ball Valve and Ball Tank Bottom Valve.
The seat/seal functions as a dynamic seal against the

iap]ﬂvngm ora-metal-to-metal seal /seat

186

perimeter.

SG-2.3.1.8 Pinch Valve. Pinch valves use a flexible
tube or sleeve that forms a differential seal when closed
(see Fig. SG-2.3.1.8-1).

SG-2.3.1.9 Check, Pressure Relief, and Safety
Pressure Relief Valves
(a) A check valve is a unidirectional flow device (see
Fig. 5G-2.3.1.9-1). When the application requires draina-
bility, a check valve may include provisions for drainage,
such as flats, drain holes, or a drain port.

(16)
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Fig. SG-2.3.1.2-2 Radial Valves

(a) Radial Diaphragm Tank Bottom Valve

(c

Bellows Radial Diaphragm Tank Bottom Valve

Ll
e

(b)Radial Diaphragm Valve

fj;ﬁ%%&

(d) In-Line Radial Diaphragm Valve

é Y

Fig. SG-2.3.1.2-3 Weirless Diaphragm Valve
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Fig. SG-2.3.1.2-4 Linear Control Valves

(a) Linear Control Valve

Wi

(b) Linear Col

ntrol Valve

With Elastomer Diaphragm Seal

Fig. SG-2.3.1.245) Regulator Valve

A\

NN N

A

I

7R

(c) Linear Control Valve
With Metallic Diaphragm Seal
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(a) Ball Tank Bottom Valve

Fig. SG-2.3.1.4-1 Rising Stem Single, Double-Seat Mix-Proof, and Needle Valves

ASME BPE-2016

Fig. SG-2.3.1.3-1 Ball Valves

"""""" V) a

\=w
s
- /37/////////////////////;&@

(e)Ball Valve

(a) Rising Stem Single Valve

(c) Needle Valve

(b) Double-Seat Mix-Proof Valve
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Fig. SG-2.3.1.5-1 Butterfly Valve

Fig. SG-2.3.1.7-1 Back Pressure Control Valve

NN N Y

Fig. SG-2.3.1.8-1 Pinch Valve

(a) Pinch Valve Open (b) Pinch Valve Closed
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Fig. SG-2.3.1.9-1 Pressure Relief and Check Valves

WO|4

Open (Flow) Position Closed (Check) Position

(a) Spring-Type Check Valve

Flow.

Open (Flow) Position Closed (Check) Position

(b)Poppet-Type Check Valve (Vertical Configuration) [Note (1)]

Normal Flow Direction

e oo

4
£ Iz

s 7

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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Fig. $G-2.3.1.10-1 Plug Valve

(b) A plressure relief valve is a type of valve that
relieves piessure in a system in order to protect against
mechanicql damage of equipment. An override device
may be uged to allow flow through the valve for the
purpose pf cleaning. Pressure relief valves allow
bypassing|of the overpressured fluid back into the pro-
cess line of a safe location (e.g., from a pump discharge
back to the pump suction).

(c) A sgfety pressure relief valve is a type of valve
used to relieve the pressure in a system or vessel, caused
by a procdss upset, instrument or equipment failure, or
fire. Its putpose is to protect people and equipment from
a potential explosion or leak. The flow is one-directional
In case of pverpressure, the fluid is discharged to a.safe
location ofitside the pressurized system.

$G-2.8.1.10 Plug Valves. The plug-bedy-valve or
plug-seal yalve functions as a dynamic seal*against the
rotating plug (see Fig. SG-2.3.1.10-1).

SG-2.32 Mechanical Seals

$G-2.8.2.1 General

(a) An ¢nd face mechanical'seal is a device that con-
trols leakqge of fluids along rotating shafts. Sealing is
accomplished by a stationary face bearing against the
face of a r¢tating ring'mounted to the shaft. The sealing
faces are perpendicular to the shaft axis. Axial mechani-
cal force annd fldid pressure maintain the contact between
the weari:[lg Seal faces

(c) Single mechanical sealsyweep fluid across the face
in the direction from high'pressure to low pressfire.
(d) Single Mechanical Seals for Pumps
(1) The processfluid provides lubrication angl cool-
ing for the faces."A single seal operating in dry ¢r vac-
uum conditions' will result in seal failure.
(2) Noutall process fluids will provide adgquate
lubrication and cooling. In this case an alternatiye seal
designor flush plan shall be considered.
(3) A typical single seal for pumps is illustrdted in
Fig. SG-2.3.2.2-1.
(e) Single Mechanical Seals for Top-Mounted Agifators
(1) Single mechanical seals for top-mounted|agita-
tors operate in the head space of the vessel typically
exposed to the gas phase of the process fluid.
(2) Top-mounted agitator single seals may cpntain
a debris well to catch wear material from dr} con-
tacting faces.
(3) A typical single-seal design for top-mqunted
agitators is illustrated in Fig. SG-2.3.2.2-2.

$G-2.3.2.3 Dual Mechanical Seals

(a) Dual Pressurized Mechanical Seals
(1) Dual pressurized mechanical seals consist of an
inboard mechanical seal and an outboard mecHanical
seal. Pressurized barrier fluid is injected betweer] these
two seals. The inboard mechanical seal has procegs con-
tact, and the outboard mechanical seal has atmospheric

(b) Selection of the proper seal for the specific equip-
ment and application is the responsibility of the owner/
user. The owner/user shall consult the equipment
supplier/manufacturer.

S$G-2.3.2.2 Single Mechanical Seals
(a) Single mechanical seals are seal arrangements in
which there is only one mechanical seal per seal
chamber.
(b) Single mechanical seals offer simplicity and an
observable leakage path to the atmosphere.

COTtact.

(2) Pressurized barrier fluid means the barrier fluid
pressure is higher than the process pressure acting on
the inboard mechanical seal.

(3) Dual pressurized mechanical seals offer abso-
lute separation of process and atmosphere.

(4) The pressurized barrier fluid will weep into the
process and will weep into the atmosphere.

(56) 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

(16)
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between the process and the atmosphere. A liquid bar-
rier fluid such as water also cools and lubricates the dual
mechanical seal. Gas barrier fluid such as air provides a
barrier between the atmosphere and process only and
does not provide cooling or lubrication to the seal faces.

(6) Providing barrier fluid flow and pressure at an
appropriate temperature is the responsibility of the
owner/user and shall be based on the recommendation
of the equipment manufacturer.

Fig. SG-2.3.2.2-1 Single Mechanical Seal

Rotating face

(b)

(7—Atypical dual pressurized mechanical seal _ Stafionary face
is illgstrated in Fig. 5G-2.3.2.3-1 for pumps and
Fig. 5{5-2.3.2.3-2 for top-entry agitators. Process side
ual Unpressurized Mechanical Seals
(1) Dual unpressurized mechanical seals consist of Atmospheric side

an inhoard mechanical seal and an outboard mechanical
seal. Buffer fluid is injected between these two seals.
The ifiboard mechanical seal has process contact, and
the oytboard mechanical seal has atmospheric contact.
(3) Unpressurized buffer fluid means the buffer
fluid pressure is lower than the process pressure acting
on thq inboard mechanical seal. The highest pressure in
the segling system is the process pressure on the inboard
side of the inboard seal. The lowest pressure of the sys-
tem if the atmosphere pressure on the outboard seal.
(3) Dual unpressurized mechanical seals offer abso-
lute s¢paration of the atmosphere from the process but
do no} provide absolute separation of the process from
the atmosphere.

(4) Process fluid will weep into the unpressurized
buffer] fluid, and the buffer fluid will in turn weep.into
the atmosphere along with dilute process fluid:

(4) The owner/user shall arrange for arr upressur-
ized Huffer fluid to be introduced between"the inboard
seal ahd the outboard seal to ensure.a buffer between
the process and the atmosphere. Theprocess fluid will
penetfate between the inboard seal faces. The buffer
fluid yvith traces of process flidywill penetrate the out-
board|seal faces.

(4) Providing buffer. fluid flow and pressure at an
apprdpriate temperattire is the responsibility of the

Fig. SG-2.3.2.2-2"” Single Seal for Top-Entry Agitator

Atmospheric side

hting face

Rot
Stationary face

Debfis well

Process side

Fig. SG-2.3.2.3-1 Dual Pressurized Mechaical Seal
for Pumps

ownef/user and shall\be based on the recommendation Bafrier outlet
of the|lequipment-manufacturer.
(1) A typiCal dual unpressurized mechanical seal Rotating face
is illuptratediin Fig. SG-2.3.2.3-3. Process side
SIG-2.3.2.4 Flush Plans. A flush plan describes o
Atmospheric side

how the end face mechanical seal is lubricated and
cooled. The flush plan numbers directly reflect plans
that were developed 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 sup-
port systems. If properly implemented to the require-
ments of this Standard, all of the following flush plans
are acceptable for use in the bioprocessing industry. The
numbering system used below is also recognized and
used by The Fluid Sealing Association (FSA) and the

193

Stationary side

Barrier inlet
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Fig. SG-2.3.2.3-2 Dual Pressurized Mechanical Seal
for Top-Entry Agitator

Atmospheric side

7Stationary face

the accumulation of solids in the seal chamber. See
Fig. 5G-2.3.2.4-3.

(d) Flush Plan 11. Seal flush from pump discharge for
single seal. Often uses an orifice, but the flush line itself
may be considered an orifice. A high-pressure discharge
of the process fluid flows to the low-pressure seal cham-
ber. The flow of process fluid cools and lubricates the
seal faces. See Fig. 5G-2.3.2.4-4.

(e) Flush Plan 32. Seal flush from external source. This
p]aﬂ isused-for Qiﬂg]o seals A fluid that is nr\mﬁatlble

+——Barrier outlet

Ny

Rotating face

Debris well

Process side
Barrier inlet

Fig. SG-2.3.2.3-3 Dual Unpressurized Mechanical
Seal for Pumps

Buffer outlet

Process sid Rotating face

Atmospheric side
Stationary face

Buffer inlet

European [Sealing Association.(ESA as a group associ-
ated with FSA). ISO 21049,-API 682, and ISO 13709 also
contain inpportant information about support systems
for mechahical seals:

(a) Flush Plan 017 Internal seal chamber circulation
for single |sealfrom pump discharge. A high-pressure
discharge pf\the process fluid flows to the low-pressure

with the process is injected into the seal cavityyo cool
and lubricate the seal. Plan 32 flush fluidcwill go into
the process. See Fig. SG-2.3.2.4-5.

(f) Flush Plan 52. This plan is for unpressurizefl dual
seals only. Unpressurized buffer fluid‘circulates tHrough
a reservoir. The buffer fluid is/at & pressure lesp than
the process side of the inboatd“seal. This plan|offers
protection from product efitering the atmosphere and,
when used under vacuum ‘conditions, from the|atmo-
sphere entering the seal chamber. See Figs. 5G-2..2.4-6
and SG-2.3.2.4-7.

(g) Flush PlanyBPE52. Flow and pressure are|taken
from the pump discharge and injected between tHe dual
seals. Thetseal cavity is vented to a low-pressure|point.
This flush plan is used exclusively for dual unpgessur-
ized 'seals. See Fig. 5G-2.3.2.4-8.

(B) Flush Plan 53. This plan is for pressurizedl dual
séals only. Pressurized barrier fluid is circulated tHrough
a reservoir where the barrier fluid is cooled then
returned to the seal cavity. Circulation must be pr¢vided
by a pumping device located in the dual-seal design.
This arrangement ensures that the atmosphege and
pumped process fluid cannot cross-contaminate. The
barrier fluid shall be compatible with the produft. See
Figs. 5G-2.3.2.4-9 and SG-2.3.2.4-10.

(i) Flush Plan 54. This plan is for dual pressprized
seals only. Pressurized barrier fluid is circulated tHrough
the dual-seal cavity from an external source. The pource
of flow and pressure is undefined in this flush plan. The
barrier fluid pressure between the inboard and oufboard
seals shall be higher than the process pressure facting
on the inboard seal. The barrier fluid shall be compatible
with the process fluid. See Figs. SG-2.3.2.4-11 and
S5G-2.3.2.4-12.

(j) Flush Plan 55. This plan is for unpressurizefl dual

seal chamber. The flow of process fluid cools and lubri-
cates the seal faces. See Fig. 5G-2.3.2.4-1.

(b) Flush Plan 02. Dead-ended seal chamber with no
other sources of flush for single seal. The ambient condi-
tions of the seal chamber are satisfactory for the process
fluid to remain a coolant and lubricant for the seal faces.
See Fig. 5G-2.3.2.4-2.

(c) Flush Plan 03. Dead-ended seal chamber with cir-
culation between the seal chamber and the pump created
by the design of the sealing chamber. The flow of process
fluid cools and lubricates the seal faces and may prevent

seals only. Unpressurized buffer fluid is circulated
through the dual-seal cavity from an external source.
The source of flow and pressure is undefined in this
flush plan. The buffer fluid is at a pressure less than
the process side of the inboard seal. This plan offers
protection from the process fluid entering the atmo-
sphere and, when used under vacuum conditions, from
the atmosphere entering the seal chamber. See
Figs. 5G-2.3.2.4-13 and 5G-2.3.2.4-14.

(k) Flush Plan 74. This plan is for gas-pressurized dual
seals only. The barrier fluid pressure between the
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Fig. SG-2.3.2.4-1 Flush Plan 01

Inlet
Seal chamber Fig. SG-2.3.2.4-4 Flush Plan 11
Pump discharge
Flush
- / ; -

Fig. SG-2.3.2.4-2 Flush Plan 02

Seal chamber

Fig. SG-2.3.2.4-5 Flush Plan 32

Extdrnal source

Flush

Fig.'5G-2.3.2.4-3 Flush Plan 03

Seal chamber
(with circulation to pump)

195


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

ASME BPE-2016

Fig. 5G-2.3.2.4-6 Flush Plan 52 for Pump Fig. SG-2.3.2.4-8 Flush Plan BPE52 for Punlp
Pump discharge
R Reservoir
= Hygienic pressufe and

flow control dpvice

:/Buﬁer outlet

—Buffer outlet

/Buffer inlet

| —Buffer inlet

Fig. S¢-2.3.2.4-7 Flush Plan 52 forTop-Entry Fig. $6-2.3.2.4-9 Flush Plan 53 for Pump
Agitator

Reseryjoir
\Reservoir

@ _%‘\Barrie outler
K) 7}\» Barrier inlet

Buffer outlet

Buffer inlet %
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Fig. SG-2.3.2.4-12 Flush Plan 54 for Top-Entry
Agitator

/% Barrier outlet

Figl S$G-2.3.2.4-10 Flush Plan 53 for Top-Entry
Agitator

Bhrrier inlet

\Reservoir

N

Fig:.$G-2.3.2.4-13 Flush Plan 55 for Pump

Barrier outlet

Barrier inlet

Buffgr outlet

Buffdr inlet

Barrier outlet

Fig. SG-2.3.2.4-14 Flush Plan 55 for ij-Entry

Barrier inlet (T~

\/ Buffer outlet
\Buffer inlet
—J
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Fig. $6-2.3.2.4-15

Flush Plan 74 for Pump

Vent valve

Gas barrier outlet

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 addition
to the service temperature and pressure, any parameters
that may affect the seal performance (reference Form R-1,
Application Data Sheet). It is up to the equipment

Gas barrier inlet

Fig. SG-2.3.2.4-16 Flush Plan 74 for Top-Entry

Agitator

Barrier outlet

Vent valve

Barrier inlet

inboard a
process p1

hd outboard.Seals shall be higher than the
essure deting on the inboard seal. The barrier
fluid mus} be-Compatible with the process fluid. See
Figs. 5G-2132,4-15 and SG-2.3.2.4-16.

supplier/manufacturer to inform the owner/useq of the
service life expectancy and the methods that will'¢nsure
that the seal operates within its design specificafion.

SG-3.1.1 Service Temperature. Seals shall be
ble of preventing unacceptable leakage when the
cycled between the rated upperand/lower temps
limits. The number of allowable thermal cycles s]
stated by the manufacturet.

capa-
Fmally
rature
hall be

$G-3.1.2 Service Pressure. The service pres$ure is
the maximum permissible usage pressure for which the
seal meets the maximum permissible leakage rate. The
service pressuréand acceptance level for pressure|rating
shall be furnished by the seal supplier/manufacfurer.

SG-3.1.3"Bioburden. Bioburden is the concenfration
of migrobial matter per unit volume. Microbial natter
includes viruses, bacteria, yeast, mold, and parts thereof.

SG-3.1.4 Cavitation Resistance. The seal shall be
placed so as to minimize damage by cavitation.

$G-3.1.5 Sterilization. The complete sterilj
procedure shall be supplied by the owner/use
shall include the methods, frequency, and len|
operation.

zation
. This
oth of

$G-3.1.6 Cleaning. The complete cleaning
dure shall be supplied by the owner/user to th|
plier/manufacturer for evaluation and select
compatible material. This shall include the mg
frequency, and length of operation.

proce-
P sup-
jon of
thods,

ation
r. The
m the
rm as
beal is

S$G-3.1.7 Passivation. The complete passi
procedure shall be supplied by the owner/use
equipment supplier/manufacturer shall infoq
owner/user whether the seal will be able to perf,
specified after passivation, or whether a new
required before the start of operation.

SG-2.3.3 Other Dynamic Seals

$G-2.3.3.1 Reciprocating Seals. Reciprocating
seals have axial movement between the inner and outer
elements, as in a plunger or a piston and a cylinder. The
seal, usually an O-ring, slides along the sealing surface.

$G-2.3.3.2 Oscillating Seals. Oscillating seals
have angular movement around an arc, as in a valve
handle. The seal, usually an O-ring, slides between the
inner and outer elements and has limited or no longitu-
dinal movement.
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SG-3.2 System Requirements

All systems require cleaning and sterilization of seals
on aregular basis. This is necessary to ensure elimination
of any bacterial growth, which could harm the seal,
future products, or the environment. The methods of
cleaning are listed in SG-3.2.1 through 5G-3.2.3.

SG-3.2.1 Cleaning Systems
(a) Clean-in-Place (CIP). The process contact sur-
face(s) part of a seal shall be designed so that accumula-
tion of system media can be removed through the action
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of a cleaning solution. The seal should be placed to allow
for best drainability.

(b) Clean-out-of-Place (COP). Disassembly for
cleaning.

5$G-3.2.2 Sterilizing Systems. Seal requirements
shall be based on the sterilization method used. All
process contact seal surfaces shall be designed to mini-
mize cracks and crevices. When cracks and crevices can-
not be avoided, sterilization testing shall be performed

in the facility. Material selection should be done in con-
cert with the seal supplier/manufacturer to ensure that
seal performance is maximized for each location within
a process. However, material selection remains the
responsibility of the owner/user.

(c) Permeation Resistance. Seal permeation shall be
included in seal leakage criteria and is not addressed
as an individual topic.

(d) Surface Finish

to valfdate sterility within the system boundaries. All
seals pnd seal contact surfaces shall be designed to
acconfmodate expansion and contraction during steril-
izatiof and cooling-down stages. Seal materials that are
corrogion resistant to saturated steam and pure steam
shall be used. The seal should be placed to allow for
draingge of fluid. The following are typical sterilizing
systerns:

(a) Pteam-in-Place (SIP). All seals and their assemblies
shall have a minimum temperature rating meeting the
requigements of SD-2.3.1.1.

(b) [Chemical sterilization.

(c) Hot air sterilization at 320°F (160°C).

(d) [rradiation.

$G-3.2.3 Passivation Systems. The following are
typical passivation and derouging systems:

(a) pcid treatments

(b) proprietary trade formulations

Full information shall be provided by the supplier/
manufacturer as to the corrosive or erosive effect-on
the sdal. See Nonmandatory Appendix D, Rotige and
Stainless Steel, and Nonmandatory Appendix E,
Passivation Procedure Qualification.

SG-3.B Seal Construction

SGt3.3.1 Materials

(a) Biocompatibility. Biocompatibility testing shall be
performed per PM-3.1. Qualification testing of final
manufactured seals can.be performed on any given size
seal (pr combination-thereof) within a seal product
group|as long as the materials used and the manufactur-
ing phocess are representative of the entire group. Bio-
compatibility\testing must be repeated for significant
changgs ifiraw materials or processes used to fabricate
seals. Pthierwise, biocompatibility testing is used on ini-

(1) Seals shall be free of molding imperfections or
burrs within the system boundary ahd-qn sealing
surfaces.
n surfaces
surfaces.

(2) Seals shall be free of foreign matter
within the system boundary and on sealing
(3) Surfaces to be sealed shall meet spgcifications
provided by the seal supplier/manufacturef based on
performance and the fequirements in Part S

Tt

(4) Molded sealstand components shall ave mold-
ing flash remoyed to prevent contact with the process
stream.

minimize
he process

(e) PartiCle Generation. Seal designs should
wear that'generates particles that could enter
stream,

(f)’Lubrication. When required to facilitafe installa-
tion, seals may be lubricated with an acceptable lubricant
that is compatible with the seal material arjd process.
The supplier/manufacturer shall advise the opvner /user
of special lubrication requirements. The s¢lection of
accepted lubricant is the responsibilify of the
owner/user.

SG-3.3.2 Design

SG-3.3.2.1 General

(a) Crevices. A smooth, contoured, pocketlg¢ss interior
surface shall be created when seals are placed between
the seal contact surfaces. All recessed seal cpntact sur-
faces shall avoid sharp corners and be easily cleanable
with the seal removed. All seal and seal contact surfaces
shall be designed to minimize cracks or cre¢vices that
might harbor system media.
(b) Dead Spaces. Dead spaces are defined| here as a
void in the process contact surface(s) portion df the struc-

tial qualification of the material and process by the seal
supplier/manufacturer.

(b) Process Compatibility. Seal materials shall be resis-
tant to corrosion from process, cleaning, and sterilization
fluids. Selection shall be based on all media that could
come in contact with the seal, including cleaning and
sterilization media. Special consideration shall be made
when the exposure is at elevated temperature. Material
selection shall be governed by Part PM and reference
Form R-1, Application Data Sheet. It is unlikely that any
single seal material can withstand all conditions present
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ture-not-completelyocctpted-by-asealand-are usually
required to allow for thermal expansion of the seal mate-
rial. 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.

