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FOREWORD

Early in 1971, an ad hoc committee was formed by action of the ASME Codes and Standards Policy Board to develop
design rules for pressure vessels for human occupancy. The importance of this task was soon recognized, and the ASME

of the ad hoc committee. Initially, this committee was to confine its activity to the pressure boundary of such systenis. It

Safety Cpde Committee on Pressure Vessels for Human Occupancy (PVHO) was established in 1974 to continue the '\iork

was to r¢ference existing ASME Boiler and Pressure Vessel Code (BPVC) Sections, insofar as practicable, adapting the
applicatfon to pressure vessels for human occupancy. The common practice hitherto had been to design sueh chambe
accordanhce with ASME BPVC, Section VIII, Division 1; however, a number of important considerations were not coversg

for
[sin
din

those rules. Among these were requirements for viewports and the in-service use of pressure reliefvalves, and spgcial

material] toughness requirements. This Standard provides the necessary rules to supplement that-Section and also A

bME

BPVC, Section VIII, Division 2. The user is expected to be familiar with the principles and application of ASME BPVC

Sectionsg

ASME|BPVC criteria furnish the baseline for design. In ASME PVHO-1, design temperature is limited to 0°F to 130°F

(-18°C to 66°C). Supporting structure and lifting loads are given special attention. Cestain design details permitte

H by

Section VIII are excluded. A major addition is the inclusion of design rules for acryliciewports (Section 2). The formfula-

tion of rfules for these vital and critical appurtenances was one of the reasons, for establishing the PVHO Commi
Finally, all chambers designed for external pressure are required to be subjecefed'to an external pressure hydrostatic
or pneumatic test.

The 2007 edition was completely rewritten and reformatted from the 2002 edition. Section 1, General Requiremen
intended to be used for all PVHOs, regardless of use. The rules for external pressure design were expanded to inc
unstiffeied and ring-stiffened cylinders, in addition to spheres. Oth&¥ additions included Sections pertaining to app
tion-spefcific PVHOs. Sections were included for medical hyperbaric systems, diving systems, submersibles, and qu

tee.
test

s, is
ude
ica-

lity

assurange. The Piping Systems Section was expanded. Where possible, Mandatory Appendices were incorporated intq the
body of [the Standard. All forms were revised to reflect the-document (PVHO-1), an abbreviation denoting the cofrre-
sponding section (e.g., GR for General Requirements), and the form number within that Section. An example is PVHO-1

Form GR-1.
The 2P12 edition included expansions made ta'the General Requirements, Viewports, and Diving Systems Secti

pns.

The 2P16 edition included additional expansions made to the General Requirements, Viewports, Medical Hyperbaric

Systems} and Diving Systems Sections. It included a new Nonmandatory Appendix for preparing PVHO performa

nce-

based Cises for flexible chambers. There'is continuing work being accomplished by the subcommittees in the aregs of

PVHOs ysing nonstandard materialsyineliding nonmetallic PVHOs. A companion document (ASME PVHO-2) that co
in-servige guidelines for PVHOs has been published.

Vvers

The 2P19 edition of ASME PVHO~1 continued to address complete PVHO systems and PVHOs made from nonstandard

materials. In support of thistwork, definitions in Mandatory Appendix Il and various forms were added or update|

d to

reflect the differences in approach to documenting the entire PVHO system as a whole rather than as single or mulfiple
pressur¢ vessels/chambeérs. Additionally, changes were made to clarify several design standards and requirementg for

easier upderstanding.and implementation by all users of this Standard.

The 223 edition‘includes revisions to Section 1, specifically the addition of PVHO systems integrator documentation

Additiorally;this edition develops a nomenclature list for Section 2 based on ASME PVHO-1-2016. Code Case 22 (A

ing requirements for PVHO systems in which the PVHO systems integrator differs from the PVHO manufactyrer.

ter-

native Long-Term Proof Pressure Test Under PVHO-1) has been integrated into a new para. 2-11.5.2. Paragraph 4-9.4 has

beenrevised and adds requirements for gauge scale, accuracy, calibration, and calibration verification. The subcommittee
has decided to cite the requirements of ASME B40.1 and ASME B40.7 rather than summarizing and repeating the infor-
mation. As required by para. 4-9.3, current monoplace chambers do not have hull valves. Additionally, hyperbaric evacua-

tion units (HEUs) will be able to mate with every hyperbaric reception facility (HRF). Currently, the International Ma

rine

Contractors Association (IMCA) has a guidance document, IMCA D051, that addresses interface compatibility between
HEUs and HRFs. Subsection 7-12 has been added to address the unique aspects associated with hadal-zone submersibles.

ASME PVHO-1-2023 was approved and adopted by the American National Standards Institute as meeting the criteria
as an American National Standard on September 27, 2023. Previous editions were published in 1977, 1981, 1984, 1987,

1993, 1997, 2002, 2007, 2012, 2016, and 2019.

viii
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CORRESPONDENCE WITH THE PVHO COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revisionk or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the $taff
secretary noted on the committee’s web page, accessible at https://go.asme.org/PVHOcommittee.

Revisions and Errata. The committee processes revisions to this Standard on a continuous basis to intorpofate
changes|that appear necessary or desirable as demonstrated by the experience gained from the application of the Sfan-
dard. Approved revisions will be published in the next edition of the Standard.

In addition, the committee may post errata on the committee web page. Errata become effective 'on the date pogted.
Users cdn register on the committee web page to receive e-mail notifications of posted errata.

This §tandard is always open for comment, and the committee welcomes proposals fot/tevisions. Such propgsals
should He as specific as possible, citing the paragraph number, the proposed wording, arid-a‘detailed description of the
reasons|for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) The most common applications for cases are
(1) |to permit early implementation of a revision based on an urgentyneed
(2) |to provide alternative requirements
(3) |to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly [into the Standard
(4) |to permit the use of a new material or process
(b) Ukers are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be consid¢red
as apprqving, recommending, certifying, or endorsing any.ptoprietary or specific design, or as limiting in any way| the
freedon] of manufacturers, constructors, or owners to choose any method of design or any form of construction fhat
confornys to the Standard.
(c) Aproposed case shall be written as a question-and reply in the same format as existing cases. The proposal shall plso
include the following information:
(1)]a statement of need and background-information
(2) |the urgency of the case (e.g., the\ease concerns a project that is underway or imminent)
(3) |the Standard and the paragraph; figure, or table number
(4) |the editions of the Standard to which the proposed case applies
(d) Alcase is effective for use when the public review process has been completed and it is approved by the cognitant
supervidory board. Approved 'cases are posted on the committee web page.

Interpretations. Upon‘request, the committee will issue an interpretation of any requirement of this Standard, An
interpreftation can beisstied only in response to a request submitted through the online Interpretation Submittal Form at
https://po.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-nail
confirmjng receipt.

ASME|doesnet'act as a consultant for specific engineering problems or for the general application or understandirjg of
the Standardrequirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should skekassistance the request will he returned with the recommendation that suich assistance be obtained Inquikers
can track the status of their requests at https://go.asme.org/Interpretations.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

Interpretations are published in the ASME Interpretations Database athttps://go.asme.org/Interpretations as they are
issued.

» o«
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Committee Meetings. The PVHO Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/PVHOcommittee.
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Section 1
General Requirements

INTRODUCTION

This Standard defines the requirements that are appli-
cable to all pressure vessels for human occupancy
(PVHOs) fabricated to this Standard (Sections 1
thrqugh 4) and shall be used in conjunction with specific
reqliirements in Sections 5 through 7, as applicable, and
Mardatory Appendices of this Standard. In the event of
conflict between Sections 1 through 4 and Sections 5
thrgugh 7, the application-specific requirements from
Secfions 5 through 7 shall govern.

PVHOs shall be designed, fabricated, inspected, tested,
marked, and stamped in accordance with the require-
menpts of this Standard and of the ASME Boiler and Pres-
sur¢ Vessel Code (ASME BPV(), Section VIII, Division 1 or
Division 2, unless otherwise permitted within this Stan-
dargl.

I-service requirements for PVHOs are found in ASME
PVHO-2.

1-1

1-2| SCOPE
1-2|1 Application

This Standard applies to all pressure/vessels that
enclose a human within their pressure boundary while
under internal or external pressure-exceeding a differen-
tial pressure of 2 psi (15 kPa). PVHOs include, but are not
limjted to, submersibles, diving bells, and personnel
trarsfer capsules, as well @sydecompression, recompres-
sion], hypobaric, and hyperbaric PVHOs.

1-2{2 Geometry

The scope pfithis Standard in relation to the geometry is
the [pressurelboundary as defined in the User’s Design
Spekification and shall include, but not be limited to,
the [follewing:

(k) pressure-retaining covers for vessel 0penfings

1-2.3 Limitations

The pressure boundary of the PVHO shall be as|follows:
(a) welding end connection forthe first circumferential
joint for welded connections
(b) the first threaded joint for screwed conngctions
(c) the face ofthe firstflahge for bolted, flanged connec-
tions
(d) the first sealiug surface for proprietary conhections
or fittings

1-3 EXCLUSIONS

The following types of vessels are excluded ffom this
Standard:

(a) nuclear reactor containments

(b) pressurized airplane cabins

(c) aerospace vehicle cabins

(d) caissons

1-4 USER REQUIREMENTS

It is the responsibility of the user, or an agent acting for
the user who intends that a PVHO be designed, fabricated,
inspected, tested, marked, stamped, and certified to be in
compliance with this Standard, to provide or cayse to be
provided for such PVHO, a User’s Design Specification. The
User’s Design Specification shall set forth the intended
operating conditions of the PVHO to provide the basis
for design. It shall identify the external enviroment to
which the PVHO will be exposed, the intended function
of the PVHO, mechanical loads imposed on the PVHO, spe-
cific installation requirements, and applicable cqdes and
standards.

1-5 MANUFACTURER’S DATA REPORT

(a—stettsof Tevotution

(b) openings and their reinforcements
(c) nozzles and other connections

(d) flat heads

(e) quick-actuating closures

(f) vessel penetrations

(g) attachments and supports

(h) access openings

(i) viewports

(j) pressure relief devices

The manufacturer or a designated agent shall make
design calculations and prepare a Manufacturer’s Data
Report stating that the design, as shown on the design
drawings, complies with this Standard and the User’s
Design Specification.

Aregistered Professional Engineer, or the equivalent in
other countries, shall certify that the Manufacturer’s Data
Report is in compliance with this Standard and the User’s
Design Specification.
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If required by the owner, state, or jurisdictional autho-
rities, the PVHO manufacturer shall register and file data
reports and viewport forms with the National Board of
Boiler and Pressure Vessel Inspectors (1055 Crupper
Avenue, Columbus, OH 43229). The data reports for
ASME PVHO-1 are PVHO-1 Form GR-1 and PVHO-1
Form GR-1S; the viewport forms are PVHO-1 Form
VP-1 and PVHO-1 Form VP-2. As applicable, the data
reports for ASME BPVC, Section VIII are Division 1

test temperature shall not be higher than that specified
in (a) regardless of the temperature shown in SA-20, Table
A1.15.

(d) Ferrous materials thatare 0.625 in. (16 mm) or less
in thickness are exempt from the additional toughness
tests of (a) through (c) provided these materials are
either of the following:

(1) normalized, fully killed, and made in accordance
with fine grain practice

Forms (-1 and U-2 or Division 2 Forms A-1 and A-2.

1-6 MJTERIALS

All PVHO materials shall meet the requirements of this
Standardgl.

Presstyire vessel metallic material shall meet the speci-
fied Divlsion of Section VIII of the ASME BPVC. Nonstan-
dard materials shall be qualified for use as defined in
Nonmanpdatory Appendix D. The following materials
shall ndt be used for pressure parts: SA-36, SA-283,
SA-515,|and cast and ductile iron.

Ferropis materials for PVHOs shall also comply with the
following requirements:

(a) Except as provided for in (b), (c), (d), or (e), drop-
weight tpsts in accordance with ASTM E208 shall be made
on all wrought and cast ferrous materials. For plates, one
drop-wdight test (two specimens) shall be made for each
plate in the as-heat-treated condition. For product forms
other thlan plate, one drop-weight test (two specimens)
shall bel made for each heat in any one treatment lot.
The sathpling procedure for each form of materjal
shall comply with the requirements of the specifications
listed inl ASME BPVC, Section VIII, Division 1, Table UG-
84.3 or $ection VIII, Division 2, para. 3.10.4, as(applicable.
The test{shall be conducted at a temperature 30°F (17°C)
lower tHan the minimum temperature foryseamless and
postwelfl heat-treated vessels, and 50%F (28°C) lower for
as-welded vessels. The two specimens shall both exhibit
no-break performance.

(b) When, due to the material thickness or configura-
tion, drdp-weight specimens.cannot be obtained, Charpy
V-notchtests shall be canducted. The Charpy V-notch test
of each rhaterial shall'comply with the requirements of the
applicaljle materiakspecification or, when none is given,
shall comply in‘allrespects with the requirements of the
applicaljle product form specifications listed in ASME
BPVC, Sgction VIII, Division 1, Table UG-84.3 or Section

(2) fully killed, made in accordance with fine,gfain
practice with a grain size of 5 or finer and an dperafting
temperature of 50°F (10°C) or higher

(e) The additional toughness tests of (a) through (c)
may be waived for the 300 series stainleSs steels.

(f) When the material has a specified minimum yield
strength exceeding 60 ksi (414 MPa),weld metal and hieat-
affected zone impact properties for weld procedure quali-
fications and weld productioh.tests shall also meet|the
requirements of the specified Division of ASME BFVC,
Section VIII at a test temperature 30°F (17°C) lower
than the design temperature, regardless of the value of
the minimum deSign metal temperature.

PVHOs constructed of ferrous materials that|are
exposed to the corrosive effects of marine environments
shall haveprovisions made for the desired life by a suithble
increase'in the thickness of the material over that requjred
by the-design procedures, or by using some other suitpble
method of protection.

1-7 DESIGN AND FABRICATION REQUIREMENT[S

1-7.1 Joint Design

The design and fabrication shall be in accordance yith
the specified Division of ASME BPVC, Section VIII and the
following requirements common to all PVHOs, unlless
otherwise permitted within this Standard:

(a) Alljoints of Categories A through C shall be Typg No.
1 of Table UW-12 for ASME BPVC, Section VIII, Divisipn 1
vessels or shall be weld joint Type 1 of Table 4.2.2 |and
meet the requirements of para. 6.2.4.1 for ASME BPVC,
Section VIII, Division 2 vessels.

(b) All joints of Category D shall be full-penetrafion
welds extending through the entire thickness of|the
vessel or nozzle wall and shall be Type No. 1 or Type
No. 7 of Table UW-12 for ASME BPVC, Section VIII, Divifion
1 vessels or weld joint Type 1 or Type 7 of Table 4.2.3 for

VIII, Division 2, para. 3.10.4, as applicable. For either
case, the test temperature shall not be higher than that
specified in (a).

(c) As an alternative to the requirements of (a), those
materials listed in ASME BPVC, Section II, Part A, SA-20,
Table A1.15 may be accepted on the basis of Charpy V-
notch testing. Testing shall be in accordance with the
procedures contained in the specified Division of ASME
BPVC, Section VIII, except that the acceptance criteria
for plate shall be from each plate as heat treated. The

ASME BPVC, Section VIIT, Division Z vessels. Backing strips
shall be removed.

(c) Intermediate heads may be designed in accordance
with Figure UW-13.1(e) for ASME BPVC, Section VIII, Divi-
sion 1 vessels only when the following conditions are met:

(1) The allowable stress used in the calculations for
the intermediate head and for the shell that the inter-
mediate head is attached to shall be 70% or less of the
allowable stress found in ASME BPVC, Section II, Part
D. This reduced allowable stress shall apply to the
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shell only for a distance measured parallel along the shell
of 2.5(lefs)1/2 from the centerline of the butt weld to
either side (t;; or ts;) [reference ASME BPVC, Section
VIII, Division 1, Figure UW-13.1(e)]. R,, and t; are the
shell mean radius and thickness (in inches or millimeters),
respectively, for the shell section under consideration.
(2) The flange of the intermediate head shall be at
least 1 in. (38 mm) long and shall be welded to the shell
with a minimum fillet weld of t,/2 or % in. (6.4 mm
whichever is less.
(3) The allowable stress value for the butt weld shall
be 70% or less of the allowable stress value for the vessel
material. The allowable stress value for the fillet weld shall
be 35% or less of the allowable stress value for the vessel
material [reference ASME BPVC, Section VIII, Division 1,
UW}13(c)(2)].
(4) In addition to the strength requirements of
. 1-7.1, stiffener rings or other attachments

ical shell section to form an intermediate head, as
shopn in Figure 1-7.1-1, for PVHOs constructed in accor-
danfe with ASME BPVC, Section VIII, Division 1, provided
the [following conditions are met:

(1) Head thickness shall be calculated in accordance
with ASME BPVC(, Section VIII, Division 1, Mandatory
Appendix 1, 1-6(g)(1)(-a) and 1-6(g)(1)(-b) with P
beifjg the maximum pressure acting on either side. For,
prefsure on the convex side of the head, ASME BRVC,
Section VIII, Code Case 2286-6 may be used to detérmine
the|lhead thickness as an alternative to ASME BPVC,
Section VIII, Division 1, Mandatory Appendix-1, section
1-6] For differential pressure design, see/ASME BPVC,
Section VIII, Division 1, UG-19(a). The maximum inter-
medliate head dish radius, L, shall-be limited to the
shell inside diameter.

(2) The stresses in the area.of the head-to-shell joint
shall be evaluated in accordance with ASME BPVC, Section
VIII| Division 2, Parts 5,2.and 5.3. ASME BPVC, Section VIII,
Division 1 allowable stresses shall be used as the basis for
stress categorization. The cyclic loading conditions shall
be ¢valuated orexempted per ASME BPVC, Section VII],
Division 2, Part 5.5.

(3) Theweld shall be full penetration through the
heafl thickness (see Figure 1-7.1-1).

(4) When the shell base material is formed from

(5) After welding and any PWHT, the weld joint shall
be examined by magnetic particle examination in accor-
dance with ASME BPVC, Section VIII, Division 1, Manda-
tory Appendix 6 or by liquid penetrant examination in
accordance with ASME BPVC, Section VIII, Division 1, Man-
datory Appendix 8.

1-7.2 Welding

dance with ASME BPVC, Section IX.

1-7.3 Nondestructive Testing

All nondestructive testing shall conform to ASME BPVC,
Section V.
(a) All Type No. 1 butt welds shall be 100% radio-
graphed. All Type No. 7 cornet welds shall be 100% ultra-
sonically examined. Both' the above radiographic and
ultrasonic inspections‘shall be performed in acdordance
with the specified Pivision of ASME BPVC, Sectjon VIIIL.
(b) PVHO vessels that incorporate an intermediate
head per para. +7.1(c) shall be inspected as follows:
(1) The butt weld joint shall be 100% radiographed
and 100% ultrasonic examined per the requiremments of
ASMENBPVC, Section VIII, Division 1 or Division| 2.
(2) The butt weld, fillet weld, and/or seal weld shall
béexamined after hydrostatic test in accordance with (d).
(c) The reverse side of the root pass of doubld-welded
joints shall be sound. This shall be shown by magnetic
particle (MT) or liquid penetrant (PT) examination. If nec-
essary, chipping, grinding, or melting-out may be fequired
to ensure sound metal. Weld metal shall then bg applied
from the reverse side.
(d) After hydrostatic tests, all pressure-retainipng welds
and/or seal welds shall be examined in accordapce with
the requirements for either MT examination (ASME BPVC,
Section V, Article 7) or PT testing (ASME BPVC, Sgction V,
Article 6). The acceptance criteria shall be thoge of the
applicable requirements of the specified Divjision of
ASME BPVC, Section VIII.

1-7.4 Electrical Outfitting

All electrical penetrators through the pfessure
boundary shall be suitable for the environment in
which they will operate in order to minimize [the risk
of fire, explosion, electric shock, emission pf toxic

fumes ta pnrcnnnal, and g:ﬂvnnir‘ action on the pressure

plate, the region 9 in. (230 mm) or (Rs)'/?, whichever
is greater, above and below the weld centerline shall
be ultrasonically examined in accordance with SA-578,
and the Level C acceptance criteria shall apply. R and
t; are the shell radius and thickness, respectively. For
all shell product forms, the completed weld shall be ultra-
sonically examined after any postweld heat treatment
(PWHT) in accordance with ASME BPVC, Section VIII, Divi-
sion 1, Mandatory Appendix 12.

boundary.

Electrical penetrators and equipment shall not be
damaged by pressurization and depressurization of the
PVHO to operating pressures.

1-7.5 Viewports

Viewports shall conform to Section 2.
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1-7.6 Penetrations

Penetrations of the pressure boundary shall comply
with the following:

(a) Penetrators shall be constructed of material
suitable for the intended service and compatible with
the vessel shell material.

(b) Penetrators shall be either of standard piping
components or of a port and insert construction. See

(c) For hydrotest of vacuum only, or altitude (hypo-
baric) chambers, per ASME BPVC (2017 Edition),
Section VIII, Division 1, UG-99(f), a vacuum test of 1.25
times the maximum allowable altitude shall be conducted
and maintained for a minimum of 1 hr, provided the
following tests have been performed:

(1) The pressure vessel shall be tested in accordance
with ASME BPVC (2017 Edition), Section VIII, Division 1,
UG-99(f).

Nonmarndatory Appendix B, FIgures B-2-1 amd B-3-1-

(c) Where a penetrator is of the port and insert
construftion, the insert shall be constructed of ASME
PVHO njaterial.

(d) Sg¢aling surfaces of elastomer-sealed penetrators
shall be|protected from corrosion effects.

(e) Pénetrators incorporating piping or commercial
componlents shall be rated by the manufacturer to be
suitable|for the intended design pressure and tempera-
ture, anfl meet the testing requirements of para. 1-7.8.

(f) Pqnetrators and inserts shall be tested in accor-
dance with para. 1-7.8.

Portidns of the insert that become part of the pressure
boundary shall be tested to the same pressure required for
the PVHD. Portions of the insert that are subject to greater
pressur¢ than the pressure boundary shall be tested in
accordance with the requirements of Section 4.

(g) Exceptas permitted in (e), penetrations of the pres-
sure boyndary including piping, windows, manways, and
service Jocks shall conform to the reinforcement require-
ments of ASME BPVC, Section VIII, Division 1 or Division 2.
Plate material used as reinforcement shall meet the re-
quiremgnts of ASME BPVC, Section VIII, Division 1, Man-
datory Appendix 20 or Section VIII, Division 2, section 3.9.

1-7.7 Inspection

All PYHOs and processes used in their manufacture
shall be finspected in accordance with thé manufacturer’s
quality fssurance system, in accordance with Section 3.

1-7.8 Tlesting

All PYHOs and pressure-retaining components of
PVHOs $hall demonstrate structural integrity through
testing 3s follows:

(a) A]ll internally pressurized vessels shall be tested
accordihg te_the applicable Section of this Standard
and/or t]he specified Division of ASME BPVC, Section VIII.

(2) Windows shall be tested according to
subsection 2-7.

1-7.9 Documentation

1-7.9.1 PVHO Pressure Vessel Manufacturer Dgcu-
mentation. The manufacturer (PVH@) ‘shall provide| the
owner/user or designated agent’a copy of the Manyfac-
turer’s Data Report [PVHO-1¢Form GR-1 (PVHO-1 Fprm
GR-1S)] and Forms U-1 and.U:2’(Division 1) or Forms|A-1
and A-2 (Division 2), as-applicable, for PVHOs built to
ASME BPVC(, Section VIII. The manufacturer (PVHO)
shall retain a copy(of the Manufacturer’s Data Report
(PVHO-1 Form.GR-1); applicable ASME BPVC, Secfion
VIII forms; and.all viewport-supporting documents|per
Section 2 on file for at least 10 yr from the date of manu-
facturesNondestructive testing documentation shall meet
the requirements of ASME BPVC, Section V. In addition to
the'aforementioned documentation, the manufactjirer
(RVHO) shall furnish the following documentatiop to
the user or designated agent:

(a) instructions critical to the maintenance of the PYHO

(b) instructions critical to the operation of the PYHO
and subsystems (operating procedures)

(c) coating/painting information

(d) photocopy or equivalent of the PVHO data plate

(e) list of standards used

(f) seal and gasket sizes and materials

(g) User’s Design Specification

(h) evidence of successful completion of any tpsts
required in para. 1-7.8

(i) system schematics (life support, hydraulics, glec-
trical, communications, etc.)

(j) system descriptions (life support, hydraulics, glec-
trical, communications, etc.)

(k) assembly drawings, including viewport assembly
drawings that provide the general dimensions, $eat
and seal configuration, and retainer ring and fast¢ner

(b) Untessotherwisestated-inthisStarrdard;attexter=
nally pressurized vessels, regardless of the design rules
used, shall be subjected to an external pressure test to
a differential pressure not less than 1.25 times the
maximum allowable working pressure (MAWP). The
test pressure shall be maintained for not less than 1
hr. The differential test pressure may be achieved by a
combination of internal and external test pressures.

detaits

() equipment documentation (technical manuals,
catalog cuts, etc.)

In lieu of the manufacturer retaining the above data
reports and viewport forms for 10 yr, the manufacturer
may register and file the reports and forms with the
National Board of Boiler and Pressure Vessel Inspectors
(1055 Crupper Avenue, Columbus, OH 43229).

(23)
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1-7.9.2 PVHO Systems Integrator Documentation.
Where the systems integrator is not the same as the pres-
sure vessel manufacturer, complete PVHO-1 Form GR-2
(PVHO-1 Form GR-2S).

1-7.10 Piping

Unless otherwise permitted within this Standard,
piping shall conform to the requirements of Section 4.

1-7.15 Supports and Attachments

Consideration shall be given to the following:

(a) The design shall consider the external local forces
transmitted to the PVHO.

(b) Only those materials permitted for shells may be
used for welded lifting attachments, and the material
shall be compatible with that of the shell.

1-7]11 Opening Reinforcements

All opening reinforcements shall be integral with the
nozzle and/or shell. Reinforcement pads are not
permitted.

1-7/12 Brazed or Riveted Construction

Brazed or riveted construction is prohibited on the
pressure boundary.

1-7{13 Hatch Design

Hatches that do not use bolts for attachment may be
designed in accordance with the requirements of ASME
BPVC, Section VIII, Division 1, Mandatory Appendix 1,
1-6{g) with the following conditions:

(4) The circular centerline of the spherically dished
heafl shall pass through the centroid of the flange.

() The connection ofthe dished head to the flange shall
inclpde one or more fillets of radius not less than 10 mm.
(4) Ifan O-ring seal is specified, it shall be located at the
medn radius of the flange.

(d) Hatch construction shall be from materials that
megt ASME PVHO requirements.

(4) If the hatch is convex to pressure; thé minimum
thickness of the head shall be the greater of that deter-
mined in ASME BPVC, Section VIII, Division 1, Mandatory
Appendix 1, 1-6(g) or that calculated)from Nonmandatory
Appendix G.

(P The design of doors and hatches shall have a safety
intdrlock system if pressure acts to open or unseat the
dodr or hatch. The safety interlock system shall not
permit pressurization of the door or hatch unless the
doof/hatch clostre is fully engaged.

1-7]14 Rectangular Door Design

If| reckangular openings are employed in ASME BPVC,
Section VIIL, Division 1 or Division 2 construction, a

Unless otherwise specified, the followingtequirements
shall be met for pressure relief devices installed o PVHOs.

(a) The applicable requirementssof ASME BPVC,
Section VIII, Division 1, UG-125 through UG-136 or
Section VIII, Division 2, Part 9skall be met.

(b) A quick-operating manual shutoff valve |shall be
installed between the PVHO and the pressute relief
valve, and shall be normally sealed open with a tr;angible
seal as permitted in ASME BPVC, Section VIII, Diyision 1,
UG-135(e) and Nonmandatory Appendix M, and |Division
2, Annex 9.A. The'valve shall be readily accessibje to the
attendant nfonitoring the operation of the PVHOQ.

(c) Rupture disks shall not be used, except in series
upstream of pressure relief valves to prevlent gas
leakage, and shall meet all other applicable requirements
of,the ASME BPVC.

1-9 MARKING

1-9.1 PVHO Pressure Vessel Manufacturer
Marking

(a) Each PVHO shall be marked with the follpwing:
(1) designation of this Standard, PVHO-1
(2) name of the manufacturer of the pressurje vessel,
preceded by the words “Certified by”
(3) maximum allowable working pressure, psig
(MPa gauge) (internal) and/or psig (MPa|gauge)
(external) at °F (°C) maximum and °F (°C) minimum
(4) manufacturer’s serial number
(5) year built
(6) design criteria: PVHO-1-2023, Section (g.g., 5, 6,
or 7 as applicable)
(b) The marking described in (a) shall be onja name-
plate substantially as shown in either Figure 19.1-1 or
Figure 1-9.1-2, as applicable. It shall be of materialsuitable
for the intended service and remain legible for the life of

detailed analysis of the interaction of the entire assembly
(i.e., door, door frame, adjacent shell, and relative appur-
tenances) shall be performed to ensure the design is
adequate for the intended application. For Division 2
vessels, the analysis shall be performed in accordance
with ASME BPVC, Section VIII, Division 2, Part 5. For Divi-
sion 1 vessels, see ASME BPVC, Section VIII, Division 1,

U-2(g).

the vessel. Nameplates shall be located in a conspicuous
place on the vessel.

(c) Nameplates shall have markings produced by
casting, etching, embossing, debossing, stamping, or
engraving, except that the “PVHO-1" lettering shall be
stamped on the nameplate.

(23)
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(1) The required marking on the nameplate shall be
in characters not less than %, in. (4.0 mm) high, exceptthe
lettering “PVHO-1” shall not be less than ¥% in. (9.5 mm)
high and shall be legible.

(2) Characters for metallic nameplates shall be
either indented or raised at least 0.004 in. (0.10 mm).

(d) The nameplate may be marked before itis affixed to
the vessel, in which case the manufacturer shall ensure
that the nameplate with the correct marking has been

(2) Where the normal duration of PVHO occupation
is less than 8 hr, the PVHO shall be sealed and maintained
at maximum operating temperature for at least 8 hr, after
which time atmospheric gas samples shall be obtained
from inside the PVHO and analyzed. The off-gassing
test shall be performed with all openings sealed and
with the PVHO at 1 atm (nominal), regardless of
MAWP. However, a slight pressurization of the PVHO
(prior to closing or sealing) may be used to aid in obtaining

applied
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increasq
with in
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to the proper vessel.

e nameplate shall be permanently attached to the
- to a pad, bracket, or structure that is welded or
| directly to the vessel. The nameplate shall be
within 30 in. (76 cm) of the vessel. Removal
juire willful destruction of the nameplate or its
ent system.

addition to the requirements of (a) through (d),
cable stamping requirement of the specified Divi-
ASME BPVC, Section VIII shall be met.

VHO Systems Integrator Marking

here the systems integrator is not the same as the
vessel manufacturer, a second nameplate shall
hed as shown in Figure 1-9.2-1 or Figure 1-9.2-2.
he Systems Integrator nameplate shall be of mate-
ble for the intended service, shall remain legible
life of the vessel, and shall comply with
£9.1(c) through 1-9.1(f).
the ASME PVHO-1 systems section of the name-
mp 5, 6, or 7 where applicable or stamp “Altitude”
se of altitude systems.

DNMETALLIC MATERIALS AND TOXICITY
FF-GAS TESTING

11 nonmetallic materials(off-gas volatile
ces that may be toxic. Thé rate of off-gassing
s with increasing temperature and decreases
reasing age of the material (e.g., plastics and

PVHOs whose pxitnary means of life supportis by
on of the atmpsphere and/or by mask supply from

an external gas source, off-gassed volatiles are continu-

ously re

moved. and are normally not of consequence,

gas samples.
(3) The gas sample shall be analyzed using|ap

pro-

priate gas chromatography/mass spectromgtry
(GC/MS) methods. The concentration leicel of volatile
compounds shall not exceed the threshold limit vajues

(TLVs) set forth in the current edition.0f ACGIH Thres
Limit Values for Chemical Substances.or the OSHA per
sible exposure limits (PELs) setforthin 29 CFR1910.1
as stipulated by the user.tIf.any of those limits
exceeded, the PVHO shall.be well ventilated with c
air, and the procedure shall be repeated until satisfac
results are obtained:

hold
nis-
00,
are
ean
fory

(4) The use’of higher temperatures and/or lofger
durations to_“bake out” sources of contaminants pjrior

to testing is{permitted. Care shall be taken no

t to

exceed the\design temperature of components incluling

acrylic windows.

(5) Where normal durations of PVHO occupa
exceed 8 hr, the previous procedures apply with the ex
tion that the PVHO shall be sealed and maintaine
maximum operating temperature for at least

fion
Cep-
d at
the

maximum duration of exposure anticipated. The AQGIH
TLVs (or OSHA PEL values) used for evaluation shall

be modified by multiplying them by a value of F

p as

shown in Table 1-10-1 (linear interpolation is permitted).

(6) Where normal durations of PVHO occupa
exceed 24 hr, the duration of off-gas may be less, prov

tion
ded

that the quantification and reporting limits are less than
the allowable limits divided by the ratio of occupation

duration divided by test duration. And the res
obtained would then be extrapolated by multiplyin
the same ratio of occupation duration divided by test d
tion. For example, in the case of “screening” [see (10

ults
> by
lira-

1 if

the anticipated occupation duration is 5 days, the offfgas

duration may be limited to 24 hr, with the results m

ulti-

such thdt the“procedures in (d) need not apply.

(c) InPVHOs where the primary means oflife supportis
by additi £en—a emoVa 3 ioxide
(COy), off-gassed volatiles will accumulate. Thus, after
fabrication and completion of all outfitting, the toxicity
off-gas test procedures in (d) are required of any such
PVHO that has internal paint or contains nonmetallic
materials (other than acrylic windows).

(d) Toxicity Off-Gas Testing Procedures

(1) Internally pressurized PVHOs should be pressur-
ized to MAWP atleast once and then thoroughly ventilated
prior to doing the off-gas testing.

plied by 5, provided that the quantification and reporting
limits were less than 5 parts per million (ppm) (vs. 25 ppm

results (after multiplying by 5) exceeded 25 ppm and/or
10 ppm, respectively, then the quantity of gas sample for
GC/MS analysis would need to be sufficient to provide
quantification and reporting limits of 20 parts per
billion (ppb) (vs. 0.1 ppm). And if that were not practical,
then the time ratio used in the testing would need to be
appropriately less.
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(7) For PVHOs that use hydroxide absorbents (e.g.,
LiOH, soda lime) for the removal of carbon dioxide (CO3),
the concentrations of trichloroethylene, vinylidene
chloride, methyl chloroform, and acetylene dichloride
shall not exceed 0.1 ppm, regardless of their ACGIH
TLV (or OSHA PEL) or duration of occupation; i.e.,
Table 1-10-1 does not apply to those four compounds.

(8) Where reactive compounds (e.g., ammonia,
chlorine, hydrogen sulfide, sulfur dioxide) are anticipated,

1-12.2 Exclusions

Lithium batteries used for portable equipment, e.g.,
laptops, cell phones, cameras, or other portable equip-
ment, are not included under the scope of these require-
ments.

1-12.3 Certification
Lithium batteries shall be certified by a third-party

on-pite testing for the presence of these compounds
shopld be done using appropriate color-change indicator
tubes (e.g., Draeger, Gastec). Evaluation of the test results
shall be in accordance with (3), (5), or (6), as applicable.
(9) Where potential sources of mercury vapor are
anticipated, on-site testing for its presence should be
donle using either color-change indicator tubes with a
sufficiently low detection limit or a gold-film-type
analyzer. Evaluation of test results shall be in accordance
with (3), (5), or (6), as applicable.

(10) If the total halogen concentration can be shown
to he less than 10 ppm, and the total hydrocarbons
(expressed as methane) can be shown to be less than
25 ppm, then the GC/MS analysis and evaluation need
notpe done. However, if either of those limits is exceeded,
the |GC/MS analysis and evaluation are required.

1-11 RISK ANALYSIS

The PVHO designer shall implement and document an
estdblished standard or procedure (such as a failureé-
modles, effects, and criticality analysis or a safety-
hazjrds analysis) for evaluating and mitigating, potential
riskis associated with the PVHO and associatéd*systems.
Potential hazards shall include both hardware failure and
opefator error. The risks identified shall'be evaluated and
mitjgated to a level acceptable by the-user or appropriate
authority. Mitigation and protective measures may
include design features that minimize the probability
of occurrence, inspection and-tests during and following
fabrication, implementation of safety and/or warning
devifices, protective systéms, and caution or warning
profedures and labels. The risk analysis results shall
be retained by the designer in accordance with para. 1-7.9.

1-12 LITHIUM BATTERIES
1-12.1>Scope

independent agency, e.g., Underwriters Labofatories
(UL) or Canadian Standards Associatidon ((SA), as
complying with the requirements of one‘of-the fpllowing
standards:
(a) Section 38.3, UN Manual of(Tests and Criteria
(b) UL 1642, UL Standard\ for Safety of Lithium
Batteries
(c) other equivalent recognized national or finterna-
tional standards for lithitfo1’ batteries

1-12.4 Installation

(a) Unless otherwise permitted by the jurisdlictional
authority, lithium batteries shall be installed|outside
the occupied pressure boundary of the PVHO.

(b);Allinstallations shall include appropriate neans to
prévent inadvertent shorting between the terminals of
lithium batteries (e.g., nonshorting caps).

(c) Prior to installation, a risk analysis shall b¢ carried
out for evaluating and mitigating potential risks asso-
ciated with the lithium battery installation, ag well as
the normal and emergency operating procedurgs.

1-12.5 Battery Housings

Lithium batteries may be installed in either|a 1-atm
housing or a pressure-compensated housing.
(a) General Requirements. All battery instdllations
housing lithium batteries shall meet the following
general requirements:
(1) The housings shall be installed in locations that

are as far away as practicable from sources |of heat,
compressed gas cylinders, and acrylic windows o PVHOs.
(2) The housings shall be mechanically protected
from direct impact loads. For PVHOs that are trasported
while in service (e.g., diving bells or submersibles), the
battery housing shall also be protected from accgleration
shock loads.
(3) The housings shall be provided with means of

The requirements of this subsection apply to recharge-
able and nonrechargeable lithium batteries that are used
as the main or emergency source of power for the PVHO.
These include, but are not limited to, lithium ion, lithium
alloy, lithium metal, and lithium polymer type batteries, or
other lithium battery chemistries that have the potential
for self-sustaining energy release.

pressure relief (such as blowout plugs or vents) in
order to relieve any potential pressure buildup within
the housing due to malfunctioning batteries. The
discharge of the means of pressure relief shall be
vented as far away as practicable from sources of heat,
compressed gas cylinders, and acrylic windows on PVHOs.
(4) All electrical circuits shall be insulated and
isolated from the structural elements of the housings.
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(5) The housings shall be labeled appropriately and
shall be provided with appropriate signs warning person-
nel against inadvertent abuse.

(b) 1-atm Housings. When lithium batteries are
installed in 1-atm housings, the following additional re-
quirements shall be met:

(1) Thehousings shall be designed to permit purging
and charging of the internal atmosphere with inert gas, so
as to minimize the oxygen concentration below the flam-

1-12.8 Testing

(a) Lithium batteries exposed to ambient pressures
exceeding 1 atm shall be hydrostatically pressure
tested prior to being placed in service. The pressure
testing shall be carried out to the maximum rated
depth of the PVHO. Satisfactory operation of the batteries
shall be demonstrated during this pressure testing.

(b) Forrechargeable batteries, functional testing of the

mable limit.

(2)|All of the electrical equipment within the hous-
ings shalll be of the explosion-proof type.

(3)|Water intrusion sensors, fire detectors, and pres-
sure angl temperature sensors, as appropriate, shall be
providedl within the housings. These devices shall activate
audiovidual alarms in order to alert the PVHO operator of
an advefse event (e.g, a fire or water leakage) within the
housing

(4)|When the battery housings are contiguous with
the pressure boundary of the PVHO, these housings shall
meet the “A60” structural fire protection rating as defined
by the IMO International Code for Application of Fire Test
Procedures (FTP Code), or equivalent recognized stan-
dards.

1-12.6 Battery Management System (BMS) for
echargeable Batteries

Rechdrgeable lithium battery installations shall be
providedl with an electronic BMS.
(a) The BMS shall provide means for
(1) |monitoring the state of charge and state of health
of the bhtteries
(2) | charge control to prevent overcharging/under-
charging and voltage reversal
(3)|discharge control to prevent overdischarging
(4)|intermodule and intramodule balancing of the
cells
(5) |overcurrent (short circuit)/protection to prevent
overcurfent discharge
(b) The BMS shall provide real-time performance
monitorjng of the following parameters:
(1) |voltages (cell level and module level)
(2)|currents. (cell level and module level)
(3) | state of.charge and state of health (module level)
(4) |temperature (module level)
(c) Appropriate sensors and audiovisual alarms shall

BMS(See para. 1-12.6) shail be carried out.

(c) Fornonrechargeable batteries, functional testitlg of
the battery protection devices (see para. 1-12,7))shall be
carried out.

1-12.9 Charging

(a) For rechargeable lithium Batteries, the charging
procedures shall be documented-in the operations [and
maintenance manuals of thé\PYHO.

(b) Asaminimum, the charging procedures shall follow
the battery manufacturer’s recommendations and speci-
fications.

(c) Charging of lithium batteries shall be carried|out
while the PVHO) is not in service, using the manuffac-
turer-specified battery chargers.

1-12.10"Replacement

(@) Lithium batteries (including individual cells) ghall
be replaced, taking the following into consideration
(1) manufacturer’s recommendations and specifica-
tions
(2) visual inspection
(3) deterioration of performance
(b) The replacement shall be carried out when|the
PVHO is not in service.

1-12.11 Manuals and Records

(a) The normal and emergency operating and mainte-
nance procedures for the use of lithium batteries shall be
documented in the operations and maintenance manpals
of the PVHO.

(b) As a minimum, these procedures shall follow| the
battery manufacturer’s recommendations and specifica-
tions.

(c) The emergency procedures shall address events
such as fires, thermal runaways, short circuits, leaks, haz-
ardous gas buildup, low-temperature charging, electfical

be provided to atert tite PVHO operator when the param-
eters in (b) are outside their allowable limits.

1-12.7 Protection for Nonrechargeable Batteries

Nonrechargeable lithium battery installations shall be
provided with the following:

(a) over-temperature protection

(b) overcurrent (short circuit) protection

(c) voltage reversal protection

shocks, and stored energy hazards, as applicable.

(d) Any special measures taken for mitigating or elim-
inating potential risks [see para. 1-12.4(c)] shall be docu-
mented in the operations and/or maintenance manuals.

(e) Alogshall be maintained to record vital information
such as the installation dates and maintenance history of
the batteries.
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1-13 AUTOMATIC CONTROL AND SOFTWARE
SAFETY

Software risk is a function of the potential severity of
mishap in conjunction with the degree of autonomy
exerted by the software. The risk mitigation consists of
software (code) analysis, testing, and validation, with
the level of rigor applied being commensurate with the
potential level of risk. The following shall apply to

confrol safety-critical systems or functions.

The PVHO designer shall implement and document a
soffware safety analysis (including analysis, testing,
and|validation) that is in accordance with an established
stajdard or procedure. Examples include (but are not
limited to) the (DOD) Joint Software Systems Safety Engi-
neefing Handbook and (FDA) General Principles of Soft-
warle Validation: Final Guidance for Industry and Staff.

This safety analysis shall be performed by a qualified
person other than the software developer, and the results
of the software safety analysis, testing, and/or validation
shall be retained by the designer in accordance with
parg. 1-7.9.

Aldditionally, there shall be an independent method of
mOJlitoring and manually controlling all life-critical
systlems. If applicable, the risk analysis should consider

risks potentially associated with connection to the
Internet and/or third-party data centers.

1-14 OPERATIONAL PRESSURE CYCLE

Before a PVHO may be put into service, a registered
Professional Engineer, or similar, knowledgeable about
the design and intended usage of the PVHO system
shall review the User Requirements and all other available
require
tracking of pressure cycles during operation-of.the PVHO
chamber, components, and system (e.g.) for| fatigue
analysis, fracture mechanics analysis, and fitrjess-for-
service assessments). If it is determined that fracking
of operational pressure cycles is\required, one jor more
definitions for “operational pressure cycle” phall be
provided by a registered‘Professional Engineer, or
similar, knowledgeable, about the design and iptended
usage of the PVHO syStem. This definition shall include
all relevant parameters (e.g., pressure, tempgrature,
and time) that impact the minimum pressure differential
that shall be recorded during usage to track available life
for the PVH@chamber, components, and system. |t should
also include”any threshold conditions beneath Wwhich an
increase in pressure should not be counted as a pressure
cyclerVarious components may require their own unique
definition of an operational pressure cycle.

(23)


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2023.pdf

ASME PVHO-1-2023

PVHO-1 Form GR-1 Manufacturer's Data Report for Pressure Vessels for Human Occupancy
As Required by ASME PVHO-1

1. Design criteria
2. Manufactured and certified by
3. Manufactured for
4. Location of installation
5. Type
(drawing no.) (manufacturer’s serial no.) (year built)
6. The chemical and physical properties of all parts meet the requirements of material specifications of ASME PVHO-1-_____________
Tyear)
nd Addenda to and Case nos. . In addition, the design, construction, and
(date)
fvorkmanship conform to ASME Section VI, Division , and Addenda to and
(1or2) (year) (date)
ode Case nos.
7. Qonstructed for maximum allowable working pressure of psi(internal)and/or_______ ([ 'psi (external),
4t a maximum temperatureof ___ °F and/or minimum temperatureof ___ °F, and hydrostatic test pressure
f___ psi(internal)and/or—__ psi (external).
8. §ervice: Fatigue analysis required
(yes or no) (describe service)

9. Windows: Certification Reports, properly identified and signed by the window fabricator, are attached for the following items:

Diameter Nominal
No. Location Type or Size Thickness How Attached

10. Mlanufacturer’s Data Report/Partial Data Reports, completed in accerdance with ASME BPVC, Section VIII, Division
(10r2)

hd properly identified and signed by Commissioned Inspectorsjare attached for the following items (use PVHO-1 Form GR-1S for

Q

aflditional items, if necessary):

Data Report Remarks (Name of Part, Manufacturer's Name, and Identifying Stamp)

CERTIFICATION OF DESIGN

Uger's Design Specification‘en file at

Mgnufacturer’s DesigmReport on file at

Uger's Design SpeCification certified by PE. State Reg. no.
Manufacturer’ssDesign Report certified by P.E. State Reg. no.

CERTIFICATION OF COMPLIANCE

WE cerfify, that the statements made in this report are correct and that all details of material, construction, and workmanship of this
vegsseleonform to the ASME Safety Standard for Pressure Vessels for Human Occupancy (PVHO-1).

ASME Certificate of Authorization________, Certificate no. Exp. date
(U or U2)

Date 20 Company name Signed _
(PVHO manufacturer) (representative)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than
republication.

10
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PVHO-1 Form GR-1S Manufacturer's Data Report Supplementary Sheet
As Required by ASME PVHO-1

1. Design criteria
2. Manufactured and certified by
3. Manufactured for
4. Location of installation
5. Type
(drawing no.) (manufacturer’s serial no.) (year built)

Data Report Remarks (Name of Part, Manufacturer's Name, and Identifying Stamp).

Date , 20 Company name Signed
(PVHO manufacturer) (representative)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than
republication.

11


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2023.pdf

(23)

ASME PVHO-1-2023

Figure 1-7.1-1
Spherical Intermediate Head Attachment

e - —_— —

-

7~
Vessel shell -~
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PVHO-1 FORM GR-2 Systems Integrator Report for Pressure Vessels for Human Occupancy
As Required by ASME PVHO-1

1. PVHO manufacturer.

2. PVHO Manufacturer’s Data Report reference

3. PVHO systems Integrator

4. Applicable ASME PVHO-1 Sections

) PVHO systems manufactured for

6. PVHO systems location of installation

7. PVHO systems type

(drawing nos.) (manufacturer’s serial no.) (yearbuilt)

8.  The chemical and physical properties, design, construction, and workmanship of all PVHO systems parts meet th€ requirements of

ASMEPVHO-1____ (year)andCasenos.__________and PVHO systems sections
9. The PVHO systems are constructed for maximum operating pressure of psi/MPa internal and/or: psi/MPa
external at a maximum operating temperatureof _______ °F/°C and/or minimum operating tempgerature of °F/°C.

(Circle units used.)

10. PVHO systems service fatigue analysis required

(yes/no) (describe service)

11. The PVHO systems integrator’s Data Reports/Partial Data Reports are completedtirhaccordance with the ASME PVHO-1
Standard and their relevant sections are signed by a Professional Engineer and are attached for the following items (use Form
PVHO-1 GR-2S for additional items if necessary):

Data Reports Remarks (Name of Part, Manufacturer's Name, and Identifying Stamp)

CERTIFICATION OF DESIGN

User’s DesignvSpecification on file at
System Integrator’s Design Report on file at
User’s Design Specification certified by P.E. State Reg no.
System’Integrator’s Design Reportcertifiedby __ P.E. State Reg no.

Date Company name Signed

(PVHO systems integrator) (representative)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

13
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PVHO-1 Form GR-2S Systems Integrator Report Supplementary Sheet
As Required by ASME PVHO-1

1. Design criteria
2. Manufactured and certified by
3. Manufactured for
4. Location of installation
5. Type
(drawing no.) (manufacturer’s serial no.) (year built)
Data Report Remarks (Name of Part, Manufacturer's Name, and ldentifying Stamp)
Date , 20 Company name Signed
(PVHO systems integrator) (representative)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than

republication.

14
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Figure 1-9.1-1
Form of Nameplate, U.S. Customary Units

PVHO-1
Certified by

(name of manufacturer)

psi internal psi external

(maximum allowable working pressures)

°F maximum °F minimum
(design temperature range)

(manufacturer’s serial no.) (year built)

(design criteria)

Figure 1-9.1-2
Form of Nameplate, S| Units

PVHO-1
Certified by

(name of manhufacturer)

_MPainternal ___ MPa external
(maximum allowable working pressures)

°Cmaximum __ °Cminimum
(design temperature range)

(manufacturer’s serial no.) (year built)

(design criteria)

15
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Figure 1-9.2-1
Form of Nameplate With Systems Integrator, U.S. Customary Units

PVHO-1 Systems Integrator

(PVHO systems integrator)

(integrated systems serial no.) (year built)

psig internal psig external

(maximum operating pressures)

°F maximum °K'hinimum

(operational temperature range)

(ASME PVHO-1 systems sections)

Figure 1-9.2-2
Form of Nameplate With Systems Integrator, Sl Units

PVHO-1 Systems.Integrator

(PVHO systems integrator)

(integrated systems serial no.) (year built)

MPa internal MPa external

(maximum operating pressures)

°C maximum °C minimum

(operational temperature range)

(ASME PVHO-1 systems sections)

16
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Table 1-10-1
Conversion Factor, Fp (for PVHO Occupation Exceeding 8 hr)

Duration of Exposure Fp
8 hr (or less) 1.0
12 hr 0.85
16 hr 0.75
24 hr 0.65
36 hr 0.56
48 hr 0.52
72 hr 0.46
7 days 0.37
14 days 0.32
30 days 0.28
60 days 0.26
90 days (or longer) 0.25

17
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Section 2
Viewports

2-1 GENERAL

2-1.1 Sicope

This $tandard covers windows manufactured during
original [construction and windows used as replacements
during the service life of the chamber.

The wiindows covered by this Standard are intended for
use only in chambers with window service conditions
defined |by

(a) maximum allowable working pressure, equal to
design gressure

(b) mjaximum temperature at design pressure, equal to
design temperature

(c) piessure cycles, at design pressure and tempera-
ture

2-1.2 Bxclusions

The wiindows covered by this Standard are not intended
for chambers where any of the following restrictions on
design garameters are exceeded:

(a) The operating temperature shall be within the 0°F
to 150°F (-18°C to 66°C) range.

(b) The pressurization or depressurization rate shall
be less than 145 psi/sec (1 MPa/s).

(c) Tlhe fluid (external or internal) shall-be only water,
seawatef, air, or gases used in life-support systems.

(d) The number of pressure cycles'or the total duration
of the operational life of the window shall not exceed
10,000 ¢ycles or 40,000 hretespectively.

(e) The maximum operational pressure shall not
exceed 20,000 psi (138 MPa).

(f) THe exposure to.nuclear radiation shall not exceed 4
Mrad.

(g9) The designlife of the windows shall not exceed the
time linjits Specified in para. 2-2.6.

ofthe window throughout all processes associated with its
manufacture.

2-1.3.2 Additional Requirements. In addition to|the
overall window certification, the following certificatjons
shall be required for a window to belconsidered accept-
able for use in chambers:

(a) a design certificatioly for each window pnd
matching viewport assembly that shall include a
summary of engineering calculations and/or a description
of the experimental method and data used to verify
compliance of the window design with the requiremgnts
of this Standard(see subsection 2-2 for design reqyire-
ments).

(b) a material manufacturer’s certification for each lot
of acrylic that shall certify that the material meetpg or
exceeds the minimum values of physical properties speci-
fied'in Table 2-3.4-1 for each lot and verify for each casting
or lot (see subsection 2-3 for material certificatior| re-
quirements).

(c) a material certification for each window that ghall
certify that the material meets the minimum values speci-
fied in Table 2-3.4-2 and that these properties have Heen
experimentally verified. Average values specified in Table
2-3.4-2 shall be reported (see subsection 2-3 for matgrial
certification requirements).

(d) a pressure testing certification for each winglow
that shall describe the pressure, temperature, pressutiza-
tion rate, duration of sustained loading, and viewport
flange or test fixture used during the pressure fest
(see subsection 2-7 for pressure testing requiremerts).

2-1.4 Nomenclature

Symbols used in this Section are as follows:
b = width of NEMO window hatch mating flaphge,

in.
CF = conversion factor, unitless

2-1.3 Certification

Each window shall be individually identified by the
window fabricator in accordance with para. 2-6.1.

2-1.3.1 Traceability. The window fabricator shall
provide an overall window certification that shall
certify that the window has been fabricated in accordance
with all applicable requirements of the Standard (see
PVHO-1 Form VP-1 for a representative certification
form). The window certification shall provide traceability

C; = internal clearance between inside diameter of
hyperhemisphere window and seat, in.

C, = external clearance between outside diameter
of hyperhemisphere window and seat, in.

CPP = crack-free cyclic proof pressure, psi (MPa)

Df = inside diameter of window seat bearing flange,
in. (mm)

D, = diameter of opening in the pressure hull for
hyperhemispherical window, in.

(23)
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window minor diameter, in. (mm)

window major diameter, in. (mm)

inside diameter of flat disk window seat cavity,
in. (mm)

orientation of effective radial stiffness for
NEMO window, unitless

thickness of plastic insert for NEMO window,
in.

depth of window seat bearing flange, in.

thickness of compression gasket for NEMO
window, in.

inner diameter of conical seat for hyperhemi-
sphere window, in.

inner diameter of window penetration for
hyperhemisphere window, in.

length between supports for cylindrical
window, in. (mm)

edge length of a spherical sector or double-
bevel window, in. (mm)

depth of window seat for spherical sector
window with square edge, in.

= long-term proof pressure, psi (MPa)

width of equatorial flange for a hemispherical
window, in.

elevation of hatch ring for NEMO window, in.
bearing seat width for cylindrical window
subjected to external pressure, in.
operational pressure range category, unitless
seal gland depth for double-bevel window,
seat, in.

design pressure, psi (MPa)

corner radius at bearing face of widdow seat
flange, in.

inner edge fillet radius for ‘hemispherical
window with equatorial flange, in.

= internal radius of windew seat, in. (mm)

Dy/2

inside radius of eurvature, in.

external radius of window seat for cylindrical
windows, in¢

fillet radius-between hemispherical portion of
window<and flange for hemispherical window
with\equatorial flange, in.

fillet radius inside window seat edge for cylin-
drical windows, in.

outside radius of window, in. (mm)

D,/2

y = spherical angle of hatch seat for NEMO
window, deg

¢ = spherical angle of splitretaining ring for NEMO
window, deg

n = coefficient used to determine STCP for cylin-
drical windows under external pressure, unit-
less

6 = angle between adjacent penetrations in NEMO
window, in.

¢ = conical seat angle of window penetiation or
insert, deg

w = angle between adjacent pentrations in NEMO
window, in.

2-2 DESIGN

2-2.1 General

The manufacturer ofithe chamber shall be res
for ensuring that theViewport design is adequat|

ponsible
e for the

design conditions 6f the chamber. Particular attention

shall be paid to)design consideration of the ¥
including,but not limited to, the design press
temperature at design pressure, and the cycl
design\pressure.

AnASME PVHO-1 acrylic window may be assign
than one pressure-temperature rating, provide

vindow,
ure, the
c life at

ed more
il

(a) The window is in complete complianjce with

Section 2 for each pressure-temperature rating
(b) PVHO-1 Form VP-2 (Acrylic Window Desi
fication) must be completed and signed for each p
temperature rating.
(c) The pressure test shall be performed at
sure-temperature rating that requires the

bn Certi-
Fessure—

he pres-
largest

minimum thickness, t (calculated). If the minimujm thick-

ness is the same, the pressure test shall be perfd
the highest pressure.

rmed at

(d) The window shall be marked in accordapce with

this Standard for each pressure-temperature r3

2-2.2 Standard Window Geometry

2-2.2.1 Configuration. Acrylic windows in cl

ting.

hambers

must have one of the standard geometries shown in

Figures 2-2.2.1-1 through 2-2.2.1-4. Minimum ac

ceptable

thickness ratios shall comply with the requirements of

Figures 2-2.2.1-1 through 2-2.2.1-4 for the

specific

window geometry. (For acceptance of nons

fandard

STCP =
STPP =
= window thickness, in. (mm)

= combined thickness of NEMO window hatch

=™ |

short-term critical pressure, psi (MPa)
short-term proof pressure, psi (MPa)

flange and mating flange, in.

hub thickness of NEMO window hatch mating
flange, in.

conical included angle, deg

viewing angle of window seat, deg

19

window geometries, see subsection 2-11.)