S$G-3.3.2.2 Static Seals
(a) Static Seal General Design Requirements. SG-2.2 lists
some standards describing the design of hygienic
unions, O-rings, and other static seals. Figures SG-2.2.2-1
through 5G-2.2.2-4 illustrate typical static hygienic and
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O-ring connections. Figure SG-2.2.2-5 illustrates unac-
ceptable connections. In addition, the following general
requirements apply to all hygienic static seals:

(1) Gaskets and O-ring seals shall seal and meet
the cleanability and bioburden control requirements of
the application. Fittings should be selected or designed
to consider the gasket or O-ring geometry, materials
of construction, and seal performance under operating
conditions.

(2) S

aticseals should be selfealionina and
o [

Fig. SG-3.3.2.2-1 Examples of Static O-Ring
Grooves

W \

self-positipning.

(b) Hygfenic Unions. Most common hygienic union
geometriep used in bioprocessing are listed in SG-2.2.2.
All hygienjic unions shall comply with the general design
requiremepts in this Part, the material requirements of
Parts MM|and PM, and the surface finish requirements
of Part SK. Intrusion categories of hygienic seals are
defined in| SG-4.2 and illustrated in Fig. SG-4.2-1.

(c) O-Ring Seals

(1) Ggneral O-Ring and Gland Design Criteria. An
O-ring is 4 seal with a circular cross section (a toroid),
designed fo be seated in a groove and compressed dur-
ing assemply. These are most often used in static seals.
O-rings ate used extensively in hygienic applications
and can sqal by applying compression (squeeze) on the
radially apd/or axially opposed faces. In addition to
sealing pgrformance during bioprocessing production,
performarjce during other processes, typically CIP and
bioburden| control processes, shall be considered in the
design of p hygienic O-ring seal. The following desigh
criteria shpuld be evaluated:

(-a) seal performance under all precess
conditions
(-b)
fluid flow
(-c)

proximity of the sealing point. te the bulk
for CIP and bioburden control)jprocesses
consistent location of the ‘sealing point and
exposed spirfaces under all relevant process conditions
(-d)] ability to handle the-effects of thermal expan-
sion and dhemical swell
(-e)| drainability
Often dgsigns that.farget specific criteria sacrifice
others. Fqr examplg; installation of O-rings in tight
grooves td improve-Cleanability often causes problems
due to the fherimal expansion of elastomers being signifi-
cantly grepter~than the thermal expansion of stainless

proper material selection for the procéss enviropment.
An O-ring gland shall include sufficient room fof ther-
mal expansion and chemical swell t0’prevent seal/ mate-
rial extrusion and damage. Sedl(designs that corppress
in multiple directions requiréiextra caution.

(3) O-Ring Stretch (Elgstomeric O-Rings). It §s sug-
gested that O-ring stretch during installation be limited.
The designer should consider the maximum amdunt of
allowable stretchito,prevent O-ring breakage during part
assembly. Whén' located in position for use, the O-ring
stretch should'not exceed 5%. Similarly, the O-ring|diam-
eter should not be too large for a groove, which would
cause the’ ring to buckle. Overstretching or ovegsizing
an O-ring can lead to premature seal failure.

(4) O-Ring Compression (Squeeze). Proper Q-ring
compression is critical to proper sealing. At ambient
temperature, O-ring compression is frequently [in the
range of 10% to 25%; however, this can vary greatly
depending on materials, conditions, and applidations
(e.g., static vs. dynamic). O-ring compressions over 30%
should generally be avoided. Relative O-ring compres-
sion can increase during heating due to thermal ¢xpan-
sion. Factors to consider for O-ring compression ifclude
chemical swell, temperature change, elastomer| hard-
ness, etc. Caution should be taken when substftuting
elastomeric seals for nonelastomeric seals or vice|versa.
A nonelastomeric seal may require a crush groovle, and
direct substitution of an elastomer into such a groove
may result in premature seal failure.

(5) O-Ring Thermal Expansion. O-ring thermal
expansion is dependent on the particular materipl and
formulation. The O-ring supplier/manufacturpr can
provide information on the material’s coefficient df ther-

steel or other nonmetallic materials.

The end-user/owner should consult with the seal
designer to optimize the design for an application. The
end-user/owner 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
Fig. 5G-3.3.2.2-1.

(2) O-Ring/Gland Sizing (Fill). Proper gland design
and appropriate O-ring selection are critical for proper
sealing. O-ring selection includes the proper sizing and
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mal expansion (CTE) characteristics.

(6) Hygienic O-ring connections are available (see
Figs. 5G-2.2.2-3 and SG-2.2.2-4) in threaded, flanged, or
clamped styles. The O-ring connections shall be manu-
factured to a hygienic standard (e.g., DIN 11864 parts
1 to 3) or shall be accepted as a hygienic connection by
a recognized independent organization [e.g., the Euro-
pean Hygienic Engineering and Design Group
(EHEDG)]. O-ring connections shall comply with
S5G-3.3.2.2(c)(6) and SD-3.1.1. The construction of the
titting shall be such that excessive deformation of the

(16)
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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

(-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

(5) Cavity fillers shall not be used.

(6) The metallic fluid-contact surfaces of the valve,
including the body cavity, shall comply with the applica-
ble requirements in Part SE.

(7) Cluster, block, and multiport valves should be
designed and installed to minimize dead legs and opti-
mize drainability.

(8) The internal volume of the valve should be kept
to a minimum while meeting other requirements of the

parts of a

101 anbe fitted-as long as the following parameters
jomnts H gas-t ST ¢ process design.
are kept: (9) Any crevices (e.g., between mating
(-1) Materials. All bonded joint seal materials valve) should be minimize;:l in areas jn\contaft with the
shall pe compliant with SG-3.3.1 and any additional i

requirements specified by the owner/user. The vulcan-
ized Honded joint should consist of either an unvulcan-
ized pprtion of the seal material or a compatible material
wherq this gives an improved joint. In both cases, the
joining material shall meet the same requirements as the
seal mpaterial.

(-2) Joint Integrity. The joint integrity shall

the strength requirements of the application. A
ized O-ring should contain only one joint. Where
tooling availability limits seal diameter, extra joints can
be incjuded by prior arrangement with the owner/user.
(-3) Excessive Material and Tool Marks. All
excesdive joint material shall be removed. The surface
finish|and any residual material, tool marks, or reduc-
tions |in cross-sectional tolerances should not be at a
level| that compromises seal performance and
cleangpbility.
(-c) Adhesive-Bonded Joints. Adhesive-bonded
joints jshould be avoided and their use must\be agreed
to between the supplier/manufacturer and the
ownet/user.

(1) Flat Gaskets. All flat gaskets shall comply with
the geperal design requirements it this Part, the material
requitements of Part PM, and the surface finish require-
ments) of Parts SD and SE

(2) Inflatable Seals:Inflatable seals shall comply
e general design requirements of this document.

SG-3.3.2.3 Valves
(a) [General
(1) Pregess flow valves should optimize drainabil-
ity anfd ptevent pooling when installed in their proper

with

process.
(10) Any guiding of valve trim dnd operafting mech-
anisms should be minimized\in areas in contact with
the process.
(11) Valves intended for CIP/SIP/sanitigation shall
be capable of opeiling as required durfing those
processes.
(12) Valvés not capable of CIP shall be
disassembled for cleaning/steaming.
(13\The valve design should enable immediate
leakage detection between the process side arfd environ-
ment, at any seal when possible. The area petween a
primary and secondary stem seal should be fitted with
a leakage detection port to indicate primary sdal leakage.
(14) Pneumatically controlled valves shall be
designed to prevent air transfer from the actdator to the
process.
(15) All seats and seals shall comply with the
requirements of this Standard, or as agreed dn between
the supplier/manufacturer and owner/user,
(16) The owner/user should refer to Form R-1,
Application Data Sheet, when communicatihg process
conditions to the supplier/manufacturer. Thefvalve sup-
plier/manufacturer shall recommend materfial for the
intended service and pressure and comply with the URS
(User Requirement Specification), but material selection
is the responsibility of the owner/user.
(b) Diaphragm Valves
(1) Diaphragm valves use nonsliding sepls and are
the preferred valve for bioprocessing fluid apjplications.
(2) Two-way, weir-style diaphragm va

able to be

ve bodies

drain orientation.

(2) When possible, welding valves into the process
line is the preferred method of installation to minimize
the use of seals.

(3) All process contact surfaces of components
designed for CIP/SIP shall be easily accessible by CIP
fluids and SIP steam.

(4) Valve surfaces that may become process contact
surfaces if a component (e.g., diaphragm) fails in service
shall be readily accessible for examination, maintenance,
and cleaning.
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b}lal‘l 1IJC t)clllldllcllll,ly Lllclll\cd UIl 1L)k)llll bib‘lcb Llc the body
to show optimum drain position. Orientation of welded
and machined multiple-port bodies shall be included
on submittal drawings. Other types of diaphragm valves
should be installed to the manufacturer’s
recommendations.

(3) Point-of-use (POU) valves should be designed
with the seal at or below the lowest point in the tube
to facilitate draining.

(4) Diaphragms should be marked in accordance
with Section 12.3 of MSS-SP-88.
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Fig. SG-3.3.2.3-1 Seals for Rising Stem Valves

1
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(a) Rising Stem Valve
With Elastomeric Diaphragm

(5) Weirless diaphragm valves use nonsliding seals.
The installation angle is not critical due to the elimina-
tion of thg weir in the body design; however, the valve
should pe installed to the manufacturer’s
recommer{dations.

(c) Risig Stem Seal Valves. Rising stem sedl yalves
use sliding and nonsliding seals (see Fig. SG=3.3.2.3-1).
Suitable designs are available for fluid utility applica-
tions such|as clean steam and CIP as well.as for product.
The owney/user shall define the degree’of suitability of
the design for the application.

(1) S¢als for rising stemvalves are classified as
follows:
(-a)| Primary Risinig~Stem Seals. Primary rising

stem seals| serve as pressuire barriers for process fluids.
Such seals| shall be/exposed for cleaning and shall meet
the pressge and temperature requirements of the speci-

fied materjals@s)outlined in this Standard and the asep-
tic and bigburden control requirements specified by the

(b) Rising Stem Valve
With O-Ring Seal

(c) Rising Stem Valve
With Molded Seal

fluid and atmosphere. Single sliding stem seals fan be
used for fluid utility applications such as clean|steam
and CIP. If sliding seals are to be used as the pgimary
seal for product contact applications, there should be a
secondary stem seal to facilitate cleaning and sahitiza-
tion behind the primary sliding seal.
(-b) Secondary Rising Stem Seals. Secondary seals

serve as the sealing between atmosphere and 4 stem
disinfection chamber (e.g., steam barrier or disinfection
means barrier). These seals shall be designed td serve
as pressure barriers for sanitizing fluid. Such seals shall
meet the pressure and temperature requirements|of the
specified material outlined in Part SG of this Stahdard.
Secondary stem seals are typically sliding seal§ (e.g.,
O-rings or lip-seals).
(2) Wherever elastomeric or polymeric segls are
retained under static compression, adjoining metpl sur-
faces shall be machined to a roughness specified py the

owner/user. In addition, they shall meet all of the gen-
eral requirements for seals outlined in this section. Pri-
mary sealing can be provided in different ways.

(-1) Nonsliding seals such as bellows and dia-
phragms eliminate contamination risk by preventing the
product/process contact surface(s) portion of the stem
from contacting the atmosphere. When the primary stem
seal is a nonsliding seal, a secondary stem seal is not
required.

(-2) Sliding seals such as lip-seals and O-rings
can be used for the reciprocating stem between process

seal manufacturer to ensure required performance, 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.
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(d) Regqulator Valves. When using regulator valves, a
means of override is normally required to allow clean-
ability and drainability of the valve.

(e) Ball Valves. Ball valves (Fig. SG-2.3.1.3-1) are not
recommended for product contact streams. The owner/
user should determine whether a ball valve is acceptable
for other process contact applications. Applications
where ball valves are typically acceptable include liquid
and gas utility and process support applications, such

(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 require-
ments of Part SE.

(5) Process-side hardware radii shall meet the
requirements of SD-2.4.2(g).

(6) Secondary seals are used in static and dynamic
positions. The dynamic position in a typical mechanical

as clegnstean—thevabebore LD —nchading balland seal s wherethesecondary seat s ircomtagt with the
body, |shall match the LD. of the connecting tubing to spring-loaded seal face. The dynamic secophdary seal
allow [self-draining. Cavity fillers shall not be used. accommodates motion during operatiotiand face move-

(f) Butterfly Valves. Butterfly valves use sliding seals.  ment as the primary faces wear. Secondary s¢al cavities
Buttetfly valves are commonly used for powder and  ghall be located and designed so)that the pfocess side
vacuum applications. The valve should be installed per  js accessible to fluid flow ands drainable|consistent

hanufacturer’s recommendations to allow
aining.

Steam Traps (Thermostatic). A thermostatic steam
pall be designed to minimize the risk of soil attach-
fo the process fluid surfaces. The bellows should
low subcool to prevent the backup of condensate
he process equipment and clean steam system.
Steam| traps shall be installed with an uninsulated sec-
tion upstream of the trap to facilitate proper steam trap
functipn (see Fig. SD-3.12-1).

(h) Back Pressure Control Valves. Back pressure control
valveq shall be designed to allow free draining through
the otitlet or inlet port. Crevices created by a pierced
diaphfagm or soft seat plug shall be minimized.

(i) Pinch Valves. When using pinch valves, care must
be talden to prevent permanent deformation of ¢he flexi-
ble tybe or sleeve that restricts the flow or affects
draingbility.

(j) Check Valves. Check valves maysuse sliding and/
or norjsliding seals. A check valve,elack valve, nonreturn
valve,|or one-way valve is a valve'that allows fluid flow
in on¢ direction. Check valves/using an exposed coil
spring shall be of a design*to0 prevent the coil spring
from full compression.creating an enclosure.

(k) Plug Valves. Rotating plug valves use sliding seals
and afe not prefefred in product contact applications.
Plug vjalves are’stiitable for liquid and gas utility applica-
tions $uch as'cléan steam and CIP. The plug valve uses
a Y-tyrn Gylindrical plug with O-ring seals to provide
straight-through flow. The plug I.D. does not always

the 1
self-d
(g)
trap s}
ment
have 4
into t

with the requirements of Part, SD.

(7) Secondary seal material should be
minimize compression~set on all phases of
which may includé¢ CIP and/or SIP.

(8) Materials\ef construction shall meg
for polymers~0Or other nonmetallics and Paft MM for
metal comporients. The owner/user is resppnsible for
selection of appropriate materials in consultation with
the equipment supplier/manufacturer.

(9) Form R-1, Application Data Sheet,
filled out with appropriate information to mal
seal selection.

(10) Assembly lubrication will be specified by the
owner/user in consultation with the equipmjent manu-
facturer. The owner/user will determine compatibility
of the lubricant with the process. The equigment sup-
plier/manufacturer will determine the compfatibility of
the lubricant with the seal components.

(b) Single Mechanical Seal

(1) Single mechanical seals are appliefl for their
simplicity, observable leakage path to the atmosphere,
and no requirement for a seal support system.

(2) Single mechanical seals protect the process
boundary at the seal’s secondary seals and aft the seal’s
primary face.

(3) When operating in pressurized prdcess fluid,
single mechanical seals will weep process flujd to atmo-
sphere. If a process upset occurs that creates a temporary
vacuum in the equipment, the seal will weep atmosphere

belected to
operation,

t Part PM

should be
Ke a correct

match the I.D. of the tubing; therefore, self-
drainability of the valve is limited.

$G-3.3.2.4 End Face Mechanical Seal General

Design Requirements
(a) General

(1) Mechanical seal hardware used to mount the
mechanical seal to equipment shall be consistent with
nonpooling and drainability requirements of Part SD.

(2) Springs and drive mechanisms (e.g., pins) shall
not be located in the process fluid.
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(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-
teristics do not include fluids that change state, are in
gaseous phase, precipitate solids, and cause thin film
bonding, congealing, solidification, or crystallization
between the seal faces.

(-b) An example of a possible desirable lubricant
is pure steam condensate at 100°F (38°C).
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(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.

(3) D

1al vressurized-seals are used when the nro

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 proba-
bility of exposure 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
additional details). Examples of seals coming in direct
contact with a process stream include gaskets, O-rings,

cess flui
characteri
(4) D
liquid or g
be designg
(5) D
tacting or
6) A
and atmos
The ownet
plier/man
rier fluid
(7) T
Applicatig
can recom|
the barrieq
(d) Dua
(1) D
ferred to
buffer flui
fluid will
fluid. The
that may Y
(2) D
the proce
fluid.
(3) Dhal unpressurized seals are used when the
process flyiid has desirable lubricating characteristics.
(4) Dpal unpressurized Seals shall be designed for
liquid or gas buffer fluid. Dual unpressurized seals can-
not be dedigned for gas-afid liquid lubrication.
(5) Dfal unpressurized gas buffer seals can be con-
tacting or [noncontacting face design.
(6) Albufferfltid compatible with the process fluid
and atmogphere’should be specified by the owner/user.
The owneil/user should consult with the equipment ven-

Il does not have desirable lubricating
tics.

ual pressurized seals shall be designed for
as barrier fluid. Dual pressurized seals cannot
d for gas and liquid lubrication.

1al pressurized gas barrier seals can be con-
noncontacting face design.

barrier fluid compatible with the process fluid
phere shall be specified by the owner/user.
/user should consult with the equipment sup-
ufacturer to determine suitability of the bar-
or the dual pressurized mechanical seal.

he owner/user should provide Form R-1,
n Data Sheet, so the supplier/manufacturer
mend pressure, flow rate, and temperature of
fluid.

Unpressurized Mechanical Seal

1al unpressurized mechanical seals are pre-
prevent dilution of the process fluid by the
 weeping across the inboard faces. The buffer
prevent atmosphere from entering the process
process fluid will weep into the buffer:fluid
veep to the atmosphere.

ual unpressurized mechanical seals protect
bs boundary with an unpressurized buffer

diaphragms, pinch tubes, and valve stem seals:

SG-3.4.2 Certificate of Compliance. See PM-P.2.1.

SG-3.4.3 Test Requirements. Conférmance f{
is done on initial qualification of-thie hygienic
Testing is intended to show design‘¢onformance
not required on every seal. Testing must be repea
significant changes in raw(materials or processep used
to fabricate seals. The seal'manufacturer shall pgovide,
on request of the owner/user, a certificate of ¢lesign
conformance that the sealed union meets the intrusion
requirements of;SG-4.2. The intrusion value is defined
as the measured quantity that provides the mayimum
radial distange from the fitting I.D. to the point off maxi-
mum intrusion under the manufacturer’s specified con-
ditions (e.g., torque, fitting design, clamp desigr], etc.).
The\point of maximum intrusion/recess shall b¢ mea-
sured using a method that does not cause deformnation
of the components being measured.

esting
Linion.
and is
ed for

SG-3.4.4 Additional Requirements. ed for

future content]

[Reserv

SG-3.5 Seal Identification

Marking on the seal package should include all items
listed in SG-3.4.2.
Manufacturer’s name and lot number shall be marked

on either the seal itself or the seal package contpining
the seal. The lot number should enable the manufdcturer
to identify the raw material and processing condlitions
used to fabricate the article. Manufacturers are epcour-
aged to mark the seal itself to avoid potential loss of
traceability and to aid in positive identification df seals
after removal from a process stream. When marking
diaphragms, any marking shall be done on thoge por-
tions of the diaphragm that are not exposed beyohd the

dor to determine suitability of the buffer fluid for the
dual unpressurized mechanical seal.

(7) The owner/user should provide Form R-1,
Application Data Sheet, so the supplier/manufacturer
can recommend pressure, flow rate, and temperature of
the buffer fluid.

SG-3.4 Compliance Requirements for Sealing
Elements

SG-3.4.1 General Requirements. A Certificate of
Compliance shall be issued by the seal manufacturer to
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sealing portion of the housing.

SG-3.6 Other Seal Requirements

[Reserved for future content]

SG-4 SEAL PERFORMANCE REQUIREMENTS

SG-4.1 General Requirements

Seals form an integral part of process systems and
maintain static and/or dynamic system boundaries
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while being exposed to chemical, thermal, and mechani-
cal (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 section PM-3). Following exposure
to th iti
beinginspected, serviced, and/or replaced. Specific seal
mance criteria shall be established by the owner/
in consultation with the seal supplier/
acturer. Form R-1, Application Data Sheet, may
d to communicate expected process conditions.
r given seal is not designed to perform in all possi-
erating conditions.
hmeters for evaluating the performance of a seal
e leak rate, sealing location, dimensional stability,
al stability (including shedding), and serviceabil-
e requirements for each of the parameters depend
seal type and application. To predict how a seal
brform in service it shall be evaluated (e.g., testing,
erformance). Standardized performance test con-
5 and methods permit a consistent approach to
ing data used to evaluate seal performance. When
ting performance test data, the owner/user
consider if the test parameters are relevant te
nditions expected in the application. Performance
hould be considered when determining the appro-
service interval for the desired application:

manu
be us¢
Any
ble op
Par
includ
mater
ity. Th
on thd
will p
past p
dition|
gathe
evalu
shoulE
the co
datas
priate

SG-4.2 Static Seal Performance

Sta
requit

On
vide 4
clamp
nated
tested|

(a)
intrus

(b)

ic seals shall meet the general performance
ements of SG-4.1.
initial installation, a hygienic/static seal shall pro-
substantially flush inferface with the hygienic
ferrules. Hygienic seals'shall meet and be desig-
by one of the following intrusion categories when
by the seal mdnutacturers:
Intrusion Cdtegory I. Seals having a maximum
on/recessof 0.025 in. (0.6 mm).
[ntrusiouvCategory 1I. Seals having a maximum
intrusjon/recess of 0.008 in. (0.2 mm).