2-2.2.2 Calculation. Calculations of the short-term
critical pressure (STCP), on the basis of Figures
2-2.2.1-1 through 2-2.2.1-4, satisfy the requirements of
the design certification required by this Standard

under para. 2-1.3.2(a).
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2-2.2.3 Tests. Itshall also be acceptable to establish the
STCP by conducting a series of destructive tests on full-
scale or model-scale windows performed in accordance
with the procedure in para. 2-2.5.2.

2-2.3 Determination of Dimensions for Standard-
Geometry Windows

2-2310 pSI to 10 000 pSI The dlmenswns of a stan-
dard wid e
design pressure range shall be based solely on the
window’s STCP and the approved conversion factor
(CF) fof the given maximum ambient temperature.
Minimum STCP values of standard window geometries
are givdn in Figures 2-2.5.1-1 through 2-2.5.1-15. CF
values for standard window geometries are given in
Tables 3-2.3.1-1 through 2-2.3.1-5.

2-2.312 10,000 psi to 20,000 psi. The dimensions of
windows in the 10,000 psi to 20,000 psi (69 MPa to
138 MPh) design pressure range shall be based solely
on nondestructive tests in the form of long-term and
cyclic pressurizations. Dimensions of approved
windows for this design pressure range are given in
Table 2}2.3.2-1. Only conical frustum windows with
included angle of 90 deg or larger are qualified for this
pressur¢ range.

2-2.4 metermination of Conversion Factor by Table
ethod

2-2.4]1 Temperature. When selecting the conversion
factors from Tables 2-2.3.1-1 through 2-2.3.1-5, tempera-
ture ranges shall be chosen on the basis of highest ambient
sustaingd temperature expected during operation of the
chamber at the design pressure.

(a) Iflthe chamber interior is illuminated\by externally
mounted heat-generating lights shining through the
windowsp, the 150°F (66°C) temperatuire range shall be
mandatgry in the selection of conyversion factors for all
windows.

(b) If|the chamber is nétiluminated with externally
mountdd lights, the/femperature ranges shall be
chosen fon the basis of environmental temperature
where the chambers reach design pressure. If the
design fressure.is/reached when

(1)] onty.submerged in water, use the ambient
temperdture-of water at that depth

whether this pressure is external or internal to the
chamber.

2-2.4.3 Valuesof Conversion Factors. The values of CF
in Tables 2-2.3.1-1 through 2-2.3.1-5, D;/Dy in Figures
2-2.9.1-1 and 2-2.9.1-2 and Table 2-2.3.2-1, and t/D; in
Table 2-2.3.2-1 represent minimums. The user of this
Standard may exceed these values.

Pressure

2-2.5.1 Calculation Method. The STCP ofja-winglow
accepted for service in chambers, without the use of
experimental data, shall not be less than

STCP=CF X P,

where
CF = conversion factor
P = design pressure

Windows having included angles between those shown
in Figures 2-2.54-4 through 2-2.5.1-7 are to have a [t/D;
equal to that detérmined for a window of the next smaller
included angle as shown in the appropriate figure. {For
example, a'Spherical sector window having an inclyded
angle of*100 deg and requiring an STCP in the 5 MPa
to, 50-MPa range would be designed using the 90{deg
curve in Figure 2-2.5.1-6.)

(a) For flat disk acrylic windows, shown in
Figure 2-2.2.1-1, use conversion factors from Table
2-2.3.1-1 and STCPs from Figures 2-2.5.1-1 throjugh
2-2.5.1-3. Short-term critical pressures may alsq be
experimentally determined according to the procedqure
in para. 2-2.5.2.

(b) For conical frustum acrylic windows, showh in
Figure 2-2.2.1-1, use CFs from Table 2-2.3.1-2 pnd
STCPs from Figures 2-2.5.1-4 and 2-2.5.1-5. Short-tprm
critical pressures may also be experimentally determined
according to the procedure in para. 2-2.5.2. Windows of
this type are accepted for service only where the presgure
is applied to the base of the frustum.

(c) For double-beveled disk acrylic windows, shown in
Figure 2-2.2.1-1, use CFs from Table 2-2.3.1-2 and STCPs
from Figures 2-2.5.1-4 and 2-2.5.1-5. Short-term critical
pressures may also be experimentally determiped
according to the procedure in para. 2-2.5.2.

{d) Eor spherical sector acrylic windows with conical

(2) onty i alr, use the average of the Maximmumm
ambient external and internal air temperatures

(3) either in air or in water, use the average
maximum ambient external and internal air temperatures

2-2.4.2 Pressure. When a viewport is subjected to
pressurization from both sides, the conversion factor
used for the window design shall be determined on
the basis of the highest design pressure, regardless of

edge, shown in Figure 2-2.2.1-2, use CFs from Table
2-2.3.1-3 and STCPs from Figures 2-2.5.1-6 and
2-2.5.1-7. Short-term critical pressures may also be
experimentally determined according to the procedure
in para. 2-2.5.2. Windows of this type are accepted for
service only where the hydrostatic pressure is applied
to the convex face.
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(e) For spherical sector acrylic windows with square
edge, shown in Figure 2-2.2.1-2, use CFs from Table
2-2.3.1-4 and STCPs from Figures 2-2.5.1-6 and
2-2.5.1-7. Short-term critical pressures may also be
experimentally determined according to the procedure
in para. 2-2.5.2. Windows of this type are accepted for
service only where the hydrostatic pressure is applied
to the convex surface.

For hemispherical windows with equatorial flange,

of the mean STCP of the other four windows. In such a
case, the STCP value of the window design shall be
taken as the lowest critical pressure among the five
tests. In the case where the lowest STCP does not
meet this criterion, the STCP value of the window
design shall be equal to the single lowest STCP among
the five windows multiplied by a factor of 0.75.

(b) For tests conducted on model-scale windows, the
results shall be considered acceptable only if the STCP of

shon in Figure 2-2.2.1-3, use CFs from Table 2-2.3.1-4
and| STCPs from Figures 2-2.5.1-6 and 2-2.5.1-7. Short-
terrh critical pressures may also be experimentally deter-
mirled according to the procedure in para. 2-2.5.2.
Winndows of this type are accepted for service only
where the hydrostatic pressure is applied to the
conyex surface.

(g) For cylindrical acrylic windows, shown in
Fighire 2-2.2.1-3, use CFs from Table 2-2.3.1-5 and
ST{Ps from Figures 2-2.5.1-8 through 2-2.5.1-13.
Shoft-term critical pressures may also be experimentally
det¢rmined according to the procedure in para. 2-2.5.2.
(&) For hyperhemispherical acrylic windows, shown in
Figyre 2-2.2.1-4, use CFs from Table 2-2.3.1-3 and STCPs
frorh Figures 2-2.5.1-14 and 2-2.5.1-15. Short-term critical
pregsures may also be experimentally determined
accoprding to the procedure in para. 2-2.5.2. Windows
of this type are accepted for service where the hydrostatic
pregsure is applied only to the convex surface, or the
hydrrostatic pressures are applied to either surface but
the|magnitude of internal design pressure does-not
exc¢ed 5% of the external design pressure.

({) For NEMO acrylic windows, shown in
Fighire 2-2.2.1-4, use CFs from Table 2<2:3.1-3 and
STAPs from Figures 2-2.5.1-14 and 2-2.5!/1-15. Short-
terrh critical pressures may also be experimentally deter-
mined according to the procedurée'in para. 2-2.5.2.
Wirldows of this type are accepted for service where
the [hydrostatic pressure iscapplied only to the convex
surface, or the hydrostati¢cpressures are applied to
eithler surface but the _magnitude of the internal design
pregsure does not exceed 5% of the external design pres-
surg.

+2.5.2 Testing Method. The experimental determina-
ofthe STCP of an acrylic window shall be conducted by
ecting.the window to hydrostatic pressure that is
incileased, from ambient, at a constant rate of approxi-
mately psi/min (&- a/minj. The pressurization
shall take place at the ambient temperature range of
70°F to 77°F (21°C to 25°C) in a flange that satisfies
the requirements of para. 2-2.8.

The evaluation of a window design shall be conducted
on a minimum of five full-scale windows or on a minimum
of five model-scale windows plus one full-scale window.

(a) For tests conducted on full-scale windows, the
results generated shall be considered representative
only if the lowest STCP for any window is at least 75%

21

the full-scale window is equal to or above the single lowest
STCP among the five model-scale windows. |l fase the
STCP of the single full-scale windowrdoeés npt meet
this criterion, four more full-scale windows fhall be
tested, and the STCP value of the'window design shall
be calculated according to (a),/s0lely on the |pasis of
the full-scale window tests.

2-2.6 Design Life

2-2.6.1 General. The design life of a window ifs a func-
tion of its geometty, conversion factor, t/D; rdtio, and
service environment. Windows that are exposed to
only compressive or very low tensile stresseg have a
longer design life than those that are exposed] to high
tensile, stresses. The design life of windows in [the first
category shall be 20 yr, while for the windows in the
latter category it shall be 10 yr. The design life of
windows under this Standard is defined ip paras.
2-2.6.2 through 2-2.6.8.

2-2.6.2 Flat Disk Windows. The design life of|flat disk
windows shown in Figure 2-2.2.1-1 and meeting the re-
quirements of this Standard shall be 10 yr from thle date of
fabrication.

2-2.6.3 Conical Frustum Windows. The design life of
conical frustum windows shown in Figure 2-2.2]1-1 and
meeting the requirements of this Standard shall pe 10 yr
from the date of fabrication for t/D; < 0.5 and 20 yt for t/D;
> 0.5.

2-2.6.4 Double-Beveled Disk Windows. The d¢sign life
of double-beveled disk windows shown in Figure 2-2.2.1-1
and meeting the requirements of this Standard shall be 10
yr from the date of fabrication for t/D; < 0.5 and RO yr for
t/D; = 0.5.

2-2.6.5 Spherical Sector With Conical Edge, Hyperhe-
misphere With Conical Edge, and NEMO-Type Wi

: fspher-
ical sector with conical edge, hyperhemisphere with
conical edge, and NEMO-type windows with conical
edge penetrations shown in Figures 2-2.2.1-2 and
2-2.2.1-4 and meeting the requirements of this Standard
shall be 20 yr from the date of fabrication.

2-2.6.6 Spherical Sector Windows With Square Edge
and Hemispherical Windows with Equatorial Flange. The
design life of spherical sector windows with square edge
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and hemispherical windows with equatorial flange shown
in Figures 2-2.2.1-2 and 2-2.2.1-3 and meeting the require-
ments of this Standard shall be 10 yr from the date of
fabrication.

2-2.6.7 Cylindrical Windows for Internal Pressure
Applications. The design life of cylindrical windows
for internal pressure applications shown in
Figure 2-2.2.1-3 and meeting the requirements of this

stabilization, and creep normalization. If the new seal
performs satisfactorily, the numbering of test cycles
shall continue from the number recorded at the last
visual inspection prior to seal failure, minus the above
two cycles.

(e) Atscheduled intervals during the pressure test, the
windows shall be visually inspected for the presence of
crazing, cracks, or permanent deformation. This examina-
tion may be performed without removal of the window

Standarg
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2-2.6/8 Cylindrical Windows for External Pressure

dimensions, retaining ring, and seals are identical\to
those ofl the PVHO chamber.

(b) The window shall be pressurized with gas or water.
The design pressure shall be maintained for a minimum of
15 min, pr 1.5 times the time it takes for ereep to stabilize,
whichever is greater, followed by depressurization that is
to be mdintained for a minimum of 10.min or 1.5 times the
time it thkes for creep to stabilize,)whichever is greater.
The prepsurization and depressurization rates shall not
exceed $50 psi/min (4.5 _MPa/min).

(c) The temperaturé of the pressurizing medium
during fhe test shall be the design temperature for
which the windowsis rated with a tolerance of +0/-5°F
(+0/-2.p°C). Brief’deviations from these temperature
tolerandes areallowed, provided that the deviations do
not excpéd~¥10°F (5.5°C) and last less than 10 min

from the chamber or test fixture.

(f) Crazing, cracks, or excessive permanent deforma-
tion visible with the unaided eye (except for\cerrection
necessary to achieve 20/20 vision) shall be considg¢red
failure of the windows and shall be/Se"noted on|the
test report. Permanent deformation more than 0.0Q1D;
in magnitude measured at thecenter of the winfdlow
shall be considered excessive and‘shall be cause for re¢jec-
tion. The number of credited\test cycles shall not ex¢eed
the number of cycles achieved during the previous
successful inspection.

(g) Pressure test reports shall certify the results o
pressure test. Copies of the pressure test reports sha
furnished to the)purchaser.

(h) For wiidows having a design pressure design life of
10,000 cyeles, an extension of one cycle may be grantef by
the Standard for each two test cycles after completion of
thefirst 10,000 cycles, up to failure of the test window.

() The maximum number of design pressure cycles
shall be shown on the Window Certifications.

the
I be

2-2.7 Temperature and Dimensional Criteria

2-2.7.1 Thermal Expansion. Thermal expansioh of
acrylic shall be taken into account during specificafion
of the dimensional tolerance for the window diamgpter
to be shown on the fabrication drawing, when the matgrial
temperature range required by the fabricatfion
(para. 2-2.4) substantially differs from the operatipnal
temperature range.

2-2.7.2 Shape and Sealing Arrangement. For wide
operational temperature ranges, a window shape fand
sealing arrangement should be selected that ill
perform satisfactorily at both the maximum pnd
minimum operational temperatures. Radially compregsed
O-ring seals and spherical sector windows with a sqiiare
edge are not suitable for such service when the change in
window diameter over the operational temperature rgnge

within each 24 hr of continuous testng.

(d) If leaks develop during pressure cycling, the
window shall be removed and pertinent information
(cycle count, cause, extent of damage, etc.) recorded. If
no damage was noted to the window, new seals may
be installed. The number of cycles credited to the
window shall be those recorded at the last visual inspec-
tion prior to seal failure. After the new seal is installed, two
pressure cycles (without leaks) shall be performed
without credit to ensure proper seating, temperature

22

results in a diametral clearance >0.020 in. (>0.5 mm)
between the window and its seat.

2-2.7.3 Thermal Expansion Clearance Criteria. The
diametral clearance between the window and its seat
cavity at maximum operational temperature shall not
be less than 0.001D, for flat disk and spherical sector
windows with square edges. The external diameter of
the conical frustums and spherical shell windows with
conical edge may exceed the major diameter of the
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conical seat in the flange by 0.002D, at maximum opera-
tional temperature, provided the edge of the window is
beveled in such a manner that the conical bearing surface
of the window never extends beyond the bearing surface
of the seat.

2-2.7.4 Window and Seat Diameter. The nominal
diameters of the window and of the window seat in
the flange shall be identical. The actual diameters at stan-

2-2.9.2 Surface Finish. The surface finish on the
window seat cavity shall be 64 pin. RMS or finer,
except surfaces in contact with a bearing gasket shall
not exceed 125 pin. RMS.

2-2.9.3 Corrosion Mitigation. If the window seat is not
fabricated of inherently corrosion-resistant material, the
surface of the window seat cavity shall be protected
against corrosion expected in the design environment.

dar
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dimensional tolerances specified in para. 2-2.11. final machining is acceptable. Other acceptable means
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8 Viewport Flanges

+2.8.1 Contribution of Window to Reinforcement.
to the difference in moduli of elasticity of the
tic window and the metallic flange, it shall be
imed in stress calculations that the window does
provide any reinforcement for the hull material
ind the penetrations.

+2.8.2 Calculation Method. Any of the analytical or
irical methods for stress and displacement calcula-
s acceptable to the applicable Division of ASME
BPVC, Section VIII may be used for dimensioning the thick-
nes$, width, and location of the flange around the viewport
pengtration.

2
tioy
par
sior

2

-2.8.3 Reinforcement. Reinforcement for penetra-
s of chambers shall meet the requirements of

. 1-7.11 and the requirements of the applicable Divi=
of ASME BPVC, Section VIII.

-2.8.4 Requirements for Large Openings: The
follgpwing minimum requirements shall be met'by view-
port flanges shown in Figures 2-2.9.1-1 through 2-2.9.1-4,
witlh a finished diameter opening in excessof 24 in. (635
mm|).
(4) Radial deformation of the window seat at maximum
intgrnal or external design pressure shall be less than
0.092D;.
(b) Angular deformation of the window seat at
mayimum internal or ‘external design pressure shall be
less| than 0.5 deg.

Vjewport flanges shown in Figures 2-2.9.1-5 through
2-219.1-8 do nethave to meet the radial and angular defor-
matiion limits stated in (a) and (b).

2-2{9-Window Seats

are painting, anodizing, or plating with electrolegs nickel.

2-2.10 Window Seals

2-2.10.1 General Requirements.As primary
standard window geometries:shown in Figures 2-2.2.1-1
through 2-2.2.1-4, a soft elastomer compressed petween
the high-pressure face of<dhe window and retaju:er ring
shall be acceptable. Fhe*soft elastomeric seal may take
the form of a flat gasket or a seal ring with O] U, or X
cross section. Thé. gasket or seal ring shall be of sufficient
thickness to,permit adequate compression without
permaneinitiset. Double-beveled disk and cylindrical
windows/shall use, as a primary seal, a seal ring radially
compressed between the cylindrical surface of the
window facing the pressure and the cylindrical
winhdow seat in the flange. Hyperhemispher]cal and
NEMO-type windows may also use, as a primary seal,
an elastomeric potting compound that adheres|to both
the external spherical surface of the window [and the
lip of the mounting flange.

2-2.10.2 Flat Disk Windows. Flat disk windgws with
design pressure less than 15 psi (100 kPa) may use, as
the primary seal, an elastomeric potting compound
that, after injection into the annular space between the
edge of the window and the cylindrical surfade of the
seat (which have been coated beforehand with appro-
priate primer), shall, after room-temperatufe cure,
adhere to both the window and the seat surfafes. The
primer and elastomeric potting compound seldcted for
this application shall be compatible with the window
material, and the potting compound shall retain|its elas-
tomeric characteristics in the operational temperature
range and environment.

seals for

2-2.10.3 Retainer Rings. Whenever a gasket i used as
the face seal, the retainer shall precompress the gasket to

2-2.9.1 Dimensional Requirements. The window seat
cavity in the viewport flange must be dimensioned to
provide the window bearing surface with support
during hydrostatic testing and subsequent operation at
maximum design pressure. The dimensions of window
seat cavities for standard window geometries are
shown in Figures 2-2.9.1-1 through 2-2.9.1-8.
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ensure a minimum of 0.01 in. (0.25 mm) compression of
the gasket between the retaining ring and the face of the
axially displaced window at design pressure.

For conical frustum and spherical sector windows with
conical edge, the magnitude of the maximum axial dis-
placement may be calculated on the basis of
Figure 2-2.9.1-1, using the specified D;/Df ratios as the
maximum predicted limits of axial displacement during
pressurization to design pressure based on the
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assumption that the minor diameter, D;, of the window will
vertically displace to the Dy of the window.

For flat disks, spherical sectors with square edges, and
hemispheres with equatorial flanges, the magnitude of
maximum axial window displacement may be calculated
by multiplying the thickness of the bearing gasket by 0.30.

2-2.10.4 Gasket Compression. The compression of the
soft elastomeric gasket by the retainer ring around the
circumfi i i - i
tude andl uniformity of compression shall be checked by
measuripg, around the circumference of the window, the
distanc¢ between the surface of the window and the
external surface of the retainer ring before and after
torquing down on the ring. The values of gasket compres-
sion mg¢asured at fastener locations and measured
midway] between fasteners shall not differ from each
other by more than 25%, and the minimum value shall
be equalto or exceed the magnitude of compression speci-
fied by para. 2-2.10.3 at standard temperature.

2-2.10.5 Electrogalvanic Requirements. The retainer
ring and the fasteners shall be fabricated from materials
that are felectrogalvanically compatible with the viewport
flanges. Unreinforced plastics and fiber-reinforced plastic
composites are not acceptable materials for this applica-
tion.

2-2.10.6 Retainer Ring Design Factor. The retainer
ring and the associated fastening arrangement shall be
designed with a safety factor of 4, based on the ultimate
strengtl of materials. The design pressure forcing the
window] against the retainer ring shall not be less, than

5 psig.

2-2.10.7 Minimum Compression. The'\minimum
compregsion of seal rings shall be governed by the speci-
ficationg of the seal ring manufacturepfor-the given seal
ring siz¢ and service.

2-2.10.8 Secondary Seal. A secondary seal is required
betweer] the window and the steel cavity seat for flat disks,
sphericdl sectors with squate'edge, and hemispheres with
equatorjal flange. The/Secondary seal also serves as a
bearing| gasket for. the 'window. This gasket must be
bonded|with contact cement to the metal flange seat.
Thickngss of thé.gasket shall not exceed % in. (3.0
mm). Neoprene-impregnated nylon cloth, neoprene of
90 durometer hardness, and cork gaskets are acceptable

(b) Sealring grooves are permitted in the window seat
in the mounting, provided that the groove is located in the
nonbearing surface of the seat. The edges of the O-ring
groove shall be beveled with a radius of 0.01 in. < R <
0.02 in. (0.25 mm < R < 0.50 mm).

2-2.10.10 Edge Seals. Edges of bearing surfaces at the
high-pressure faces of windows may be beveled for
containment of O-rings provided that the width of the
4 16~ ~+6-30-2
shall not exceed 0.125t for spherical sectors, 0,062¢ for
hyperhemispheres, 0.5¢ for conical frustums{ 0.254 for
flanged hemispheres and for flat disks under one-way
pressurization, and 0.125¢ for spherical sectors with
square edges and for cylinders. For flat disks serying
as two-way windows, both edgésimay be beveled,
provided D,/D; > 1.25 and D, is’measured only to|the
edge of the plane-bearing surface.

2-2.10.11 Clear Viewport Retaining Covers. Clear
viewport retaining coyers are permitted for O-ring-
sealed flat disk and-Cenical frustum standard-geomptry
PVHO windows dn applications where reverse pressgure
on the viewport)window is not possible and the depign
pressure is l€ss than 135 psig, provided the following
provisionsare met:

(a) _The thickness of the clear viewport retaining cgver
shallhnot be less than 0.25 in. (6 mm) or 0.025D,, which-
ever is greater.

(b) Where retaining screws are used to secure the dlear
viewport retaining cover, the clearance holes betweer] the
retaining screws and the cover shall be large enough to
compensate for thermal expansion and contraction of the
cover material. Flat washers shall be used between|the
screwhead and clear viewport retaining cover.

(c) Provisions shall be made for equalizing the pressure
between the clear viewport retaining cover and the view-
portwindow, e.g.,a % ¢-in. (1.6-mm) diameter hole located
in the cover inside the O-ring seal diameter.

(d) Acrylic plastic (per ASTM D4802-02 or equivalpnt)
and clear polycarbonate plastic (per ASTM C1349-0# or
equivalent) are acceptable materials for clear viewport
retaining covers.

(e) The requirements of paras. 2-2.10.3, 2-2.10.4,
2-2.10.6, and 2-2.10.7 apply to clear viewport retaifing
covers. See Figure 2-2.10.11-1 for acceptable confighra-
tions for clear viewport retaining covers.

for such—appiicatiomn.

2-2.10.9 Seal Ring Grooves

(a) Seal ring grooves are not permitted in either the
surface of any window shape or the bearing surface of
the seat in the mounting, unless data showing that iden-
tical window assemblies that have successfully met the
criteria of para. 2-11.6 are included with the window
design certification package.

2-2710-12Configurations. The configuration of
window mountings and seal arrangements shown in
Figures 2-2.5.1-1 through 2-2.5.1-15 represent designs ac-
ceptable under this Standard and are shown there only for
the guidance of designers.

2-2.10.13 Replacement Windows. Replacement
windows for pressure chambers fabricated to design
criteria of ANSI/ASME PVHO-1-1977 or ANSI/ASME

(23)
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PVHO-1-1981 may incorporate O-ring grooves in
nonbearing surfaces of the window provided

(a) the window meets all the requirements of the 1977
or 1981 edition

(b) the accompanying design certification notes that
the window is a replacement for an existing pressure
vessel built to the 1977 or 1981 edition

2-2.11 Dimensional Tolerances and Surface Finish

(a) The external diameter of the flat disk window shall
be within +0.000/-0.010 in. (+0.000/-0.25 mm) of the
nominal value if the window is to be sealed in the seat
cavity with a radially compressed O-ring.

(b) The external diameter of the flat disk window shall
be within +0.000/-0.060 in. (+0.000/-1.5 mm) of the
nominal value if the window is to be sealed in the seat
cavity with a seal ring wedged into the annular space
between the retaining ring, the window’s bevel, and

212.11.1 Thickness. Thickness of the window shall be
evel'ywhere equal to or greater than the nominal value
det¢rmined by the procedures of para. 2-2.5.1.

212.11.2 Conical Windows

(4) The major diameter of the conical bearing surface
on 3 window shall be machined within +0.000/-0.002D,,
of the nominal value.

() The included conical angle of the window shall be
within +0.25/-0.000 deg of the nominal value.

(4¢) Theincluded conical angle ofthe window seatin the
flange must be within +0.000/-0.25 deg of the nominal
valye.

(49) The conical seat in the flange shall not deviate more
tham 0.001D, in. from an ideal circle when measured with a
feelpr gauge inserted between the mating conical surfaces
of the seat and of the window at its outer circumference.
The| axial force used to seat the window during this test
shall not exceed 10D, 1b (4.53D, kg) applied uniformly
aroyind its circumference.

(4¢) The major diameter of the conical seat cavity-in the
flange must be within +0.002D,/-0.000 of the neminal
valye.

2;2.11.3 Spherical Sector Windows. The concave or
conpex surface of a spherical window shall not differ
from an ideal spherical sector by more than +0.5% of
the [specified nominal external §pherical radius for stan-
dargl CF values (see Tables(2-2:3.1-3 and 2-2.3.1-4 and
Figyres 2-2.5.1-6, 2-2.5.14{7,)2-2.5.1-14, and 2-2.5.1-15).
Megsurements shall be made from an external segmental
temjplate whose radius:falls within the specified dimen-
siorjal tolerance andwhose length is equal to the window’s
inclpded conicakhargle or 90 deg, whichever is the lesser
valyie. The<thickness of the spherical window may
decyeasesfrom its base to its apex provided that the
minimuin’ thickness meets the requirements of para.
2-2

S for the dncign pressure and dncign temperature

the cylindrical surface of the seat cavity.

(c) The external diameter of the flat disk Window shall
be within +0.0/-0.125 (+0.0/-3.2 mm) of-the hominal
value if the window is to be sealed/in the sedt cavity
with a flat elastomeric gasket axially comprgssed by
the retaining ring.

(d) The external diameter.of-the flat disk window shall
be within +0.00/-0.02D,, of the nominal valye if the
window is to be sealedtinthe seat cavity with |Ja room-
temperature curing elastomeric compound ]njected
into the annulafi>space between the edgq of the
window and theleylindrical surface of the seat.

(e) The plane bearing surface of the flat disk|window
shall not deviate more than 0.001D, from an idepl plane.

2:2.11.4.2 Seat Cavity Diameter. The dimgnsional
tolerance on the external diameter of the window seat
cavity shall be based on the type of sealing arrangement
for the window.
(a) The diameter of the seat cavity for a flat disk
window shall be within +0.01/-0.00 in. (+0.25/-0.00
mm) of the nominal value if the window {s to be
sealed in the seat cavity with a radially compressef O-ring.
(b) The diameter of the seat cavity for a flat disk
window shall be within +0.06/-0.00 in. (+1.5/-0.00
mm) of the nominal value if the window {s to be
sealed in the seat cavity with a seal ring wedged into
the annular space between the retaining rjng, the
window’s bevel, and the cylindrical surface of [the seat
cavity.
(c) The diameter of the seat cavity for a flat disk
window shall be within +0.125/-0.000 in. (+3J2/-0.00
mm) of the nominal value if the window {s to be
sealed in the seat cavity with a flat elastomerif gasket
axially compressed by the retaining ring.
(d) The diameter of the seat cavity for a flat disk
window shall be within +0.01D,/-0.000 of the jnominal
value if the window is to be sealed in the sedt cavity

of the particular spherical window geometry.

2-2.11.4 Flat Disk Windows

2-2.11.4.1 Window External Diameter. The dimen-
sional tolerance of the external diameter of the
window shall be based on the type of sealing arrangement
for the window.
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Wit @ TOOM-Temperature curing elastomeric compound
injected into the annular space between the edge of the
window and the cylindrical surface of the seat.

(e) The plane bearing surface of the seat cavity shall not
deviate more than 0.002D, from an ideal plane when
measured with a feeler gauge inserted between the
mating plane surfaces of the flat disk window or a circular
plug gauge and the bare seat cavity. The axial force used to
seat the window or the plug gauge shall not exceed 10D, 1b
(4.53D, kg) applied uniformly around its circumference.
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2-2.11.5 Spherical Windows

(a) The external diameter ofthe spherical window with
square seat shall be within +0.000/-0.0005D, of the
nominal value.

(b) The diameter of the seat cavity for a spherical
window with square seat shall be within +0.0005D,/
-0.000 of the nominal value.

(c) Theplane bearing surface of the seat cavity shall not
deviate ; > i
measurpd with a feeler gauge inserted between the
mating plane bearing surfaces of the spherical window
with a dquare edge and the seat cavity. The axial force
used to seat the window shall not exceed 10D, lb
(4.53D, |kg) applied uniformly around its circumference.

2-2.1]
roundnd
an ideal
nomina
Table 21

2-2.1
window
rougher

2-2.1]
shall b
para. 2-

.6 Cylindrical Windows. The maximum out-of-
ss of a cylindrical window shall not differ from
cylinder by more than +0.5% of the specified
external radius for standard CF values (see
2.3.1-5).

.7 Surface Finish. The bearing surface of the
shall have an as-cast or machined finish no
than 32 pin. RMS.

.8 Viewing Surface. Window viewing surfaces
e polished to meet the requirements of
B.7(e).

2-2.11.9 Other Surfaces. All other surfaces shall be
machin¢d or sanded to attain at least a 63-pin. RMS
finish. Saw cut finish is not acceptable on any window
surface.

2-2.12

2-2.12.1 Drawing Requirements. Theymanufacturer
shall be[responsible for the translation.af the design of
the window and its related viewportflange, retainer
rings, arld seals into drawings that-canbe used for fabrica-
tion.

Documentation

2-2.12.2 Window Identification. Drawings that
provide|construction details shall bear notice that the
windows have beef designed and shall be built to
ASME PVHO-1. Drawings shall identify the appropriate
edition.

2-2.12.3 Design Certification. The designer shall fill
out a |[design certification as described in

2-2.13 Windows With Inserts for Penetrators

2-2.13.1 General. Inserts that serve as bulkheads for
electrical, mechanical, optical, or hydraulic penetrators
can be incorporated into acrylic windows, provided
that the penetrations and inserts meet the requirements
of this subsection. These requirements are grouped into
categories of window shapes, pressure service, penetra-
tion location, penetration configuration, insert material,
; ; in-

ment, pressure testing, and certification.

2-2.13.2 Shape Limitations. The window, shapes in
which penetrations can be incorporated without redufing
their working pressure are spherical ghell sectors yith
conical seats (see Figure 2-2.2.1-2),/shemispheres ith
or without flanges (see Figure 2=2:2.1-3), hyperhgmi-
spheres, and NEMO spheres (see‘Figure 2-2.2.1-4).

2-2.13.3 Penetration Limitations. Windows with
penetrations can be incotporated into pressure vegsels
for external or interhal'pressure service, provided fhat
the design pressuré.acts only on the convex surfage of
the window.

2-2.13.4 Penetration Locations (Spherical Shell
Sector). On"spherical shell sectors with conical sdats,
hemispheres without flanges, hyperhemispheres, jand
NEMO spheres, the penetrations may be located
anywhere, provided

(a) the spacing between the window seat and the ¢dge
of the penetration exceeds two diameters of the pendtra-
tion

(b) thespacing between edges of adjacent penetrat
measured on the concave surface exceeds the radius o
larger penetration

ons
Fthe

2-2.13.5 Penetration Location (Hemispheres)) On
hemispheres with flanges, the penetration may be
located only within the area between the apex and latifude
of 60 deg, provided the spacing between edges of adjagent
penetrations exceeds the radius of the larger penetration
measured on the concave surface.

2-2.13.6 Penetration Configuration. The penetrat
shall have circular configurations.

ons

2-2.13.7 Area of Single Penetration. The area pf a
single penetration shall not exceed 15% of|the
window’s surface prior to machining of the penetrartion

para. 2-1.3.2(a). All pertinent design data shall be
shown, and any additional information used in the
design shall be referenced on the certification. The
designer may develop an appropriate certification form
using PVHO-1 Form VP-2 as a representative sample.

2-2.12.4 Drawing Transmittal. The manufacturer
shall transmit the design certification plus construction
drawings to the window fabricator at the time of fabrica-
tion.

26

In the window.

2-2.13.8 Total Area. The total area of all penetrations
in a single window shall not exceed 30% of the window’s
concave surface.

2-2.13.9 Seats. All penetrations shall have conical
seats forming surfaces of imaginary solid cones.
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2-2.13.10 Included Angle. The included solid angle of
any conical seat shall be chosen to make the imaginary
apex of the solid cone coincide with the imaginary
center of concave curvature.

2-2.13.11 Maximum Diameter. The maximum size of
the penetration diameter shall be defined by a solid
cone angle of 60 deg, provided the area of the penetration,
defined as m(M,)?/4 (see Figure 2-2.13.11-1), does not
exceedtire S=SP edHrparas—2=2-13-7anc 138

MPa). Steel alloys without corrosion resistance may
bstituted for corrosion-resistant alloys if the insert is
cadmium or nickel plated after completion of all
madhining operations.

() Acrylic meeting the criteria of Table 2-3.4-2 and
ycarbonate plastic meeting the criteria of Table
13.13-1 are acceptable materials for the fabrication
of inserts, provided that in service they shall only

(1) come in contact with fluids and gases definedby
. 2-1.2(c)

(2) be subjected to temperatures that are lower than
the [design temperature of the window

Chst unfilled monolithic Type 6 nylot nieeting the
critgria of Table 2-2.13.13-2 may be used for the fabrica-
tior] of bearing gasket inserts for NEMO windows (see
Figyre 2-2.9.1-8).

par

2(2.13.14 Temperature ConsSiderations. Since the
temfperature of a shorted-out electrical connector may
excged the design temperature of the plastic insert, the
desjgner shall forestall the potentially unacceptable
temiperature risebylimiting the magnitude and/or dura-
tior] of power input to the connector during an electrical
short.

212.13.15 Insert Tolerances. The angular and dimen-

2-2.13.17 Metal Inserts. Any number or size of holes
may be drilled and tapped in the metal insert to receive
hydraulic, electrical, optical, or mechanical bulkhead
penetrators, provided that the openings and their rein-
forcements conform to the appropriate Division of
ASME BPVC, Section VIII.

2-2.13.18 Polycarbonate Inserts. Smooth holes may

be drilled in the polycarbonate insert to receive hydraulic,
teat; i ¢ i eac etrators,
provided

(a) the spacing between edges of adjacént holes in the
insert exceeds the diameter of the larger,adjacgnt hole.

(b) the spacing between the edge of the inser{ and the
edge of any hole exceeds the diameter of that Hole.

(c) the surface finish inside the holes is 32 pinl RMS or
finer. The holes shall be sized for the penetrptors to
support the edges of the holes when the window assembly
is subjected to designspressure.

2-2.13.19 Acrylicinserts. Smooth holes may be drilled
in the acrylic insert to receive hydraulic, electrical, optical,
or mechanieal bulkhead penetrators, provided

(a) theéspacing between edges of adjacent holes in the
insert exceeds two diameters of the larger adjacgnt hole.

(b)\the spacing between the edge of the inser{ and the
edge of the hole exceeds two diameters of the hole.

(c) the surface finish inside the holes is 32 pinl RMS or
finer. The holes shall be sized for the penetrptors to
support the edges of the holes when the window assembly
is subjected to design pressure.

2-2.13.20 Insert Thickness. The thickness of the insert
shall depend on the material from which the insert is fabri-
cated.

(a) For plastics, the thickness of the inserts in the shape
or spherical sectors or conical frustums shall be cglculated
on the basis of maximum allowable tensile and compres-
sive stresses specified for the chosen material by the
appropriate Division of ASME BPVC, Section VII|I.

(b) An alternate approach requires hydrostatic testing
of the new insert design in an acrylic seat to 3 tjmes the
desired design pressure without producing pefmanent
deformation 20.2%. The pressurization shall be at a
650-psi/min (4.5-MPa/min) rate.

s of the
not be

2-2.13.21 Duplicate Inserts. Duplicate inser
same material, design, and construction need

sio11a1 tolerances for inserts are shown in Figure . i1 hall | j dine to
2-2.13715-1. Surfaces on the Insert shall have a J

finish of 32 pin. RMS or finer.

2-2.13.16 Insert Shape. The inserts shall have the
shape of a spherical sector or of a truncated cone, where

(a) the solid included angle of the bearing surface on
the insert matches the conical seat in the penetration

(b) the bearing surface of the insert extends past the
edges of the seat in the penetration (Figure 2-2.13.16-1)
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subsection 2-7.

2-2.13.22 InsertSeals. All inserts require two separate
seals to prevent entry of water through the joint between
the bearing surface of the insertand the seatin the window
— a primary seal and a secondary seal.

(a) Sealing between the insert and the window shall be
provided by two seals. A primary seal shall serve as the
contact between the two conical mating surfaces on the
insert and window. A secondary seal shall serve as the
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contact between the two conical mating surfaces on the
insert and window, and as elastomeric material held
captive between the convex window surface and a
flange on the insert.

(b) Experimentally proven secondary seal designs
shown in Figure 2-2.13.22-1 represent designs acceptable
under this Standard and are provided for guidance only.

2-2.13.23 Insert Seal Grooves. Grooves for contain-

(c) The test pressure and temperature shall be deter-
mined by the design pressure and temperature of the
window in which the insert shall be installed for service.

2-2.13.28 Insert Inspection. Each insert shall be indi-
vidually certified. The certification shall include the
following:

(a) design certification

(b) material manufacturer’s certification

DCa}b D}la}} llUt 1IJC llld\,}lillcd ill cithcu tlllC
seat on the window or the conical bearing
bn the insert in contact with the window. It is ac-
to incorporate an O-ring groove in the conical
surface of a metallic insert if a gasket of approved
is interposed between the metallic insert and the
the window (see Figure 2-2.9.1-8).

ment o
conical
surface
ceptable
bearing
materia
seat on

2-2.1B.24 Insert Retention. The inserts shall be
mechanfically restrained against ejection from their
seats in fhe window by accidental application of pressure

and bending moments generated by wave slap
rodynamic drag against cables, hydraulic lines,
or mechanical linkages attached to the insert. The
tensile dtress resulting from bending moment shall not
exceed 2,500 psi (12.2 MPa).

(b) Ekxperimentally proven restraint designs shown in
Figure 3-2.13.24-1 represent designs acceptable under
this Stapdard and are provided for guidance only:

2-2.18.25 Insert Stress Relief. All inserts shall be
stress rglieved after all the fabrication processes have
been cofnpleted. Acrylic shall be stress relieved according
to the s¢hedules of Table 2-4.5-1. Polycarbonate shall be
stress r¢lieved for a period of 8 hr'at/250°F (120°C).

2-2.13.26 Insert Inspection. Each finished insert shall
be subjected by the fabricatér to a quality control inspec-
tion. Th¢ quality control ifispection shall consist of dimen-
sional apd visual checks(Whose objective is to determine
whetheq| the finished insert meets the dimensional toler-
aterial quality, and surface finish requirements
in parar 2-2.12.

2-2.13.27-Insert Pressure Test. Each insert shall be
pressure Tested at Ieast once prior to Deing accepte
for service.

(a) The pressure test shall take place with the insert
installed in the window, or an acrylic test fixture
whose thickness, surface curvatures, and penetration
dimensions are identical to those in the window.

(b) The pressure test shall be conducted according to
procedures described in subsection 2-7.
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(L) 1llc1tC1 ld} }Jl UPCltiCD LTI tlflbdtlull
(d) fabrication data report
(e) pressure testing certification

2-2.13.29 Insert Certification Procedure, Each of
certifications shall follow the procedturé describe
para. 2-1.3.2, except that the material\certificationg
polycarbonate and metallic inserts-shall differ from
one specified for acrylic.

(a) For polycarbonate, thé.supplier shall provi
report listing the results>of tests performed accor
to Table 2-2.13.13-1 9n-coupons cut from the sf
used in the fabrication of inserts.

(b) For metalthe supplier shall provide a certified
test report. Thie seport shall include the results of all
tests as requifed by the material specifications, inclugling
chemical analysis and mechanical tests. In addition,| the
results of any applicable supplementary tests shalf be
recorded.

the
H in
for
the

le a
ling
ock

mill
the

2-3 MATERIAL

2-3.1 Material Restrictions

Windows shall be fabricated only from cast polymejthyl
methacrylate plastic, hereafter referred to as acryliq.

2-3.2 Laminated Sheets

Laminating several sheets of acrylic to arrive at|
desired window thickness is not permitted.

the

2-3.3 Acrylic Bonding

Joining of acrylic castings by bonding is permitted,
provided that the following requirements are met:
(a) The joint shall be subjected only to membiane
compressive stresses.
(b) The properties of the bond joint shall meef or
exceed those specified in para. 2-3.10.

tatic

testing of the window.

2-3.4 Acrylic Requirements

The acrylic used for fabrication of windows shall satisfy
the following two general requirements:

(a) The casting process used in production of acrylic
shall be capable of producing material with the
minimum physical properties shown in Table 2-3.4-1.
The manufacturer of material shall provide certification
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to the window fabricator that the typical physical proper-
ties of the material satisfy the criteria of Table 2-3.4-1. The
material manufacturer’s certification shall convey the
information in a form equivalent to PVHO-1 Form
VP-3. The certification shall identify the material by lot
number and shall be marked in such a way that each
casting shall be positively identified with the lot
number. If the manufacturer is not willing to certify
that the typical physical properties of the castings

(a) Acceptance tests performed according to
para. 2-3.4(b) on one sheet casting chosen at random
from a lot of acrylic cast sheets shall serve to certify
all sheets of that lot, provided that the manufacturer of
acrylic shall positively and permanently identify each
sheet so certified with a lot number and the designation
ASME PVHO-1.

(b) The manufacturer of acrylic sheet castings may
certify that a product of a given thickness meets the

megt the requirements in Table 2-3.4-1, experimental
ver]fication of all properties shown in Table 2-3.4-1
becpmes mandatory.

(B) The acrylic castings from which the windows are
profluced shall meet the minimum physical properties
spefified in Table 2-3.4-2 after the castings have been
anngaled per para. 2-4.5. The acceptance tests of castings
shall be conducted for the window fabricator by the manu-
factpirer of acrylic or by an independent materials testing
labgratory. The results of the material acceptance tests
(spégcified in Table 2-3.4-2) for sheet or custom castings
shall be certified on a form equivalent to PVHO-1 Form
VP-#. This certification shall be provided to the window
fabricator and shall become a part of the certification
infgrmation forwarded to the chamber manufacturer
or yser.

2-3{5 Acrylic Form

Alkrylic castings shall be supplied in sheet form or as
cusfom castings. All acrylic sheet castings shall have'a
nonpinal thickness of % in. (12.5 mm) or greater.

Fpr purposes of this Standard, acrylic in the*form of
cusfom castings is classified as either Type-1-or Type
2 cqstings.

(4) Type 1 custom castings are defined as’being of such
thidkness and configuration, and produced by such a
profess, as to meet the requirerhents of Table 2-3.4-1
without experimental verification. To classify a casting
as 4 Type 1 custom casting,(the manufacturer of acrylic
shall certify that the manufacturer has produced castings
of similar shape and thickness and of the same material in
the pastand that such'eastings have met the requirements
of Tjable 2-3.4-1

(b) Type 2-eustom castings are defined as being
profuced indsuch a thickness or configuration, or by

Table 2-3.4-1. All custom castings failing to meet the re-
quirements of Type 1 shall be classified as Type 2 custom
castings.

2-3.6 Material Property Tests

Acceptance tests performed according to para. 2-3.4(b)
on a single casting can be used not only to certify the parti-
cular casting, but also, under special circumstances, to
certify an entire lot.
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typical physical properties specified in Table|2-3.4-1
without identification of lot number. Each casting|so certi-
fied shall have acceptance tests performedjon it agcording
to para. 2-3.4(b) and at that time have assigned to it an
inventory control identification that'shall be affixpd to the
casting by the window fabricator,and used in lieyi of a lot
identification in all ASME PVHO-1 documentati¢n.

(c) Acceptance tests performed accorfing to
para. 2-3.4(b) on speciniens cut from one|Type 1
custom casting shall'sérve to certify all castings of that
lot. The manufactipet” shall positively and permanently
identify each ceértified casting with lot numper and
safety standdrd designation ASME PVHO-1.

(d) Single)Type 1 custom castings shall haveac
tests performed according to paras. 2-3.4(a) and
on spéecimens cut from each casting.

(e) Type 2 custom castings shall have tests performed
according to paras. 2-3.4(a) and 2-3.4(b) on specimens cut
from each casting to experimentally verify that the acrylic
possesses the physical properties specified in both Tables
2-3.4-1 and 2-3.4-2. Tests for experimental verififation of
properties in Table 2-3.4-1 shall serve also to cqrtify the
properties in Table 2-3.4-2.

eptance
2-3.4(b)

2-3.7 Properties Test Specifications

Testing of acrylic castings for the physical angl optical
properties specified in Tables 2-3.4-1 and 2-3.4-2 shall
follow ASTM methods where applicable. Where possible,
samples for testing shall be taken from an integral part of
the casting. A test coupon casting may be used tp supply
material for testing, provided that the test coupon and
window castings meet the lot requirements. famples
for testing shall be cut so that no surface of [the test
sample is closer to an unfinished cast surface than the
normal trim line. Where possible, test samples|shall be
cut from the central portion of the original|casting
(e.g., a large casting cut into several windows). The
i i iffecin Table

2-3.4-2 shall be as follows:

(a) Tests for tensile properties shall be performed per
ASTM D638, using a testing speed of 0.20 in./min (5.0
mm/min) +25%.

(b) Tests for compressive deformation shall be per
ASTM D695.

(c) Tests for Compressive Deformation
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(1) General. Tests for compressive deformation shall
be performed using specimens loaded to 4,000 psi (27.6
MPa) and tested at 122°F (50°C). The sample size is a %-in.
(12.5-mm) cube. To test nominal “-in. (12.5-mm) thick
material, machine the specimen in such a manner that the
as-cast surfaces serve as the load-bearing surfaces. Do not
stack samples toreach % in. (12.5 mm) height; instead test
a sample, % in. x % in. (12.5 mm x 12.5 mm) nominal
thickness. For materials that are cast with irregular

between 290 nm and 330 nm and the peak location where
the maximum percent transmission was located. Measure-
ments can be made on the casting or on the monomer mix
from which the plastic is to be cast. Solid samples shall
have two polished faces through which the light passes.

(e) The clarity of a finished window shall be visually
rated. Clear print of size 7 lines per column inch (25
mm) and 16 characters to the linear inch (25 mm)
shall be clearly visible when viewed from a distance of

surfaceq or thicker than % in. (12.5 mm), machine the
sampleg from the casting such that the compression
face is aq close as possible to the bottom side of the casting.

(2) | Procedure. Place the test specimen between the
anvils df the testing machine. Apply the load to the
specimen without shock and take the initial reading 10
sec after the full load is on the specimen. At the end of
24 hr, take a second reading and record the total
change |n height. Determine the original height of the
specimgen by measuring the specimen after it is
removedl from the testing machine and adding this to
the totdl change in height as read on the dial of the
testing fnachine.

(3)| Calculation. Calculate the deformation as the
percentjge change in height of the test specimen after
24 hr, af follows:

Deformation,% = (A/B) X 100

hange in height in 24 hr (= height after load appli-
dation - height after 24 hr)

B = griginal height (= height after removal + tetal
d¢hange)
(4)|Report. The report shall include the fellowing:

(ta) original height of the test specimen

(1b) thickness of the cube

(tc) conditioning procedure

(1d) temperature of test and-the force applied
(te) change in height of the test specimen in 24 hr
(1f) deformation (flow or combined flow and
shrinkdge) expressed~as‘the percentage change in
height ¢f the test specimen calculated on the basis of
its origipal height

NOTE: Measurénfents shall be made in consistent units
measuredl to thenearest 0.001 in. (0.0254 mm).

(d) Test/for the presence of an ultraviolet absorber

20 in. (500 mm) through the thickness of the finighed
window.

(f) Since an ASTM standard method is not availablg
measurement of residual acrylic monomer,'the proced
specified in para. 2-3.8 is recommended:

(g) Test for thermal expansion ceefficient as follg

(1) Tests for thermal expansionicoefficient of acy
shall be performed per ASTM D696 or ASTM E83
include reportable thermal eXpansion data over the|full
temperature range of -40°F\to +140°F (-40°C to +6(°C).

(2) The thermal égpansion coefficient at temppra-
ture of interest T shall'be determined by testing the mjate-
rial at two points; each +10°F and -10°F (+5°C and -$°C)
from the desired point of interest T.

for
ure

ws:
ylic
L to

2-3.8 Testing for Residual Monomer

A sample of suitable size shall be obtained and analyzed
forunpolymerized methyl methacrylate and unpolyrher-
ized ethyl monomers using gas or liquid chromatographic
techniques. Options for determination of residual m¢no-
mers include gas chromatography (GC) and high-pressure
liquid chromatography (HPLC). Samples for testing ghall
be cut so that the center point of the analyzed piece if no
closer to the original edge or surface of the casting than the
thickness divided by 2. The following (after Cober Jand
Samsel, SPE Transactions, “Gas Chromatograph, a [New
Tool for Analysis of Plastics,” April 1962, pp. 145-151)
is a suitable procedure:

(a) The instrument may be a Beckman GC-2A gas c
matograph, equivalent, or better, with a hydrogen fl
detector, or equivalent, and a 6-ft (1.8-m) column of L [, in.
(6.0 mm) stainless tubing operated at 212°F (100°C). Fack
the column with 25% diethylene glycol adipate polyeister
(LAC-2R-446, Cambridge Industries Co.) and 2% phos-
phoric acid on an 80-100 mesh Celite filter aid. [The
acrylic to be analyzed shall weigh approximately 2.0 g
and shall be dissolved in exactly 50 mL of methylene

nro-
pme

(ultraviolet transmittance) shall be made using a scanning
ultraviolet monochromator having a bandwidth of 10 nm
or less and a minimum sensitivity of 0.02%, a photometer
having reproducibility of +1% of full scale, and the prac-
tices of ASTM E308 to measure the spectral transmittance
in the 290 nm to 330 nm wavelength band. Report the
value of one specimen of % in. + 0.01 in. (12.7 mm #
0.25 mm) thickness with light passing through polished
faces. Report the maximum percent transmission detected
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tion into the gas chromatographic apparatus. Compare the
area of the resulting peaks with the areas produced by the
injection of a standard solution. Prepare the standard
solution by dissolving 20 mg to 30 mg of pure monomers
in 50 mL of methylene chloride.

(b) Acrylic that does not dissolve shall be analyzed by
swelling the plastic and extracting the soluble portion.
Place a solid piece of insoluble acrylic plastic weighing
about 1 g and 20 mL of methylene chloride in a glass
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bottle, and place on a shaker for 24 hr. After 24 hr, the fluid
portion shall be analyzed for monomeric methyl metha-
crylate and monomeric ethyl acrylate per para. 2-3.5(a).

2-3.9 Windows Greater Than 6 in. Thick

Windows in excess of 6 in. (150 mm) thickness shall
require material testing of two samples from the
casting. One sample shall be taken from the surface of
the Rave ha -cacond munla-ch ha an ora—tha

b of the parent material strength as established by
ASTM D638 test on five tensile coupons cut from a

of inclusion population shall not exceed the cross-
sectiional area of the bonded joint in square centimeters
divided by 10. The critical density of population shall niot
exc¢ed 2 inclusions per square centimeter of contiguous
joink cross-sectional area.

2-3]11 Low Ultraviolet (UV) Cast Acrylic Cylinders

Chst acrylic cylinders may be used without the addition
of a|UV stablilization agent, provided the following condi-
tionfs are met:

as

reqyiirements of ASME PVHO-1.

(b) procurement control of material, parts, and
services

(c) establishing and maintaining a Quality Assurance
Program in accordance with Section 3

(d) documenting the Quality Assurance Program in
accordance with Section 3

(e) furnishing the purchaser with appropriate Certifi-
cation Report or Reports
f) ensuring that the subcontracted activities comply
with the appropriate requirements of this Standlard

The PVHO window fabricator shall rétain| overall
responsibility, including certifying and marking PVHO
windows.

2-4.2 Quality Assurance and>Marking

Windows shall be fabricateéd only from acrylic|castings
satisfying the requirements of Sections 2 and 3. This shall
be accomplished byhe‘window fabricator through
compliance with the-following procedures:

(a) The window fabricator shall establish and naintain
a current and documented Quality Assurance Program
that compliés’ with Section 3.

(b) Alcastings used for fabrication of windowg shall be
marked prominently with letters and/or numberg that are
tracedble to the material certifications (see
PYHO-1 Form VP-3, PVHO-1 Form VP-4, and [PVHO-1
Form VP-1).

(c) Eachwindow shallbe numbered per para.2{6.1,and
these numbers shall be traceable to the castings from
which they were fabricated. This traceability shalllbe certi-
fied on the fabrication data report, which shall prpvide, in
equivalent form, the information shown on PVH(Q-1 Form
VP-1.

2-4.3 Use of Solvent

No fabrication process, solvent, cleaner, or coo
degrades the original physical properties of th
casting shall be used during fabrication.

ant that
b acrylic

2-4.4 |dentification

During the fabrication process, each window|shall be
identified with identification and fabrication veijification
documents containing pertinent material and falrication
data.

2-4.5 Annealing

2-4 FABRICATION

2-4.1 Responsibilities and Duties for Window
Fabricators

The window fabricator’s responsibilities include the
following:

(a) compliance with this Standard and the appropriate
referenced standard or standards

31

All window material shall be annealed after all forming,
machining, and machine polishing have been completed.
All annealing shall take place in a forced-air circulation
oven. Annealing shall be in accordance with
Table 2-4.5-1. Time and temperature data for all annealing
cycles shall be entered into PVHO-1 Form VP-1. A copy of
the final anneal’s time/temperature chart shall be
attached to PVHO-1 Form VP-1.
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2-4.6 Polishing

Hand lapping and hand polishing to remove scratches
caused by handling may be performed after final
annealing.

2-4.7 Inspection

Each window shall be inspected in accordance with
subsection 2-5, after the final anneal.

(1) significant dimension: 0.015 in. (0.4 mm)

(2) critical dimension: 0.05t

(3) critical size of population: total volume of window
in cubic centimeters divided by 10000

(4) critical density of population: one inclusion per 1
in.® (16 cm®) of contiguous volume

(5) critical spacing between adjacent inclusions:
select the larger of the two adjacent inclusions and
multiply its diameter by a factor of 2

2-5 INSPECTION

2-5.1 General

The quality control inspection shall consist of dimen-
sional ahd visual checks to ensure the finished window
meets the dimensional tolerances, material quality, and
surfade finish requirements specified in
subsectipns 2-2 through 2-4. Windows that meet the re-
quiremgnts of subsections 2-2 through 2-4 and the re-
quiremgents of this subsection shall be accepted. In
particulfir, dimensional measurements shall be made to
show cdmpliance with para. 2-2.11.

2-5.2 |

All di
perform

hspection Temperature and Orientation

mensional and angular measurements shall be
ed at a material temperature of 70°F to 75°F
(21°C tg 24°C). For hyperhemisphere, cylindrical, and
NEMO-type windows, measurements for deviation
from trufe circular form, e.g., out-of-roundness and spheri-
city, shdll be conducted at least 24 hr after placing,the
window in the orientation of, and supportediin”a
similar thanner to, the intended service. Out-of-réundness
measurgments of cylindrical windows shall bejtaken at
both ends and at 25%, 50%, and 75% ef the window
length.

2-5.3 S

Scratdhes (or machining matks) on the surfaces of and
inclusions in the body of the\window shall not be accept-
able if they exceed the specified critical dimension, critical
spacing)|critical size ©of\population, or critical density of
population, or are<found in a critical location.

urface Scratches

2-5.4 Inclusion Inspection

The ctitieal dimensions of inclusions, critical spacing,

(6) critical locations: no inclusions are permittedl on
or within critical spacing of all of the bearing and|segling
surfaces

(b) For spherical sectors with squarée.edge, hgmi-
spheres with equatorial flange, cylindefrs,under intefnal
pressure, conical frustums and double-béveled disks ywith
t/D; < 0.5, and disks

(1) significant dimension; 0.015 in. (0.4 mm)

(2) critical dimension: 0.030 in. (0.8 mm)

(3) criticalsize of population: total volume of win
in cubic centimeters divided by 10000

(4) critical density of population: one inclusion per 1
in.? (16 cm®) of €ontiguous volume

(5) critical Spacing between adjacent inclusions:
in. (6 mm)

(6) critical locations: no inclusions are permitte
or within critical spacing of all of the surfaces

(e)Windows may be fabricated from acrylic castjngs
with inclusions that exceed the 0.03-in. (0.8-mm) critical
dimension specified by (b)(2), provided that the structural
performance of the window is not compromised by| the
presence of these inclusions.

This is to be accomplished by restricting the inclusfons
to only certain types and sizes, and by compensating their
effect on the critical pressure of the window with an
increase in tensile strength of the acrylic, or an incr¢ase
in design critical pressure of the finished window, or both.

(1) Inclusions are allowed in flat disks, cylinders unpder
internal pressure, spherical sectors with square edges,
hemispheres with equatorial flange, and double-
beveled disks and conical frustums with t/D; < 0.5,
provided that the following requirements are met:

(-a) Significant dimension of the inclusion is 0.0
(0.8 mm).