The| purpose of a flush interface is to minimize the

Fig. SG-4.2-1 Typical Hygienic Clamp Union:
Allowable Gasket Intrusion

Nominal gasket width (compressed)
0.065 in. (1.65 mm)

Testing parameters used to identify the d
fermance should be based on the intended
conditions. Nonmandatory Appendix ]
standard process test conditions (SPTC) and
for performing testing to gather data used t
the appropriate level (e.g., 10, 100, or 500)
for the given service life. Performance data ate collected

bsired per-
operating
identifies
a method
o evaluate
bf the seal

at 10-, 100-, and/or 500-cycle intervals. Th
interval is intended to provide data for shor
(e.g., single-use or inspect-between-use apy
The 100- and 500-cycle intervals are intended|to provide
data on the service life of the seals (e.g., multiple-use
applications) that are not routinely inspectedl.

e 10-cycle
durations
lications).

SG-4.3 Dynamic Seal Performance

$G-4.3.1 Valve Seal Performance. Valv
formance is acceptable when the seal maintai
tem boundaries and design flow characte
which it was intended (e.g., static and/or dy
valve seal shall operate through the desiredl range of
motion against differential pressure. It shall He hygienic

 seal per-
ns the sys-
ristics for
namic). A

entrapment of material in a dead space that can
lead to microbial growth and contamination (see
Fig. 5G-4.2-1). Excessive intrusion into the process
stream may lead to erosion of elastomeric seals, thereby
contaminating the process stream. The amount of
intrusion depends on the dimensional control of the seal,
the hygienic clamp ferrule dimensions [see Table DT-7-1
and Fig. 5G-2.2.2-1, illustrations (a) through (c)], the
amount of torque applied to the flange, the material
properties of the seal, the application of steam, and the
surface of the seal (wet or dry) during installation.
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and meet the cleanability requirements stated in
5G-3.3.2.3. A valve seal shall meet these performance
conditions following exposure to operating conditions
in both cyclic and continuous modes of operation.

Performance data shall be collected at intervals that
reflect the use mode (e.g., discrete/open/closed or mod-
ulating), operation (e.g., continuous or cyclic), and
intended service life (e.g., continuous hours of exposure
or number of cycles) of the valve seal.

Testing parameters shall be based on the operating
conditions of the intended application. Nonmandatory
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Appendix ] 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 ]
requires modification to reflect a specific use mode and
intended operation of a valve seal. Form R-I,
Application Data Sheet, identifies a number of opera-
tional conditions (e.g., chemistry, temperature, pressure)
to consider when developing nonstandard perform-
ance tests

(b) Point of Seal Installation. The mechanical seal will
be installed in a piece of equipment. An original
equipment manufacturer (OEM) will typically have its
own test to verify the performance of the mechanical
seal. The test of the OEM should be accepted. A review
of the OEM test procedure may be requested. The OEM
should consult with their seal supplier/manufacturer
for seal performance issues and questions.

Contractors may install a new seal in a piece of equip-
ment The seal Pprfnrmanrp test mav be reviewed with

$G-4.B.1.1 New Valve Seal Performance. The valve
manufactyrer shall test each valve assembly as part of
the produgtion process or shall validate the design and
manufactyring process. One-hundred percent leak test-
ing is not required for validated manufacturing
processes.
For diaphragm valves, the following requirements
shall apply:
(a) seat|leakage rates per MSS-SP-88, EN 12266-1, or
ANSI/FC] Standard 70-2, Class VI
(b) shell leakage rates per MSS-SP-88 category C or
EN 1226641

SG-4.3.2 Mechanical Seal Performance. Mechanical
seal performance may be characterized by leakage rate,
service lifd, cleanability, particle shedding, suitability for
application, and heat generation. Acceptable values for
each of these characteristics may vary widely, so it is
strongly aglvised that the mechanical seal’s various char-
acteristics|and the ramifications of each to the service
are undergtood.

Nonmandatory Appendix J-2.1 provides impoftant
informatiqn about mechanical seal performance. It pro-
vides excgptions to normal seal performance, that are
commonly found in the industry. Familiarity 'with these
items willl help the reader understand ‘the impact that
design, ingtallation, and operation canhave on mechani-
cal seal pgrformance. Also included’in Nonmandatory
Appendix|J-2.1 are outlines for«various methods of test-
ing seal inftegrity.

$G-4.8.2.1 New Mechanical Seal Performance.
There are|four key_points between procurement and

operation pf a newmechanical seal where the seal might
be evaluafed for.pefformance. The four key points are

the installation contractor.

If unique conditions exist where special performance
requirements are necessary, it is the custornex”s responsi-
bility to specify the additional requirefaénts. An gccept-
able performance test may be developed.

If the OEM alters the design, matefial, or manufactur-
ing technique of a mechanidalvseal in service, or is
informed by the seal manufaeturer that the design)mate-
rial, or manufacturing technique has been alteref], it is
the responsibility of the/©EM to inform all relevapt par-
ties that changes Wave occurred.

(c) Point of Systems Assembly. The equipment that con-
tains the seal.is‘installed in a system. The systemys sup-
plier/manufacturer will have standard test procgdures
for testing the system integrity. The test procedyres of
the system’s supplier /manufacturer should be acdepted.
A review of the test procedure may be requestefl. The
system assembler should consult with their OENI sup-
plier/manufacturer for seal performance issu¢s and
questions.

If the system assembler alters the design, matetial, or
manufacturing technique of a mechanical seal in sprvice,
or is informed by the OEM that the design, material,
or manufacturing technique has been altered, it|is the
responsibility of the system assembler to inform ajl rele-
vant parties that changes have occurred.

(d) Point of Use. Once the system is delivered|to the
owner/user, it is the owner/user’s responsibility to
determine if the mechanical seals meet performance
requirements. The owner/user should consult with their
system designer/manufacturer/vendor for seql per-
formance issues and questions.

$G-4.3.2.2 Installed Seals. Original pointjof-use

manufactyring;installation, assembly, and use. performance requirements shall be used to deterthine if
(a) Poinf ofManufacture. Mechanical seal manufactur-  the seal is suijtable for continued use. Rgfurbith seals

ers have performance requirements for new seals. The
manufacturer’s tests should be accepted. If special per-
formance requirements are necessary, those special
requirements shall be specified.

If the mechanical seal manufacturer alters the design,
material, or manufacturing technique of a mechanical
seal in service, it is the responsibility of the mechanical
seal manufacturer to inform all relevant parties that
changes have occurred. Specific information may be
requested from the seal manufacturer to support the
premise that seal performance has not been altered.

shall be held to the original point-of-use performance
requirements. It is the owner/user’s responsibility to
monitor equipment for failure.

SG-5 SEAL APPLICATIONS

SG-5.1 General Considerations

This section provides guidance for selecting sealing
components for common applications. Each component
is recommended for its suitability for the particular
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application, and the selection reflects current common
industry practice.

Every component has its own limited process capabili-
ties and service life for each application in which it is
used. Application characteristics such as size, speed,
pressure, temperature, cycles, and cycle time help define
an application envelope and will determine the suitabil-
ity of a particular component. Appropriate component
selection requires understandmg of the application
requirements 2

In drder to use the Component selectlon guidance in
this s¢ction

(a) [The owner/user shall collect the required applica-
tion data (e.g., Form R-1, Application Data Sheet).

(b) [f the owner/user’s application data fall inside the
comp¢nent’s application envelope, then the guidance
provided is valid.

(c) If the owner/user’s application data fall outside
the component’s application envelope, then the owner/
user should consult with the vendor to find the appro-
priate| component.

.B Compendial Ambient/Hot-Water Distribution
Systems

The| application and selection of sealing components§
are baped on compendial water at temperatures between
68°F gnd 185°F (20°C and 85°C) and pressures.greater
than (] psig (0 barg) up to 87 psig (6 barg). Systems may
be exgosed to hot-water sanitization and / or.iditermittent
steam]| at up to 266°F (130°C).

These systems are typically constriicted of metallic
materjals.

The| section describing eachrseal type may list addi-
tionallcharacteristics of the system and equipment neces-
sary tp ensure proper application of that component.

(a) Materials used for-seals in compendial water sys-
tems ghall meet thexeqtiirements of Part PM and should
be appropriate for'use within the general performance
envelppe, unless otherwise agreed to by the seal/
equipment supplier and owner/user.

(b) Bealing components used in compendial water
systerhs shonld be selected based on reqnirempnfq for

for their specific static application and expectations for
service life.

(b) Hygienic union fitting details (e.g., torque settings,
choice of clamping mechanism, alignment; see
ASME B31.3, Part 335.1) significantly affect the perform-
ance and longevity of static sealing components and
should be considered. For example, two-bolt high-pres-
sure clamps are often used to secure low-pressure seals
in compendlal water systems Overtlghtenmg of these

ag a cegsive intru-
sion (see SG 4.2).

$G-5.3.1.1 Additional Considerations
(a) Most compendial water systems are sanftized with
hot water (self-sanitizing). Whien Systems fre steam-
sanitized, the owner/user shotild consult with the static
seal manufacturer to determine the apjpropriate
materials/fittings based on operational requlirements.
(b) Seals used in systéms that are periodicglly heated
for sanitization shoetild be selected to accommpdate ther-
mal cycling.

SG-5.3:2) Valves for Compendial Water

§G-5:3.2.1 Seals for Compendial Water. |A polymer
seal-material is acceptable provided that th§ manufac-
tuer rates the seal material for the pressure ad temper-
ature limits and the material is compatible¢ with the
service stated in 5G-5.3.

SG-5.3.2.2 Valve Types for Compendial Water

(a) Valves must meet the general design requirements
of SG-3.3.2.3(a).

(b) Diaphragm valves, which have nonslifling seals,
as designated in SG-2.3.1.2(a), (b), and (c), ard preferred.

(c) Other valve types with nonsliding sealsare accept-
able [e.g., pinch valves designated in SG-2.3.11.8; bellows
seals like those shown in Fig. 5Gj2.3.1.2-2,
illustration (c); membrane or diaphragm seal§ like those
shown in Fig. 5G-2.3.1.2-4, illustrations (b) and (c),
Fig. 5G-2.3.1.2-5, or Fig. SG-2.3.1.4-1, illustraftion (a)].

(d) Valves with sliding seals in process ¢ontact are
not acceptable (e.g., ball, butterfly, or plug valyes) unless
the design enables maintaining both sides of fthe sliding
seal in a clean and sanitized condition.

(e) Valves with nonsliding and sliding seals are

long-term seal reliability in a continuous-duty cycle.

$G-5.3.1 Static Seal Recommendations for
Compendial Water Static seals used in compendial
water systems shall meet the specific design require-
ments of SG-3.3.2.2.

(a) Specific materials (e.g., EPDM, FKM, PTFE) and
material compositions within a given type used for static
seals vary in performance. The owner/user should con-
sult with the seal/equipment supplier to determine
which material(s) have the best balance of properties

acceptabte if oty the morstiding seat s process con-
tact (e.g., needle, control, or rising stem valves with
O-ring seals).

S$G-5.3.3 Single Mechanical Seals for Compendial
Water per Paras. SG-3.3.2.4(a) and (b)

SG-5.3.3.1 Additional Application Conditions
Relevant to Mechanical Seals. The fluid in contact with
the mechanical seal is process compendial water during
operation. The corrosive component is compendial
water.
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SG-5.3.3.2 Additional Equipment Characteristics
Relevant to Mechanical Seals. The selections shown in
5G-5.3.3.3 and SG-5.3.3.4 apply only for equipment with

(a) shaft sizes: < 2 in. (50 mm)

(b) shaft speed: 0 RPM to 3,600 RPM

(¢) radial runout: < 0.002 in. (0.05 mm) total indicator
reading (TIR)

(d) perpendicularity of mounting flange: < 0.002 in.
(0.05 mm) TIR to shaft

o008 3 {012 )

(b) operating 68°F to 185°F (20°C to 85°C), steam at
266°F (130°C) and 0 RPM, and 0 psig to 87 psig (0 barg
to 6 barg)

SG-5.3.3.4 Flush Plans. Flush Plan numbers 01,
02, 03, and 11, as defined in SG-2.3.2.4, are recom-
mended. Compendial water is the seal face lubricant.
SG-5.4 Clean/USP Pure Steam

[Reserved for future content]

(e) axialmevement:

$G-5.B.3.3 Materials of Construction. Materials of
construction shall comply with Part MM and/or
Part PM, 3s appropriate.

There are two sets of conditions that should be consid-
ered for mjaterial selection in compendial water due to
the triboldgical characteristics of the seal face pair

(a) opefating 68°F to 160°F (20°C to 71°C), steam at
266°F (130°C) and 0 RPM, and 0 psig to 87 psig (0 barg
to 6 barg)

\SOvivioapsaTanvrE v an = gy y )

S$G-5.5 CIP

[Reserved for future content]
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CHAPTER 5
FABRICATION, ASSEMBLY, AND ERECTION

MJ-1 [ PURPOSE AND SCOPE

The| purpose of this Part is to provide requirements
for th¢ joining of metallic and polymeric materials. This
includes joining methods, welding procedure and per-
formance qualifications, examination, inspection, test-
ing, and acceptance criteria.

MJ-2 | MATERIALS

MJ-2.1 Base Metals

MJ)12.1.1 Stainless Steels

(a) |Austenitic Stainless Steels. Only the austenitic
stainless steel grades listed in Table MM-2(1-1 or
Table [MM-2.1-3 may be used for welded components,
except as permitted in MM-5.1.

Weld ends that are to be autogenously welded (with-
out filler metal or consumable inserts) shall meet the
requitements of MM-5.2.1.1.

Hoyvever, a process componént or tube of one of the
abovelalloys with a sulfur content either below the lower
limit ¢r above the upperilimit for sulfur in MM-5.2.1.1
may he used in a welded connection, provided all of
the following conditions are met:

(1) Use of thesprocess component or tube is agreed
to by fthe owxief /user.

(1) All'welds on the component or tube are inter-
nally Inspected and meet the requirements of MJ-8.4.

Part-Mj
Materials Joining

may be used for welded comfponents, exceptfas permit-
ted in MM-5.1. The cautiéns of MM-5.2.3 mus{{be consid-
ered when welding duplex stainless steels.

MJ-2.1.2 Nickel'Alloys. Only the nickel alloys listed
in Table MM:=24-2 or Table MM-2.1-3 may He used for
welded components, except as permitted in [MM-5.1.

MJ-2.1:3 Copper Alloys. Only the copper alloys
listed in Table MM-2.1-4 may be used for brazdd systems.

MJ-2.1.4 Other Metals. Other metals (e.g|, titanium,
tantalum, palladium, or gold, as used in ingtrumenta-
tion) may be joined, when specified by the oyvner/user.

MJ-2.2 Filler Metals

MJ-2.2.1 Stainless Steels. When filler metals are
used, the matching filler metals Jisted in
Tables MM-5.3-1 and MM-5.3-2 shall be used, pxcept that
higher alloy filler metals may be used when specified by
the owner/user.

Austenitic stainless steel grades may be wglded with
or without filler metals. See MM-5.3 and MM-5.3.1 for
further instructions.

Superaustenitic stainless steels may be welded with
or without filler metals or consumable insgrts. When
welded autogenously (without filler metal dr consum-
able inserts), postweld heat treatment in accorflance with
MM-5.4 is required. See MM-5.2.2, MM-5.3, and
MM-5.3.2 for further instructions.

(b) ‘Superamstenitic Stainiess Steels. Omnly the super-
austenitic stainless steel grades listed in Table MM-2.1-1
or Table MM-2.1-3 may be used for welded components,
except as permitted in MM-5.1.

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
must be considered when welding superaustenitic stain-
less steels.

(c) Duplex Stainless Steels. Only the duplex stainless
steel grades listed in Table MM-2.1-1 or Table MM-2.1-3

Duplex stainless steels may be welded with or without
filler metals or consumable inserts. When welded autog-
enously, postweld heat treatment in accordance with
MM-5.4 is required. Welding of duplex stainless steels
generally results in an increase in the amount of 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.
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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.

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

Socket welding is not permitted in process stream
systems or where CIP or SIP requirements are defined.
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 M]-3.1.

joints shdll be brazed using copper-phosphorus or
copper-plosphorus-silver brazing filler metal (BCuP
series) without flux.

MJ-2.3 Ngnmetallics
Joining
accordan

bf polymeric materials shall be performed in
e with MJ-9. Joining of other nonmetallic
materials phall be in accordance with procedures and
processes fecommended by the material manufacturer,
and apprgved by the owner/user, using materials or
compounds that are inert to the intended service.

M]J-3 JOINT DESIGN AND PREPARATION
MJ-3.1 Géneral

All but{ joints in which one or both weld faces are
process contact surfaces shall have continuous complete
weld joint penetration. This requirement exists for welds
either one side or both sides of the weld joint.
All weld jpints must have the process contact surfaces
properly gurged or protected for the prevention ef dis-
coloration|or contamination. External attachments*(e.g.,
lift lugs, diimple jackets, or ladder clips) must have any
discoloratjon of the process contact surface\removed.

Welds attaching any connection that\passes through
the wall of a tank or vessel, or a braneh connection on
a pipe or tube system, in which ene.-or both sides of the
weld join{l is a process contaet\surface, shall either be
joined with a full penetration\groove weld with a rein-
forcing fillet weld [similatte Fig. SD-3.4.2-2, illustration
(a)], or haye at least onle telltale hole provided if double
fillet weldpd only [similar to Fig. SD-3.4.2-2, illustration
(b)]. A telltale holei$ required on all lap, tee, corner, or
thatyhave one or both welds as a process
contact sufface and are not attached by full penetration

MJ-3.4 Tubing

Weld joint designs for hygienic tubingfand fttings
shall be square butt joints. The tubing and fittings shall
have ends prepared by machining orfacing to pfovide
a square end that meets thé yrequirements of
Tables DT-3-1 and DT-3-2. The butt weld joints shall be
properly cleaned within % in:.(t3 mm) of the joit area
on the inside and outsideZsurfaces prior to w¢lding.
Welding on tubing shall be done using automaltic (or
machine) welding techniques (such as orbital tubg weld-
ing or lathe welding), except where size or spa¢e will
not permit. In/that case, manual welding can He per-
formed, butdt.must be agreed to by the owner/user and
contractor.

MJ-3.5~Tube-Attachment Welds

(@) Tube-attachment welds are those that
(1) make branch connections other than thosp used
to fabricate 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 system
(b) Tube-attachment welds not governed by this sec-
tion include
(1) those governed by MJ-8.4
(2) tube-to-tubesheet welds that are goverrjed by
ASME BPVC, Section VIII, in addition to the pisual
inspection requirements of Part SF and MJ-8.2
These welds may be performed manually, by mdchine,
or by an automatic welding process. Joint designp shall
comply with MJ-3.1. The weld joints for complete pene-
tration welds shall be prepared by means compatible
with hygienic service. The weld joints shall be prpperly
cleaned within % in. (13 mm) on the inside and dutside
surfaces, where accessible, prior to welding. Fillet pvelds,
sed.

welds. The telltale hole shall provide a path for process
fluid or test media flow if the inner weld containment
fails. Telltale holes are not required when all welds are
on process contact surfaces [e.g., Fig. SD-3.4.3-1,
illustration (c) detail or similar]. The telltale hole shall
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.

210
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MJ-3.6 Brazed Joints

Joint design shall comply with the latest edition of
NFPA 99.

MJ-4 JOINING PROCESSES AND PROCEDURES
MJ-4.1 Introduction

All welds, including tack welds, shall be made in
accordance with a welding procedure qualified in accor-
dance with MJ-5. All welders and welding operators,
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including those who make tack welds, shall be qualified
per MJ-6.

MJ-4.2 Welds Finished After Welding

For pressure vessels, tanks, and piping and tubing
systems where the process contact surface of the weld
is to be finished after welding, the welding processes
used shall be limited to the arc or high-energy beam
(electron beam and laser beam) processes as defined in

Table MJ-6.3-1 Metallic Tube/Pipe Diameter
Limits for Orbital GTAW Performance Qualification

Outside Diameter Qualified

Outside Diameter of

Test Coupon Minimum Maximum
in. mm in. mm in. mm
<Y, <13 None None Y% 13
>Yt03Y,  >131t0 89 s, >13 3Y, 89
>3Y, >89 >3% >89 Unlimited Unlimited

AWS i3:0—The owner7user-arct comntractor stratt-agree
that the welding process selected will provide the
desired results.

MJ-4.3 Welds Used in the As-Welded Condition

For|pressure vessels, tanks, and piping and tubing
systeths where the process contact surface of the weld
is to e used as is, welding processes shall be limited
to the|inert-gas arc processes (such as gas tungsten-arc
weldifig and plasma arc welding) or the high energy
beam |processes (such as electron beam or laser beam
weldifg), as defined in AWS A3.0. Every effort shall be
made|to use an automatic or machine welding process.
Autogenous welds, welds with filler wire, or welds with
consujmable inserts are acceptable provided they meet
the refjuirements for all applicable codes. The owner/
user and contractor shall agree that the welding process
select¢d will provide the desired results.

MJ-4.4 Brazing

Joinfing of copper and copper alloy materials bi=braz-
ing shall be in accordance with NFPA 99, All-brazing
proceglures shall be qualified per MJ-5. All brazers shall
be quilified per MJ-6.

MJ-5
M]J-5.1

Welding proceduressfor pressure vessels and tanks
shall pe qualified.in{accordance with ASME BPVC,
Section VIIL

PROCEDURE QUALIFICATIONS

Pressure Vessels and/Tanks

MJ-5.2 Piping
Welding-procedures for piping systems shall be quali-

L ACMNE R21 .2

This includes qualification of proceduixes fpr welding
of components to Part DT but doesnotiapply [to longitu-
dinal welds on tubes made in agcordance with a recog-
nized standard.

MJ-5.4 Duplex Stainless Steels

In addition to the welding procedure speciffcation test
requirements of ASME BPVC, Section IX, the yeld metal
and heat-affected zones from qualification tept coupons
of duplex stainless steels shall meet the requirements of
ASTM A923 Methods A and/or C.

MJ-5.5. ‘Brazing

Bfazing procedures for piping systems shall be quali-
fied in accordance with NFPA 99.

MJ-6 PERFORMANCE QUALIFICATIONS
MJ-6.1 Pressure Vessels and Tanks

Welder and welding operator performancg qualifica-
tions for pressure vessels and tanks shall bg in accor-
dance with ASME BPVC, Section VIII.

MJ-6.2 Piping

Welder and welding operator performancg qualifica-
tions for piping systems shall be in accordance with
ASME B31.3. When the piping is to be used f¢r hygienic

systems, the essential variables for welding operators in
MJ-6.3 shall also apply.