(-b) Critical dimensions of the inclusions are

(-1) voids, specks, and grains of dirt; fragmen
metal, wood, or rubber: 0.06 in. (1.5 mm)
(-2) hair or cloth fibers: 2 in. (50.8 mm) lon

How

D.25

l on

B in.

=l

critical size of inclusion population, critical Tocation,
and critical density of inclusion population depend on
the shape of the window. Only inclusions whose diameter
or length exceeds the following specified significant
dimension shall be considered during a visual inspection;
all others shall be disregarded.

(a) For spherical sectors with conical edge, hyperhemi-
spheres, NEMO windows, conical frustums and double-
beveled disks with t/D; 2 0.5, and cylinders under external
pressure loading

32

(-3) plastic foil fragments: 0.15 in. long x 0.06 in.

wide x 0.03 in. thick (3.8 mm x 1.5 mm x 0.76 mm)

(-c) Critical size of population is total volume of the
casting in cubic inches divided by 1,000.

(-d) Critical density of inclusion population is one
inclusion per cubic inch.

(-e) Critical spacing between adjacent inclusions is
0.25 in. (6.35 mm).
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(-f) Critical locations are such that inclusions are not
permitted closer than 0.125 in. (3.2 mm) from the finished
window surface.

(2) The finished window containing one or more inclu-
sions shall satisfy one of the following structural require-
ments:

(-a) The minimum tensile strength of inclusion-free
tensile test specimens from the lot of casting used in manu-
facture of windows shall be >11,000 psi, and the short-

(6) critical locations: no scratches are allowed on the
bearing and sealing surfaces, on any faces of double-
beveled disks and cylinders, or on low-pressure faces
of conical frustums and disks

(c) For spherical sectors with square edge and hemi-
spheres with equatorial flange of acrylic

(1) significant dimension: 0.003 in. (0.08 mm)

(2) critical dimension: 0.01 in. (0.25 mm)

(3) critical size of population: total length of all

terrh design-critical pressure of the window shall meet the
reqlirement of this Standard.

(-b) The minimum tensile strength shall be 210,000
and the window’s short-term design-critical pressure
| exceed the requirements of this Standard by 210%.
(-¢) The minimum tensile strength shall be 29,000
psi,jand the window’s STCP shall exceed the requirements
of this Standard by =220%.

psi,
sha

2t-5.4.1 Inclusion Inspection for Nonstandard
Windows. Nonstandard geometry windows and standard
window geometries with lower conversion factors shall
not|contain any inclusion with a critical dimension
excg¢eding 0.015 in. (0.40 mm).

2-5(5 Scratch Characterizations

Critical dimensions of scratches (or machining marks),
critfcal spacing, critical sizes of scratch population, critical
locqdtions, and critical densities of scratch population
deplend on the shape of the window. Only scratches
whgse depth exceeds the significant dimension shall\be
conpidered during a visual inspection; all other§)shall
be dlisregarded.

(4) For spherical sectors with conical edgé;hyperhemi-
sphpres, NEMO windows, conical frustums) and double-
bevgled disk with ¢/D; = 0.5, and cylinders under external
pregsure loading

(1) significant dimension: 0:03in. (0.25 mm)

(2) critical dimension: 0:027in. (0.5 mm)

(3) critical size of population: total length of all
scrgtches in centimeterS'equals total area of scratched
surface in square centiimeters divided by 1000

(4) critical dénsity of population: none specified
(5) criticalkspacing between scratches: none specified
(6) critical locations: no scratches are permitted on
the |bearing and sealing surfaces

(b) Fer)conical frustums and double-beveled disks with
t/D]< 0.5, flat disks, and cylinders under internal pressure

scratches in centimeters equals total area ofys¢ratched
surface in square centimeters divided by 1000
(4) critical density of population: none’spe
(5) critical spacing between scratdhes: none §pecified
(6) critical locations: no scratches are pernjitted on
bearing and sealing surfaces, on.the low-pressurje face of
spherical sector with square edge, or in the heel ajd instep
areas of flanged hemispheres

ified

2-5.6 Repairs

Repairs to new windows that do not meet ac
criteria shall(be performed in accordan
subsection.2<9.

eptance
re with

2-5.7- Inspection Report

After the quality control inspection, each acgeptable
window shall be certified as to fabrication processes
on a fabrication data report. The report shall e made
on a form equivalent to PVHO-1 Form VP}1. This
report shall be forwarded to the chamber manyfacturer
or user as a part of the certification package.

2-6 MARKING

2-6.1 Marking Location, Configurations
Identification of each window with the window|
tor’s certification shall be located on the window’$ seating
surface or on the outer diameter of the window. Identi-
fication shall consist of “,-in. (12.5-mm) letfers and
numbers made by the window fabricator with an jndelible
black felt marker, or %-in. (3.2-mm) letters and pumbers
applied with epoxy ink. Epoxy ink shall not be uged if the
marked surface seats against a metal surface. The identi-
fication shall contain information per the fdllowing
example:
50-100-PVHO-RT-21-XX

R

fabrica-

(1) significant dimension: 0.003 in. (0.08 mm)

(2) critical dimension: 0.01 in. (0.25 mm)

(3) critical size of population: total length of all
scratches in centimeters equals total area of scratched
surface in square centimeters divided by 1000

(4) critical density of population: none specified

(5) critical spacing between scratches: none specified
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‘ T Year of window fabrication
Fabricator’s serial number of window

Window fabricator’'s name or identification
symbol

Initials for Pressure Vessel Human Occupancy
Maximum temperature, °F
Design pressure, psi
Windows fabricated without an ultraviolet (UV) stabi-
lization agent shall add “Low UV” after the year of fabrica-
tion.
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2-6.2 Certification Completion

At the time of marking, the window fabricator shall
certify the overall fabrication of the window by completing
window certification PVHO-1 Form VP-1. Only after
completion of PVHO-1 Form VP-1 shall the window be
considered to have met the requirements of this Standard,
and the window can be marked in accordance with para.
2-6.1. This window certification shall be forwarded to the

2-7 PRESSURE TESTING

2-7.1 Frequency

Each window shall be pressure tested atleast once prior
to being accepted for service.

2-7.2 Test Configuration

The pressure test shall take place with the window

purchaser or used as part oftirewinmdow certification

package.

2-6.3 Marking Restrictions

The windows shall be markgd by the window fabricator
with PVHO identification per ppra. 2-6.1 only if the design,
material manufacture, materjal testing, and fabrication
have been completed and ar¢ on file with the window
fabricator applying the markings after having met the re-
quirements of para. 2-6.2.

2-6.4 Additional Marking

The window may also be m
tifications. The size of letters,
their location on the window
ments of para. 2-6.1.

rked with additional iden-
method of application, and
shall satisfy the require-

2-6.5 Marking Certificatign Retention

The window certificatioh and data reports (see
PVHO-1 Forms VP-1 through VP-5) shall be retained
for each window as follows:

(a) One copy of PVHO-1 Forjms VP-1 through VP-5 shall
be retained by the window fabkicator, and one copy of the
forms shall be furnished to the window purchaser if the
window fabricator performs the pressure test.

(b) Ifthe window fabricator] does not perform the pres-
sure test, this shall be noted qn PVHO-1 Form VP-1. One
copy of PVHO-1 Forms VPl through VP-4 shall be
retained by the window fabrikcator, and one copy of-the
forms shall be furnished to tije purchaser of windows.

(c) 1f the purchaser of winflows does not require the
window fabricator to perfoym the pressute-test, the
purchaser shall have the prepsure test performed by a
qualified pressure test laborgtory, or/pressure test the
windows according to subseftion 2-%"either of which
requires the completion of PYHO21Form VP-5.

(d) Tt shall be the responsibfility of the owner/user and

installed in the chamber or placed within a test fixture
whose window seat dimensions, retaining ring, and
seals are identical to those of the chamber.

2-7.3 Test Duration

The window shall be pressurized with gas or water until
design pressure is reached with a tolerance of +0%/-4%
for test pressures less than 500 psi (3.46 MPa) and
+0%/-2% for test pressures greater than 500vpsi
(3.46 MPa). The design pressure shall be maintained
for not less than 1 hr, but not more than 4 hr.\Pressuriza-
tion and depressurization rates shall not*exceed 650
psi/min (4.5 MPa/min).

2-7.4 Test Temperature

The temperature of the pressurizing medium during the
test shall be the design temperature for which the window
is rated with a tolerance of +0/-5°F (+0/-2.5°C). Brief
deviations from these temperature tolerances are
allowed, provided\that the deviation does not exceed
10°F (5.5°C) and lasts less than 10 min.

2-7.5 Window Leakage

Windows that leak during the pressure tests shall be
removed, fitted out with new seals, and retested. If,
during the retest, the leakage continues, efforts will be
made to complete the test by stopping the leak with a
temporary seal. The inability of seals to operate properly
during the test shall be noted in the test report, which shall
be submitted at the conclusion of the pressure test to the
chamber manufacturer/user.

2-7.6 Post-Test Inspection

Atthe conclusion of the pressure test, the windows shall
be visually inspected for the presence of crazing, cracks, or
permanent deformation. This examination may be

the chamber manufacturer to possess and retain
PVHO-1 Forms VP-1 through VP-5 for a period not less
than the design life of the window plus 2 yr.

(e) It shall be the responsibility of the window fabri-
cator to possess and retain PVHO-1 Forms VP-1 through
VP-4 (and PVHO-1 Form VP-5 if performing the pressure
test) for a period notless than the design life of the window
plus 2 yr.
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chamber.

2-7.7 Rejection Criteria

Presence of crazing, cracks, or permanent deformation
visible with the unaided eye (except for correction nec-
essary to achieve 20/20 vision) shall be the cause of rejec-
tion of the windows and shall be so noted on the test
report. Permanent deformation less than 0.001D; in
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magnitude measured at the center of the window shall not
be cause for rejection.

2-7.8 Alternate Test Procedure

Ahydrostatic or pneumatic test in excess of design pres-
sure may be substituted for the mandatory tests of
paras. 2-7.3 and 2-7.4 for windows with a design tempera-
ture of 125°F (52°C) or less. Durmg the hydrostatlc or
pneumatic test, the presgs a
minimum of 1 hr, but not nhore than 4 hr. The test pressure
shall not exceed 1.5 timeq the design pressure or 20,000
psi (138 MPa), whichevei] is the lesser value. To prevent
permanent deformation df windows tested above design
pressure, the temperatute of the pressurizing medium

during the test shall be a
the design temperatur
(10°C) design temperat
during the test shall be
the other requirements d
specified in paras. 2-7.5 t

least 25°F (14°C) lower than
. For windows with a 50°F
ire, the pressurizing medium
B2°F to 40°F (0°C to 4°C). All
f the mandatory pressure test
hrough 2-7.7 shall be retained.

2-7.9 Reporting Requifements

After pressure testing,
completed to certify the
The information shall be

a pressure test report shall be
results of the pressure test.
reported on a form equivalent

to PVHO-1 Form VP-5 by the party who performs the pres-

sure test.

2-7.10 Records Retent|

Pressure test records sh
design life of the window

2-8 INSTALLATION OF

2-8.1 Cleaning

The window cavity seat
cleaned. Aliphatic naphth
for cleaning.

2-8.2 Lubrication

The window cavity seat
sing conical bearing surfd
with grease prior to placd
window cavity so that tH

on

all be kept on file for atleast the
plus 2 yr.

WINDOWS IN CHAMBERS

in the flange shall be thoroughly
h and hexane are suitablefluids

s for all window shapes posses-
ces shall_be thoroughly coated
mentwof the window inside the
e greased surfaces will act as

secondary seals. Silicong

purpose. Other greases shall be checked for chemical

compatibility with acrylic.

2-8.3 Assembly

After placement of the window inside the window

cavity, the primary elastomeric seal shall be placed on
the high-pressure face of the window and the retainer
tightened until the seal compression reaches the
minimum value specified in para. 2-2.10.
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2-9 REPAIR OF DAMAGED WINDOWS PRIOR TO
BEING PLACED IN SERVICE

2-9.1 General

New fabricated windows that do not meet the accep-
tance criteria of subsection 2-5, or windows that have
been damaged during inspection, shipment, pressure
testlng, storage handhng, or 1nstallat10n in chambers

provided the requlrements of this subsectlon are met.

2-9.2 Damaged Window Criteria

For the purpose of this Standard, a damaged window ig
one that meets the criteria of Section 2, is marked per
subsection 2-6, and has a Window Certification but-has
sustained damage that requires repair prior,to‘being
placed in service.

2-9.3 Dimensional Assessment

Windows are considered to be damaged when the
window can no longer meet the dimensional tolerances
and surface finishes specified, by subsection 2-5. The
assessment of damage shallkbe'performed by an author-
ized representative of the chamber manufacturer or user
or by a window fabricator.

2-9.4 Damage Severity Determination

The damage to'windows, depending on its severity, may
be repairedby the chamber user or by an accredited fabri-
cator of windows. Only slightly damaged windows may be
repaired by the chamber user or an authorized agent,
while severely damaged windows shall be repaired
$olely by a window fabricator.

2-9.5 Slightly Damaged Windows

The damage to windows is considered slight when it
consists solely of scratches on the surfaces less than
0.020 in. (0.5 mm) deep or chips on the window edges
less than 0.125 in. (3.2 mm) wide. Scratches deeper
than 0.020 in. (0.5 mm), edge chips wider than
0.125 in. (3.2 mm), gouges, and cracks are considered
severe damage.

2-9.6 Repairs of Slightly Damaged Windows

chamber user or an authorized agent, prov1ded only
hand sanding/polishing techniques are used, and the
thickness and surface finish of the window after repair
meet the requirements of Section 2. The use of power-
driven tools (disk sanders, buffing wheels, lathes,
milling machines, etc.) is not allowed. These repairs do
not require post annealing.
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2-9.7 Repair of Severely Damaged Windows

Special conditions are applicable to the repair of

severely damaged windows.

(a) Severely damaged windows shall be repaired by a

window fabricator.
(b) Repair of severely da

maged windows shall be

initiated by the window fabricator only after receipt of
written authorization from the chamber manufacturer

or user and inspection of the
tification marking. Damaged \
tion does not correspond to
shall not be repaired.

(c) The written authorizati
the original Design (see PVHO
tion Certifications (see PVHO

(d) During the repair, the

vindows whose identifica-
the written authorization

n shall be accompanied by
1 Form VP-2) and Fabrica-
1 Form VP-1).

yindow fabricator may use

all the fabrication processes cyistomarily employed in the

fabrication of new windows th
subsection 2-4.

(e) Upon completion of re
annealed according to the sch

(f) After annealing, the r
inspected to ensure that th
the material quality, minim
tolerance, surface finish, and i
ments of Section 2.

(g) Repaired windows shal
tification of the window fabric

(h) The repair identificati
(12.5-mm) letters and num
black marker or 0.125-in|
numbers made with epo
window’s seating surface.

(i) The repair identification|
information, as per the follow

A—PS—12—81

L&

Year re

Window
Repair

The repair identification

ht meet the requirements of

pair, the window shall be
edule of Table 2-4.5-1.

bpaired window shall be
e finished window meets
m thickness, dimensional
clusion limitation require-

be marked with the iden-
ator performing the repair.
pn shall consist of 0.5-in.
bers made with indelible
. (3.2-mm) letters and
Ky ink, located on the

shall contain the following
ing example:

air performed

Fabricafor’s serial number of-repair

fabricator’s initials
0go

chall. et obscure, in any

manner, the original window
(j) Original window ident

been accidentally or intentionally removed during

identification.

repair operations may be reapplied at this time, provided
the restored original identification marking has identical
wording to the original one that was removed, and the
Repair Certification reflects this fact.

(k) The design life of the repaired window is deter-
mined by the original fabrication date shown on the
window identification marking.
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2-9.8 Repair of Spherical Window by Spot Casting

Windows with spherical surfaces whose dimensional
tolerances, surface finish, or inclusions exceed the
limits specified in paras. 2-2.11, 2-5.3, and 2-5.5 may
be repaired by spot casting, provided the following condi-
tions are satisfied:

(a) The repaired spot shall be subjected only to
compressive stresses in service.

: trtdow-for-tdeT S . i sttt ,

same chemical composition and shall be polymerized in
the same manner as the casting mix in the window casting.

(c) For repaired spots located in areas within 2 deg of
the window’s edge circumference, or areas not visible
from the interior of the pressure vessel by an observer
in a typical position required for operation of the
vessel, the following limitations apply:

(1) The volume of a single repaired spot shall’not
exceed 10%, and the cumulative volume of all_repaired
spots shall not exceed 20% of the total windoW.¥olume.

(2) Thereisno limit on the number of repaired spots.

(d) For repaired spots located in areas outside 2 deg of
the window’s edge circumference, and.visible from the
interior of the pressure vessel’tovan observer in a
typical position required for eperation of the vessel,
the following limitations apply:

(1) The area of any répaired spot shall not exceed
0.025% of the total window area.

(2) Only two repaired spots are permitted.

(e) After completioh of machining and polishing opera-
tions, the windew shall be annealed per para. 2-4.5.

(f) Location‘and extent of spot casting repairs shall be
noted on. a sketch attached to PVHO-1 Form VP-6.

2-10 GUIDELINES FOR APPLICATION OF THE
REQUIREMENTS OF SECTION 2

2-10.1 Introduction

(a) Section 2 presents the necessary information to
design, fabricate, and pressure test acrylic windows
that, when mounted and sealed in metallic seats, form
the viewport assemblies acceptable as pressure-resistant
barriers in pressure vessels for human occupancy.

(b) Restrictions are imposed on the service conditions
to which the viewport can be subjected to preclude cata-
strophic failure of the window during its rated life. In order

demanded by human occupancy of the pressure vessel,
each step in the production of the windows shall be certi-
fied for conformance to this Standard.

(c) Only high-quality cast acrylic (polymethyl metha-
crylate) is acceptable as the material for fabrication of
windows under this Standard. Conformance of the mate-
rial to the specifications of this Standard shall be proven by
testing of material coupons (see subsection 2-3) and certi-
fication (see PVHO-1 Forms VP-3 and VP-4).
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2-10.2 Sample Design Procedures

(a) The design procedure consists of a series of steps
that allow the engineer to design a window meeting the
requirements of this Standard (see subsection 2-2).

Step 1. Determine the design pressure, P, and
temperature of the pressure vessel. Use the values as
maximum design allowable for windows.

Step 2. Select the designed window shape from avail-

angle and the operational pressure range. The magnitude
of overhang is given in terms of D;/Dyratios for any given
combination of operational pressure ranges and conical
angles. Operational pressure ranges 1, 2, 3, and 4 corre-
spond to 0 psito 2,500 psi, 2,500 psi to 5,000 psi, 5,000 psi
to 7,500 psi, and 7,500 psi to 10,000 psi. For operational
pressures above 10,000 psi (69 MPa), use Table 2-2.3.2-1.

Step 2. Calculate the stiffness compliance of the
window seat with analytical formulas or finite element

able standard window gepmetries (See FIgures 2-2.2.1-1
through 2-2.2.1-4). Note the restrictions on the service in
which they can be placed (see paras. 2-2.2 and 2-2.3).

If the design requirefnents cannot be met by a stan-
dard window geometry, a ponstandard window geometry
of your own design may bg chosen. In that case, disregard
the remainder of the design steps in (a) through (c) and
follow instead the procgdures specified in subsection
2-11.

Step 3. Select the co
for the chosen standar
range, and temperatur
through 2-2.3.1-4). Use

ersion factor (CF) appropriate
window geometry, pressure
range (see Tables 2-2.3.1-1
he pressure range into which
the design pressure falls. The CF given by the table repre-
sents the lowest value acgeptable to this Standard. Wher-
ever feasible, select a higher value than shown in the
tables.

Step 4. Calculate th¢ short-term critical pressure
(STCP) of the window by multiplying the design pressure,
P, by the CF selected in Jtep 3.

Step 5. Calculate the flimensionless ratio, t/D; or t/R,
for the chosen window geometry by finding the appro-
priate graph that relates the STCP to the window’s dimen-
sionless ratio (see Figure$ 2-2.5.1-1 through 2-2.5.1-12).
Draw a horizontal line frgm the appropriate STCP on the
ordinate to the graph. From where it intersects the graph,
drop a vertical line to the|abscissa. The intersection with
the abscissa provides the sought-after dimensionless
ratio. For design pressyres, P, above 10,000 psi (69
MPa), use Table 2-2.3.2-1] to derive the required-dimen-
sional ratios. This table dpplies only to conieal*frustum
windows with an included conical angle a2 60 deg.

Step 6. Calculate the|[nominal windéw:s dimensions
on the basis of the dimepsionless ratio) Wherever it is
feasible, increase the njominal thickness to provide
extra stock for future opgrational edntingencies.

Step 7. Apply angulal and dimensional tolerances to
the nominal dimensions and specify surface finishes on

stress analysis computer programs to meet the require-
ments of para. 2-2.8. Since the window mounting forms a
reinforcement around the penetration in the pressure
vessel, its cross section shall also meet the requirements
of the applicable Division of ASME BPVC, Section VIII.

Step 3. Apply angular and dimensional tolerances,to
the nominal dimensions and specify surface finisheslon
the seat cavity (see paras. 2-2.9 and 2-2.11). Enterall ap-
plicable data on the window seat drawing.

(c) Only certain sealing arrangements havebeen found
to be successful with acrylic windows serving as pressure
boundaries (see para. 2-2.10).

Step 1. Some of the proven s€al designs acceptable
under this Standard are shown)in Figures 2-2.5.1-1
through 2-2.5.1-6, 2-2.5.1-12{2-2.9.1-2, and 2-2.9.1-5
through 2-2.9.1-8. Select the most appropriate sealing
arrangement for your operational conditions. The
bevels on the edges of windows cannot exceed the
limits shown in Figures 2-2.10.10-1 and 2-2.10.10-2.

Step 2. Seabdesigns that deviate from the require-
ments of this.Standard shall be subjected to an experi-
mental validation program that will define their effect
on the\design life of the windows (see para. 2-2.6).

2-10.3 Sample Purchase Specification and Product
Reviews

The designed window, in order to achieve the STCP,
shall be fabricated by an accredited window fabricator
using materials and a production process that meet
the requirements of subsections 2-3 and 2-4, respectively.

Step 1. Ensure that the request for quotation and all
drawings carry the following note:

“The cast acrylic, fabrication procedure, Quality Assur-
ance Program, and finished window shall meet all the re-
quirements of ASME PVHO-1."

This note alerts the fabricators to the additional factors
imposed by the certification requirements of this Stan-

the window (see para. 2-2.11). Enter all applicable
data on drawings and PVHO-1 Form VP-2.

(b) The windows can achieve the predicted STCPs only
if they are mounted in seats with appropriate cavity
dimensions, stiffness, and surface finishes (see
paras. 2-2.6, 2-2.9, and 2-2.11).

Step 1. Calculate seat cavity dimensions on the basis
of Figures 2-2.9.1-1 through 2-2.9.1-8. For windows with
conical bearing surfaces, the magnitude of seat cavity
surface overhang depends on both the included conical
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dard:

Step 2. Provide the successful bidder with
PVHO-1 Form VP-2, filled out by the window designer.
PVHO-1 Form VP-2, together with the window
drawing, shall form the basis for future identification
of the window.

Step 3. Upon receiving the window from the window
fabricator, inspect the finished product dimensionally and
visually for compliance to this Standard (see para. 2-2.11
and subsection 2-4). Review all of the paperwork, which
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shall accompany the window (PVHO-1 Forms VP-1
through VP-4). Check for completeness and signatures.
Compare the marking on the window bearing surface with

(a) theidentification number on PVHO-1 Form VP-1.

(b) the design temperature and pressure on
PVHO-1 Form VP-2. Only when the window complies
with the requirements imposed by this Standard, and
the accompanying Window Certification, PVHO-1
Forms VP-1 through VP-4, is complete, can the fabrication

Add 0.1 in. to thickness for future operational contin-
gencies:
Nominal ¢t = 4.2 in.
Nominal angle = 90 deg
Nominal D; = 10 in.
Nominal D, = 18.4 in. (calculated)
Step 1.7. Apply dimensional tolerances to windows (see
para 2-2.11):
D, = 18.400 +0.000/-0.037 in. (to sharp edge)

be considered to have met al
tions imposed by the above ng

2-10.4 Sample Pressure T

The window can now be in
chamber or pressure tested in
storage for future use as a req
tested in a new chamber (see §
pressure testing), the test sh
human occupants.

Step 1. Immediately after th
window visually for the prese
tures, or permanent deforma

Step 2. If the window pass
inspection successfully, fill ou

Step 3. Review certificati
through VP-5, for completene

2-10.5 Sample Calculations

The following sample cal
window and window seat (
design procedure:

Step 1.1. Determine design
Design pressure = 1,000
Design temperature = 12
Window diameter = 10 ij

Step 1.2. Select window sh

Conical frustum with 90
Figure 2-2.2.1-1)

Step 1.3. Select conversion

CF =10, N = 1 (see Tablg

Step 1.4. Calculate STCP:

STCP = CF x P
10,000

Step 1.5. Select the dimens

of the contractual obliga-
te on the window drawing.

est Instructions

talled into a new pressure
a test fixture and placed in
lacement. If the window is
ubsection 2-7 for details of
all be conducted without

e pressure test, inspect the
hce of crazing, cracks, frac-
ion.

ed the post-pressure test
t PVHO-1 Form VP-5.

bns, PVHO-1 Forms VP-1
SS.

fulations of hypothetical
imensions illustrate the

conditions:

psi

H°F

.

hpe:

deg included angle (see

factor:
2-2.3.1-2)

= 10 X 1,000
psi (68.96MPa)

onléss ratio for windows:

t/D; = 0.41 for STCP = 68

D6 MPa

a = 90 +0.25/-0.00 deg

Bearing surface finish = 32 pin. RMS
Step 2.1. Calculate nominal dimensions for seat cavity:
Df = 10.000/1.03 = 9.709 in. (see Figure 2-2.9.1-1)

D;/Df = 1.03 for pressure range N = 1 and included
angle 90 deg
D, = 18.400 in.
a = 90 deg

Step 2.2. Calculate cross section of window’mounting.
(Use procedure of your own choice; NSRDG Report 1737,
“Structural Design of Viewing Ports for Oceanographic
Vehicles,” by K. A. Nott, 1963, can be very helpful.)

Step 2.3. Apply dimensional tolerances to window seat.

Step 3.1. Select sealing arrangement: neoprene O-ring
seal compressed against beveled edge of major window
diameter by a flat retainingring (see Figure 2-2.5.1-4). The
magnitude of the bevel caninot exceed the limits shown in
Figure 2-2.10.10-1¢The size of the bevel chosen will
provide adequate\compression to a nominal 0.25-in.
diameter O-ring.

Step 3.2. “Enter the following final viewport dimensions
on drawihg:

(a)-Window

B, = 18.400 +0.00/-0.037 in. (to sharp edge)
t = 4.200 +0.020/-0.00 in.

a = 90 +0.25/-0.000 deg

(b) Seal
O-ring thickness = ', in. (nominal)
O-ring inside diameter = 17.75 in. (nominal)
(c) Seat
Df = 9.709 +0.010/-0.000 in.
D, = 18.400 +0.020/-0.000 in.

a = 90 +0.000/-0.25 deg
2-11 NONSTANDARD WINDOW GEOMETRIES-AND

a

Step 1.6. Calculate nominal

90 deg (see Figure 2-2.5.1-5)

window dimensions:

D; = 10 in.

t = 041 x 10 in. = 4.1 in.
t/D; = 041

a = 90 deg
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STANDARD WINDOW GEOMETRIES WITH
LOWER CONVERSION FACTORS

2-11.1 Case Submittal Procedure

Acrylic windows of nonstandard geometry, or of stan-
dard geometry but with nonstandard lower CFs, may be
submitted for consideration as a Case for adoption by the
ASME Pressure Vessels for Human Occupancy Committee
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and possible subsequent incorporation into the Standard
as another standard geometry or standard CF for windows
meeting the design parameters of subsection 2-2.

(a) Prior to submission for review, the window design
shall be experimentally verified according to para. 2-11.3,
and the window design, testing procedure, test results,
and any other pertinent analytical or experimental
data shall be summarized in a clear, concise, and

legible technical report.

2-11.5 LTPP Test Procedure

2-11.5.1 Regular LTPP Test Procedure. The LTPP of a
window with nonstandard geometry, or with standard
geometry and lower CF, shall be experimentally verified
as per the following paragraphs, using model-scale (of the
same size) or full-scale windows:

(a) The windows shall be individually subjected to
sustained pressure loading at design temperature.

(b) One copy ofthe rep
sion for consideration by
the report to the Commi
public domain for review

rt shall accompany the submis-
the Committee. Submission of
tee places its content into the
and comment by the public.

2-11.2 Use in Standard PVHOs

Windows with nonstan
dard geometries and lowe
chambers for human occ
properties and structural
tory short-term, long-terr
quirements of this Stand

2-11.3 Testing Criterig

Windows with nonstan
dard geometries and low
mandatory requirements

(a) short-term proofprd
pressure, sustained contin
without catastrophic faily

dard geometries, or with stan-
r CFs, may be incorporated into
ipancy provided their material
berformance satisfy the manda-
h, and cyclic proof pressure re-
rd.

dard geometries, or with stan-
br CFs, shall meet the following

ssure (STPP): 4 times the design
uously for a minimum of 30 min
re at design temperature envi-

ronment under short-teri pressurization

(b) long-term proof pr
sustained continuously
the alternative LTPP test

bssure (LTPP): design pressure
or 80,000 hr or according to
procedure in para. 2-11.5.2 in

design temperature environment without catastrophic

failure

(c) crack-free cyclic prd
sure sustained intermit
cycles of 8 hr each in de
without cracking

of pressure (CPP): design pres-
tently during 1,000 pressure
bign temperature envirenment

2-11.4 STPP Test Progedure

The STPP of a window

with nonstandard geometry, or

with standard geometry apd lower{GF,'shall be experimen-

tally verified with a minin
windows tested may cons

hum of-five windows. The STPP
st.ofany combination of model-

scale (of the same size)

rfull-scale windows

(v Eachwimdow sttatt-besubjected to a differemnt
hydrostatic pressure, and the duration of sustained pres-
sure preceding the catastrophic failure shall be recorded.

(c) The pressures to which five individual windows
shall be subjected are 0.9, 0.8, 0.75, 0.7, and 0.65 times
the average STCP established experimentally in
para. 2-11.4.

(d) The experimental data points of (c) shall be plotted
on log-log coordinates, and the relationship{between
critical pressures and duration of loading shall be repre-
sented empirically by a straight line. The ‘experimental
points generated in para. 2-11.4 with¢30-min sustained
loading duration shall be plotted on’the same graph.
The testing of any window spé&cimen that has not
failed in 10,000 hr of sustainedloading may be terminated
at that time and its data peint omitted from the graph.

(e) The extension of the/plotted line to 80,000 hr of
sustained loading shall €kceed the LTPP. The extrapolated
failure at 80,000 hr’shall be at least two times the design
pressure.

(f) An alternative to the LTPP tests defined in (b)
through (e)shall be sustained pressure loading of individ-
ual windows for aduration of 10,000 hr at design tempera-
ture.p€ér- one of the following test programs:

(1) One window shall be tested at a sustained pres-
sure equal to 0.9 STPP.

(2) Two windows shall be tested at a sustained pres-
sure equal to 0.85 STPP.

(3) Three windows shall be tested at a sustained
pressure equal to 0.8 STPP.

(4) Four windows shall be tested at a sustained pres-
sure equal to 0.75 STPP.

(5) Five windows shall be tested at a sustained pres-
sure equal to 0.7 STPP.

If all windows of any one of the five selected test
programs in (1) through (5) survive sustained pressuri-
zation for 10,000 hr without catastrophic failure, the
window design is considered to have satisfied fully all re-

(a) The windows shall
650 + 100 psi/min (4.5

be individually pressurized at
* 0.7 MPa/min) in the design

temperature environment to the STPP.
(b) Allfive windows shall survive the STPP test without

catastrophic failure.

39

quirements of the LTPP test.

2-11.5.2 Alternative LTPP Test Procedure (ALTPP).
An ALTPP test as defined in this paragraph shall be
conducted using model-scale or full-scale windows
under one or more of the test pressure options contained
in Table 2-11.5.2-1 and the acceptance criteria contained
in Figure 2-11.5.2-1.
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The use of one or more model-scale windows for ALTPP
testing is permitted only if the short-term strength of the
model is equivalent to that obtained for a minimum of
three full-scale windows. To verify model-scale equiva-
lence, the STPP test in para. 2-11.4 shall be performed
on a model-scale window and the failure pressure
obtained shall lie within the range obtained on a
minimum of three full-scale windows. The same condi-
tions of temperature and rate of pressurization used

for full-scale windows shall
scale window. If the model-
these criteria, full-scale wind
ALTPP tests.

Windows shall be subjecte
maximum design tempera
without any failure per any
(), (b), or (c), where design
accordance with Table 2-11.5

Three test options are av
however, the test temperatur
maximum design temperat
Figure 2-11.5.2-1 illustrates t

(a) If only one creep test is
conducted at a pressure and f
that defined by a straight ling

be applied to the model-
scale test does not meet
ows shall be required for

] to sustained pressure at
ure for at least 300 hr
one of the procedures in
pressure is determined in
2-1.
ilable. In all three cases,
e and duration shall be at
ure for at least 300 hr.
hese requirements.
to be performed, it shall be
or a duration greater than
on a semi-log plot (recti-

linear pressure versus logarithmic time) defined by the

point at 9 times the design p
0.1 hr at one end and the point
sure and a duration of 80,000
specimen test pressure and du
and time defined by this line
least 300 hr, then the design m
ments.

(b) Ifthree creep testare to
be conducted ata pressure and
that defined by a straight ling

ressure and a duration of
at 3 times the design pres-
hr at the other end. If the
ration exceed the pressure
and the test duration is at
eets the creep test require-

be performed, they shall all
for a duration greater than
on a semi-log plot (recti-

linear pressure versus logari

mic time) defined by the

point at 9 times the design gressure and a duration ©of
0.1 hr at one end and at 2 times the design pressure

and a duration of 80,000

at the other end, If all

three specimen test pressuffes and durations-exceed
the pressure and time defined by this line-and the test

duration for each specime

is at least~300 hr, the

design meets the creep test rpquiremeénts.
(c) If five creep test are to e performed, they shall be

conducted at a pressure and for aduration greater than
that defined by a straight lind ofi a semi-log plot (recti-

In all three options, if all windows of any one of the test
options survive sustained pressurization without cata-
strophic failure, the window design is considered to
have satisfied fully all requirements of the ALTPP test.

2-11.6 CPP Test Procedure

The crack-free CPP of the window with nonstandard
geometry, or with standard geometry and lower CF,

model-scale windows (of the same size) or a single
full-scale window.

(a) The window shall be pressure cycled 1,000 times
from zero to CPP in the design temperature environment.

(b) The length of the individual pressure cycles may
vary from one cycle to another, but the average length
of the sustained loading and relaxation phases in all¢of
the pressure cycles shall equal or exceed 4 hr.

(c) At the completion of 1,000 pressure cyeles, the
window shall be visually inspected with the-tinaided
eye (except for correction necessary to achieve 20/20
vision) for the presence of cracks.

(d) Absence of visible cracks shall becconsidered proof
that the window design meets the ¢rack-free CPP require-
ment of this Standard.

2-11.7 Test Temperature Criteria

The temperature of the window, the window test
assembly, and its pressurizing medium during the perfor-
mance of proof tests is allowed to deviate from the speci-
fied design temperature by the following margin:

(a) for the short-term pressurization of para. 2-11.4,
+10°F (5.5°C)

(b) (for'the long-term pressurization of para. 2-11.5,
+10°F. (5.5°C)

{c) for the cyclic pressurization of para. 2-11.6, +25°F
(4°C)

2-11.8 Fixturing

All STPP, LTPP, and CPP testing shall be performed with
each window mounted securely in a test fixture designed
to withstand the maximum test pressure to which the
window may be subjected.

(a) The window seat dimensions of the test fixture for
full-size windows shall be the same as those used for the
viewport flanges with operational full-size windows.

(h) The window seat dimensions of the test fixture for

linear pressure versus logarithmic time) defined by the
point at 6 times the design pressure and a duration of
0.1 hr at one end and at 2 times the design pressure
and a duration of 80,000 hr at the other end. If all five
specimen test pressures and durations exceed the pres-
sure and time defined by this line and the test duration for
each specimen is at least 300 hr, the design meets the
creep test requirements.

40

model-scale windows shall be scaled down from test
fixtures for full-size windows.

2-11.9 Scaling

The successful qualification of a window design with
nonstandard geometry, or with standard geometry and
lower CF, for a chosen design pressure and temperature
under the procedures of paras. 2-11.2 through 2-11.8,
qualifies also other window designs with the same
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geometry and same or higher t/D; ratios for the same or
lower design pressure and temperature.
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Fabrication Certification for Acrylic Windows

Window Drawing No.

Window Identification

Material Stock Description

Manufacturer of acrylic

Trade name

Nominal thickness

Casting shape

Lot number

o : L
castmgumToet

Certified for conformance to Ta
Certified for conformance to Ta
Window Description

Maximum allowable working p

Maximum temperature rating

Window designed by

Joint bonding (if applicable)
Manufacturer of acrylic ceme

Trade name of cement

Curing means and duration

Average tensile strength (per

Joint quality conforms to par

Polishing agents

Cleaning agent

Fabrication Process Data
First annealing temperature (if

Duration

Intermediate annealing temper:

Duration

Final annealing temperature (ch

Duration

Dimensional checks

Actual outside diameter, D,

Actual thickness, t, ., and t,

Actual sphericity (maximum d
sphericity measured by a tem
convex surface)

Conforms/deviates from spec!
Window fabricator has tested

Window fabricator has compl

ble 2-3.4-1 by Date
ble 2-3.4-2 by Date
essure rating psi MPa
oF °oC
(name of company and designer)

t
IASTM D638)
. 2-3.10 (yes/no)
pplicable)

Cooling rate
ture (if applicable)

Cooling-rate
art required)

Cooling rate

Agctual inside diameter, D;
Actual included angle, «

eviation from specified
blate on the concave or
fication for spot casting\repairs
Wwindows Yes No
bted PVHO-1 Eorm*VP-5 Yes No

The window identified above
Standard for Pressure Vessels
drawing

humber , revision

has begn'fabricated in accordance with the material and fabrication requirements of the Safety
for Human Occupancy, ASME PVHO-1-

edition, and company

, dated

(authorized representative of window fabricator)

(date)

(name and address of window fabricator)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than

republication.
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PVHO-1 Form VP-2 Acrylic Window Design Certification

Window Description Window Drawing No.
Maximum allowable working pressure psi MPa
Maximum design temperature °F °C Minimum design temperature °F °C
Window shape
Conversion factor table number
Pressure range, N Conversion factor, CF ____at °F °C
Maximum internal ambient temp. °F °C Minimum external ambient temp. °F °C

Short-term critical pressufe and figure no.

Experimental Verificatipn [Note (1)] No. 1 No. 2
Thickness, t (actual)
No. 3 No. 4
D, (actual)
D; (actual) No. 5 STCP
Water temperature 4 —°F —______°C (Note each test specimen FS for

full scale or MS for model scale.)

Type of failure

Test conducted at

Test supervised by

Window Design

Inner diameter, D; (nomingl) Outer diameter, D, (nominal)

Included angle (nominal) External radius of curvature (nominal)
Minimum ¢ (calculated) Minimum ¢/D; (calculated)

D,ID; (nominal) D,ID; (nominal)

Minimum D, (calculated) Maximum D; (calculated)

Diametral interference/clgarance between
D, of window and window seat at maximum
design temperature (calcyilated)

Diametral interference/clgarance between
D, of window and window seat at minimum
design temperature (calcylated)

Actual t (specified on drayvings)

Actual D; (specified on drawings)

Actual D, (specified on drawings) Actual D, (specified on drawings)

Actual external radius of gurvature
(specified on drawings)
(spherical or cylindrical

Drawing no.ofwindow | Drawingno.offlange — Drawing no. of assembly

Description of pressure vessel (for which the window has been designed)

The viewport design cofnplies with alkefthe requirements of the Safety Standard for Pressure Vessels for Human Occupancy,
subsection 2-2.

(viewport designer) (date)
(authorized representative of chamber manufacturer or owner) (date)
(name and address of chamber manufacturer or owner) (date)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

NOTE: (1) If STCP is determined experimentally according to para. 2-2.5.2, then the critical pressures of all five windows tested, the testing
laboratory, and the test supervisor should be noted here.
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Figure 2-2.2.1-1
Standard Window Geometries — Part 1

o t=1,in.(12.5 mm)
\ / t/D, = 0.08

N—_—

t

(a) Flat Disk Window

~

§> D; t=1,in. (12,56 mm)
t/D;=0.125
/ -y o = 60 deg

t

(b) Conical Frustum Window

, ]
|
I
/?\ t=1/,in. (12.5 mm)
L a Di Do t/D;=0.250
\ i o = 60 deg
| R ¢ =0.25¢
I
|
t

(¢)'Double-Beveled Disk Window
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Figure 2-2.2.1-2
Standard Window Geometries — Part 2

D;=2R;sin o/2
t=15in.(12.5 mm)
o = 30 deg
t/R;= 0.09 for a = 60 deg
t/R;= 0.06 for a = 90 deg
t/R; = 0.03 for o = 180 deg

(23)

—
-~

t=1,in.(12.5 mm)

30 deg = o = 150 deg
t/R;=0.03
D;=2R;sin o/2
D,=2R,sino/2
RO = Ri+ t
€ = tsin(90)deg — a/2)

2
'~.
~.
——

(b) Spherical Sector Window With Square Edge
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Figure 2-2.2.1-3
Standard Window Geometries — Part 3

t=1,in.(12.5 mm)
t/R;> 0.03

D, D, = (D;+ 2M)
R, = Vg in. (3.0 mm)
0.5 mm = R, = 0.125¢
1.5t= M= 2.0t
R,=R;j+t

(a) Hemispherical Window With Equatorial Flange

t=1,in, (12.5 mm)

D)

o

\W—I_
l

(b) Cylindrical Window
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Figure 2-2.2.1-4
Standard Window Geometries — Part 4

t

t=1,in.(12.5 mm)
0.03 = t/R, = 0.355

O = T00 deg

(a) Hyperhemispherical Window

t=1,in)(12.5 mm)
0.03 =#/R, = 0.355
o< 50 deg
w8 = spacing between ad-
jacent penetrations
shall exceed /2 of
the larger penetrations

(b) NEMO Window

Table 2-2.3.1-1
Conversion Factors'for Acrylic Flat Disk Windows

Operational Pressure Rgnge Conversion Factor, CF, at
N psi (MPa) 50°F (10°C) 75°F (24°C) 100°F (38°C) 125°F (52°C) 150°F (66°C)
1 2,500 ([17.2) 5 6 8 10 16
2 5,000 (B4.5) ) 6 8 10
4,000 psi (27.6 MPa)
LIMIT.......
3 7,500 (51.7) 5 6
7,000 psi (48.3 MPa)

GENERAL NOTES:
(a) The conversion factors (CF) in this table apply only to short-term critical pressures (STCP) plotted in Figures 2-2.5.1-1 through 2-2.5.1-3.

(b) Dotted lines refer to intermediate pressure ranges.
(c) Interpolation between CFs is allowed.
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Table 2-2.3.1-2

(23) Conversion Factors for Acrylic Conical Frustum Windows and Double-Beveled Disk Windows
Operational Pressure Range Conversion Factor, CF, at
N psi (MPa) 50°F (10°C) 75°F (24°C) 100°F (38°C) 125°F (52°C) 150°F (66°C)
1 2,500 (17.2) 5 6 10 16
I Conversion factors for these pressures shall be interpolated I
between the upper and lower values shown.
4,500 psi (31 MPa)
CIMIT

2 5,000 (34.5 5 | 9

7,500 (51.7 5
4 10,000 (69) 5

8,000 psi (55.2 MPa)
....... LIMIT.......

GENERAL NOTES:
(a) The CFs in this table apply only to STCPs plotted in Figures 2-2.5.1-4 and Figures 2-2.5.1-5.
(b) Dotted lines refer to intermedifte pressure ranges.

(c) Interpolation between CFs is ajlowed.

Table 2-2.3.1-3
Conversion Factors flor Acrylic Spherical Sector Windows With Conical Edge, Hyperhémispherical
Windows| With Conical Edge, and NEMO-Type Windows With Conical Edge

Operational Pressure Range

(23)

Conversion Factor, CF, at

N psi (MPa) 50°F (10°C) 75°F (24°C) 100°F (38°C) 125°F (52°C) 150°F (66°C)
1 2,500 (17.2) 4 6 8 10 16
1,500 psi (10.3 MPa)
........ LIMIT
2 5,000 (34.5) 4 6 8 10
3,500 psiN(241 MPa) | 3,000 psi (20.7 MPa)
LIMIT....... LIMIT.......
3 7,500 (51.7) 4

GENERAL NOTES:

(a) The CFsin this table apply only t§ STCPs plotted in Figures 2-2.5.1-6 and Figures 2-2.5.1-7 for spherical sector windows with conical edge and

Figures 2-2.5.1-14 and 2-2.5.1-15 for hyperhemispherical wiidows with conical edge and NEMO-type windows with conical penetrations.
(b) Dotted lines refer to intermedifite pressure ranges.

(c) Interpolation between CFs is ajlowed.
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Table 2-2.3.1-4
Conversion Factors for Acrylic Spherical Sector Windows With Square Edge and Hemispherical Windows With
Equatorial Flange

Operational Pressure Range Conversion Factor, CF, at
N psi (MPa) 50°F (10°C) 75°F (24°C) 100°F (38°C) 125°F (52°C) 150°F (66°C)
17
1 2,500 (17.2) 5 7 9 11 1,500 psi (10.3 MPa)
....... LIMIT
2 5,000 (34.5) 5 7 9
3,000 psi (20.6 MPa)
LIMIT.......
3 7,500 (51.1) 5
GENERAL NOTES:
(a) The CFs in this table apply only to STCPs plotted in Figures 2-2.5.1-6 and 2-2.5.1-7.
(b) Dotted lines refer to internediate pressure ranges.
(c) Interpolation between CF§ is allowed.
Table 2-2.3.1-5
Conversion Factors for Acrylic Cylindrical Windows
Operational Pressure Rgnge Conversion Factor, CF, at
N | psi (MPa) 50°F (10°C) | 75°F (24°C) | 100°F (38°C) | 125°F (52°C)|  150°F (66°C)
Part A: Internal Pressure
1 | oy | 13 | 14 | 15 | 20 | 25
Part B: External Pressure
1 | 2500 17.2) | 6 | 7 | 9 | 11 | 17

GENERAL NOTES:

(a) The CFs in Part A of this fable apply only to STCPs plotted in Figures 2-2.5.1-8 and.2-2.5.1-9.

(b) The CFsin Part B of this taljle apply only to STCPs plotted in Figures 2-2.5.1-10 through 2-2.5.1-13. Since the tube may fail due to yielding of
material (see Figure 2-2.51-8) or elastic buckling (see Figures 2-2.5.1-9 through 2-2.5.1-11), both modes of failure shall be considered in
selection of t/D ratio. The thode of failure that is chosen as the design criterion depends on which of the failure modes requires a higher t/D;
ratio for the desired STCHs. The mode of failure requiring a higher t/D; ratio is chosen as the design criterion.

(c) Interpolation between CF§ is allowed.

Table 2-2.3.2-1
Conical Frustum Windows for, Design Pressures in Excess of 10,000 psi (69 MPa)

Temperature Ranges

<50°F\(20°C) <75°F (24°C)
Design Pressure D;/Dy D;/Dy
psi MPa t/D; 60 deg 90 deg 120 deg 150 deg t/D; 60 deg 90 deg 120 deg 150 deg

11,000 75.86 1.0 1.13 1.17 1.23 1.69 1.1 1.13 1.17 1.23 1.69
12,000 82.76 1.1 113 1.17 1.23 1.69 1.2 1.13 1.17 1.23 1.69
13,000 89.66 1.2 1.13 1.17 1.23 1.69 1.3 1.13 1.17 1.23 1.69
14,000 96.55 1.3 1.13 1.17 1.23 1.69 1.4 1.13 1.17 1.23 1.69
15,000 103.45 1.4 1.13 1.17 1.23 1.69 1.5 1.13 1.17 1.23 1.69
16,000 110.34 1.5 1.20 1.26 1.53 2.48 1.6 1.20 1.26 1.53 2.48
17,000 117.24 1.6 1.20 1.26 1.53 2.48 1.7 1.20 1.26 1.53 2.48
18,000 124.14 1.7 1.20 1.26 1.53 2.48 1.8 1.20 1.26 1.53 2.48
19,000 131.03 1.8 1.20 1.26 1.53 2.48 1.9 1.20 1.26 1.53 2.48
20,000 137.93 1.9 1.20 1.26 1.53 2.48 2.0 1.20 1.26 1.53 2.48

GENERAL NOTE: D,/Ds ratio refers to the conical frustum seat specification shown in Figure 2-2.9.1-1.
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Figure 2-2.5.1-1
Short-Term Critical Pressure of Flat Disk Acrylic Windows — Part 1
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Figure 2-2.5.1-2

Short-Term Critical Pressure of Flat Disk Acrylic Windows — Part 2
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Figure 2-2.5.1-3

Short-Term Critical Pressure of Flat Disk Acrylic Windows — Part 3
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Figure 2-2.5.1-4
Short-Term Critical Pressure of Conical Frustum Acrylic Windows — Part 1
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Figure 2-2.5.1-5
Short-Term Critical Pressure of Conical Frustum Acrylic Windows — Part 2

%00 T T 43,500
2120 deg / 90 deg
280
/ 40,000
/i
I
I
I
Vi
paofb b e e e -35.000
r
[T I
L J
fis L aas
HH €<0.25¢
g=s L h | v B 30,000
200 =+ My Ol
H- /
S ;] J- 1 60 ceq
Ik Two-Way Window Design immay
T 25,000 -
o
160 g
®
0
o
=
20,000 2
S
120 ;
7 15,000
80 J
10,000
O-ring seal s
40 A £
par - 5,000
/ H
! i
T 5
0 0.2 1.0

54


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2023.pdf

ASME PVHO-1-2023

Figure 2-2.5.1-6
Short-Term Critical Pressure of Spherical Sector Acrylic Windows — Part 1
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Figure 2-2.5.1-7
Short-Term Critical Pressure of Spherical Sector Acrylic Windows — Part 2
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Figure 2-2.5.1-8
Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized Internally — Part 1
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Figure 2-2.5.1-9
Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized Internally — Part 2
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Figure 2-2.5.1-10
Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized Externally

ASME PVHO-1-2023
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Figure 2-2.5.1-11
Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under External Hydrostatic Pressure —
Part 1

100

0.1

Legend:
D = D;+D,
2
P. = short-term critical pressur
1 x 3.499 x 1072 (psi)
n x 2.413 x 107" (MPa)
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Figure 2-2.5.1-12
Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under External Hydrostatic Pressure —
Part 2
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Figure 2-2.5.1-13
Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under External Hydrostatic Pressure —
Part 3
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Figure 2-2.5.1-14

Short-Term Critical Pressure of Hyperhemispherical and NEMO-Type Acrylic Windows — Part 1
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Figure 2-2.5.1-15
Short-Term Critical Pressure of Hyperhemispherical and NEMO-Type Acrylic Windows — Part 2
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Figure 2-2.9.1-1
Seat Cavity Requirements — Conical Frustum Window, Spherical Sector Window With Conical Edge,
and Flat Disk Window

D; /D¢Ratios

Operational

\/ Pressure Included Angle, deg
R1

(x\/
5 Range 60 20 120 150
: - 1.02 1.03  1.06  1.14
I ——czoum| T04 106 1.12 1.28
&ijX 1.08 1.09 117 136
B

110 120 1.20 1.42

2223=2
ifn

Il
AW N|-

(a) Conical Frustum Window

[2R; sin(a/2)]1/DsRatios
(Spherical Sector With Conical Edge)

Operational Included Angle, deg
Pressure Range 30-180
N=1 1.02
N=2 1.03
N=3 1.05

(b) Spherical Sector
Window With Conical Edge

D,

e D]
K\i’}f)\

1.250 = D,/D;

(¢) Flat Disk Window

GENERAL NOTES:
(a) For o between values shown, interpolation is requiged
(b) % in. (1.0 mm) < R1 < {4 in. (2.0 mm).

(c) K is selected on the basis Jof structural analysis.

(d) B is selected on the basis of optical requirements.
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Figure 2-2.9.1-2
Seat Cavity Requirements — Double-Beveled Disk Window

B
Operational Pressure Included Angle, deg
Range 60 90 120 150
N=1 1.02 1.03 1.06 1.14
N=2 1.04 1.06 1.12 1.28
N=3 1.08 1.09 1.17 1.36
N=4 1.10 1.15 1.20 1.42

GENERAL NOTES:

(d) ¢ < 0.25¢
(e)ns.

(f) % in. (1.0 mm) < R1 < % in. (2.0 mm).

(a) For a between values shown, interpolation is required.
(b) K is selected on the basis of structural analysis.
(c) B is selected on the basis of optical requirements.
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Figure 2-2.9.1-3
Seat Cavity Requirements — Spherical Sector Window With Square Edge

GENERAL NOTES:
(a) K is selected on the basis |of structural analysis.
(b) B is selected on the basis jof optical requirements.
() D, =2R,sin a/2.

(d) D; =2 R;sin af2.

(e) Di - Dyz Y% in. (3.0 mm).
(f) 45 = tsin (90 deg - a/2).
(g) Ro = Ri + L
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Figure 2-2.9.1-4
Seat Cavity Requirements — Hemispherical Window With Equatorial Flange

D;+2M

1.5t M < 2.0t

D¢
oM
7/ K
B
Operational Pressure Range D;/D
N=1 1.02
N=2 1.03
N=3 1.05

GENERAL NOTES:
(a) K is selected on the basis of stfuctural analysis.
(b) B is selected on the basis of opftical requirements.
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Figure 2-2.9.1-5

Seat Cavity Requirements — Cylindrical Window

Elastomeric
spacer

—_

|
s

(a) Und

K is selected on the basis of structural analysis
R; = internal radius of window seat
< calculated R; of cylinder at zero internal pressure and
—30°C minus gasket compressed 50%
R, = external radius of window seat
= calculated maximum R, of cylinder under sustained

Bearing
gasket

(23)

br Internal Pressure

Elastomeric
R, seal

Tnfernal design pressure of 8 nr auration at design
temperature plus gasket compressed 50%
R, 2135 in. (1.0 mm)

N Elastomeric
seal

K is selected on the basis of structural analysis
M, = 0.05R;
R; = internal radius of window seat

K ¥

(b) Und

= calculated R; of cylinder under zerg external pressure
at design temperature minus thickness of gasket

/> R, = external radius of window seat

2 calculated R, of cylinder under zero external pressure

br External Pressure

at +52°C plus gasket compressed 50%
R, 23 in. (1.0 mm)

N\— Hard bearing gasket
bonded to flange
R;— R;<0.01R;
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Figure 2-2.9.1-6
Seat Cavity Requirements — Hyperhemispherical Window

Internal pressure \
seal

al2

’4/

|
|
|
A
_$ |

Ki
Sk,

External pressure
eal

>

Fiber-reinforced

neoprene gasket
<0.7 mm z ]

.

K, - K; > Y4 in. (6.0 mm)
G > 1/32 in. (1.0 mm)
Gy > 1/16 in. (2.0 mm)

a < 100 deg
Legend:
Dy, = diameter of the opening |n the pressure hull
K; = inner diameter of the conical seat
K, = inner diameter of the pepetration in the window
a = included spherical angle pf the opening
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Figure 2-2.9.1-7
Seat Cavity Requirements — NEMO Window (Standard Seat)

b

|
;\ﬁ:___z_ ---------------- 1

L

]
S
\
N\
\
\
N\
Pl | =
e va
- >
//
;\
N2
\N

k > 0.005R,
m > 0.01R,
a < 50deg
(a + 8deg) < ¢ < (a +,12:deg)

Legend:
E; = orientation of effective radial stiffness
k = thickness of comprefsed gasket
m = elevation of hatch ripg
a = spherical angle of window penetration
€ = spherical angle of sylit retaining ring
y = spherical angle of hdtch seat

GENERALNOTE: The variablegx, b, z, and I shall be proportioned in such a manner that the effective radial stiffness of all inserts at the penetration
does not exceed the radial stiffness of acrylic seetor with included angle o by more than 3,500%.
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Figure 2-2.9.1-8
Seat Cavity Requirements — NEMO Window (Seat With Extended Cyclic Fatigue Life)

Room-temperature
vulcanizing silicone seal

Plastic insert

g > 0.03R,
k > 0.005R,
m > 0.01R,
a < 50deg
(a + 8deg) < & £+ 12deg)

Legend:
E; = orientation of effective radial stiffness
g = thickness of plastic insert]
k = thickness of compressed gasket (neoprene)
m = elevation of hatch ring
a = spherical angle of window penetration
& = spherical angle of split refaining ring
y = spherical angle of hatch seat

GENERALNOTE: Thevariablesx, b, 4 and [ shallbe proportioned in such a manner that the effective radial stiffness of all inserts at the penetration
does not exceed the radial stiffness| of derylic sector with included angle a by more than 3,500%.
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Figure 2-2.10.10-1
Bevels on Window Edges — Flat Disk Windows, Conical Frustum Windows, Spherical Sector Windows, (23)
Hyperhemispheres

<0.25t <0.25t

| |

<0.25¢ [<>-|

One-Way Two-Way

(a) Flat Disk Windows

<90 deg l

One-Way One-Way Two-Way

(b) Conical Frustum Windows

<0.125¢

@/\%

<0.062¢

\//Q(J.0862t

(c) Spherical Sector Windows (d) Hyperhemispheres

0.8

75t \/
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Figure 2-2.10.10-2
Bevels on Window Edges — Flanged Hemispherical Window, Spherical Sector Window With Square Edge,
External Pressure and Internal Pressure of Cylindrical Windows

<0.125¢
=l
f
by

<0.125t

(a) Flanged Hemispherical Window (b) Spherical SectorWindow
With Square Edge

<0.125¢

iy 1

<0.125t
<0.125t
External Pressure Internal Pressure

(c) Cylindrical Windows
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Figure 2-2.10.11-1

Acceptable Configurations for Clear Viewport Retaining Covers

Hard bearing
/ gasket

/ Viewport
forging

N

(WA "
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window
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FO-ring
seal

\

(a) Flat Disk Viewport Cross Section

< g =g
\ Pressure

Clear viewport side
retaining cover

Viewing angle

/ Viewport
forging

Viewport
window

I\

—O-ring
seal

\

< < < AS
‘\ X Pressure
Clear viewport side

retaining cover

Viewing angle

(b) Conical.Frustum Viewport Cross Section
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Figure 2-2.13.11-1

Dimensional Tolerances for Penetrations in Acrylic Windows

Leger|
M,

ed .(') min

—0deg 15 min

\

outside diameter<of\penetrations
radius of curvdture
conical seat(angle
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Table 2-2.13.13-1

Specified Values of Physical Properties for Polycarbonate Plastic

Specified Values

Test Procedures Physical Property U.S. Customary Units SI Units
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,000 psi 262 MPa
(b) elongation at break 220.0% 220.0%
(c) modulus of elasticity 2300,000 psi 22069 MPa
ASTM D695 [Note (1)] Compressive:
(a) yield strength 212,000 psi >82.8 MPa
(b) modulus of elasticity >300,000 psi 22069 MPa
ASME PVHO-1 method, para. §-3.7(c) Compressive deformation at 4,000 psi (27.6 MPa) 2% <2%
and 122°F (50°C) for 24 hr
ASTM D732 [Note (1)] Shear, ultimate strength 29,000 psi 262 MPa
ASTM E308 Ultraviolet transmittance <5% <5%

GENERAL NOTE: Test coupon
physical properties of the maf

NOTE: (1) These tests require
sampling procedures described
to meet the requirements of t

Table 2-2.13.13-2
Specified Values of Physical Properties for Cast Nylon Plastic

shall be taken from each plate that serves as machining stock for inserts and shall be tested to vetify,that the
erial meet the requirements in this table.

testing a minimum of two specimens. For others, test a minimum of one specimen. Wheretapplicable, use the
inpara. 2-3.7. Where two specimens are required in the test procedure, the average of the tést values shall be used
he minimum physical properties of this table.