MJ-6.3 Tubing

Welder and welding operator performancg qualifica-
tions for hygienic tubing systems shall be in fccordance
with ASME B31.3. This includes qualification|of welders

s P .L
fied inaeecordanee—withASMEB34-23-

MJ-5.3 Tubing

Welding procedures for hygienic tubing systems shall
be qualified in accordance with ASME B31.3, with the
following additions:

(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
classification of filler metal to another, or to a proprietary
filler metal, shall require requalification.

and welding operators who fabricate components in
accordance with Part DT but not those who manufacture
tubes in accordance with a recognized standard.

For the qualification of welding operators, the follow-
ing essential variables also apply:

(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) a change in pipe/tube diameter. See
Table MJ-6.3-1.
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Table MJ-6.3-2 Metallic Weld Thickness Limits for
Orbital GTAW Performance Qualification

Deposited Weld Thickness

MJ-7.1.4 Tube Attachments. Examination proce-
dures for tubing systems shall be performed in accor-
dance with ASME B31.3.

Personnel

et the
ode.
b with

Qualified MJ-7.1.5 Brazing. Examination procedures for
Thickness of Test Coupon, t Minimum brazed systems shall be in accordance with NFPA 99.
in. in. Maxi

n mm al mm axmam MJ-7.2 Personnel Requirements

< <1.5 t t 2t

o< ;2 Y% 15<t<10 b 1.5 2t MJ-7.'2.1 Pregsurg Vessels and Tanks.

A 10 3/ c Unlimited performing examinations of pressure vessels and tanks
designed to ASME BPVC, Section VIII shall mg
requirements of the appropriate section of that

All inspectors shall be qualified in accordanc
(e) the gddition or deletion of filler metal. GR-4.1. , .
o . . All Inspectors” Delegates shall meet the requirdments
(f) the gddition or deletion of consumable inserts. of GR-4.2

(¢) a chlange in the thickness of the deposited weld
metal. Seg Table MJ-6.3-2.

(h) the dddition or deletion of backing gas (purge gas).

(i) a change in the current type or polarity.

(j) a change in the weld head type from open head
to closed head or vice versa.

(k) a change from single-pass to multipass welding
or vice vefsa, when using filler wire.

In addjtion, either the original ASME BPVC,
Section IX|qualification coupon or another tube-to-tube
weld coupon made by that same welding operator shall
be visuallyf examined and shall meet all the requirements
of Table MJ-8.4-1.

Any chgnge in the variables listed in MJ-6.3 requires
welding of a new test coupon, for which only visual
inspection/in accordance with Table MJ-8.4-1 is required.
Compliampce with the variables in MJ-6.3 §hall be
documentpd.

MJ-6.4 Brazing
Brazer gerformance qualifications, for piping systems,
shall be in|accordance with NFPA99 and shall be made

under ar internal purge<dand exhibit full joint
penetration.

MJ-7 EXAMINATION, INSPECTION, AND TESTING

Owner /|user, ‘inspection contractor, and/or engineer
shall agreq to.the types of exam1nat10ns, 1nspect1ons, and
testing unless-c 2 2 .

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.

MJ-7.1.3 Tubing. Examination procedures for tub-
ing systems shall be in accordance with ASME B31.3.

212

M]-7.2.2 Piping. All examiners, inspectorp, and
Inspectors” Delegates shall“be qualified in accoydance
with GR-4.

M]J-7.2.3 Tubing. “All examiners, inspectorf, and
Inspectors’ Delegatés shall be qualified in accofdance
with GR-4.

MJ-7.2¢4. Tube Attachments. All examiners, ihspec-
tors, and;Inspectors” Delegates shall be qualiffied in
accordahce with GR-4.

MJ-7.2.5 Copper Tubing/Piping. All exan}iners,
inspectors, and Inspectors’ Delegates shall be quilified
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 hav¢ natu-
ral or corrected near distance acuity in at least ohe eye
such that the individual is capable of reading a mirfimum
of a Jaeger Number 2 or equivalent type and siz¢ letter
at a distance designated on the chart but no less than
12 in. (305 mm). This test shall be administered initially
and at least annually thereafter.

(b) Color Contrast. The individual shall demonstrate
the capability of distinguishing and differentiating con-
trast among colors. This test shall be administergd ini-
tially and, thereafter, at intervals not exceeding } yr.
These examlnatlons shall be admlmstered by an

' TetT egistered
nurse or nurse practitioner, cert1f1ed phy51c1an a331stant
or other ophthalmic medical personnel and shall include
the state or province (or applicable jurisdictional) license
number.

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,
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Section VIII. 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 inspec-
tion contractor shall perform inspection(s) necessary to
ensure compliance with this Standard as well as any
additional requirements of the owner/user’s
specification.

(c) frestg
ASMH
contractor shall perform testing necessary to ensure
compliance with this Standard as well as any additional
requirements of the owner/user’s specification.

MJ17.3.2 Piping

(a) Examination. Examinations shall be performed in
accordance with the provisions of the specified fluid
servicp in ASME B31.3.

(b) [nspection. The owner/user, inspection contractor,
and/qr engineer shall agree to the minimum percentage
of prqcess contact welds to be selected for borescopic
or direct visual inspection, and they shall inform the
installation contractor. The inspection contractor shall
submit an inspection plan to ensure that welds meet the
acceplance criteria of this Part. This plan shall include
boresqopic or direct visual inspection of the process con-
tact syrfaces on at least 20% of the welds in each system
installed. A representative sample of each welder’s and/
or wellding operator’s work (as applicable) musi-be
included.

Thq examination required for compfiarce with
ASMHE B31.3 may be included in the minimum inspec-
tion percentage, provided those examinations were
direct|visual or borescopic and of(the process contact
surfade.

(c) [lesting. Leak testing of\piping systems shall be
performed in accordance with'the specified fluid service
requiements in ASME BSY.3.

MJ}{7.3.3 Tubing

(a) Examination=>Examinations shall be performed in
accordance with’ the provisions of the specified fluid
servicp in ASME B31.3. The external surfaces of all welds

shall lpelyisually examined.

borescopic or direct visual inspection of the process con-
tact surfaces on at least 20% of the welds in each system
installed. A representative sample of each welder’s and/
or welding operator’s (as applicable) work must 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

2 s discretion.
The examination required for compligance with
ASME B31.3 may be included in the minimyim inspec-
tion percentage, provided those examinafions were
direct visual or borescopic and of/the procg¢ss contact
surface.

(c) Testing. Leak testing of tabing systen}s shall be
performed in accordance with the specified flliid service
requirements in ASME_B31.3.

MJ)-7.3.4 Tube Attachments
(a) Examination:~Examinations shall be pefformed in
accordance with the provisions of the spedified fluid
service in ASME B31.3. The external surfaces ¢f all welds
shall be visually examined.
(b) Trspection. Visual inspection shall be performed
on-allprocess contact surfaces affected by the gttachment
welding.
(c) Testing. Testing shall be performed in cpnjunction
with the system test.

s .
DEe D 0) e _oOwne - Aspe O

MJ-7.3.5 Brazing

(a) Examination. Examinations shall be pefformed in
accordance with NFPA 99.

(b) Inspection. The owner/user, inspection|contractor,
and/or engineer shall agree to the minimum percentage
of brazed joints to be selected for direct visual {nspection,
and they shall inform the installation contfactor. The
inspection contractor shall submit an inspectfon plan to
ensure that joints meet the acceptance critdria of this
Part. A representative sample of each brafer’s work
must be included.

(c) Testing. Leak testing of copper systenps shall be
performed in accordance with the specified flliid service
requirements in ASME B31.3.

MJ-7.4 Records

If ASME B3T3, High Purity Fluid Service (Chapter X),
is specified, radiographic, ultrasonic, or in-process
examination 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
installation contractor. The inspection contractor shall
submit an inspection plan to ensure that welds meet the
acceptance criteria of this Part. This plan shall include

213

See GR-5.

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 pro-
cess fluid. The weld shall not have any discontinuities
such as cracks, voids, porosity, or joint misalignment

(16)
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that will promote contamination of the process fluid.
All welding procedures shall be qualified to MJ-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 Piping Welds

All rewelds shall either totally consume the original
weld or overlap the original weld with no base metal
between the welds.

MJ)-8.5 Tube-Attachment Welds

The acceptance criteria for tube-attachment welds
shall be in accordance with Table MJ-8.5-1 (see also Fig.
M]J-8.5-1).

MJ-8.5.1 Sample Welds. Sample welds are not

Weld ackeptance criteria for piping shall be in accor-
dance with the specified fluid service of ASME B31.3.
The additional requirements of Table MJ-8.3-1 shall
apply. See|SD-3.1.1 for cautionary information if using
pipe instepd of tube for hygienic systems.

MJ-8.4 Tubing Welds

Weld acfeptance criteria (including borescopic accept-
ance critefia) for tubing and components shall be in
accordancg with Table MJ-8.4-1 (see also Figs. MJ-8.4-1
through MJ-8.4-4). This includes welds on components
but not lgngitudinal welds on tubes manufactured in
accordancg with a recognized standard.

Preproduction sample welds, when required, shall be
submitted|by the contractor to the owner/user to estab-
lish weld|quality. The owner/user, contractor, and
inspection| contractor shall agree to the number and type
of sample|welds.

During fonstruction, sample welds shall be made on
a regular hasis to verify that the equipment is operating
properly and that the purging setup is adequate to pre-
vent discdloration beyond the level agreed on by-the
owner/uspr and contractor. The owner/user and’ con-
tractor shall agree to the frequency of sample welds. It
is strongly recommended that these samiple welds be
made at the beginning of each work shiftwhenever the
purge soufce bottle is changed, and-when the automatic
or machirnie welding equipmentijs“changed (such as
when the prbital tube weld héad-is changed).
ple welds described in the preceding para-

the welding machine. or downloaded from a welding
machine), [f any,may be disposed of after written accept-
ance of thq cotipons by the owner, the owner’s represen-
tative, or ftheé/inspector.

M)-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.

M)-8.4.2 Rewelding. Rewelding (reflow) may be
attempted one time only for the following defects:

(a) incomplete penetration (lack of penetration)

(b) incomplete fusion (lack of fusion)

(c) unconsumed tack welds that can be inspected on
the process contact side
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required for tube-attachment welds or seal weldp.

MJ-8.5.2 Rewelding. Rewelding is allowed,
for welds that are process contact surfaces, for
the rewelding restrictions of MJ-8.4.2)apply.

pxcept
which

MJ-8.6 Brazed Joints

Brazed joint acceptance criteria shall be in acco
with NFPA 99.

dance

MJ-9 JOINING OFPOLYMERIC MATERIALS
MJ-9.1 General

Polymefricimaterials are described in Part PM. Alll join-
ing techniiques may not be available for all polymeric
matetials, nor are all methods acceptable for all pro-
cesses. The selection of materials of constructign and
joining techniques is based on application requirements.

MJ-9.2 Weld Joint Design and Preparation

The weld surfaces to be joined shall be prgperly
aligned. This may include planing or facing of th¢ com-
ponents. The weld surfaces shall be protected qgainst
adverse environmental influences, including exdessive
moisture, extreme temperature conditions, excessive
drafts, and contamination sources (e.g., dirt, duft, oil,
foreign material shavings).

MJ-9.2.1 Tubingand Piping. Jointdesigns for tubing,
piping, and fittings shall be square butt joints. Jpining
surfaces shall have ends prepared by molding, cfitting,
machining, or facing to provide a square end that/meets
requirements for the applicable welding procedur¢ spec-
ification (WPS).

Tube and pipe systems composed of polymeric mate-
rials are joined by a variety of heat fusion welding meth-
ods, 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. Joining
of polymeric materials shall be performed in accordance
with a documented WPS that is qualified in accordance

(16)
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Table MJ-8.2-1 Visual Examination Acceptance Criteria for Welds on Metallic Pressure Vessels and Tanks

Welds on Process Contact Surfaces

Welds on Non-Process Contact Surfaces

Welds Left in the As-

Prior to Postweld

Welds Left in the

After Postweld

Discontinuities Welded Condition Finishing After Postweld Finishing | As-Welded Condition Finishing

Cracks None None None None None

Lack of fusion |None None None None None

Incomplete None on process con- None on process con- |None on process See Notes (1) See Notes (1)
penetration tact side; otherwise, tact side; otherwise, | contact side; otherwise, and (2) and (2)

FZRY

FZAY

L0

AL
See—OtTe—T7

AL
SeeNOtTe—Ty

NI
SeeOtTe—T7y

Porosit None open to the sur- |See Note (1) None open to the surface; | None open to the sur- | None ‘op¢n to the sur-
face; otherwise, see otherwise, see Note (1) face; otherwise, see |_(dece; otherwise, see
Note (1) Note (1) Note (1
Inclusigns None open to the sur- See Note (1) None open to the surface; | None open to the”sur| None opén to the sur-
[metallic face; otherwise, see otherwise, see Note (1) face; otherwiséxsee | face; otherwise, see
(e.g., fung- Note (1) Note (1) Note (1
sten) pr non-
metallic]
Undercfit None See Note (1) None See\Note (1) See Notd (1)
Groove|weld See Note (1) See Note (1) Maximum of 10% of the See Note (1) See Notq (1)
concayity nominal wall thickness\ef
thinner member
Fillet weld con- | ¥4 in. (1.5 mm) max. Per applicable design |, in. (0.8 mm) max. See Note (1) See Notq (1)

vexity

and fabrication code

Discolofation
(heat-
affectpd
zone)

Heat-affected zone
(HAZ) may be permit-
ted to have light straw
to light blue color (see
Figs. MJ-8.4-2 and
MJ-8.4-3). Any discolor-
ation present must be
tightly adhering to the
surface such that nor-
mal operations will not
remove it. In any case,
the HAZ shall have no
evidence of rust, free
iron, or sugaring. See
Note (3).

N/A

HAZ may berpermitted to
have light straw to light
blug\color (see Figs.
MJ-8.4-2 and MJ-8.4-3).
Any discoloration present
must be tightly adhering
to the surface such that
normal operations will
not remove it. In any
case, the HAZ shall have
no evidence of rust, free
iron, or sugaring. See
Note (3).

Per customer
specification

Per custdmer
specification

Discolofation | None allowed.This=crite- | N/A None allowed. This crite- | Per customer Per custdmer
(weld|bead) rion does_nat.apply to rion does not apply to specification specification
oxide istands visible oxide islands visible on
on weld bead. See weld bead. See Note (3).
Note\(3).
Oxide ifland  |\OXide islands are permit- | N/A None allowed Oxide islands Oxide islpnds

ted as long as they
are adherent to the
surface. Reflective

permitted

permitted

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.
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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 As- Prior to Postweld Welds Left in the After Postweld

Discontinuities Welded Condition Finishing After Postweld Finishing | As-Welded Condition Finishing
Reinforcement |See Note (1) See Note (1) Y4, in. (0.8 mm) max. See Note (1) See Note (1)
Tack welds See Note (1) N/A N/A See Note (1) N/A
Arc strikes None N/A None None None
Overlap None None None None None
Weld 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)
Misalignmenit

(mismatch)| |[See Note (1) See Note (1) See Note (1) See Note (1) See Note (1)
NOTES:

(1) The limif{s of ASME BPVC, Section VIII shall apply.

(2) Does no
(3) Welds o

apply to insulation sheathing and similar welds.
pressure vessels or tanks that have been in service may require unique criterias

Table M}-8.3-1 Visual Examination.Acceptance Criteria for Welds on Metallic Pipe

Welds on Process Contact Surfaces

Welds on Non-Process Contact Su1faces

Welds Left in the As-

Prior to Postweld

After Postweld

Welds Left in the As-

After Postteld

Discontindities Welded Condition Finishing Finishing Welded Condition Finishin|

Cracks None Nen'e None None None

Lack of fusign None None None None None

Incomplete None None on process con- | None on process con- | See Notes (1) and (2) | See Notes (1) fand (2)
penetratior] tact side; otherwise, | tact side; otherwise,

see Note (1) see Note (1)
Porosity None open.to the sur- | See Note (1) None open to the sur- | None open to the sur- | None open to fhe sur-
facepotherwise, see face; otherwise, see | face; otherwise, see | face; otherwise, see
Note (1) Note (1) Note (1) Note (1)

Inclusions [metallict{-None open to the sur- |See Note (1) None open to the sur- [ None open to the sur- | None open to fhe sur-
(e.g., tunggten)or)| face; otherwise, see face; otherwise, see | face; otherwise, see | face; otherwise, see
nonmetallig] Note (1) Note (1) Note (1) Note (1)

Undercut None See Note (1) None See Note (1) See Note (1)

Concavity See Note (1) See Note (1) See Note (1) See Note (1) See Note (1)

Fillet weld Yiein. (1.5 mm) max. | See Note (1) Y, in. (0.8 mm) max. | See Note (1) See Note (1)
convexity
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Table MJ-8.3-1 Visual Examination Acceptance Criteria for Welds on Metallic Pipe (Cont’d)

Discontinuities

Welds on Process Contact Surfaces

Welds on Non-Process Contact Surfaces

Welds Left in the As-
Welded Condition

Prior to Postweld
Finishing

After Postweld
Finishing

Welds Left in the As-
Welded Condition

After Postweld
Finishing

Discoloration (heat-

affected zone)

Heat-affected zone
(HAZ) may be permit-
ted to have light straw
to light blue color (see
Figs. MJ-8.4-2 and

N/A [see Note (3)]

HAZ may be permitted
to have light straw
to light blue color
(see Figs. MJ-8.4-2
and MJ-8.4-3). Any

Per customer
specification

Per customer
specification

MI=8-4-3). Any discotor-
ation present must be
tightly adhering to the
surface such that nor-
mal operations will not
remove it. In any case,
the HAZ shall have no
evidence of rust, free
iron, or sugaring. See
Note (3).

dfscotoration pres-
ent must be tightly
adhering to the sur-
face such that nor-
mal operations will
not remove it. In any
case, the HAZ shall
have no evidence of
rust, free iron, or
sugaring. See

Note (3).

Discolofation (weld

None allowed. This crite-

N/A [see Note (3)]

None allowed. This cri-

Pet customer

Per custdmer

bead) rion does not apply to terion does not specification specificption
oxide islands visible apply to oxide
on weld bead. See islands visjblelon
Note (3). weld bead\See
Note (3).

Oxide igland Oxide islands are permit- | N/A Nonenaltowed Oxide islands Oxide islgnds
ted as long as they permitted permittéd
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.

Reinforfement See Note (1) See Note (1) Y, in. (0.8 mm) max. | See Note (1) See Notq (1)

Tack wglds Must be fully consumed | Must be fully con- Must be fully con- Per customer Per custgmer
by final weld“bead sumed by final weld | sumed by final weld | specification specificption

bead bead

Arc strikes None None None None None

Overlag Nen¢ None None None None

Weld bgad width NyA N/A N/A N/A N/A

Minimum fillet See Note (1) See Note (1) See Note (1) See Note (1) See Notg| (1)

weld $ize

Misalighment See Notes (1) and (4) See Notes (1) and (4) | See Notes (1) and (4) | See Notes (1) and (4) | See Notes (1) and (4)

(mismatch)

NOTES:

(1) The limits of ASME B31.3 shall apply.

(2) Does not apply to insulation sheathing and similar welds.

(3) Special surface preparation may be needed to meet the criteria. Welds on piping that has been in service may require unique criteria.

(4) It is 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 O.D. misalignment criteria results in an I.D.
misalignment that could affect drainability or cleanability, see Nonmandatory Appendix C for further details.
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Table MJ-8.4-1 Visual Examination Acceptance Criteria for Groove Welds on Metallic

Tube-to-Tube Butt Joints

Discontinuities Welds on Process Contact Surfaces Welds on Non-Process Contact Surfaces
Cracks None None
Lack of fusion None None

Incomplete penetration

None [see Fig. MJ-8.4-1, illustration (g)]

None [see Fig. MJ-8.4-1, illustration (g)]

Porosity None open to the surface; otherwise, see Note (1) None open to the surface; otherwise, see Note (1)
Inclusions [metallic None open to the surface; otherwise, see Note (1) See Note (1)

(e.g., tungdgteny or

nonmetalli¢]

Undercut None See Note (1)

Concavity 10% T, max. [see Fig. MJ-8.4-1, illustration (d)]. How- 10% T, max. [see Fig. MJ-8.4-1/illustration (c)] over
ever, 0.D. and I.D. concavity shall be such that the wall entire circumference with upt0M'5% T, pefmitted
thickness is not reduced below the minimum thickness over a maximum of 25%¢0ofsthe circumference
required in DT-3 [see Note (2)]. [see Note (2)]

Convexity 10% T, max. [see Fig. MJ-8.4-1, illustration ()] [see 0.015 in. (0.38 mm).max. [see Fig. M)-8.4-1] illus-
Note (2)] tration (e)] [see Note (2)]

Discoloration] Heat-affected zone (HAZ) may be permitted to have light Discoloration level shall be agreed on betwden the

(heat-affecfed zone) straw to light blue color (see Figs. MJ-8.4-2 and owner/userand contractor. Postweld condifioning
MJ-8.4-3). Any discoloration present must be tightly may beé allowed to meet discoloration requjire-
adhering to the surface such that normal operations mentsat the discretion of the owner/user.|See
will not remove it. In any case, the HAZ shall have no Note (3)
evidence of rust, free iron, or sugaring. See Note (3)

Discoloratio None allowed. This criterion does not apply to oxide Discoloration level shall be agreed on betwden the

(weld bead| islands visible on weld bead. See Note (3) owner/user and contractor. Postweld conditioning

may be allowed to meet discoloration requjire-
ments 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 side
(4)]

Arc strikes None See Note (5)

Overlap None None

Weld bead width No limit provided that complete joint penetration is If process contact surface cannot be inspectpd
achieved (such as I.D. of a tube beyond the reach o

remote vision equipment), then the non-pfocess
contact surface weld bead shall be straigh{ and
uniform around the entire weld circumfererce [see
Fig. MJ-8.4-4, illustration (a)]. The minimun} weld
bead width shall not be less than 50% of the
maximum weld bead width [see Fig. MJ-8.4-4,
illustration (b)]. The maximum weld bead mean-
der shall be 25% of the weld bead width, mea-
sured as a deviation from the weld centerline, as
defined in Fig. M)-8.4-4, illustration (c).