Specified Values

Test Procedures Physical Property U.S. Customary Units SI Units
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,500 psi 265.5 MPa
(b) elongation at break 230.0% 230.0%
(c) modulus of elasticity 2350,000 psi 22415.0 MPa
ASTM D695 [Note (1)] Compressive:
(a) yield strength 26,000 psi 241.4 MPa
(b) modulus of elasticity 2250,000 psi 21725.0 MPa
ASME PVHO-1 method, para. £-3.7(c) Compressive deformation“at 4,000 psi (27.6 MPa) and <1.4% <1.4%
122°F (50°C) for 24-hr
ASTM D732 [Note (1)] Shear, ultimate”Strength 24,300 psi 229.7 MPa

GENERAL NOTE: Test coupong
physical properties of the mat

NOTE: (1) These tests require
Where two specimens are requ
physical properties of this tab

e.

shall be taken from each casting that serves as machining stock for inserts and shall be tested to verify that the
erial meet the requirements in this table.

testing a minimum of two specimens. Where applicable, use the sampling procedures described in para. 2-3.7.
ired in the test-procedure, the average of the test values shall be used to meet the requirements of the minimum
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Figure 2-2.13.15-1
Dimensional Tolerances for Inserts in Acrylic Windows

20.02M, for acrylic insert
‘ 20.005M,, for metal insert

|
oy
-0.000 © W
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Figure 2-2.13.16-1
Typical Shapes of Inserts

Type 2

(23)

Acrylic ¢/2 <25 deg

Type

Metallic ¢/2 < 25 deg \\ /

Acrylic /2 < 14 deg
Metallic ¢/2 < 25 deg

Metallic ¢/2 < 25 deg

(b) For Metallic Materials

Metallic /2 < 25 deg
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Figure 2-2.13.22-1
Seal Configurations for Inserts in Acrylic Windows

Iz

= 0.02M,, for acrylic insert
= 0.005M, for metal insert

U

= 0.02M,, for acrylic insert

=0.02M,
= 0.005M, for metal insert 3/

sed Neoprene Gasket Seal (b) Potted-in-Place RTV Silicon Rubber Seal

(a) Compres:

= 0.02M,, for acrylic insert
> 0. 005M for-metal insert

(3

(d) Captive O-Ring Seal

= 0.02M,, for acrylic insert
= 0.005M,, for metal insert \| _
—

A

(c) Independent O-Ring Seal

Legend:
M, = outside diameter of penetfations
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Figure 2-2.13.24-1
Restraints for Inserts in Acrylic Windows

I
(a) Acrylic Insert | (b) Metal Insert
I
I

(c) Acrylic Insert (d) Metal Insért
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Table 2-3.4-1

Specified Values of Physical Properties for Each Lot

Specified Values

Test Procedures Physical Property U.S. Customary Units SI Units

ASTM D256 [Note (1)] Izod notched impact strength 20.25 ft-Ib/in.-min 213.3 J/m
ASTM D542 Refractive index 1.49 + 0.01 1.49 + 0.01
ASTM D570 [Note (1)] Water absorption, 24 hr <0.25% <0.25%
ASME PVHO-1 method, para. 2-3.7{c) Compressive deformation at 4,000 psi <1.0% <1.0%

(27.6 MPa), 122°F (50°C), 24 hr
ASTM D638 [Note (1)] Tensile:

(a) ultimate strength 29,000 psi 262 MPa

(b) elongation at break 22% 22%

(c) modulus 2400,000 psi 22760 MPa
ASTM D695 [Note (1)] Compressive:

(a) yield strength >15,000 psi 2103 MPa

(b) modulus of elasticity 2400,000 psi 22760 MPa.
ASTM D732 [Note (1)] Shear, ultimate strength 28,000 psi =55 MPa
ASTM D785 [Note (1)] Rockwell hardness =M scale 90 >M'scale 90
ASTM D790 [Note (1)] Flexural ultimate strength >14,000 psi 297 MPa
ASTM D792 [Note (1)] Specific gravity 1.19 £ 0.01 1.19 £ 0.01
ASME PVHO-1 method, para. 2-3.7{d) Ultraviolet (290 nm-330 nm) light <5% <5%

ASME PVHO-1 method, para. 2-3.7

transmittance

Clarity, visually rated

Must have readability

Must have readability

ASME PVHO-1 method, para. 2-3.7{g) Coefficient of linear thermal expansion at £10™% (in./in. °F) <10™° (mm/mm °C)
°F °C
-40 -40 2.9 5.22
-20 -29 3.0 5.40
0 718 3.2 5.76
20 ~7 3.4 6.12
40 4 3.7 6.66
60 16 4.0 7.20
80 27 43 7.74
100 38 4.7 8.46
120 49 5.1 9.18
140 60 5.4 9.72
ASTM D648 Deflection temperature of plastics under >185°F 285°C
flexure at 264 psi (1.8 MPa)
ASME PVHO-1 method, para. 2-3.8 Total residual monomer:
(a) methyl methacrylate <1.6% <1.6%

(b) ethyl acrylate

GENERAL NOTE: The manufacturer shall certify that the typical physical properties of the acrylic satisfy the criteria in this table.

NOTE: (1) These tests require testing a minimum of two specimens. For others, test a minimum of one specimen. Where applicable, use the
sampling procedures described in para. 2-3.7. For other tests, use the sampling procedures described in the appropriate ASTM test methods.
Where two specimens are required in the test procedure, the average of the test values shall be used to meet the requirements of the minimum
physical properties of this table.
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PVHO-1 Form VP-3 Material Manufacturer's Certification for Acrylic

The innecm)x_______in.(cm) acrylic sheet/customcastingsof ______in. (cm)

nominal thicknessinlotNo.__ have been produced by

under the trademark of

These castings possgss typical physical properties satisfying the minimum values specified in Safety Standard for Pressure
Vessels for Human Ogccupancy, Section 2, Table 2-3.4-1, in accordance with the material manufacturer’s Quality Assurance
Manual Edition , Rev. , dated

(authorized representative of manufacturer of plastic) (date)

(name and address of manufacturer of plastic)

GENERAL NOTE: Thigform may be reproduced and used without written permission from ASME if used for purposes-ether
than republication.
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Table 2-3.4-2

Specified Values of Physical Properties for Each Casting

Specified Values

Test Procedures Physical Property U.S. Customary Units SI Units
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,000 psi 262 MPa
(b) elongation at break 22% 22%
(c) modulus of elasticity 2400,000 psi 22760 MPa
ASTM D6P5 [Note (1)] Compressive:
(a) yield strength 215,000 psi 2103 MPa
(b) modulus of elasticity 2400,000 psi 22760 MPa
ASTM D7P0 [Note (1)] Flexural ultimate strength 214,000 psi 297 MPa
ASME PVHO-1 method, Compressive deformation at <1.0% <1.0%
para 243.7(c) 4,000 psi (27.6 MPa) and 122°F
(50°C) for 24 hr
ASME PVHO-1 method, Ultraviolet transmittance [for 0.5 in. <5% <5%
para 243.7(d) (12.5 mm) thickness]
ASME PVHO-1 method, Visual clarity Must pass‘readability test Must pass readability|test
para. 2}3.7(e)
ASME PVHO-1 method, para. 2-3.8 Total residual monomer:

(a) methyl methacrylate
(b) ethyl acrylate

<1.6%

<1.6%

GENERAL

NOTE: (1
sampling
to meet t

NOTE: To be verified by testing of specimen from eachycasting or lot as defined in para. 2-3.5.

These tests require testing a minimum of two specimens. For others, test a minimum of one specimen. Where applicable, us
brocedures described in para. 2-3.7. Where two.specimens are required in the test procedure, the average of the test values shall be
he requirements of the minimum physical properties of this table.

b the
used
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PVHO-1 Form VP-4 Material Testing Certification for Acrylic

1. Test specimens have been [J cut from casting or [ supplied already cut by

2. Test specimen taken from [0 acrylic sheet or [Jcustom castingsno. —____in Lot no. of in. (cm)
nominal thickness that have been produced by under the
(material manufacturer)
trademark of po the following physical and chemical properties:
Test Method Property Results

ASME PVHO-1, para. 2-3.7(c) Compressive deformation at 4,000 psi (27.6 MPa)
and 122°F (50°C)

ASTM D638 Tensile:
(a) ultimate strength

(b) elongation at break

(c) modulus of elasticity

ASTM D695 Compressive:
(a) yield strength

(b) modulus of elasticity

ASME PVHO-1, para. 2-3.7(d) Ultraviolet transmittance
[for 1/, in. (12.5 mm) thickness]

ASME PVHO-1, para. 2-3.7(e)  Visual clarity

ASME PVHO-1, para. 2-3.8 Total residual methyl methacrylate %
ang-ethyl acrylate monomers Y%

The experimentally proven propetrties satisfy the minimum values specified in Table 2-3.4-2 of the Safety Standard for

Pressure Vessels for Human ©ccupancy.

(authorized representative of material testing laboratory) (date)

(name and address of material testing laboratory)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes
otherthan republication.
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Table 2-4.5-1
Annealing Schedule for Acrylic Windows

Part A: Minimum Heating Times of Elevated Temperature Annealing of Acrylic

Heat Time [Note (1)], hr (h), for Acrylic Placed in a Forced-Air Circulation Oven
Maintained at a Set Temperature Within +5°F (+2.8°C)

Thickness, in. (mm) 230°F (110°C), Max. 212°F (100°C), Min. 195°F (90°C), Min. 185°F (85°C), Min.
0.50 (12.70) 35 4.0 6.0 11.0
0.75 (19.05) 44 49 6.9 11.8
10 (2540 53 59 77 126
1p5 (31.75) 6.2 6.8 8.6 13.4
150 (38.10) 7.1 7.7 9.4 141
175 (44.45) 8.0 8.6 103 14.9
20 (50.80) 8.9 9.6 111 15.7
2p5 (57.15) 9.8 10.5 12.0 16.5
250 (63.50) 10.6 11.4 129 173
275 (69.85) 115 12.4 13.7 18.1
30 (76.20) 12.4 133 14.6 18.9
3p5 (82.55) 133 14.2 15.4 19.6
3550 (88.90) 14.2 15.1 163 20.4
375 (95.25) 15.1 16.1 17.1 21.2
40 (101.60) 16.0 17.0 18.0 22.0

>4p0 (>101.60) 4 6 6 6

(per in. of additional
thickness over 4

Part B: Maximum Cooling Rates for Acrylic Subjected to Elevated Annealing Temperatures

Time, hr (h), to Cool Acrylic From the Indicated Annealing
Temperature at the Maximum Permissible Rate to the Maximum

Maximum Cooling Allowable Removal Temperature of 120°F (49°C)

Thickness, in. (mm) Rate, °F/hr (°C/h)  230°F (110°C)  212°F (100°C)  195°F (90°C)  185°F (85FC)
0.500 to §.750, incl. (13 to 19, incl.) 25 (14) 45 35 3 2.5
0.875 to 1.125, incl. (22 to 28, incl.) 18°(10) 6 5 4 4
1.250 to 1.500, incl. (32 to 38, incl.) 13 (7.2) 8.5 7 6 5
1.750 (44) 11 (6.1) 10 8.5 7 6
2.000 (50) 10 (5.5) 11 9 7.5 6.5
2.250 (57) 9 (5) 12.5 10 8.5 7.5
2.500 (64) 8 (4.5) 14 11.5 9.5 8.5
3.000 (79) 74 16 13 11 9.5
3.250 (87) 6 (3.5) 18.5 15 12.5 11
3.500 (89) 6 (3.5) 18.5 15 12.5 11
3.750 (92) 6 (3.5) 18.5 15 12,5 11
4.000 (100) 5 (3) 22 18 15 13
4.000 to 6.000, incl. (100 to 150, incl.) 42 27.5 23 19 16.5
6.000 to 8.000, incl. (150 to 200, incl.) 3 (1.5) 37 30.5 25 22
8.000 to 10.000, incl. (200 to 250, incl.) 2 (1) 55 455 37.5 32.5
10.000 to 12.000, incl. (250 to 300, incl.) 1 (0.5) 110 91 75 65

NOTE: (1) Includes period of time required to bring part up to annealing temperature, but not cooling time.
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PVHO-1 Form VP-5 Pressure Testing Certification

Window Identification

Window Description

Maximum allowable working pressure

Maximum design temperature

Test Arrangement

Windows tested in operational viewport/simulated viewport

(operational/simulated)

Operational/simulated viewport drawing no.

Window tested according to subsection 2-7

(yes/no)
Test pressure psi NPa
Overpressure ratio (test pressure/maximum
allowable working pressure)
Pressurizing medium temperature °F °C

Rate of pressurization (average)

Duration of sustained pressurization

Test Observations (yes/no)

Leakage

Permanent deformation

Crazing

Cracking

The acrylic window was pressure tested aceording to the procedure of subsection 2-7 of the Safety Standard for Pressure Vessels for
Human Occupancy and was found to[petform satisfactorily without any visible permanent deformation, crazing, or cracking.

(pressure test supervisor) (date)

(name and address of pressure testing laboratory)

[authorized representative of chamber manufacturer (windows for new chamber) (date)
or user (Windews for replacement in an existing chamber)]

>

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republicatio
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PVHO-1 Form VP-6

Acrylic Window Repair Certification

Window Identification

1. Window Shape (From Visual Inspection)
Conical frustum

Spherical sector with conical edge

Double beveled

Spherical sector with square edge

Hemisphere with equatorial flange Flat disk
Hyperhemisphere with conical edge NEMO
Cylinder

2. Desi ta (Erom PVHOQ.1 Form \/P.2)

Original design certification prepared by.

Makimum allowable working pressure

Mirfimum thickness (calculated t) for above temperature and pressure

3. Orjginal Fabrication Date (From PVHO-1 Form VP-1)

Maximum design temperature

(name of preparer)

Original fabrication certification prepared by

(name of fabricator)

FaRricated according to drawing

Acfual minimum thickness, t

Actlial outside diameter, D,

4. Repair Instructions (Refinish the following surfaces)
Hi

Beyeled edges

gh-pressure face

Low-pressure face

Identification marking

Actual inside diameter, D;

Bearing surfaces

Sp@¢t casting meeting requirements of paras. 2-3.10 and 2-9.8 is
huthorized where appropriate

Sealing surfaces

Thg minimum thickness, t, of the repaired window is to meet or exceed

Thq inside diameter, D;, of the repaired window is to meet or exceed

Repair of window has been authorized by

(name of company)

(name of authorized representative)
5. Repair History (The following surfaces were refinished)
Hi

gh-pressure face

Bedgring surfaces

Sp¢t Casting Process
Resin used

Polymerization technique

Low-pressure face
Beveled edges

Catalyst used

(signature of authorized representative)

Tensile strength of bond with acrylic per paray 2-3.10(a)

Sketch of spot casting locations attached

(ves) (no)

Mirfimum thickness of repaired window

Thg minimum thickness of repairéd window meets or exceeds
nfinimum calculated thickness of paras. 2-2.2 through 2-2.5

(yes) (no)

The repaired window was<«annealed at

for hr

Duffing fabrication, the.original window identification markings were

Thq repair marking ‘applied to the window reads as follows:

Left intact Removed and reapplied

The refiniskied surfaces, spot castings, and minimum thickness of the repaired window meet all the requirements of
Sectioh-2\and the attached Design Certification PVHO-1 Form VP-2.

(authorized representative of window fabricator)

(name and address of window fabricator)

GENERAL NOTES:

(a) The data for parts 1 through 4 of this form shall be provided and certified by the company/individual authorizing the repair of windows.
(b) The repair process information required by part 5 shall be provided and certified by the window fabricator performing the repair.
(c) This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Table 2-11.5.2-1

(23) ALTPP Test Options
Number of Prototypes
Tested Test Pressure at 300 hr [Note (1)]
1 5.46 x design pressure
3 4.87 x design pressure
5 3.64 x design pressure

NOTE: (1) Lower test pressures may be used at longer test durations.

See figure 2-11.5.2-1.
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Figure 2-11.5.2-1
Alternative Long-Term Proof Pressure Test Acceptance Criteria
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Section 3
Quality Assurance for PVHO Manufacturers

3-1

T
and
ma
wit]
3-1

T
conj

3-1

—

aQ
3-2

3-2

T
res

GENERAL

his Section specifies the requirements for establishing
maintaining a Quality Assurance Program for PVHO
ufacturers and window fabricators in accordance
the applicable edition of this Standard.

1 Scope

he responsibilities set forth herein relate only to
pliance with this Standard.

2 Quality Assurance System Verification

his Section applies only to the structure and content of
ality Assurance Program.

RESPONSIBILITIES
1 Compliance With This Standard

he PVHO manufacturer and window fabricator are
bonsible for implementing and maintaining the

qua|

ity requirements as described in ISO 9001 ‘or ISO

13485, whichever is applicable. It is not, .however, the
intent of this Standard to require a PVHO(mahufacturer’s

or

indow fabricator’s Quality Assurance Program to be

cerffified in accordance with ISO 9003 or ISO 13485 re-

quir
sho

ements by a third party, and-nething in this Standard
1ld be construed to imply such a requirement.

3-2.2 Documentation of the Quality Assuf
Program

The PVHO manufacturer and window fabricato
responsible for documenting theQuality As
Program in accordance with this\Section.

3-2.3 Certification

The PVHO manufactuter and window fabrica
certify compliance\with this Standard by furnis
purchaser with-the appropriate PVHO-1 forms
marking in accordance with the requirements of t
dard.

3-2.4 Right of Access

The purchaser or their authorized represe
authorized inspection agency representatives, a
latory agency representatives shall be granted re3
access to PVHO manufacturer and window fab
facilities for the purpose of conducting inspection
fication activities.

3-2.5 Records

Records required for traceability shall be ret
the PVHO manufacturer and window fabricator
dance with para. 1-7.9.

ance

shall be
surance

tor shall
hing the
and by
his Stan-

ntative,
hd regu-
sonable
ricator’s
or quali-

hined by
n accor-
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Section 4
Piping Systems

4-1 GENERAL

4-1.1 Sicope

PVHO|piping systems are subject to the requirements of
this Secfion and any additional requirements specified in
the Usdr’s Design Specification in accordance with
subsectipn 1-4.

Piping systems constructed under the requirements
containgd in this Section are limited to design tempera-
tures between 0°F and 150°F (-17.8°C and 65°C), inclu-
sive.

This Section shall be used as an adjunctive document to
ASME B31.1 or ASME B31.3. The user or an agent on behalf
of the uger shall specify the appropriate section of ASME
B31 to be used by the designer.

Speciffic piping within the PVHO piping system may also
be subjg¢ct to other codes or standards, such as ASME
B31.9, NFPA 99 for health care facilities, and building
codes.

This $ection provides guidance and engineering re-
quiremg¢nts deemed necessary to the safe design and
construftion of a PVHO piping system. This Section is
not all Inclusive and does not relieve the designer of
the resppnsibility to use competent engineeringjudgment.

4-1.2 [

4-1.2]1 User’s Design Specification. The user, or an
agent oh behalf of the user, who-intends that a piping
system pe designed, fabricated; tested, and certified to
be in cqmpliance with this'Section, shall provide, or
cause to|be provided, awritten User’s Design Specification.
The Usdr’s Design Specification shall set forth require-
ments as to the intended use and operating conditions
in such|detail ‘asvto constitute an adequate basis for
designing, fabricating, and inspecting the system as
required to/comply with this Section. Those requirements

esign and Fabrication

(d) required number of breathing gas connections|and
their characteristics

(e) data that shall be provided to the ownér and|the
duration of retention of that data by the fabricatgr if
other than that required by para. 4-1,2:3;and the disgosi-

tion of the data should the fabricator'go out of business

4-1.2.2 Design Certification. Conformance of|the
piping system design te.the requirements of this
Section and the User’s Design Specification shall be esfab-
lished by one of the following procedures:

(a) Professional Engineer Certification. A Professipnal
Engineer, regisfefed in one or more of the U.S. sthtes
or the provinces of Canada, or the equivalent in other
countries,’experienced in piping systems design, ghall
certify that'the piping system was designed by therm or
understheir direct supervision, or that they have thor-
oughly reviewed a design prepared by others, and fhat
to the best of their knowledge, within the Uspr’s
Design Specification, the piping system design complies
with this Section.

(b) Independent Third-Party Certification. The piping
system design shall be reviewed by an independent ¢las-
sification society competentin pressure vessels for hujnan
occupancy systems, and such organization shall provide a
certification that, within the User’s Design Specification,
the piping system design complies with this Section|

(c) Fabricator’s Certification. The fabricator of|the
piping system shall be responsible for complying yith
the requirements of this Section. The fabricator shall
provide written certification of compliance with [this
Section and with the User’s Design Specification.

4-1.2.3 Data Retention. The fabricator shall retajin a
copy of the User’s Design Specification, the Design Certi-
fication, the Fabricator’s Certification, and supporfing
data (test data, material test reports, as requireq by
the User’s Design Specification) for at least 5 yfr. A

shall include, as a minimum, the following:

(a) limitations and boundaries of the piping systems

(b) piping system maximum operating pressures,
required pressurization and depressurization rates, venti-
lation rates, and the conditions under which those rates
are to be maintainable [see paras. 4-9.7.1(a) and
4-9.7.1(b)]

(c) conditions affecting the requirements for and
amounts of stored gas reserves
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copy of the piping system User’s Design Specification,
the Design Certification, and the Fabricator’s Certification
shall be provided to the user with the system.
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4-2 MATERIAL REQUIREMENTS

4-2.1 Acceptable Materials

4-2.1.1 Pipe and Tube. Pipe and tube for use in PVHO
piping systems, except as otherwise restricted or
permitted, shall be of a material for which allowable
stress values are listed in Nonmandatory Appendix A
of ASME B31.1, Nonmandatory Appendices A and B of

ME-R24 2 lal 4.2.1 1 1

other materials may be used if not otherwise prohibited
by this Standard.

4-2.2.5 Seawater Service. Materials that will be
repeatedly or continuously exposed to seawater shall
be compatible with seawater service.

4-2.2.6 Oxygen Service. Materials that will be exposed
to oxygen and oxygen lubricants shall be compatible with
the combination of oxygen, lubrication, and flowing condi-

AS]

T
L DOI.J, O raprc T Z. L. L L.

412.1.2 Fittings. Unless otherwise restricted or

(4) Fittings that are attached to a pipe or tube by
welfling, brazing, or threading shall conform to the speci-
ficafions and standards listed in Table 126.1 of ASME
B31{1 and Table 326.1 of ASME B31.3.

(b) Fittings that are attached to a pipe or tube by other
methods shall be of a material and type recommended by
the [fitting manufacturer for the application.

2 Limitations on Materials

412.2.1 Service Requirements. It is the responsibility
of the designer to select materials suitable for the condi-
tionls of operation. All metallic materials used for oxygen
service, breathing gas service, fire suppression, and water
or dteam service and all components subject to the re-
quifements of para. 4-9.3 shall not use plating or
coafing with cadmium and shall not be manufactured
frorh the following materials:

(4) carbon steel

(#) iron

Cpmponents of beryllium or those containing mercury
shall not be used. Components containing-asbestos shall
not|be used for breathing gas service applications.

412.2.2 Carbon Steel. The use-of-carbon steel pipe,
tubg, valves, and fittings in PVYHO-systems not subject
to the requirements of para. 4-2.2:1 is permitted, provided
thaf they are compatible with' anticipated cleaning and
opefrational procedures and are adequately protected
agalnst corrosion, beth ‘internally and externally.

The effects of théanigration of rust and other corrosion
pro
regy

ade

tions to which they are exposed. For guidance in the selec-
tion of materials suitable for oxygen service{ refer to CGA
G4.4 and ASTM G88.

4-2.3 Lubricants and Sealants

Lubricants and sealants are necessary in breaﬂ:ing gas
systems for lubricating O-rings, lubricating moving parts
of pressure control valves, and lubricating and sealing
pipe thread joints; howeVer, due to the possible presence
of oxygen-enriched gases and the ultimate use of the gas
for respiratory purposes, lubricants and sealantg shall be
selected with cane.

(a) Lubricdnts and sealants used in breathing gas and
oxygen systems shall be of a type recommendefl by the
manufacturer for the intended service.

(b)OFluorochlorocarbon-based lubricants sha
used on aluminum.

1 not be

4-2.4 Nonmetallic Materials
4-2.4.1 Hose Materials and Pressure Ratings

(a) Maximum Allowable Working Pressure (MAWP). All
hoses used in PVHO piping systems shall have § MAWP
equal to or greater than the design pressure of the line in
which they are used, or a suitable relief valve sgt at the
MAWP of the hose shall be provided.

(b) Burst Pressure. The burst pressure rating of any
hose shall be at least 4 times its rated MAWP. The
effect of fittings on the burst pressure shall be considered
in establishing MAWP.

(c) Liners. The liners for hoses shall be approgriate for
the intended service. Liners for use with breathipg gases
containing helium should also be relatively impegvious to

Hucts into dewnstream components such as valves and helium. Nylon, polytetrafluoroethylene (PTFE), ahd many
lators Siall be considered. natural and synthetic rubbers will normally satigfy these
4£2.2.3 Aluminum. Aluminum may be used only when ~ requirements.
uate“precautions are taken to prevent contact with (1) Liner materials are acceptable for breathing gas
ﬂlJL 1 ULlllUl uldl 1lJUll lulUl i\,dlltb dlld }l_ydl U)&idt"udbcd serviceif fhﬂ.‘l’ il p')cc the off: gdcc!‘hg testcont lned ln

absorbents. Further, the corrosive effect of seawater
and combinations of hydroxide chemicals and seawater
shall be considered in alloys intended for use in
marine systems.

4-2.2.4 Castings. Cast components are subject to
possible porosity and should be avoided in helium
service. Cast, ductile, and malleable iron pipe, tube,
and fittings shall not be used. Cast components of

93

para. 4-9.14 or they are rated by the manufacturer for
breathing gas service. PTFE, nylon, and flexible metal
liners meeting the requirements of para. 4-2.2 and that
have been cleaned for breathing gas service are acceptable
for breathing gas and oxygen service without an off-
gassing test.
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(2) Hosestobe used for oxygen service shall use liner
materials that are suitable for use with gaseous oxygen at
the design pressure of the system or that are rated for such
service by the manufacturer.

(3) Liner material shall be compatible with cleaning
materials used to clean the hose assembly to the same
level of cleanliness as the system of which it is a compo-
nent.

(d) Reinforcement Layer. Reinforcement layer mate-

(d) Hoses shall be installed in a manner that minimizes
minor kinks, crushes, etc.,, which may not harm the
internal working pressure capability of the hose but
may cause it to collapse when subject to external pressure.

(e) Tight radius bends and torsional loads shall be
avoided.