Minimum thfoat N/A N/A

Misalignmenit_(mis- N/A [see Note (6)] 15% T, max. [see Fig. MJ-8.4-1, illustration (b)],

match) [Notes (6) and

@1

except that 4-in. tube may have a maximum of
0.015 in. (0.38 mm) misalignment on the 0.D.
and 6-in. tube may have a maximum of 0.030 in.

(0.76 mm) 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)]

Oxide island

Oxide islands are permitted as long as they are adher-
ent 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
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Table MJ-8.4-1 Visual Examination Acceptance Criteria for Groove Welds on Metallic
Tube-to-Tube Butt Joints (Cont’d)

GENERAL NOTE: Includes all product forms (e.g., tube, fittings, castings, forgings, and bar) whose final dimensions meet Part DT requirements.

NOTES:

(1) The limits of ASME B31.3 shall apply.

(2) T, is the nominal wall thickness of the thinner of the two members being joined. Weld metal shall blend smoothly into base metal.

(3) Welds on tubing that has been in service may require unique criteria.

(4) Any weld that shows unconsumed tack welds on the non—process contact surface shall be inspected on the process contact surface;
otherwise it is rejected. If the weld cannot be inspected on the process contact surface, rewelding per MJ-8.4.2 is not allowed.

R \ ldina o MLO L 2 & Lo aAif tha 1o
€ e P e ST SorewWe et e-were

abai o tad tha o + + «f ftox xan IP"H
A-be-tspected-on-the—pt Atact-surface-afterteweldine:
(5) Arc|strikes on the non—process contact surface may be removed by mechanical polishing as long as the minimum designyall
thigkness is not compromised.
(6) Nofe that misalignment is controlled on the O.D. and is based on allowable 0.D. dimensions and tolerances of fittings and|tubing. The
owfer/user is cautioned that this can result in greater I.D. misalignment because this also takes into consideration the wall thickness
dinjensions and tolerances of fittings and tubing. However, there are no specified I.D. misalignment acceptdncecriteria.
(7) It i§ recognized that the 1.D. misalignment is more relevant to hygienic design than 0.D. misalignment. However, not all cognections
facflitate ready measurement of I.D. misalignment. For situations where compliance with O.D. misalignment criteria results |n an I.D.
miqalignment that could affect drainability or cleanability, see Nonmandatory Appendix C for further details.

o
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(16) Fig. M)-8.4-1 Acceptable and Unacceptable Weld Profiles for Groove Welds on Metallic Tube-to-Tube Butt
Joints

15% T, max.
F [for <4 in. (100 mm) O.D.]

(a) Acceptable (b) Misalignment (Mismatch)

10% T,, max.

1
2. /A, /R

1.D. _f
10% T,, makx.

(c) O.D. Concavity (d) I.D. Concavity (Suckback)

r 0.01$ in. (0.38 mm) max.

——

(e) O.D:\Convexity (f) 1.D. Convexity

NN

. i
N

(g) Incomplete Penetration

Unacceptable
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Fig. M)-8.4-2 Discoloration Acceptance Criteria for Welds and Heat-Affected Zones on Electropolished UNS
S$31603 Tubing

T A A R TR I ST
Sample #3
v = L7

Z

s g

Sample #4 Sample #5
The weld beads shown in the above photographs are the weld beads on the I.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 M explains the
technique by which these acceptance criteria were determined.

This figure is also available as a stand-alone document from ASME as ASME BPE-EP.
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Fig. MJ-8.4-3 Discoloration Acceptance Criteria for Welds and Heat-Affected Zones on Mechanically
Polished UNS S31603 Tubing

[ atntaraan pnponirepsafasoccanie v gy

Sample #1a

Sample #2 Sample #3

Samanla HE
154 1"

Samnla #4
P L

The weld beads shown in the above photographs are the weld beads on the I.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 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 M explains the
technique by which these acceptance criteria were determined.

This figure is also available as a stand-alone document from ASME as ASME BPE-MP.
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Fig. MJ-8.4-4 Acceptable and Unacceptable Metallic Weld Bead Width and Meander on Non-Process Contact

GENER/

Straight, uniform
weld bead

S

(a) Acceptable Weld Bead

L NOTE: Applies only to norfi—process contact surfaces and only if weld on process

Surfaces of Groove Welds on Tube-to-Tube Butt Joints

| §
Acceptable when*narrowest

part of weld bead = 50%
of widestpart of weld bead

&

Unacceptable when narrowest
part of weld bead < 50% of

| widest part of weld bead

(b) Excessive Weld Bead
Width Variation

50% 5

Acceptable

>75% <

i Unacceptable

5%

(c) Excessive Weld Bead Meander

contact surface cannot be inspectd
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Table MJ-8.5-1 Visual Examination Acceptance Criteria for Metallic Tube-Attachment Welds

Discontinuities

Groove Welds [Note (1)]

Fillet Welds

Welds on Process
Contact Surfaces

Welds on Non-Process
Contact Surfaces

Welds on Process
Contact Surfaces

Welds on Non-Process
Contact Surfaces

Cracks None None None None

Lack of fusion None None None None

Incomplete None None N/A N/A [see Note (2)]
penetration

Porosity NOTIe Open 1o e sur- NOTIE OPEN 10 the SUrtdce; NOTIe Opem to e Sur- NOTe 0per o the Su ace;

face; otherwise, see otherwise, see Note (3) face; otherwise, see otherwise, see Nate| (3)
Note (3) Note (3)

Inclusions None open to the None open to the surface None open to the None open ta the sufface
[metallic | (e.g., surface surface
tungsten) dr
nonmetallig]

Undercut None See Note (3) None, see Note (4). [For [\Se€ Notes (3) and (5). [For

autogenous fillet welds autogenous fillet weldls see
see Fig. MJ-8.5-1, Fig. MJ-8.5-1, illustratjon (c)]
illustration (c)]

Concavity 10% T, max. [see 10% T, [see Fig. M)-8.4-1, N/A [see Fig.,MJ:8)5-1, N/A [see Fig. MJ-8.5-1,

Fig. M)-8.4-1, illustra- illustrations (c) and (d)] illustrations¢(a) and illustrations (a) and|(c),
tions (c) and (d)]. How- over entire circumference (0), and Note (4)] and Note (5)]
ever, 0.D. and I.D. with up to 15% T, permit-
concavity shall be ted over a maximum of
such that the wall 25% of the circumference
thickness is not [see Note (6)]
reduced below the
minimum thickness
required in DT-3 [see
Note (6)].
Convexity 10% T, max. 0.015 in. (0.38,mm) max. 10% T,, max. [see N/A
and Note (3) Fig. MJ-8.5-1, illustra-
tion (b) and Note (6)]

Discoloratio Heat-affected zone Discolaration level shall be HAZ may be permitted Discoloration level shall be
(heat-affecfed (HAZ) may be permit- agreed on between the to have light straw to agreed on between fthe
zone) ted to have light straw owner/user and contractor. light blue color (see owner/user and contractor.

to light blue color (see Postweld conditioning may Figs. M)-8.4-2 and Postweld conditionipg may
Figs. MJ-8.4-2 and be allowed to meet discol- MJ-8.4-3). Any discolor- be allowed to meet|discol-
MJ-8.4-3). Any discelor- oration requirements at the ation present must be oration requirementf at the
ation present must.be discretion of the tightly adhering to the discretion of the

tightly adhering.to the owner/user. See Note (7) surface such that nor- owner/user. See Nofe (7)
surface sughvthat nor- mal operations will

mal operations will not remove it. In any

not rehiove it. In any case, the HAZ shall

case,_the HAZ shall have no evidence of

have no evidence of rust, free iron, or sug-

rdst, free iron, or sug- aring. See Note (7)

aring. See Note (7)

Discoloratior] (Weld” | None allowed. This crite- | Discoloration level shall be None allowed. This crite- | Discoloration level shall be
bead) Hor—d £ asreed-on-betweenthe flor—dees-rot-apply—+ asreed-or—between-the

s—ret-apply-te
oxide islands visible
on weld bead. See
Note (7)

owner/user and contractor.
Postweld conditioning may
be allowed to meet discol-
oration requirements at the
discretion of the
owner/user. This criterion
does not apply to oxide
islands visible on weld
bead. See Note (7)

oxide islands visible
on weld bead. See
Note (7)

owner/user and contractor.
Postweld conditioning may
be allowed to meet discol-
oration requirements at the
discretion of the
owner/user. This criterion
does not apply to oxide
islands visible on weld
bead. See Note (7)
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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

Discontinuities

Welds on Process
Contact Surfaces

Welds on Non-Process
Contact Surfaces

Welds on Process
Contact Surfaces

Welds on Non-Process
Contact Surfaces

Oxide island

Oxide islands are per-
mitted as long as they
are adherent to the
surface. Reflective
color of oxide island is

notcausa for raia

Oxide islands permitted

Oxide islands are per-
mitted as long as they
are adherent to the
surface. Reflective
color of oxide island is

not-causa-for ralac

Oxide islands permitted

U
tion. Alloy types are

U
tion. Alloy types are

identified in Tables identified in
MM-2.1-1, MM-2.1-2, Tables MM-2.1-1,
and MM-2.1-3. MM--2.1-2, and
MM-2.1-3.
Reinforgement See convexity See convexity N/A N/A

Tack weglds Must be fully consumed | Must be fully consumed by Must be fully consuméd” 4 Must be fully copsumed by
by final weld bead; final weld bead; see by final weld bead; final weld beadl; see
see Note (8) Note (9) see Note (8) Note (9)

Arc strikes None See Note (10) None See Note (10)

Overlag None None None None

Weld bgad width N/A N/A N/A N/A

Minimum fillet N/A N/A Per{client specification Per client specif|cation and

weld $ize

and Note (4). [For
autogenous fillet

Note (5). [For qutogenous
fillet welds seg

welds see Fig. MJ-8.5-1,
Fig. MJ-8.5-1, illustration (c)]
illustration (c)]

Misalighment N/A as long as other N/A as long as ather condi- N/A N/A

(mismatch)

conditions are met

tions are met

GENERAL NOTE:

Tube attachment welds include groovewelds and fillet welds in various joint configurations, such as proxinjity stems on

jumper$ on transfer panels, transfer panel nozzles, and, logator pins on sprayballs.

NOTES:

(1)  Apy weld where penetration is required into‘the joint.

(2)  Pgnetration to the process contact surfaces'is neither required nor prohibited. Welds that penetrate through to the procegs contact
sfirface may exhibit intermittent penetration. Weld penetration through to the process contact surface must meet all othef process
cpntact surface requirements of this table.

(3)  The limits of ASME B31.3 shall‘apply.

(4) For welds designated by the owner/user as autogenous fillet welds (seal welds), there is no minimum fillet weld size or fhroat. Con-
cqvity requirements are ot ‘applicable. Undercut in process contact surfaces shall not exceed the lesser of 0.015 in. or 145% T,, and
shall have a smooth transition between weld and base metal.

(5) For welds designatéd“by the owner/user as autogenous fillet welds (seal welds), there is no minimum fillet weld size or fhroat. Con-
cqvity and undercutirequirements are not applicable.

(6) T} is the nomitialthickness of the thinner of the two members being joined. Weld metal must blend smoothly into base metal.

(7)  Welds on tubg’attachments that have been in service may require unique criteria.

(8 Rpweldingper MJ-8.5-2 is allowed.

(9)  Apywweld showing unconsumed tack weld(s) on the non—process contact surface can be rewelded per MJ-8.5-2 if the profess contact
sluface can he rpinclhprtpd Qtherwise it is rnjprtnr’l

(10) Arc strikes on the non-process contact surface may be removed by mechanical polishing as long as the minimum design wall thick-

ness is not compromised.
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Fig. M)-8.5-1 Acceptable Weld Profiles for Metallic Tube-Attachment Fillet Welds

| \ 22\
& \gf Acceptable & \\\\\ \x;z\[m% T,y max.

(a) Fillet Weld Concavity (b) Fillet' Weld Convexity

_Hr_ Undercut

Process contact surfaces: lesser of 0.015 in. or 15% T,,

Fillet size Non-process contact surfaces: acceptable

no minimum

}— .
ﬂ\\\\\\ Acceptable

(e) Autogenous Fillet Weld
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with MJ-9.4. The owner/user, contractor, and manufac-
turer shall agree that the welding process selected will
provide the desired results.

MJ-9.3.1 Beadless Welding. Beadless welding (a
material-dependent process) shall be used where draina-
bility is required (see Fig. MJ-9.7.1-1) (reference
SD-2.4.3).

MJ-9.3.1.1 Records. Weld equipment should mon-

MJ-9.6.2 Personnel Requirements

MJ-9.6.2.1 Personnel Qualifications. All examin-
ers, inspectors, and Inspectors” Delegates shall be quali-
fied in accordance with GR-4 and shall be trained and
possess a valid qualification certificate from the manu-
facturer for the process and material being welded.

MJ-9.6.2.2 Examination Personnel Eye Examination
Requirements. Personnel performing examinations

itor apd—recox dcritical weld parame tors— o L as-heat shall have eve examinations—as—follows:
rerecord—eritical-weld-parameters-such—as—heat— shall-have-eye-examinations—as—foHows:
cool time, and temperature. If the equipment does not (a) Near Vision Acuity. The individual shalljhave natu-

have monitoring or recording capabilities, weld data
shall pe recorded in welding protocols or on data
carriefs.

MJt9.3.2 Noncontact IR and Contact Butt Fusion
Weldipg. Noncontact infrared and contact butt fusion
are ndt suitable joining processes for systems requiring
drainpbility. Either may be acceptable for single-use
applidations. Refer to the WPS or manufacturer’s written
proceglures.

M)
not sy

9.3.3 Socket Fusion Welding. Socket fusion is
itable for systems requiring drainability. Socket
fusion) may be acceptable for single-use applications
wherg approved by the owner/user for the intended
servide. Refer to the WPS or manufacturer’s written
ures.

Procedure Qualifications

ing procedures shall be qualified in accordance
with AWS B2.4. A WPS shall be provided for, each poly-
meric|material and process being used. Exvironmental
condifion recommendations shall be included in the
WPS.

MJ-9.

Welder and welding operator’performance qualifica-
tions ghall be in accordance\with AWS B2.4. The quality
of polymeric weld joints,'depends on the qualification
of thd welders and welding operators, the suitability
of thel equipment.used, environmental influences, and
adhergnce to the'applicable WPS. Welders and welding
operafors shallbe trained and possess a valid qualifica-
tion certificate from the manufacturer for the process
and material being welded.

Performance Qualifications

ral or corrected near distance acuity i at lea
such that the individual is capable of reading 4
of a Jaeger Number 2 or equivalent type and size letter
at a distance designated on the,chart but n¢ less than
12 in. (305 mm). This test shall be administerpd initially
and at least annually thereafter.
(b) Color Contrast. The individual shall dg
the capability of distitiguishing and different
trast among colors) This test shall be admin{stered ini-
tially and, theréafter, at intervals not exceeding 3 yr.
These examiinations shall be administered by an
ophthalmologist, optometrist, medical doctor] registered
nurselornurse practitioner, certified physiciaf assistant,
or other ophthalmic medical personnel and sHall include
the state or province (or applicable jurisdictiofal) license
number.

st one eye
minimum

monstrate
ating con-

MJ-9.6.3 Examination, Inspection, and Testing
Requirements

MJ-9.6.3.1 Examination. Examinations shall be
performed in accordance with the provisions ¢f the spec-
ified fluid service in ASME B31.3.

The external surfaces of all welds shall e visually
examined. If ASME B31.3, High Purity Flyid Service
(Chapter X), is specified, radiographic, ultraspnic, or in-
process examination is not required unless specified by
the owner/user.

Preproduction sample welds, when requirgd, shall be
submitted by the contractor to the owner/usé¢r to estab-
lish weld quality. The owner/user, contrfictor, and
inspection contractor shall agree to the numbgr and type
of sample welds. During construction, sanjple welds
shall be made on a regular basis to verify that|the equip-
ment is operating properly and that the setup is ade-

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,
inspections, and testing unless otherwise specified in
the applicable code.

MJ]-9.6.1 Examination Procedures. Written visual

examination procedures shall be used.
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quate to prevent discoloration beyond the level agreed
on by the owner/user and contractor. The owner/user
and contractor shall agree to the frequency of sample
welds. It is strongly recommended that these sample
welds be made at the beginning of each work shift and
when changing the welder and/or welding operator (as
applicable) and welding equipment.

The sample welds described in the preceding para-
graphs, and any associated welding machine printed
records (e.g., welding parameter printouts directly from
the welding machine or downloaded from a welding
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machine), if any, may be disposed of after written accept-
ance of the coupons by the owner, the owner’s represen-
tative, or the inspector.

MJ-9.6.3.2 Inspection. The owner/user, inspec-
tion contractor, and/or engineer shall agree to the mini-
mum percentage of process contact welds to be selected
for borescopic or direct visual inspection, and they shall
inform the installation contractor. The inspection con-
tractor shall submit an inspection plan to ensure that

volume displacement. They are not uncommon in
beadless welding, and their presence alone is not reason
for 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 nomi-
nal wall thickness [see Fig. MJ-9.7.1-1, illustration (d)].

(d) Fit-Up and Mismatch. Components shall be

al;gnorl so-as—to-prevent holdup—thatwould-coniribute

welds medTThe acceptance criteria of this Part. This plan
shall inclyde borescopic or direct visual inspection of
the procegs contact surfaces or visual inspection with
light illunjination of the weld cross sections on at least
20% of thelwelds in each system installed. A representa-
tive sample of each welder’s and/or welding operator’s
(as applicdble) 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 prpduction. A procedure shall be submitted for
inspectinglblind welds. The random selection of accessi-
ble welds|to be inspected shall be up to the owner/
user’s inspector’s discretion.

The exgmination required for compliance with
ASME B3].3 may be included in the minimum inspec-
tion perc¢ntage, provided those examinations were
direct visyal or borescopic and of the process contact
surface.

MJ-9.6.3.3 Testing. Hydrostatic leak testing shall
be perfornped in accordance with the specified fluid ser:
vice requifements in ASME B31.3. Hydrostatic leak test-
ing shall rjever exceed the manufacturer’s rating.ef-the
system ingtalled.

The use|of pneumatic testing is not recommended on
these syst¢ms.

MJ-9.6.4 Records. See GR-5.
MJ-9.7 Weld Acceptance Criteria

Commojn visual acceptance criteria include complete
bonding df joining surface,‘straight and aligned joints,

MJ-9.7{1 Acceptance Criteria for Beadless Welds.
An acceptgbledbeadless weld is shown in Fig. MJ-9.7.1-1,
illustration (a):-Weld acceptance criteria shall be in accor-

to contamination of the process fluid. The majimum
misalignment is 10% of nominal wall thickhegs [see
Fig. MJ-9.7.1-1, illustration (e)]. It is not récommiended
to join components of different wall thicknesses.

(e) Inclusions. Any dark, visible inclusior|(s) or
speck(s) on the process contact surface of the weldl zone
are considered foreign materials'and are not accejptable
[see Fig. MJ-9.7.1-1, illustration (f)].

(f) Discoloration. Slight'discoloration in the welfl zone
is not uncommon in beadless welding. Slight digcolor-
ation would include up to a light “straw” color|in the
weld zone. Dark.color on the surface or at thg weld
interface could indicate improper cleaning or joing prep-
aration and is rejectable [see Fig. MJ-9{7.1-1,
illustration'(g)].

(ghConcavity. Maximum inside diameter (I.D|) con-
cavity shall be limited to 10% of the nominal walll thick-
néss [see Fig. MJ-9.7.1-1, illustration (h)].

MJ-9.7.2 Acceptance Criteria for Nonbeddless
Welds. Acceptance criteria for nonbeadless wdlds in
piping shall be in accordance with AWS G1.1pM or
DVS 2202-1.

MJ-9.7.3 Acceptance Criteria for Sample Wellds.
Sample welds shall meet all the acceptance critpria of
MJ-9.7.1.

MJ-9.7.4 Rewelding. Rewelding is not allowpd.

MJ-9.8 Documentation Requirements

The following documentation shall be presented to
the owner/user or their designee, as a minimuny:
(a) Welding Documentation. Welding procedure
specifications (WPSs) used, their procedure qualification
records (PQRs), and welder performance qualifidations
(WPQs) /performance qualification test records (PQTRs)

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 Fig. MJ-9.7.1-1, illustration (b)].

(b) Pits and Pores. Pits and pores shall not be present
in the weld zone on the interior surface [see
Fig. MJ-9.7.1-1, illustration (c)].

(c) Voids. Voids or microbubbles in the weld zone are
the result of molten material shrinking as it cools, leaving
small voids, usually in the center of the weld, due to
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and/or welding operator performance qualifications
(WOPQs).

(b) Weld Maps. When required by the owner/user,
weld maps of bioprocessing components, weld inspec-
tion logs of bioprocessing components (including type
and date of inspection), and welder and/or welding
operator 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

(16)
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Fig. MJ-9.7.1-1 Acceptable and Unacceptable Weld Profiles for Polymeric Beadless Welds (16)
Note (1) Note (1)
{ ~N= ~=
TW [ [ 3
Wall—-f - -
thickness
[ [
(a) Acceptable Beadless Weld (b) Crack or Crevice on I.D. or O.D.
Note (1) Note (1)
~= ~=
[ [ 4
[ L [y )
(c) Pits or Pores on Wetted Surfaces (d) Voids (Microbubble&)irn Melt Zone
Note (1) Notet1)

- e
w [ 4
Wall - . __
thick
[ Y
(f) Inclusions in the Melt Zone
Note (1) Note (1)
~= 1
[ Tw [
-4+ Wall —-f N
thickness r 1q% T,, max.
L —— ——————————— = 1
(g) Discoloration in Melt Zone (h) Inside Diameter Concavity
NOTES:

(1) We|d examination area: melt zon€ (area that was supported during fusion).
(2) Nofe that misalignment is confrolled on the 0.D. and is based on allowable 0.D. dimensions and tolerances of fittings and|piping. The
ownper/user is cautioned that'this can result in greater I.D. misalignment because this also takes into consideration the wall thickness
dinjensions and tolerances of fittings and piping. However, there are no specified 1.D. misalignment acceptance criteria.

formal, to the owner/user on completion of work and MJ-10 DOCUMENTATION REQUIREMENTS
as patt of thefristallation qualification (IQ) process.

(c) Materials: All molded fittings, molded valves, and The requirements for metallic materials and weld doc-
extruded, piping shall be intrinsically identified to pro-  umentation are listed in GR-5. For polymerid materials,
vide, &sa-minimum material of construction lot num- see-MJ-0.8

ber, and date of production to ensure traceability.
Certificates of Compliance shall be provided for
molded/extruded components not individually labeled.
(d) Testing Records. Other records (e.g., pressure test, ~ MJ-11 PASSIVATION
surface finish) shall be provided as required by the
owner/user. Refer to SD-3.1.2.3(i).
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Part SF
Process Contact Surface Finishes

SF-1 PURPOSE AND SCOPE

shown in Table SF-2.2-2 in addition to those shown in

The purpose of this Part is to provide process contact
surface firfish acceptance criteria for metallic and poly-
meric materials.

SF-2  MHTALLIC APPLICATIONS

SF-2.1 Applicable Systems

This Paift shall be applicable to all systems designated
by the owper/user or representative thereof.

Process [contact surface requirements shall apply to
all accessible and inaccessible areas of the systems that
directly orfindirectly come in contact with the designated
product.

These systems shall include, but are not limited to,
one or mqre of the following:

(a) USP|water-for-injection (WFI)

(b) USP|purified water

(c) USP|pure steam

(d) othdr product/process contact surface systems

SF-2.2 Acceptance Criteria

Acceptance criteria, for common austenitic §tainless
steels as per Table MM-2.1-1, are listed in Tables SF-2.2-1
and SF-2.p-2. Acceptance criteria for other alloys as
described n Part MM may differ and should be mutually
agreed on by both the owner/user and.supplier prior to
ordering rhaterial. Visual comparison charts or samples
may be used to define acceptable-and/or unacceptable
process cantact surfaces.

ssification-of Process Contact Surface

SF-2.3 Ex’Fmination Techniques Employed in the
Cl
Finishes

Process |confact surface finish examinations shall be
made by ¢ne’or more of the following methods:

Tabte SF-2.2-1-

Visual examination shall be performed in acéofdance
with examination requirements in BPVC, Sectfion V,
Article 9, Visual Examination. The sametechniquds shall
be used for both examinations and inspéctions.

SF-2.4 Surface Condition

Process contact surfaces shall be finished jusing
mechanical polishing, coldbworking, machining, passiv-
ation, or electropolishing processes in conformande with
applicable sections/of ‘this Part. When required py the
owner/uset, the€lectropolishing or passivation cgntrac-
tors shall qualify their procedures in accordance with
the appropriate appendices as referenced in thip Part.
All surfaces'shall be clean. Some finishing methods may
resultdia variance in luster that is acceptable|if the
surface roughness values meet the requirements in
Table SF-2.4-1. Buffing to produce a high gloss or mirror
finish is unacceptable as a final surface finish dn any
process contact surface. Cleanliness applies to fihished
components/equipment as produced and packaged by
the manufacturer. Subsequent shipping, storagg, han-
dling, and/or installation may affect the cleanlinegs, and
it will become a contractual issue between owne}/user
and manufacturer/service provider.

SF-2.5 Electropolishing Procedure Qualification

Electropolishing service providers shall maintajn and
implement a quality assurance/control progrgm for
their electropolishing procedures. They shall also qualify
their electropolishing method(s) in accordance With a
written procedure. This procedure shall specify the
acceptable ranges of the electropolishing esdential
variables.

Nonmandatory Appendix H has been provided as a

(a) visual examination
(1) direct visual examination
(2) indirect visual examination (e.g., borescopes,
mirrors)
(b) liquid penetrant testing
(c) surface roughness
(profilometer)
Acceptance criteria for metallic process contact sur-
face finishes are shown in Table SF-2.2-1.
Acceptance criteria for electropolished metallic pro-
cess contact surface finishes shall meet requirements

measurement device
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S|
S\AIMC.

Flash electropolishing shall not be acceptable. Spot
electropolishing shall be acceptable if it meets the
requirements in this section.

SF-2.6 Passivation Procedure

Passivation for this Part shall be limited to newly
installed or newly modified sections of systems and
components. Passivation shall be performed in accor-
dance with an approved quality assurance/control pro-
gram. The passivation method(s) including procedures

(16)


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

ASME BPE-2016

Table SF-2.2-1 Acceptance Criteria for Metallic Process Contact (16)
Surface Finishes
Anomaly or Indication Acceptance Criteria
Pits If diameter <0.020 in. (0.51 mm) and bottom is shiny

[Notes (1) and (2)]. Pits <0.003 in. (0.08 mm) diameter
are irrelevant and acceptable.

Cluster of pits No more than 4 pits per 0.5 in. (13 mm) X 0.5 in.
(13 mm) inspection window. The cumulative total diameter
of all relevant pits shall not exceed 0.040 in. (1.02 mm).

Dents None accepted [Note (3)]
Finishing marks If Ry max. is met
Welds Welds used in the as-welded condition shallmeét the

requirements of MJ-8.

Welds finished after welding shall beflush' with the base
metal, and concavity and convexity Shall meet the
requirements of MJ-8. Such finishing shall meet the
Rg requirements of Table SF2.4-1.

Nicks None accepted

Scratches 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.
(0.084wm), and R, max. is met

For vessels, if length <0.50 in. (13 mm) at 0.003 in.
(0.08 mm) depth and if <3 per inspection
window [Note (4)]

Surface cracks None accepted

Surface inclusions If Ry max. is met

Surface residuals None accepted, visual inspection

Surface roughness (R,) See Table SF-2.4-1

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)

Porosity None open to the surface

GENERAL NOTE: This table covers surface finishes that are mechanically polished or any other finishing
method that meets the R, max.

MNOTES

(1) Black bottom pit of any depth is not acceptable.

(2) Pits in superaustenitic and nickel alloys may exceed this value. Acceptance criteria for pit size shall
be established by agreement between owner/user and supplier. All other pit criteria remain the
same.

(3) For vessels, dents in the area covered by and resulting from welding dimple heat transfer jackets
are acceptable.

(4) An inspection window is defined as an area 4 in. X 4 in. (100 mm X 100 mm).
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(16) Table SF-2.2-2 Additional Acceptance Criteria for Electropolished Metallic
Process Contact Surface Finishes
Anomaly or Indication Acceptance Criteria
Blistering None accepted
Cloudiness Acceptable if R, is met
End grain effect Acceptable if R, max. is met
Fixture marks Acceptable if electropolished
Haze Acceptable if R, is met
Orange peel Acceptable if R, max. is met
Stringer indication Acceptable if R, max. is met
Weld whitening Acceptable if R, max. is met
Variance in luster Acceptable if R, max. is met

Table SF-2.4-1 R, Readings for Metallic Process
Contact)Surfaces

Mechanically Polished [Note (1)]

Surface Ra Max.
Designation win. rm
SFO No finish requirement No finish requirement
SF1 20 0.51
SF2 25 0.64
SF3 30 0.76
Mechanically Polished [Note (1)] and
Electropolished
Rgq Max.
pin. rm
SF4 15 0.38
SF5 20 0.51
SF6 25 0.64

GENERAL NOTES:

(@ All R, readings are to be in accordance with ASME B46.1.

(b) All R, readings are taken across the lay, wherever possible.

(©) No single R, reading shall exceed the R; max. value in this
table.

(d) Other R, readings are available if agreed on between the
owner/user and supplier, not to exceed values in this table.

NOTE:

(1) Or any other finishing method that meets the R, max.
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Table SF-2.6-1 Acceptance Criteria for Metallic Passivated Process Contact
Surface Finishes

Anomaly or Indication

Acceptance Criteria

Surface particles

No particles observed under visual inspection, without

magnification, and using adequate room lighting

Stains

None accepted (weld discoloration to comply with

Part M), Tables M)-8.2-1 through MJ-8.5-1)

Visible construction debris

None accepted

Visible oils or organic compounds

None accepted

GENERAL NOTES:

Appendix E.

for initial water flushing, chemical cleaning and degreas-
ing, ppssivation, and final rinse(s) shall be qualified in
accordance with a written procedure and documenta-
tion package. This procedure shall specify the acceptable
rangds of the passivation essential variables.
Nonnjandatory Appendix E has been provided as a
guide|to passivation practices and evaluation of passiv-
ated gurfaces. Spot passivation is permitted. The pick-
ling frocess shall not be accepted as a substitute for
passiyation. There is no universally accepted nonde-
structjve test for the presence of a passive layer.

For|passivated process contact surfaces, the acdept-
ance ¢riteria in Table SF-2.6-1 apply in addition to
Table BF-2.2-1 and/or Table SF-2.2-2, as applicable. Tests
to enspre the presence of a passive layer shall be agreed
to betpveen the owner/user and contragtor.

SF-2.%

Thq following standards €omtain provisions that,
throulgh reference, specify terms, definitions, and
parameters for the determination of surface texture
(rouglhness, wavinessyand primary profile) by profiling
methqds.

Normative References

ASME B46.1/5urface Texture (Surface Roughness,
Wayiness,.and Lay)

Publishef:/The American Society of Mechanical
Endineers (ASME) Twao Park Avenue New York NY.

(@) Surface condition must meet Tables SF-2.2-1 and/or SF-2.2-2, as applicable.
(b) Additional tests/acceptance criteria may be selected from Table E-5-1 in Nonmandatory

ISO 11562, Geometrical-Product Specificatiorfs (GPS) —
Surface texture:Profile method — Metroldgical char-
acteristics of phase correct filters

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

SF-2.8 Rouge and Stainless Steel

Rouge is a naturally occurring phenomenon in
existing stainless steel high-purity proceds systems
(including water or pure steam). The degre¢ to which
it forms depends on

(a) the stainless steel material used for each compo-
nent within the system
(b) how the system was fabricated (e.g., wdlding, sur-
face finish, passivation treatment)

(c) what process conditions the system {s exposed
to (e.g., water purity, process chemicals, tenjperatures,
pressures, mechanical stresses, flow velocitief, and con-
centration of dissolved gases, such as oxyger} or carbon
dioxide)

(d) how the system is maintained

The presence of rouge in a system needs t be evalu-

10016-5990 (www.asme.org)

ISO 3274, Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Nominal character-
istics of contact (stylus) instruments

ISO 4287, Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Terms, definitions
and surface texture parameters

ISO 4288, Geometrical Product Specifications (GPS) —
Surface texture: Profile method — Rules and proce-
dures for the assessment of surface texture

ated against 1ts potential to atfect 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 reme-
diation. See the definition of rouge in GR-8.

For more information, refer to the ISPE Water and
Steam Systems Baseline® Pharmaceutical Engineering
Guide.
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Table SF-3.3-1

Acceptance Criteria for Polymeric Process

Contact Surface Finishes

Anomaly or Indication

Acceptance Criteria

Scratches

For rigid tubing/piping, if cumulative length is <12.0 in. (305 mm)

per 20 ft (6.1 m) tube/pipe length or prorated and if depth
<0.003 in. (0.08 mm)

For other process components, surface finish must be agreed on
by supplier and owner/user

Surface cracks None accepted

SF-3 P

Surface inclusions None accepted

Surface roughness, R,

See Table SF-3.4-1

GENERAL NOTE:
using the criteria described in SF-1.

LYMERIC APPLICATIONS

SF-3.1 Applicable Systems
This seqtion shall be applicable to all systems desig-

nated by
Process
all accessi
directly or
product.
These sy
utilities.

e owner/user or representative thereof.
contact surface requirements shall apply to

ple and inaccessible areas of the systems that

indirectly come in contact with the designated

stems shall include process systems and clean

SF-3.2 Materials

The pre
tems shalll

erred materials of construction for these sys-
be as described in PM-2.

ssification of Process Contact . Surface

SF-3.3 Ex’Fmination Techniques Employed in the
cl
Fi

inishes

All process contact surface finishes shall be defined by the owner/user and suppliéy

SF-3.4 Surface Condition

The following surface finishes of polymeric materials

are available:
(a) piping/tubing and fittings
(1) as molded
(2) as extruded
(3) asmdchined
(4)cas fabricated from molded, extrud
machined components
() sheet, rod, and block
(1) as molded
(2) as extruded
(3) as machined after molding or extrusion
These are generally used terms and may not be
cable in all cases. The final criteria shall be deter]
by the R, values shown in Table SF-3.4-1.

bd, or

appli-
mined

P;oc;ss contact surfz}ctehfl?llslh 1r}spect1;);15dshall be Table SF-3.4-1 R, Readings for Polymer|c
made by qne or more of the I07jopang methods: Process Contact Surfaces
(a) visupl inspection
(1) djrect visual examination (e.g., illumination Surface Rs max.
through pjpe/tube wall) Designation win. pm
2) inldirect visual examination (e.g., borescopes,
. ( )) ( & p SFPO No finish requirement No finish requirement
IMILTOrs ) _ SFP1 15 0.38
(b) surface roughnhess measurement device: profilo- SFP2 25 0.64
meter or gthet-stirface measurement devices SFP3 30 0.76
Acceptance criteria of polymeric process contact sur- SFP4 40 1.01
face finishes are shown in Table SF-3.3-1. SFP5 50 1.27
SFP6 60 1.52

Visual examination shall be performed under ade-
quate 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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GENERAL NOTES:

(@ No single R, reading shall exceed the R, max. value in this

table.

(b) Other R, readings are available if agreed on between owner/

user and supplier, not to exceed values in this table.
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CHAPTER 6
CERTIFICATION

vk D

Pa

PURPOSE AND SCOPE

CR and ASME CA-1, Conformity Assessment
fements, together establish requirements for orga-
bns providing components in accordance with the

BPE Ytandard to obtain a Certificate of Authorization

and th

is a vi

NOTE

e ASME Certification Mark (see Fig. CR-1-1). This
luntary certification program.

Administrative requirements pertaining to the

obtaintpent of an ASME Certificate of Authorization for the appli-

cation

Part CI

In [

of the ASME Certification Mark on BPE components in
have been relocated to ASME CA-1.

art CR, the term “components” shall be limited

to tubfing and fittings.

CR-2
(a)

the re
of Ayl
succe

GENERAL

An organization providing components meeting
quirements of this Standard is-issited a Certificate
thorization and the ASME (Certification Mark on
ssful completion of a survey and approval by

ASME. Certificate Holdefrsymaintain certification

throu
certifi
and a

Fi

g

bh audits and renew)certification of an existing
Cate number through a renewal survey. All surveys
Ldits are performed by ASME to determine the

. CR=1-1 ASME Certification Mark With BPE
Designator

I CIN
Certification Requirements

adequacy of the quality mafdgement system gnd to ver-
ify the organization’s kfiowledge, understafding, and
capabilities of providing’a component in cohformance
with the BPE Standard under the organizatiop’s Quality
Management System (QMS).

(b) Figure/€R-2-1 provides a graphic of sev¢ral accept-
able certification methodologies for companig¢s with one
or moré facilities. A corporate QMS manupl may be
used ‘at-various facilities that operate undef the same
company name, or each facility may operat¢ under its
own QMS manual. Should a corporate pjogram be
developed and used at various facilities, a|Corporate
Certificate of Authorization will be issued to the location
where the corporate QMS is controlled, edtablished,
maintained, and approved for issuance and ude. For each
facility where the corporate QMS is being imjplemented,
surveys and audits will be conducted, and a [Certificate
of Authorization will be issued at each fakility. The
Corporate Certificate of Authorization will Be issued a
certificate number. The Certificate of Authorigation will
have the same certificate number as the Corporate
Certificate of Authorization; however, it will He followed
by a dash number. Each Certificate of Authorization will
be issued in sequential numerical order.

EXAMPLE:

Corporate Certificate of Authorization number: BPE
Certificate of Authorization, Facility #1: BPE-100-1
Certificate of Authorization, Facility #2: BPE-100-2
Certificate of Authorization, Facility #3: BPE-100-3

100

BPE

235

A Certificate of Authorization authorizes the use of
the ASME Certification Mark. A Corporate Certificate
of Authorization does not authorize the use of the
Certification Mark; therefore, the ASME Certification
Mark will not be issued with a Corporate Certificate of
Authorization.

(c) ASME BPE certification means that the capability
to fulfill requirements of this Standard by the organiza-
tion has been reviewed and accepted by ASME. The
organization is responsible for ensuring that the prod-
ucts stamped with the ASME Certification Mark and

(16)

(16)
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Fig. CR-2-1 Options for Certification of Organizations

1. One company that purchases raw materials or products from either certified suppliers or
subcontractors or noncertified subcontractors (where only the final company is certified).

Company
1 Certificate

|
Noncertified Suppliers

|
Certified Suppliers

or subcontractors

2. One company with only one facility.

or subcontractors

Company
1 Certificate

3. One company with numerous facilities — one certificate covering all facilities.

f Company )
Corporate Certificate
(e.g., BPE-100)
| . ]
Facility 1 Facility 2 Facility 3
Site Certificate 1 Site Certificate 2 Site Certificate 3
(e.g., BPE-100-1) (e.g., BPE100-2) (e.g., BPE-100-3)

BPE Designator meet the requirements on whichthe
certificatign is based.

CR-2.1 ASME BPE Certificate Holders

(1) An ASME BPE Certificate Holder_has a Quality
Managentent System that has been’/reviewed and
accepted By ASME and has demenstrated its capability
to fulfill the requirements of this-Standard for the scope
of work identified on the Certificate of Authorization.
The Certificate Holderdis.authorized under a valid
Certificatg of Authorization to mark components, and/
or documéntation traceable to the components, in con-
formity with this‘Standard with the ASME Certification
Mark.

(b) Certjificate Holders are issued a certificate number

(b) compliance with the latest edition of ASMH 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 pn the
BPE Certificate of Authorization.

(d) establishing and maintaining a Qpality
Management System under Part CR of this Stanglard.

(e) documenting a Quality Management Systepm.

(f) filing a control copy of the Quality Management
System manual with ASME. The QMS manual shall
provide a detailed description of the items and sgrvices
that are being provided under the company’s ASME BPE
Certificate of Authorization.

(g) preparing procedures, work instructions, forms,
and other implementing documents used undger the

to be used to attest to the validity ol their certilication
on data reports and/or certificates of conformance.

(c) Written references indicating that an organization
is a Certificate Holder are not valid without reference
to the certificate number.

CR-2.2 ASME BPE Certificate Holder’s
Responsibilities
The responsibilities of the Certificate Holder include
the following;:
(a) obtaining a BPE Certificate of Authorization.

Quality Management System.

(h) ensuring that the BPE Designator is used in con-
junction with the ASME Certification Mark.

(i) qualifying suppliers of subcontracted work.

(j) qualifying and certifying a Certified Individual.

CR-2.3 Certification Designator

The BPE Certification Designator shall be the respon-
sibility of the Certificate Holder. The Certification
Designator shall consist of the uppercase letters “BPE”
and shall be of a design having similar proportions to
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that shown in Fig. CR-1-1. The Certification Designator
shall be legible and located immediately underneath the
ASME Certification Mark.

CR-2.4 Subcontracting

The ASME BPE Certificate Holder providing any com-
ponent with the proper ASME Certification Mark and
BPE Designator compliant with the ASME BPE Standard
has the responsibility of ensuring that any work pro-

(c) the control of quality during manufacture or fabri-
cation including that of testing, examination, repair, and
handling of the product.

(d) evaluation, auditing, qualification, and monitor-
ing of suppliers of raw material, finished goods, and
unfinished goods. This is not required of those suppliers
and service providers holding a valid ASME BPE
Certificate of Authorization.

(e) the control and proper segregation of outsourced
product from ranniPl— H’n‘nngh final infpgrni—‘on Of fin-

vided[on or in the component by others complies with  + hed prod
all thg requirements of this Standard. “Work provided 1shed product. L hart identifs
by otHers” shall mean work provided by other corporate (f) company organization chart identifyin

affilia
contrg
accep
subco

Woi
of a v{
fied 4
the Cd
exper|

es or work provided by nonaffiliated independent
ctors. Figure CR-2-1 provides a graphic of several
table certification methodologies for
htracting.
k provided by others who are not in possession
lid BPE Certificate of Authorization shall be veri-
5 meeting the requirements of the Standard by
rtificate Holder through surveys and audits. The
fence and knowledge requirements of auditors
shall Be documented in the Quality Management System
manupl. The BPE Certificate Holder shall have objective
evidence that qualified auditors meet the experience and
knowledge requirements as specified in their program.
The BPE Certificate Holder shall have objective evidence
of the purveys and audits performed. As a minimum, the
frequgncy of surveys and audits shall be commensurate
with qurveys and audits performed by ASME.

A (ertificate Holder is not required to conduct ‘sur-
veys jor audits of subcontractors holdingla’ valid
ASMHE BPE Certificate of Authorization.

CR-2.

The
QMS
all
ASMH
be ad
6 mo

CR
Quali

b Quality Management Systeni

applicant shall establish and maintain an effective
hat addresses all of theif processes to ensure that
pplicable requiretnénts of the current
BPE Standard aregnet. The current Standard shall
bpted and conferined to by the applicant within
bf the date of iSsuance.

:

+2.5.1 Quality Management System Control. A
y Managément System is a formalized set of qual-
ity asyurdnce guidelines, procedures, forms, and other
discretionary documentation specific to each applicant,

b the chain
of management with regard to internal audit gnd quality
control personnel.

(¢) the further requirements;of. CR-2.5.

CR-2.5.1.2  The QMS¢shall include pr

ensure compliance of thesproduct with

(a) the general anddesign requirements o
and SD

(b) the physical'attributes requirements of |Parts MM,
PM, DT, PL,<SG, and SF as appropriate to the product

(c) materials requirements of Part MM for metals,
Part PM for polymeric materials, and Part S for seals
and _gaskets

(d)’ materials joining requirements of Part ]
als and for polymeric materials in both comp
ufacture and assembly/installation

Unless otherwise specified in this Standard, examina-
tion/testing shall be conducted at the frequejrfcies speci-
fied in the applicable referenced product specification(s),
or else at a minimum of 10%. Such examinatipn/testing
may be performed by the Certificate Holddr’s quality
department or by a qualified third party.

visions to

f Parts GR

U] for met-
nent man-

CR-2.5.2 Requirements for Designated O
The use of the ASME Certification N
BPE Designator shall be documented with d
or certificates of conformance, or both, that
by a responsible representative of the Certifid
who is authorized to perform the designated
activities (i.e., a Certified Individual). The d
or certificates of conformance, or both, shall |
for a period of not less than 5 yr.

yersight.
lark and
hta reports
are signed
pte Holder
oversight
hta reports
e retained

CR-2.5.2.1 Duties of the Certified Indivifdual. The

Certified Individual shall

compiled into a manual providing guidance, structure,
and authority to an applicant’s Quality Assurance
Program.

CR-2.5.1.1 In complying with the ASME BPE
Standard the QMS shall include, but not be limited to,
the following:

(a) ameans to verify proper documentation and trace-
ability of finished product and raw material.

(b) ameans to verify compliance of outsourced goods
and services such as electropolishing or passivation.

237

(a) verify that each item, or lot of items, to which the
ASME Certification Mark and BPE Designator is to be
applied conforms with the applicable requirements of
the ASME BPE Standard

(b) sign the appropriate data report or certificate of
conformance or both prior to release of control of the
item

CR-2.5.2.2 Requirements for the Certified Individual
(a) The Certified Individual shall be an employee of
the Certificate Holder and shall be qualified and certified
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by the Certificate Holder. Qualifications shall include
the following as a minimum:

(1) knowledge of the applicable requirements of the
ASME BPE Standard for the application of the ASME
Certification Mark

(2) knowledge of the Certificate Holder’s QMS

(3) training commensurate with the scope, com-
plexity, or special nature of the activities to which over-
sight is to be provided

(b) The [Certificate Holder shall maintam a record o
the qualifications and training of the Certified
Individual.

CR-2.5
System.
a system |
agement a
by internal
an ANAB-
uation by
by manag

3 Evaluation of the Quality Management
[he QMS manual shall include provisions for
performance review and evaluation by man-
least annually. This review may be conducted
| personnel or by a qualified third party (e.g.,
or CEOC-recognized organization) with eval-
and improvements/corrections implemented
Pment.

CR-2.544 Applicant’s Facilities and Equipment. The
applicant ghall have, as appropriate to the scope of work
performed by the organization, demonstrated controls
of, or prodedures for

(a) design

(b) effedtive material control, including
regation of noncompatible materials
regation of nonconforming material

(e) Material Control. Management of incoming, in-
process, finished, and discrepant materials must be pro-
vided for.

(f) Manufacturing

(g) Quality Control. Quality control personnel shall be
independent of all other departments responsible for
production or service processes.

(h) Examination/Inspection. An applicant may per-
form either examination functions or examination and

dent of all other departments responsible for pro
or service processes. Examination persorinel
responsible to production management,-only if ar) inde-
pendent inspection department is‘opérating within the
facility.

(i) Maintenance of Equipmerit

CR-2.5.6 Monitoring of Quality Control Meajuring

and Testing Devices

(a) Procedures shall be in effect to ensure thaf tools,
gauges, instrufnernits, and other measuring and {esting
devices used\to verify compliance with the apprgpriate
requirements are calibrated and properly adjusted at
specifieperiods or use intervals to maintain acguracy
withivhecessary limits. Periodic checks on these devices
shall be performed to determine that calibrafion is
maintained.

(b) Calibration shall be made against certified sam-
ples having known valid relationships and documented
traceability to nationally recognized standards, where
such standards exist. If no known nationally recognized
standard exists, the basis for calibration shjall be
documented.

(c) Control measures shall include provisions fo
suring and testing equipment identification a
determining calibration status by equipment m
or on records traceable to the equipment.

r mea-
hd for
hrking

CR-2.5.7 Discrepancies With Measuring and Testing
Devices
(a) When discrepancies beyond an acceptable| toler-
found

ance range for measuring and testing devices are
shall

during calibration, appropriate corrective actio:
be taken—a-nd—ﬁﬁeﬂa-l—meaa*md—er—tesmd—a;t, e the

CR-2.5.5 Personnel. The applicant’s organization
shall include specific personnel designated for each of
the following functions as appropriate to the scope of
work performed by the organization:

(a) Design. As an alternative or as an extension of in-
house staff, this function may be performed by outside
qualified engineering personnel.

(b) Purchasing

(c) Contract Review

(d) Document Control

238

previous calibration shall be reviewed to determine that
all applicable requirements have been met.

(b) When periodic checks on equipment are per-
formed to determine that calibration is maintained,
potential product or source material discrepancies need
only be resolved to the previous check, provided

(1) the methods used and frequency of periodic
checking are described in calibration procedures

(2) the calibration discrepancy was found by peri-
odic check


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

ASME BPE-2016

CR-2.5.8 Internal Audits. Internal audits shall be
performed in accordance with the following
requirements:

(a) Audits shall be performed at least annually in
accordance with written procedures or checklists by per-
sonnel not having direct responsibility in the areas being
audited.

(b) Audit results shall be documented by auditing
personnel for review by management having responsi-
bility [ir the area being audited.

(c)
tatio
defici
deficig
imple

In 4
Certif]
andp

rocedures shall include provisions for documen-
of corrective action taken in response to
encies. Follow-up action, including re-audit of
bnt areas where indicated, shall be taken to verify
mentation of such corrective actions.

ddition to ASME audits of the applicant or
cate Holder, a comprehensive system of planned
riodic internal audits shall be carried out to ensure

ongoing compliance with all aspects of the QMS and to
reaffirm the effectiveness of the program.

CR-2.5.9 Corrective Action. Measures shall be estab-
lished to ensure that conditions not meeting quality
requirements, such as failures, malfunctions, deviations,
defective material and equipment, nonconformances,
and quality system deficiencies, are promptly identified
and reported to appropriate levels of management.
These measures shall also ensure that the cause of
iti i i ls is deter-
mined and corrected.

The identification of significant or gecury
tions not meeting quality requirements, th
these conditions, and the corrective,action t
be documented and reported, folappropriat
management.

These requirements shall'also extend to th
ance of the approved supplier’s correct
measures.

ing condi-
b cause of
aken shall
b levels of

p perform-
ve action
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MANDATORY APPENDIX |
SUBMITTAL OF TECHNICAL INQUIRIES TO THE
BIOPROCESSING EQUIPMENT (BPE) COMMITTEE

I-1 INTRODUCTION

(a) [This Mandatory Appendix provides guidance to
BPE Standard users for submitting technical inquiries
to the| Committee. Technical inquiries include requests
for reyisions or additions to the rules of the Standard,
requests for Code Cases, and requests for interpretations
of the|Standard, as described in the following:

(1) Revisions. Revisions are considered to accom-
modate technological developments, address adminis-
trative requirements, incorporate Code Cases, or clarify
the infent of the Standard.

() Code Cases. Code Cases represent alternatives
or addglitions to existing rules. Code Cases are written
as a qpestion and reply, and are usually intended to be
incorgorated into the Standard at a later date. When
used, [Code Cases prescribe mandatory requirements in
the same sense as the text of the Standard. However]
users pre cautioned that not all jurisdictions or owners
autonjatically accept Code Cases. The most common
applidations for Code Cases are

(-a) to permit early implementation of an
approfed revision based on an urgentneed

(-b) to permit the use of anew material for
construction

(-c) to gain experiencé with new materials or
alternptive rules prior to in¢orporation directly into the
Standprd

(3) Interpretations, \Interpretations provide clarifi-
cation| of the meaning of existing rules and are also
presenited in question and reply format. Interpretations
do ndt introddee new requirements. In cases where
existing textdoes not fully convey the meaning that was
intended;and revision of the rules is required to support

sufficient information for the Committee’s ilull under-
standing may result in the request beingretufned to the
inquirer with no action.

-2 INQUIRY FORMAT

Submittals to the Committée shall include
(a) Purpose. Specify©ne of the following:
(1) revision of present rules
(2) new or additional rules
(3) Code Case
(4) Interpretation
(b) Background. Provide the information mjeeded for
the Committee’s understanding of the inqfiiry, being
sure,to include reference to the applicable Edition,
Addenda, paragraphs, figures, and tables. [Preferably,
provide a copy of the specific referenced portiions of the
Standard.
(c) Presentations. The inquirer may desire qr be asked
to attend a meeting of the Committee to maKe a formal
presentation or to answer questions from the Committee
members with regard to the inquiry. Attenflance at a
Committee meeting shall be at the expehse of the
inquirer. The inquirer’s attendance or lack of attendance
at a meeting shall not be a basis for acceptange or rejec-
tion of the inquiry by the Committee.

I-3 REVISIONS OR ADDITIONS

Requests for revisions or additions shall frovide the
following:

(a) Proposed Revisions or Additions. For revidions, iden-
tify the rules of the Standard that require refision and
submit a copy of the appropriate rules as they appear
in the Standard, marked up with the proposed revision.
For additions, provide the recommended wornding refer-

an int ,Ltuclali\u T, It trterttr l'LCLlJu:'La'Liuu with ‘IJC ibaucd
and the Standard will be revised.

(b) The rules, Code Cases, and Interpretations estab-
lished by the Committee are not to be considered as
approving, recommending, certifying, or endorsing any
proprietary or specific design, or as limiting in any way
the freedom of manufacturers, constructors, or owners to
choose any method of design or any form of construction
that conforms to the rules of the Standard.

(c) Inquiries that do not comply with the provisions
of this Mandatory Appendix or that do not provide

enced to the existing rules.

(b) Statement of Need. Provide a brief explanation of
the need for the revision or addition.

(c) Background Information. Provide background
information to support the revision or addition, includ-
ing any data or changes in technology that form the
basis for the request that will allow the Committee to
adequately evaluate the proposed revision or addition.
Sketches, tables, figures, and graphs should be submit-
ted as appropriate. When applicable, identify any perti-
nent paragraph in the Standard that would be affected
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by the revision or addition and identify paragraphs in
the Standard that reference the paragraphs that are to
be revised or added.

I-4 CODE CASES

Requests for Code Cases shall provide a Statement
of Need and Background Information similar to that
defined in I-3(b) and (c), respectively, for revisions or

(b) Requests for Interpretations must be limited to an
interpretation of a particular requirement in the
Standard or a Code Case. The Committee cannot con-
sider consulting-type requests such as the following;:

(1) areview of calculations, design drawings, weld-
ing qualifications, or descriptions of equipment or parts
to determine compliance with requirements in the
Standard

(2) a request for assistance in performing any

annr‘]arﬂ_prpcr‘ﬂ'hnr] functions rp]aﬁng to but not lim-

additions.rHre UTGETCY of-the-CodeCase (c.s., project
underway| or imminent, new procedure, etc.) must be
defined arld it must be confirmed that the request is in
connection with equipment that will be governed by the
ASME BPE Standard. The proposed Code Case should
identify the part, paragraph, table, and/or figure and
be writtenlas a Question and a Reply in the same format
as existing Code Cases. Requests for Code Cases should
also indicgte the applicable Editions and Addenda to

which the|proposed Code Case applies.

I-5 INTERPRETATIONS

(a) Reqpuests for Interpretations shall provide the
following;:
(1) Inguiry. Provide a condensed and precise ques-
tion, omitting superfluous background information and,
when posgible, composed in such a way that a “yes” or
“no” Reply, with brief provisos if needed, is acceptable.
The quesfion should be technically and editorially,
correct.
(2) R
and conci
the Reply
if needed.
(3) B
ground in
understan|

ply. Provide a proposed Reply that will cléarly
bely answer the Inquiry question. Preferably,
bhould be “yes” or “no,” with brief provisos

ickground Information. Provide any back-
formation that will assist the Committee in
ding the proposed Inguiry’and Reply.

ited to, material selection, designs, calculations;£abrica-
tion, inspection, pressure testing, or installation
(3) arequest seeking the rationale for requirg

in the Standard

ments

I-6 SUBMITTALS

Submittals to and responsesfrom the Committe
meet the following:

(a) Submittal. Inquiries from BPE Standard useys shall
be in English and preferably be submitted in typewritten
form. However, degible handwritten inquiries will also
be considered™They shall include the name, address,
telephone nuinber, fax number, and e-mail addfess, if
available, of the inquirer and be mailed to the following
address:

e shall

Secretary

ASME BPE Committee
The American Society of Mechanical Engines
Two Park Avenue

New York, NY 10016-5990

(b) Response. The Secretary of the ASME BPE
Committee or of the appropriate Subcommitte¢ shall
acknowledge receipt of each properly prepared inquiry
and shall provide a written response to the inqufrer on
completion of the requested action by the Standards
Committee.

PTS
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MANDATORY APPENDIX II
STANDARD UNITS

See Table II-1.
Table 1I-1 Standard Units

Quantity U.S. Customary S| Units
Length inches (in.) millimeters (mm)
Length feet (ft) meters (m)
Area square inches (in.%) square centimeters (cm?)
Volume cubic inches (in.%) cubic centimeters (cm?)
Volume gallons (gal) liters (L)
Pressure, gauge pounds per in.? (psig) kilopascal (kPag)
Pressure, absolute pounds per in.? (psi,) kilopascal (kPa,)
Vacuun pounds per in.2 (psi) kilopascal (kPa)
Temperpture degrees Fahrenhegitd®F) degrees Celsius (°C)
Angle (plane angle) degrees or radians degrees or radians
Surface| finish microinch (winJ) micron or micrometer (win)
Slope inches pet.foot (in./ft) millimeters/meter (mm/np)
Flow rafe, liquid gallons\per minute (gal/min) liters per minute (L/min)
Flow rafe, gas std. cubic feet per hour (std. ft3/hr) std. liters per minute (std. L/min)
Speed/pvelocity feet per second (ft/sec) meters per second (m/s)
Coefficient of thermal expansion inch per inch per degree millimeters per millimetef per degree

lin./(in./°P)]

[mm/(mm/°Q)]

243


https://asmenormdoc.com/api2/?name=ASME BPE 2016.pdf

ASME BPE-2016

NONMANDATORY APPENDIX A
COMMENTARY: SLAG AND OXIDE ISLANDS

(a) Inert-gas shielded welding processes do not pro-

color as the weld surface, may be evident because it

duce slag.fee GR-8'and AWS A3.0 for definition of slag.

(b) Wel
film that 4
the weld.
welds allo
been ider
oxides, ty]

(c) Oxid
steels and|
MM-2.1-2
of the foll

(1) O
at the terr]
inside sy
unavoidah

(2) O
less steels

s on stainless steel tubing can produce a thin
ppears as localized islands on the surface of
[n welds on nickel alloys, stainless steels, or
yed with nickel filler metals, these films have
tified as high-melting-point nonmetallic
bically referred to as oxide islands.

e islands encountered on welds in stainless
nickel alloys identified in Tables MM-2.1-1,
and MM-2.1-3 are commonly found in one
wing forms:

h stainless steels, a small, round, black spot
hination of the weld bead, on the outside or
rface, or both. This spot is generally
le.

h products made from cast or wrought stain-
hnd nickel alloys, a thin film, gray or the same

TOVers the weld Tippies.

(3) On nickel alloys or stainless steels welde
nickel alloy fillers, a thin film, having varying)colq
tints from gray to dark brown, may besevident b
it covers the weld ripples.

(d) Slag in or on welds may be/the result of
weld preparation, such as contaimination, poor cle
or faulty tack welding procedures.

(e) Slag may also result.from melting base me
certain compositions that include elements not no
reported on Material-Test Reports. These ele
include, but areno6t limited to, aluminum, ca
cerium, and zifcortium.

(f) The owher/user and contractor should inve

H with
r with
bcause

faulty
aning,

tals of
rmally
ments
cium,

btigate

the origin*of any slag found during weld examination,

determine its acceptability, and agree on any cor
action.

ective
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NONMANDATORY APPENDIX B
MATERIAL AND WELD EXAMINATION/INSPECTION
DOCUMENTATION

See[Forms beginning on next page.
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BPE Form MER-1 Material Examination Record

Project Number/Name: A/E Project Number:

Record Number: Received by: Date Received:
End-User/Owner: Name and Date of Approval:

(; lsfomer Company Name:

(Enter the name of the company receiving the material.)
Address:

(Enter the address of the company receiving the material.)
ontact Names and Numbers:

[Enter the name(s) and contact information of personnel receiving the material.]
Bupplier/Manufacturer Name:

(If receiving a product or material, enter the name of the company supplying/the material.)
Address:

(If receiving a product or material, enter the address of the company supplying the material.)
Contact Information:

[If receiving material, enter the name(s) and contact informationsof personnel supplying the material)

Project Information: NCR Number:
(Related Specifications, Codes, and Standards) (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 here)
Packing List Number:

(Enter packing list and/or tracking number here.)
Lot Number:

(For multiple lot shipments, ehtéer’ associated lot number here.)
Examiner’s Information:

(The name of the examiner,)company of examiner, etc.)
Material/Alloy Type:

[Type or grade ofunaterial (UNS S31603, N08367, etc.)]
Material Description:

[Size, material product form (tubing, 90, 45, TEE, ferrule, valve, etc.)]
DT-11 Compliant:

(Récord*Accept or Reject after markings verification.)
Wall Thickness:

[Record Accept or Reject after physical examination of the lot (if required).]
O.D. Tolerance:

[Record Accept or Reject after physical examination of the lot (if required).]
SurfaceR,:

[Record Accept or Reject after physical examination of the lot (if required).]
VisualExamination:

(Record Accept or Reject after physical examination.)

MTR(s) Verified:

(Record Accept or Reject for MTR compliance with specifications.)

Quantity Received: Quantity Accepted: Quantity Rejected: Date Examined:_|
e —
Comments:
(Record any notes for examination, and attach additional sheets if needed.)
Copies: []Owner [JAE [ Contractors [] Consultants [ O [ File
September 2016 Page __of Form MER -1
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NONMANDATORY APPENDIX C
SLOPE MEASUREMENT AND JOINT MISALIGNMENT

GENERAL

(g) For slope measurements made on skids or mod-

(a)
level
be cay
in./ft

(b)
dure {
be pel

(c)
follow
(1
(

install

4

g

liquid
steam|
(4
tempg
(d)
shall 1
(1
(2
(1
Inspeq
in slo
(e)
appro|
f)

top of

blope measurement shall be made with a digital
r a digital protractor. The instrument used should
able of displaying slope in degrees, percent, and
(mm /m).

Refer to the owner’s manual for the proper proce-
o perform the self-calibration routine. This must
formed immediately prior to use.

blope measurements shall only be made under the
ing conditions:

) before insulation has been installed

) after hangers/pipe supports have been
ed, adjusted, and fixed in place

1) before the introduction of any fluids, such as

s or process gases (pure oxygen, nitrogen,
etc.)

) when the system is at ambient pressure and

rature

For piping or tubing systems, slope measurements

be 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 or any apparent change

be

blope should be measured ofly on runs that are

kimately horizontal.

blope measurements may.be made on either the

bottom of the tubing/piping.

Tiles, ensure that the pase 15 fevel i all difect
make sure that all slope measurements are 3
to the base.

(h) Slope shall be verified after the fabricatc
pleted, or corrected, the pipingdnstallation
slope.

C-2 JOINT MISALIGNMENT

In order to meet O.D. misalignment crite
Standard, the acctimulated tolerances in pipi
and fittings mdy result in a welded joint w
misalignméntvShould this occur, the owner /1
lation centractor, and inspection contractor s
good ‘engineering judgment to determine the
tionfor the application considering flow, g
and’ drainability.

The orientation of the piping, tubing,
should be considered prior to final disposi
weld joint prior to welding.

(a) Vertical Orientation

ons. Then,
de relative

r has com-
nd set the

ria in this
hg, tubing,
ith an 1.D.
ser, instal-
hall apply
best solu-
rientation,

r fittings
ion of the

(1) Misalignment should be uniformly dlistributed

around the circumference.
(2) Direction of flow should be consid
assembling the components.

(b) Horizontal Orientation. Misalignment
oriented to maximize drainability, normal
plished by minimizing the I.D. misalignm
bottom.

bred when

should be
ly accom-
ent at the
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NONMANDATORY APPENDIX D
ROUGE AND STAINLESS STEEL

D-1 GENERAL

Table D-3.1-1 provides descriptions, pros, and cons of

This Nonmandatory Appendix provides the methods
to measurg¢ rouge in a system both in the process solution
and on thp actual product contact surface. It also sug-
gests variqus fabrication and operation practices to mini-
mize rouge formation and methods/techniques for its
remediatign.

For the [definition of rouge and its classification, see
GR-8.

D-2 CONSIDERATIONS FOR REDUCING ROUGE
FORMATION

Tables [)-2-1 and D-2-2 provide guidance on different
variables gnd how they may contribute to the presence
of rouge if a high-purity system. They are listed in the
following [categories:

(a) Catefory 1: Little Influence on the Formation of Rouge.
There are |theories that suggest other factors that may
have a role in the formation of rouge. These variables
are not lisfed in Tables D-2-1 and D-2-2.

(b) Category 2: Moderate Influence on the Formation:ef
Rouge. There is industry data supporting these vari-
ables, and| they should be considered.

(c) Catdgory 3: Strong Influence on the Fermation of
Rouge. There is well-established industry data support-
ing these Variables, and they should (bejconsidered.

D-2.1 Sydtem Fabrication

See Table D-2-1 for a discussion of fabrication vari-
ables that |affect the amoumt.of rouge formation.
D-2.2 Sydtem Operation

See Table D-2-2fér"a discussion of operation variables
that affect|thecamount of rouge formation.

Various tests 10T the identitication of mobile constifuents.

D-3.2 Solid Surface Analyses

Surface analyses provide information o the nature,
microstructure, and composition of strface layerd They
may represent the future status 6fthe media and the
possible threat of rouging to the’water quality.

Table D-3.2-1 provides deseriptions, pros, andl cons
of various tests for the identification of surface layers’
composition.

D-4 METHODS.TO REMEDIATE THE PRESENCE OF
ROUGE IN A SYSTEM

Remediation (derouging) processes are desighed to
remoye'dron oxide and other surface constitugnts of
rougeswhile minimizing damage to the surface [finish.
Rotge occurs on the surface, from corrosion, or pfecipi-
tates onto the surface after migrating from othef loca-
tions. These conditions are easily categorized by| using
the standard Classes I, II, and III rouge. The following
sections describe these remediation processes apd the
conditions under which they are performed.

D-4.1 Class | Rouge Remediation

Class I rouges are weakly attached to the surfafe and
are relatively easily removed and dissolved. This{rouge
is generally hematite or red ferric iron oxide with low
levels of other oxides or carbon content. Phosphorjic acid
is useful to remove light accumulations and ¢an be
blended with other acids and compounds including cit-
ric, nitric, formic, or other organic acids and surfgctants
to assist in its derouging effectiveness. Citric acidtbased
chemistries with additional organic acids are effective
at rouge removal. The use of sodium hydrosulfife (i.e.,
sodium dithionite) is also fast and effective at rgmoval

D-3 EVALUATION METHODS TO MEASURE ROUGE

Rouge can be measured by its presence in the process
fluid and/or its presence on the product/solution con-
tact surface.

D-3.1 Process Fluid Analyses

Fluid analyses provide a means of identifying the
mobile constituents within a subject process system.
They represent the current quality status of the media
and the result of rouging.

250

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 sys-
tem component’s material of construction, and the con-
centration of chemistries. The concentration of each
chemistry is based on proprietary testing and process
design criteria.

Electrochemical cleaning is an alternative method of
rouge removal that uses phosphoric acid and applied
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direct current where the product contact surface is
anodic. As a cathode is moved over the product contact
surface to be cleaned, rouge is readily removed. This
process is very effective in removing all three classes of
rouge but is limited to accessible parts of a system and
is primarily performed on the product contact surfaces
in vessels.

For specific Class I rouge remediation processes, refer
to Table D-4.1-1.

aggressive, they produce much less potential for etching
of the surface finish.

The citric and nitric blends with hydrofluoric acid or
ammonium bifluoride will remove these Class Il rouges
more quickly but will definitely etch the surface wher-
ever the base metal is subjected to the derouging fluid.
The amount of etching or increase in surface finish
roughness is dependent on process conditions, chemical
concentration, and variability of the rouge thickness and
level of surface finish ronghness initially The condition

D-4.2

Clags II rouge consists mostly of hematite or ferric
iron oxide with some amount of chromium and nickel
oxideg as well as small carbon content. It is removed
with dhemistries that are very similar to the above pro-
cesseq with the addition of oxalic acid, which improves
the effectiveness in removal of this type of rouge. All of
the abpve chemistries remove the rouge without damage
to the| surface finish with the exception of oxalic acid,
which may etch the surface depending on conditions
and cpncentration processed. Class II rouges are more
difficylt to remove than Class I and may require addi-
tional|time, even though these processes are often run
at slightly higher temperatures and increased
conceftrations.

Forppecific Class Il rouge remediation processes, refer
to Talle D-4.1-1.

Class Il Rouge Remediation

D-4.3

Clags III rouge is much more difficult to remove*com-
pared| to Class I and Class II rouge, due to both its
chemikal composition difference and its struetural differ-
ence. [These high-temperature deposits form’magnetite
iron oxide with some substitution of chromium, nickel,
or sili¢ga in the compound structure.(Significant amounts
of carpon are generally present (injthese deposits due
to reduction of organics present- in the water, which
sometfimes produces the “smut” or black film that may
form dluring derouging. The/chemistries used to remove
Class |lII rouge are very-aggressive and will affect the
surfade finish to somie degree. Phosphoric acid-based
derouping systemis are generally only effective on very
light gccumulation of the rouge. The strong organic acid
blends withiformic and oxalic acid are effective on some
of thgse high-temperature rouges, and, being less

Class Il Rouge Remediation

of use for these processes is highly variabjle in both
temperature and time required to effectively fremove all
of the rouge and leave the surface prépared f¢r cleaning
and passivation. The less-aggressiye chenfistries are
used at higher temperatures J140°F to 176°F (60°C to
80°C)] and require longer contact time (8 hrfto 48-plus
hr); the nitric acid-based‘fluoride solutiong are often
used at lower temperatures [ambient to 104PF (40°C)],
while the citric acid-based fluoride solutionfs are used
at the higher temperatures and shorter corjtact times
(2 hr to 24 hr)

For specific)Class III rouge remediation
refer to Table D-4.1-1.

[processes,

D-4.4“Remediation Variables

The times and temperatures given above afe in direct
relation to the percent by weight of the base feactant(s).
A change in a formulation will change those cprrespond-
ing requirements. Different application methdds include
fluid circulation, gelled applications for welds or sur-
faces, and spraying methods for vessels and gquipment.
Rinsing of the surface after processing as well as proper
waste disposal planning is critical to the derouging pro-
cess. The waste fluids generated by these prqcesses can
be classified as hazardous due to chemical c¢nstituents
or heavy metals content.

Rouge can effectively be removed from prpduct con-
tact surfaces to reduce the potential for oxide particulate
generation into the process fluids. These derouging pro-
cesses are required prior to proper cleaning gnd passiv-
ation of the stainless steel surface for restoraftion of the
passive layer after corrosion. Analytical testir|g of utility
fluids can be useful in identifying the level of particulate
generation and levels of metal oxides contained in these
fluids as corrosion degrades the surface.
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Table D-2-1

ASME BPE-2016

System

Considerations That Affect the Amount of Rouge Formation During the Fabrication of a

Variables

Considerations

Category 3 — Strong Influence on the Formation of Rouge [Note (1)]

Alloy selection

Selection of the proper alloy [e.g., 316L stainless steel (531603), 6 moly (N08367), etc.]

should

address the corrosive effects of the process conditions. For example, low-carbon stainless
steel (316L) has better corrosion resistance than the higher-carbon stainless steels (316).

Beneficial alloys can mitigate premature or accelerated corrosion. Higher nickel conten

t will

Mechanical

ElectropolisHi

Passivation

Alloy compo

Welding, we
purging, e

Product form
methods

olishing/buffing

Bition

ding conditions,
C.

and fabrication

1 . ek
cTance CoTrroSTotT reststarce:

Striations from cold working techniques may include residual grinding/polishing debris-i
lapping inclusions. Cumulative increase of interior area due to surface finish inconsist
proportionally exposes more alloy to the mechanisms of corrosion and burden.6f pasg

Minimizes the exposure area of the native alloy to oxidizing fluids or halides and minim
origins for micropitting by various mechanisms, including halide and\stress corrosion
ing. Surface occlusions from passivation fluids are minimized by‘tHe smooth, more ev
finish.

Impedes or retards corrosive developments of stainless steétsutfaces. The effectiveness

s
bncy
ivation.

zes the
rack-
bn

of

passivation methods in terms of depth and enhancement of surface alloy ratios (i.e., dhrome

to iron) determines the eventual propensity of an alloyto corrode and the rates of cor

(% molybdenum, chromium, nickel, etc.)
The microstructure quality affects precipitation of impurities at grain boundaries. Migr.
impurities to the alloy surface can either support corrosion cells or seed downstream
corrosion. Weld joints on tubing and/ore@mponents with dissimilar sulfur concentrati
may result in lack of penetration dug’to weld pool shift. The resulting crevice may bed
corrosion initiation site.

Improper welds can result in chramium-depleted heat-affected zones (HAZs) and other ¢
tions that reduce corrosiopfesistance. Weld discontinuities create opportunities to tra
borne impurities. Cracks resulting from poor welds will create breaches in the passive
and form active corrésion cells. Proper purging prevents weld contamination by heat t
oxides and the coneurrent loss of corrosion resistance. Passivation cannot reverse the
of improper_purging.

The ferrite contént can be greatly affected by the forming process (e.g., a forging will typ
have much lower ferrite percentages than a casting). Barstock endgrain voids at the s
canenhance the potential of the alloy to pit and corrode. Minimization of differences
sulfur content will enhance the potential for successful welding.

Fosion.

tion of

ns
ome a

bndi-
fluid-
layer
nt
effects

ically
rface
n

Category_2 — Moderate Influence on the Formation of Rouge [Note (1)]

Installation/
environme

Expansion a
to an esta

torage
nt

d modifications
blishedsystem

Unidentified corrosion due to the storage or installation environment, including carbon s
contamination, scratching, exposure to chemical contaminants, stagnated condensatio
liquids, etc., may warrant a derouging step prior to passivation. Failure to detect insta
corrosion will marginalize the effect of a normal passivation.

Oxide formations in newly commissioned systems can form at different rates than older
tems and initially generate migratory Class | rouge. Where oxide films exist in establis
systems, they are likely to be more stable, producing less migratory iron or chrome o.

feel
h or
hces of

BY'S-
ed
des.

Because the newer system can generate and distribute lightly held Class | migratory h

Ematite

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.)

High sh

ear/velocity

Corrosion cell inceptions at breaches in the passive layer, as in chloride corrosion ¢
gressively catalyze the corrosion mechanism. This has a very strong influence for
such as high-salt buffer tanks, etc.

Erosive forces deplete or erode the passive laver and introduce base metal compos

ells, will pro-
applications

jtion parti-

envir
impe)
etc.)

Operati
temp

Gaseoy
inclu
(0, 4

Applica|
(purs
medi
freqU

System
meth

Redox

bnment (pump -
ler, sprayball, tees,

hg temperature and
erature gradients

s phase composition,
Hing dissolved gases
nd COz)

tion, process media
steam, WFI, buffer,
A, CIP, etc.),

lency of operation

CIP, cleaning
ods

otential

cles to the remainder of the system. Severe instances can cause pitting on the.ti
impellers or fluid impingement spots on vessel walls. In pure steam systems$;, hig
sections can scour tubing walls, either preventing sustained buildup of stable m
ers or sloughing off fragments from developing oxide formations that arelthen trg
downstream for possible corrosion seeding.

Operating temperature and temperature gradients will affect the eventual nature of
tions (e.g., Class | hematite versus Class Ill magnetite), the‘edse of removal, the
become stationary, stable, or lightly held and migratory.«Fhe*nature of restoratior
ation and derouging may be largely determined by the-operating temperature of
Established magnetite formations in pure steam systems may require a derougin
to the passivation steps.

For monographed fluids (PW, WFI, and pure steédm), the constituency of dissolved g
erally believed to have an influence on_ rotige formation when within established
and total organic carbon (TOC) limits«in ‘Systems that have an adequate passive
possible for impurities to migrate,across distillation and pure steam generation g
dissolved gases. A variety of analytic spectrometry methods are available to iden
species. (Refer to Tables D-3.4:L/and D-3.2-1.)

The nature of the oxide formiations, potential for corrosion, remedial methods, and
formation are greatly inflilenced by the application as noted in the other impact
(temperature, corrosive process, etc.). In steam-in-place (SIP) systems, velocity, t
and trapping canhave impacts on the composition and locations of rouge forma
migratory deposits.

Adequately. designed systems can minimize this impact. Poorly trapped pure steam
regularly 'exposed to pressure gradients, can introduce corrosion mechanisms an
through-Steam condensate. Long hold periods in high-salt buffer tanks and the ¢
of\the tank agitation can promote or accelerate rouge formation. SIP following in
can create corrosion mechanisms and further aggravate removal methods.

Exposure to CIP cycles and the specific chemical cleaning solutions strongly affects
tial for rouge occurrence. System sections exposed to a cyclic CIP regime will be
form or collect rouge. Significant factors include whether there is an acid or hot
cycle in the CIP recipe. The duration and temperature of the acid cycle can be im
Acid cycles with mild concentrations (e.g., 2% to 20% phosphoric acid) have begq
maintain and restore passive layers.

The use of ozone to sanitize purified water or WFl systems has also demonstrated
effects in impeding alloy corrosion.

pbs of pump
h-velocity
gnetite lay-
nsported

oxide forma-

bropensity to
by passiv-
he system.

F step prior

pses is gen-
conductivity
pyer. It is
rocesses as
tify these

period of
Hescriptions
mperature,
ions and

headers,
products

ffectiveness

dequate CIP

the poten-
ess likely to
cid CIP
portant.

n shown to

eneficial
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Table D-2-2 Considerations That Affect the Amount of Rouge Formation During

the Operation of a System (Cont’d)

Variables

Considerations

Category 2 — Moderate Influence on the Formation of Rouge [Note (1)]

Maintenance of the system

Stagnant flow_areas

System components such as worn pure steam regulator plug seats, improper or misaligned
gaskets, worn regulator and valve diaphragms, pump impellers (with worn tips), and eroded

or cracked heat exchanger tube returns are believed to be sources of Class | rouge.

A moving oxidizing fluid can maintain the passive layer. (Studies with nitrogen-blanketed

Pressure graflients

System age

WFI

storage tanks have shown negative effects on passive layers as a result of minimizing|oxygen

in the fluid.)
Liquid condensate that is not immediately removed from a pure steam conduit,qrthat ¢
from improper valve sequencing can concentrate and transport surface oxidatiofi prod

llects
cts or

steam contained solubles. These can concentrate and deposit at a brapeh¢terminus sych as a

vessel sprayball, dip tube, etc. These deposits are typically lightly hetd forms of hemaf
Though easily removed, they can be difficult to remove in large vessels and appear to
against the common stipulation of “visually clean.”

Pure steam systems only. Pressure changes in the distribution-system will affect the am

ite.
g0

unt of

steam condensate as well as the quality of the steam. [f system sections are exposed fo pres-
sure ranges, condensate that is not effectively removed from horizontal sections can He reva-
porized at higher pressures, which will lower the steam quality and transport any impfrities

borne in the steam condensate.

This depends on how the system has been maihtained in regard to frequency of passivation or

derouging, CIP exposure, and formation of'stable oxide layers. New systems have beep

observed to generate disproportionate amounts of Class | rouge formations in contrasf
established systems. In pure steam.systems, although oxide formations become stabl

to
with

age, they can also thicken and be_prone to particle sloughing in high-velocity sectiong. It
should be noted that system.fime in use can have both beneficial and negative effectp in
regard to rouge formation -ardd that regular system monitoring is important in identificdtion of

incipient corrosion.

NOTE:

(1) There is [well-established industry data supporting this,~and’it needs to be considered.
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Table D-3.1-1 Process Fluid Analyses for the Identification of Mobile Constituents 'of Royge

Test Criteria

Type of Test Test Description Pros Cons

Ultra trgice inorganic Concentrations of trace metals in process Noninvasive sample acquisition. Baseline must be determined
analysis (by ICP/ solutions including pure water/steam Highly quantitative informa- for each system gnalyzed.
MS) are directly analyzed by inductively tion. Provides strong ability

coupled plasma mass spectrometry to trend data
(ICP/MS).

Standafd particulate A liquid sample is subjected to a laser Noninvasive sample acquisition. Baseline must be determined
analysis (via light, which scatters on contact with Highly quantitative informa- for each system gnalyzed.
light particles. The scattered light is col- tion. Rrevides strong ability

lected, processed, segregated by chan- to trend' data
nel, and displayed as a specific count
for each size range analyzed.

Ultra trace inorganic Fluids are filtered via vacuum filtration, Provides highly detailed physi- Limited with respedt to organic
analysis (by and particles are collected on a fine- cal observation and elemen- particulate identification
SEMJEDX) pore filter medium. The particles afe tal composition data for

then analyzed by scanning electron mobile particulates
microscopy for size, compasition, and
topographical features.

Fourier transform Organic analysis of liqlid samples or Potentially noninvasive sample Organic contaminants must be
infraged extracts from wipe 'samples. Used to acquisition. Allows for profiled in a spegific target
specfroscopy identify possjble.organic films or organic identification of elas- compound library.

(FTIR deposits tomers or alternate organic

contaminants
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Table D-3.2-1 Solid Surface Analyses for the Identification of Surface Layers Composition

Type of Test

Test Description

Test Criteria

Pros

Cons

Microscopic jand

human vig
analysis

ual

Scanning auger

microanal
(SAM) or g

sis
uger

electron spec-
troscopy (huger)

Small spot
spectrosc
chemical
sis (ESCA)
X-ray phot
tron spect|
(XPS)

Reflection gr
ellipsomet

Electrochem
impedanc
spectromd

blectron

py for
naly-
or
pelec-
oscopy

hde
ry

cal

try

Visual analysis via polarized light micros-
copy (PLM), scanning electron micros-
copy (SEM), or alternative microscopy
instrumentation

Surface metal elemental composition
analysis. Provides for detailed qualita-
tive elemental composition data on
both the surface itself and the subsur-
face (or base metal)

The sample is subjected to a probe
beam of X-rays of a single energy. Elec-
trons are emitted from the surface and
measured to provide elemental analy-
sis of the top surface layers.

Multicolor interferometry using light and
its diffractive propertiesite assess sur-
face conditions

The analysis ef-electrochemical noise in
order toquantify the state of corrosion
of @’metallic surface

Good test for morphology deter-
mination. Can be coupled
with energy dispersive X-ray
(spectroscopy) (EDX) analysis
for elemental composition
information

Highly accurate method for posi-
tive identification and qualifi-
cation of the surface metal
composition. Used to deter-
mine the depth and elemen-
tal composition of the
surface including/thewpassive
layer itself

Highly accurate'method for the
qualification and quantifica-

tion of the surface metal com-

position. Used to determine
the depth and compositional
analysis of the passive layer.
Provides excellent elemental
analysis of the top surface
layers, including which
oxide(s) are present

Nondestructive analysis. Known
diffractive characteristics of
elements could provide for
qualitative analysis of surface
chemistry properties.

Noninvasive, real-time quantifi-
cation of metallic corrosion.
Provides strong ability to
trend data

Invasive test. Requikes.t
periodic removalof sd
samples (e.g.,/eoupon

Invasive and destructive
Requires the periodic
removal of solid samp
(e.g., coupons)

Invasive and destructive
Requires the periodic
removal of solid samp|
(e.g., coupons)

Invasive test. Requires t
periodic removal of sd
samples (e.g., coupon
Field qualification of t
method is still ongoin

Field qualification of this
method is still ongoin

e
lid
)

test.

test.

e
lid
).
his

b
P

v
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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)]

Class | Phosphoric acid Effective at removing iron 5% to 25% phosphoric 2 hrto 12 hr at
Removal oxides without etching acid 40°C to 80°C
the product contact
surface
Citric acid with Effective at removing iron 3% to 10% citric acid 2 hrto 12 hr at
intensifiers oxides without etching with additional 40°C’10 80°C
the product contact organic acids
surface
Phosphoric acid blends Can be used at a variety 5% to 25% phosphoric 2 hrto 12 hr at
of temperatures and acid plus either citfie 40°C o 80°C
conditions acid or nitric acid
at various
concentrations
Sodium hydrosulfite Effective at removing iron Up to 10% sodium 2 hrto 12 hr at
(i.e., sodium dithionite) oxides without etching hydrosulfite 40°C o 80°C
the surface but may
generate sulfide fumes
Electrochemical cleaning Useful in removing stub- 25% to 85% Limited fo accessible
born rouge without phosphoric acid parts pf systems,
risk of etching the primafily vessels.
product contact Procegs times are
surface approkimately
1 min}/ft2.
Clags Il Phosphoric acid Effective at~removing iron 5% to 25% phosphoric 2 hrto 24 hr at
Rerpoval oxides_without etching acid 40°C fo 80°C

Citric acid with organic
acids

Phosphoric acid blends

Oxali¢“acid

Electrochemical cleaning

thie_surface

Effective at removing iron
oxides without etching
the surface

Can be used at a variety
of temperatures and
conditions

Effective at removing iron
oxides; may etch elec-
tropolished surfaces

Useful in removing stub-
born rouge without
risk of etching the
product contact

5% to 10% citric acid
with additional
organic acids

5% to 25% phosphoric
acid plus either citric
acid or nitric acid
at various
concentrations

2% to 10% oxalic acid

25% to 85%
phosphoric acid

2 hrto 24 hr at
40°C o 80°C

2 hrto 24 hr at
40°C fo 80°C

2 hrto 24 hr at
40°C o 80°C

Limited fo accessible
parts pf systems,
primafily vessels.
Process times are

Sodium hydrosulfite (.e.,
sodium dithionite)

surface

Effective at removing iron
oxides without etching
the surface but may
generate sulfide fumes

Up to 10% sodium
hydrosulfite

approximately
1 min/ft?.

2 hrto 12 hr at
40°C to 80°C
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Rouge Remediation Processes Summary (Cont’d)

Derouging Processes: Specific (Cont’d)

Class of Rouge

Description
[Notes (1), (2)]

Comments
[Notes (3), (4)]

Chemistry
[Note (5)]

Conditions of
Process

[Notes (6)

, (7)]

Class I Phosphoric acid blends Can be used at a variety 5% to 25% phosphoric 8 hr to 48+ hr at
Removal of temperatures and acid plus either citric 60°C to 80°C
conditions acid or nitric acid
at various
concantrationc.
Oxalic acid May etch metallic 10% to 20% oxalic acid 8 hr to 48+-Hr at
surfaces 60°C to 80pC
Citric acid with organic May etch metallic 5% to 10% citric acid 8 hr to 48+ hr at
acids surfaces with additional 60°C to 80pC
organic acids
Citric acid with Will etch metallic 5% to 10% citric acid 8 hr to 48+ hr at
intensifiers surfaces with additional 60°C to 80pC
organic acids and
fluorides
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% t0 5% NH,HF,
Electrochemical Useful in removing stub- 25% to 85% Limited to acfessible
cleaning born rouge without phosphoric acid parts of sygtems,
risk of etching the primarily véssels.
product contact Process tinjes are
surface approximately
1 min/ft2
NOTES:

(1) All of the¢se derouging processes should be followed with a cleaning and passivation process of the treated surface.
(2) Applicatfon methods include fluid circulation, gelled applications for welds or product contact surfaces, and spraying methods f}

vessels §nd equipment.

(3) These d¢rouging processes may produce hazardous wastes based on metals content and local and state regulations.
(4) Oily or lpose black residue due to the carbon buildup may be present on the product contact surfaces after derouging and may

special ¢leaning procedures to remove.
(5) Chemical percentages are based on weight percent.

(6) The timd and correlating temperatures given above are in direct relation to the percent by weight of the base reactant(s). A chaf

formulatjon will change those correSponding requirements.
(7) A deioniged water rinse shall immediately follow each of the above chemical treatments.

require

geina
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