4-2.4.5 Testing

rials shdll be compatible with the intended service.

(e) Olter Jacket. Jacket materials shall be compatible
with the intended service. The outer jacket on hoses
intended for helium service shall be perforated or suffi-
ciently permeable to allow escape of gas that may seep
throughlthe inner liner. For other gas service applications,
the designer should consider the possible needs for outer
jacket pprforation.

(f) Fittings. Fitting material shall be suitable for the
intended service, and fitting materials shall comply
with pafa. 4-2.2. Fittings used on life-critical breathing
devices fhall be of types that are resistant to inadvertent
disengagement.

4-2.4
(a) A

2 Installation

| permanently installed hoses shall be installed
such that they are not subject to bending at radii less
than thq manufacturer’s minimum rated bend radii and
in accorfdance with all other applicable manufacturer’s
recommlendations.

(b) Pgrmanently installed hoses used to compensate
for expansion and contraction shall be installed in aceor*
dance with manufacturer’s recommendations. Where
possiblg, hoses should be installed to always be in
single-plane bending and free of torsional or axial loading.

(c) Hpses installed in locations subject to abnormal
levels of cyclic vibration shall be sized“and selected for
this type of service.

4-2.4.3 Marking. Hoses shall’be marked with the
manufafturer’s name or tradémark, type or catalog
number| MAWP, test pressuré, and test date. This infor-
mation ghall be permanently printed either on the hose or
on a perjmanently attached corrosion-resistant metal tag.
Metal tags, whenused, shall be affixed so as not to abrade
the hos¢ or prevent the hose from normal bending or
expansi¢pn due'to pressure.

4-2.4-4-Heoses-Subjeect-to-External-Pressure—The

(n) Hoses that are received made up from the hose
manufacturer and that were tested by the manufaetpirer
in a manner substantially equivalent to the proeedure
described in para. 4-9.14 need not be retested.

(b) Locally assembled hose assemblies shall be te
as prescribed in para. 4-9.14 beforé being placefl in
service. Hose assemblies may be tésted individually or
as a portion of the system of which*they form a paft.

(c) Locally assembled hose material intended| for
external pressure service shall’be tested as follows:

A representative sectionof hose shall be made up yvith
fittings of the type intended for use with the hose uping
normally expected attachment procedures. The sectign of
hose shall be befit 180 deg at a bend radius equal tof the
minimum bend.radius expected in service. The hose ghall
be exposed toan external pressure 1.5 times its maximum
systemcexternal pressure for 1 hr. Air is an acceptpble
pressurizing medium. The hose shall exhibit no evid¢nce
of\collapse, either of the casing (outer jacket and reirffor-
cing layer) and liner together, or of the liner separately.
Hose collapse may be determined by observing the pjres-
sure drop at a specific flow rate of a fluid flowing thrqugh
the hose. The pressure drop will increase significantly
when collapse occurs. Note that liner collapse may
occur with no visible deformation occurring in|the
casing. Hose collapse may also be determined by filling
the hose with water and measuring the amounit of
water displaced as the hose is pressurized.

sted

4-2.4.6 Nonmetallic Pipe and Tube and Bond
Agents. Design properties of these materials yary
greatly and depend on the materials, type, grade, and
lot. For new nonmetallic piping assemblies, particplar
consideration shall be given to the possibility of

(a) destruction by fire

(b) decrease in tensile strength at elevated tempra-
ture

(c) toxic off-gassing, in-service, and fire condition

(d) adequate support for flexible pipe

ing

following are required for hoses subject to external pres-
sure:

(a) Thehose construction shall be of a type thatis resis-
tant to collapse.

(b) Theliner, if present, shall be securely bonded to the
reinforcing layer.

(c) Fittings shall be of a type that forms a seal at the end
of the hose. Fittings that leave the cut end of the hose open
to pressure shall not be used.
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(e) breathing gas compatibility
4-3 DESIGN OF COMPONENTS
4-3.1 Straight Piping Under External Pressure

For determining wall thickness and stiffening require-
ments for straight pipe and tubing under external pres-
sure, the requirements of ASME BPVC, Section VIII,
Division 1 or Division 2 shall be followed.
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4-3.2 Straight Piping Under Internal Pressure

4-3.2.1 Minimum Wall Thickness. The thickness of
pipe or tubing shall not be less than as required in
ASME B31.1, para. 104.1, or as specified in ASME
B31.3, para. 304.1.

4-3.2.2 Additional Thickness Requirements. The
thickness determined from the formulas in ASME
B31.1, para. 104.1, and ASME B31.3, para. 304.1 are theo-

(1) The line MAWP is 175 psig or less.
(2) The joint meets the reinforcement requirements
of ASME B31.1, para. 104.3.1(g).

4-3.6 Pressure Design of Bolted Flanges and
Blanks

The pressure design of bolted flanges and blanks shall
be in accordance with ASME B31.1, para. 104.5.

retifally ample for both bursting pressure and material
renjoved in threading. The following requirements are
mandatory to furnish additional mechanical strength:
(@) Threaded steel or stainless steel pipe for use at
pressures over 500 psig shall have a minimum ultimate
tengile strength of 48,000 psi (330 MPa) and a wall thick-
nes$ at least equal to Schedule 80 of ASME B36.10M. For
pressures of 500 psi and less, threaded pipe shall have a
wal] thickness at least equal to Schedule 40 of ASME
B34.10M.

(h) Threaded brass or copper pipe used for the services
des¢ribed above shall have a wall thickness at least equal
to that specified above for steel pipe.

(4) Pipe or tubing subject to bending shall comply with
the [wall thickness requirements of ASME B31.1, Table
10214.5, or ASME B31.3, para. 332.

4-3.3 Bending of Pipe and Tube

Plpe and tube bent or formed for a PVHO piping system
shall be bent or formed as described in ASME B31.1, para/
102} or ASME B31.3, para. 332.

(4) Bending of pipe and tube in a PVHO piping'system

shall be performed in accordance with a written bending

suitable
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for the intended service.

4-3.7 Design of Penetrations Through the Pressure
Boundaries of PVHOs

See Nonmandatory Appendix B\for guideline$ for the
design of piping penetrations through the pressure
boundaries of PVHOs.

4-4 SELECTION AND LIMITATIONS OF PIRING
COMPONENTS

4-4.1 Pressure Requirements

ire. The
greater
stem or

4-4.XXD Maximum Allowable Working Press
MAW®R. of all components shall be equal to or]
than\the maximum operating pressure of the sy
line of which they form a part.

4-4.1.2 Differential Pressures. Where components
may be subject to differential system pressures, tlre differ-
ential pressure capacity of the component shall pe equal
to, or greater than, the maximum possible differential
pressure; otherwise, suitable overpressure prptection
shall be provided.

4-4.1.3 Alternating Internal and External Prgssures.
Components subject to alternating (i.e., both intefrnal and
external) pressure shall be designed for the mjaximum
differential pressure that may exist in either difection.

4-4.1.4 Pressure Ratings. When possible, all pipe and
tubing of the same material and diameter used in] a single
PVHO piping system shall have the same pressurje rating.
When this is not possible, special precautions|shall be
taken to prevent inadvertent mixing of materials.

4-4.2 Valves

The designer shall select valves suitable|for the

4-3.5 Pressure Design of Fabricated Joints and
Intersections

(a) Except as permitted in (b), where joints are fabri-
cated and the service does not exceed 5 psig, ASME B31.1,
para. 104.3 or ASME B31.3, para. 304.3 shall be followed.

(b) Fabricated branch joints made by brazing a branch
line into an extruded opening in the run line may be used,
provided that
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imtended Service.

4-4.2.1 Valves Subject to Internal and External Pres-
sures. Valves subject to both internal and external pres-
sures shall employ seals and stem packing suitable for
bidirectional service.

4-4.2.2 Stop Valves. Stop valves shall be selected and
installed to close with a clockwise rotation of the valve
handle.
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4-4.2.3 Ball Valves. Ball valves shall employ blowout-
proof stem designs.

4-4.2.4 Service Access. Valves in breathing gas and
other life-sensitive systems shall be selected and installed
to provide access for maintenance.

4-4.2.5 Quick-Opening Valves. Quick-opening valves
shall notbe used in oxygen systems witha MAWP over 125
psig. Quick-closing valves (e.g., an excess flow check valve)

4-5 SELECTION AND LIMITATIONS OF PIPING
JOINTS

4-5.1 Welded Joints

Welded joints in PVHO piping systems shall be
constructed in accordance with the requirements of
paras. 127, 131, and 132 of ASME B31.1 or paras. 328,
330, and 331 of ASME B31.3.

may be used regardless of pressure, provided that their
capacity]is sufficiently less than the capacity of upstream
componpnts so that closure of the valve will not resultin a
pressurg¢ rise at the inlet to the valve large enough to cause
hazardous adiabatic compression heating of the gas.

4-4.216 Remotely Operated Valves. Remotely oper-
ated valves shall be selected and installed so that they
fail in the safe position. Valves in services that cannot
tolerate|interruptions shall be provided with a manual
overridg or bypass.

4-4.217 Relief Valves. Where tamper-proof design is
required, relief valves used for protection against over-
pressurps in excess of system service pressures shall
be “V” $tamped valves manufactured in accordance
with ASME BPVC, Section VIII

4-4.3 Filters

4-4.3
of filter
systems
or gre

1 Element Collapse Pressure Rating. Elements
used in breathing gas and other life-sensitive
shall have a collapse pressure rating equal to

er than the design pressure of the liné\in

which they are installed, or the filter shall be-fitted
with a differential pressure device indicating-when the
element{needs renewal or cleaning.

4-4.312 Element Construction. All particulate filters in
pressurized lines in breathing gas and other life-sensitive
systems|shall use elements of the-woven wire, screen, or
sintered metal types. Sintered/metal elements should be
avoided|in high-flow, high-vibration, or other applications
conducive to element deterioration. Cloth and paper
shall not be_tised.

4-4.3]3 Bypass<Requirements. In systems where the
ability fo maintain uninterrupted service is required,
all partifulatefilters shall be installed so that a clogged
filter cap be-bypassed without disrupting the fluid flow

Wetdedjoimtsof NPS-tromimat-pipe-size)2Y5 b 65)
pipe size or smaller may be socket welded or buttwelfed.
Welded joints larger than NPS 2%, (DN 65) pipé siZe ghall
be butt welded.

4-5.2 Brazed Joints

Brazing shall be performed in.aecordance with A
B31.3, para. 333.

The Brazing Procedure Specifitation and the Proceg
Qualification Record shallmeet the requirements of A
BPVC, Section IX or AWS<B2.2.

Fabricator certification of the brazing procedure, prpce-
dure qualification, and brazer qualification is requined.

bME

ure
bME

4-5.3 Mechanical Joints

4-5.3:1)Seal Selection. Mechanical joint designs
empleying seals where effective sealing is not dependlent
onbolt preloading are recommended.

4-5.4 Threaded Joints
4-5.4.1 Pressure Limitations

(a) Fittings shall have a pressure rating equal tp or
greater than the MAWP of the system in which they
are used.

(b) Size-pressure limits for pipe threaded joints ghall
be as follows:

Size NPS, in. Pressure
>3 Not permitted
2Y%-3 400 psig
2 600 psig
1%-1% 800 psig
1 1,500 psig
A MAWP of the fittings or

pipe, whichever is less

to the ehd=usepoint:

4-4.4 Mufflers

Mufflers used for oxygen service (including vent lines
from oxygen service systems) shall be fabricated of mate-
rials that are compatible with oxygen.

96

(o) Ci it Jd. 0 H lad £ea: L. d
() otrargirc o Cat o THIg SCarCtIIttnrg S Iray ot tise

without limitation on size.

4-5.4.2 Helium Service. For helium service, pipe
threads should be avoided; straight-thread O-ring-
sealed fittings are recommended over pipe thread fittings
for helium service.
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4-5.4.3 Lubricants. Any compound or lubricant used
in threaded joints shall be suitable for the service condi-
tions and shall not react unfavorably with either the
service fluid or the piping materials.

4-5.4.4 Seal Welding. Threaded joints that are to be
seal welded shall be made up without any thread
compound, and the weld shall provide complete (360
deg) coverage. Seal welding shall be done by using qual-
ifie f f > f
per|ASME B31.1, para. 127.5, or ASME B31.3, para. 328.2.
Sea] welds shall not be considered as contributing to the
medhanical strength of a joint.

4:5.4.5 Stainless Steel Threads. To reduce the possi-
bilify of galling where pipe threads are to be used between
staipless steel components, there shall be a hardness
difference between the thread surfaces of the two compo-
nents of at least 5 points on the Rockwell B scale, or some
other method of galling prevention shall be used.

415.4.6 Straight Threads. When straight-thread O-
ring-sealed fittings are used in locations that may
subject the fitting to vibration or a torque that would
tendl to unscrew it, provision shall be made to prevent
inadvertent loosening of the fitting.

4r-5.4.7 Aluminum Threads. A suitable thread
conjpound shall be used in making up threaded joints
in aluminum fittings to prevent seizing. Aluminum pipe
shopld not be threaded.

4-5.5 Joints and Fittings in Tubes

F
sen]
con
to b

hctors such as vibration loads and frequent disas-
bly and reassembly of the piping system shall be
sidered in the selection of the type of tube fittings
e used.

415.5.1 Fittings Subject to Frequent Disassembly. The
desfgner shall give special considetration to the selection of
fittihgs in locations where frequent disassembly and reas-
senbly is likely. For theSé)locations, one of the following
fittihg types shall besused:

(4) flare fittings

(#) welded or'brazed fittings employing a flat-face seal
medhanical dnion integral to the fitting

(¢) O-ring-Sealed, straight-thread fittings

4:5:5:2 Limitations. Compression-type fittings of

except that brass fittings may be used on stainless steel or
nickel-copper tube under the following restrictions:

(a) Flared Tube.The tube shall be flared using a suitable
flaring tool for the tube material, and a crushable metal
gasket shall be used between the tube and the body of the
fitting.

(b) Compression Fittings. The nuts and ferrules used
shall be of the same material type (e.g., stainless steel
or nickel-copper) as the tube, and the tube end shall
be pre-swaged using a swaging tool or @ guitable
temporary fitting.

4-5.5.4 Cutting of Tube. All tube thatis(to be used with
flare tube fittings shall be saw cut.

4-6 SUPPORTS

It shall be the responsibility of the designer o deter-
mine the support requiremeénts of the piping system. The
suggested support spacing is found in ASME B31}1, Table
121.5, or ASME B33, para. 321.

Where detailed support designs and calculatfions are
required, thiey shall be performed in accordarce with
ASME B31.1) para. 119, or ASME B31.3, para. 31p, as ap-
plicable.

4-7 INSPECTION

4-7.1 Inspection of Welded Joints

All welds in PVHO piping systems that are suyibject to
stresses due to pressure shall be inspected in acdordance
with the requirements of Table 4-7.1-1. The infpection
procedures and acceptance standards shall be in accor-
dance with ASME B31.1, para. 136, or ASME B31.3,
para. 340. The fabricator (or agent) shall enspre that
all inspection personnel are qualified to perfprm the
required inspections.

4-7.2 Inspection of Brazed Joints

Brazed joints performed in accordance with para. 4-5.2
shall be subject to a visual inspection as a minimum. The
following acceptance criteria shall apply:

(a) Preinserted alloy-type joints may be conpsidered
satisfactory when, before any face feeding, the total
length of exposed brazing alloy between the|outside
surface of the pipe or tube and the outer enf of the

alu
not be used on metallic pipe in PVHO piping systems.
Welded fittings may be used subject to the requirements
of para. 4-5.1. Brazed fittings may be used subject to the
requirements of para. 4-5.2.
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4-5.5.3 Restrictions. Fittings and their joints shall be
compatible with the tubes with which they are to be used.
They shall conform to the range of wall thickness and
method of assembly recommended by the manufacturer,
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fitting is greater than %, of the circumference, vith the
greatest unexposed portion not exceeding 10% of the
circumference.

(b) Face-fed joints shall show a complete ring of
brazing alloy between the outside surface of the line
and the outer end of the fitting.
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4-8 TESTING
4-8.1 Hydrostatic Tests

Pressure testing of the piping systems may be carried
outat either the component or system level. When compo-
nent-level testing is specified in the User’s Design Spec-
ification, a postassembly system leak test to operating
pressure shall be performed.

gas may be hazardous when used as a testing medium, it is
recommended that special precautions for protection of
personnel shall be observed during pneumatic testing.

4-8.2.3 Test Pressure. The pneumatic test pressure
shall not be less than 1.2 nor more than 1.5 times the
MAWP of the piping system. Any component requiring
isolation shall be isolated.

4-8.2.4 Preliminary Test. A preliminary pneumatic

Wh i PR | ot 4 ya— . alal | H 1ol
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refer to[para. 4-8.2 for pneumatic test requirements.

4-8.1]1 Test Fluid. Water shall normally be used for a
hydrostatic test fluid unless otherwise specified by the
owner in the User’s Design Specification. Test water
shall be|clean, oil free, and of such purity as to minimize
corrosign of the material in the piping system.

4-8.1.2 Test Pressure. Piping systems shall be
subject¢d to a hydrostatic test pressure not less than
1.5 timgs the MAWP of the system or subsystem. Any
componpnt requiring isolation shall be isolated.

4-8.13 Holding Time. The hydrostatic test pressure
shall be|continuously maintained for a minimum of 10
min and for such additional time as may be necessary
to cond{ict the examinations for leakage.

4-8.114 Examination. Examinations for leakage shall
be madle of all joints and connections. The piping
system,| exclusive of possible localized instances at
pump of valve packings, shall show no visual evidence
of weep|lng or leaking.

4-8.15 Air Vents. Where a complete piping system is
to be hyflrostatically tested, vents shall be provided at all
high poilnts of the piping system in the position/in which
the test |s to be conducted, to permit purging of air while
the component or system is filling. As analternative, the
required venting may be providedby-the loosening of
flanges, [tube fittings, or union jeints in pipelines, or by
the use ¢f equipment vents during the filling of the system.

4-8.2 BPneumatic Tests

4-8.2|1 Limitations: Pneumatic testing shall not be
used in(lieu of other means of pressure testing except
as limit¢d in pard,/4-8.2.3, or when one or more of the
conditions exist:
en.the User’s Design Specification requires or

permits
(b) when piping systems are so designed that they
cannot be filled with water
(c) when piping systems are to be used in service where
traces of the testing medium cannotbe tolerated (e.g, lines
to gas analyzers)

4-8.2.2 Test Medium. The gas used as the test medium
shall be oil free, nonflammable, and nontoxic or as speci-
fied in the User’s Design Specification. Since compressed

test not to exceed 25 psig may be applied, priof to
other methods of leak testing, as a means of‘locafing
major leaks. If used, the preliminary pneamatic fest
shall be performed in accordance with the'tequirements
of paras. 4-8.2.2 and 4-8.2.3.

4-8.2.5 Application of Pressure) The pressure in|the
system shall be gradually increaséd to not more than ¥, of
the test pressure, after which the pressure shal| be
increased in steps of appreximately %, of the test pres-
sure until the required.teSt pressure has been reached.

4-8.2.6 Holding Time. The pneumatic test presgure
shall be continugusly maintained for a minimum of 10
min, after which the pressure shall be reduced to
system design pressure for examination for leakage

4-8.3 Leak Testing

Using a suitable test medium, all joints and connectjons
shall be examined for leakage by bubble testing or equiva-
lent method at the maximum operating pressure. [The
piping system, exclusive of possible localized instances
at valve packings, should show no evidence of leaKing.
For helium systems, foaming of the test mediumn is
allowed. Detectable leaks in oxygen systems shall|not
be permitted at any location.

Following either pneumatic or hydrostatic testing] the
piping system shall be leak tested in final assembled copdi-
tion.

4-9 SYSTEMS

There are various system and component selecfion
considerations that may affect the operational safetly of
a PVHO piping system. Requirements regarding spefific
safety and component issues are found in this subsection.
These requirements are not intended to be used in totglity
for all PVHO piping systems but rather should be apglied
y in

which the PVHO will be used.

It is the owner’s and/or the designer’s responsibility to
determine which of these requirements is applicable to
the PVHO piping system being designed.

Specific subsection 4-9 requirements being applied
shall be enumerated in the User’s Design Specification
and thereby become mandatory.
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4-9.1 System Design Requirements

The designer shall use the requirements in this subsec-
tion as appropriate for the specific industry PVHO piping
system being designed. It is intended that only those re-
quirements determined by the designer to be applicable
be mandatory, and the designer should be thoroughly
familiar with this subsection before application of
these requirements. It is the designer’s responsibility

4-9.2.6 Noise. Noise in a PVHO may interfere with
voice communication, as well as present a risk of
hearing damage if the level of noise is severe. The designer
shall consider all sources of noise in the PVHO and shall
design the system to prevent noise levels generated by
routine PVHO operations from exceeding those deter-
mined in appropriate national standards to cause
damage or discomfort to the PVHO occupants.

to determime thre spectfic apptication of SubSectom =9
in dccordance with accepted practice, jurisdictional re-
quifements, and safety. Those requirements deemed man-
dat¢ry by the designer because of industry, service, or
regplatory requirement shall be listed in the User’s
Desjgn Specification.

4-9.2 Pressurization and Depressurization
Systems

4£9.2.1 Pressurization and Depressurization Rates.
Thel PVHO pressurization and depressurization systems
shall be capable of providing the full range of pressuriza-
tion and depressurization rates specified in the User’s
Dedign Specification. When the pressurization gas
conjes from a stored gas system, the pressurization
ratgs specified in the User’s Design Specification shall
be fnaintainable at maximum PVHO pressure at all gas
stoifage pressures over 50% of maximum.

4£9.2.2 Ventilation Rates. On all PVHOs designed for
opefation in a continuous ventilation mode, the pressur-
izatjon and depressurization system shall be capable of
maiptaining all required ventilation rates while holding
depgth stable to within the range specified by the
Usefr’s Design Specification. Such systemsshould also
be provided with a means of indicating the rate of
flow of ventilation gas through the<RVHO.

419.2.3 Stored Gas Reserves. The requirements for
stoiled gas reserves vary with the application for which
a PYHO system shall be used; The designer shall consider
all gertinent operationgl and jurisdictional requirements.

4-9.2.4 Exhaustlnlet Protection. The inlets to all
PVHO exhaust lines shall be fitted with a device that
preyents a PVHO occupant from inadvertently blocking
the [opening %o the line with a body part or be located
in normially unoccupied areas, such as under the PVHO
flogr.\PVHO exhaust line inlets shall also be located

4-9.3 Pressure Boundary Valve Requiremegnts

4-9.3.1 Internal Pressure PVHOs. All lines perjetrating
the pressure boundary of a PVHO subject only to|internal
pressure shall have a stop valve or a check valve, s appro-
priate, on the outside of the PVHQ,\as/close as pojssible to
the penetration. Where stop valyes are placed in lpcations
that prevent ready access in“an emergency, they|shall be
provided with operators that are controllahjle from
suitable accessible lacations. Depressurizatigqn lines,
drain lines, and other’lines that normally communicate
between PVHO pressure and outside atmosphetic pres-
sure shall alsothave a second valve. This secdnd stop
valve may bedocated either inside or outside of the PVHO.

4-9.3.2 External Pressure PVHOs. All lings pene-
trating-the pressure boundary of a PVHO nprmally
subject only to external pressure shall hav¢ a stop
valve or check valve, as appropriate, as close as prjactically
possible to the penetration on the inside of the PVHO. A
second stop valve shall be provided on lines fhat are
normally open to external pressure.

4-9.3.3 Internal and External Pressure PVHOs.
PVHOs that may be subject to both internal and fexternal
pressure shall meet the requirements of paras. 4-9.3.1 and
4-9.3.2.

rovided
htrol the
ding the

4-9.3.4 External Override. When valves are
inside a PVHO to permit the PVHO occupants to co
pressure in the PVHO, an external means of overr
effect of those valves shall be provided.
NOTE: The external override need not be on the same ljnes or on
lines of similar capacity. The fundamental requiremept is that

there be some means provided, in advance, for gaining|access to
the PVHO if the inside personnel becomes incapacitated.

4-9.3.5 Special Requirements for PVHOs Used for
Saturation Service. For PVHOs designed to be ised for
saturation applications, all lines that are open fo PVHO

such that, where applicable, discharge of the fire-suppres-
sion system will not result in water collecting in the
bottom of the PVHO being injected into the exhaust line.

4-9.2.5 Exhaust Locations. The exhausts from the
depressurization system of PVHOs located inside enclo-
sures shall be piped to a location outside the enclosure
and at least 10 ft (3 m) away from any air intake.
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pressure except pressure relief lines and pressure refer-
ence lines (e.g, all lines used for pressurization, depres-
surization, external gas, or water conditioning systems)
shall have double valves with one stop, or check, valve
inside the PVHO and the other valve outside.

4-9.3.6 Flow-Rate-Sensitive Valves. When check
valves or stop valves cannot be used, a flow-rate-sensitive
valve that closes automatically in the event of excess flow
may be used. Flow-rate-sensitive valves, when used, may
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satisfy the second stop valve requirement of paras. 4-9.3.1,
4-9.3.2, and 4-9.3.5.

4-9.3.7 Remotely Operated Stop Valves. Remotely
operated stop valves, whose operation is triggered
upon uncontrolled loss of pressure, are an acceptable
alternative to the flow-rate-sensitive valves described
in para. 4-9.3.6. Such valves may be used to satisfy the
second stop valve requlrements of paras. 4-9.3.1,
4-9.3.2,
closed
valves.
boundai
capabili
depress
valve be

anually without triggering closure of other
Remotely operated valves used in pressure
'y applications shall also have a manual actuation
y, or a secondary means of pressurizing and/or
rizing the PVHO shall be provided for use if the
comes inoperable.

4-9.4 Pressure Gauges

Suffic
so that
depth :
provide

ent gauges shall be located throughout the system
bperators are able to monitor gas pressure and
t all times. ASME B40.1 and ASME B40.7
information on the operation, use, testing, and
calibrafion of pressure-indicating dial-type elastic
element and digital gauges, respectively. ASME B40.1
and ASME B40.7 should be referred to when selecting
gauges o meet the User Design Specifications.

4-9.4
(a) E
PVHO s

gauge (H
compar

1 Quantity and Location

hch internal pressure PVHO compartment in a
ystem shall have at least one dedicated depth
VHO compartment pressure indicator) indicating
ment PVHO internal pressure to the PVHO or
system pperator. Each compartment or PVHO.id. PVHO
system§ other than medical monoplace PYHOs also
shall have a second depth gauge that may.be located
either injside or outside the PVHO.

(b) Ekternal pressure PVHOs and ‘PVHOs subject to
both intprnal and external pressure shall have dedicated
gauges ihdicating both internaland external pressures to
the PVH|O or system operatgtjand separate gauges indi-
cating thiese pressures tothe.PVHO occupants, unless the
occupants are also the“operators, as in the case of a
submergible.

2 Scalg.Full-scale reading of the gauge should be
ately:130% to 160% of the maximum operating

readlng of the gauge should be 4,000 p51 or 5, 000 psi.

4-9.4.3 Accuracy. The selection of gauge accuracy and
precisionisbased on the type of system and how the gauge
isused. A high level of precision is not required on air bank
pressure gauges where only relative values are necessary
to determine how much air is left in the bank or when to
shut down the charging compressor. However, consider-
able accuracy is required for gauges that read depth. The
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User Design Specifications should provide the gauge accu-
racy requirement using the gauge accuracy grades
provided in ASME B40.1

4-9.4.4 Gauge Calibration

4-9.4.4.1 Calibration Requirements. All new gauges
shall be calibrated and verified prior to use. ASME B40.1
and ASME B40.7 provide testing procedures for new

4-9.4.4.2 In-Use Verification. A means shal| be
provided to permit depth gauges to be cheeked, while
in use, against other system depth gauges normally acces-
sible to the PVHO or system operater.or against an
external master gauge for accuracy,

4-9.4.5 Piping. The lines conngcting depth gaugds to
their associated PVHOs shallnot*be used for any other
purpose. The inside diameter. of depth gauge lines ghall
not be smaller than 0.12in." (3 mm).

4-9.4.6 Valve Arrangements. Valve arrangements
used with depth gauges shall be designed so that the pires-
sure source to'which each gauge is connected is cleprly
indicated tothe’system operator.

4-9.4.7\Gauge Isolation. All breathing-gas and |ife-
sensitive'systems shall be fitted with at least one pressure
gauge equipped with a gauge isolation valve. Measurgs to
protect gauges from excessive vibration or sudden pres-

sure changes shall be taken where appropriate.

4-9.5 Pressure Gauges Other Than Depth Gauges

All breathing gas and life-sensitive systems shall be
fitted with at least one pressure gauge equipped With
a gauge isolation valve. Measures to protect gayges
from excessive vibration or sudden pressure changes
shall be taken where appropriate.

4-9.6 Breathing Gas Systems

4-9.6.1 Breathing Gas Outlets. The numbe
breathing gas outlets provided in PVHOs shall be
less than the maximum rated number of occup3
plus one, except for diving bells where the number of
breathing gas outlets shall not be less than
maximum rated number of occupants. Each gas o
shall have a stop valve. Each gas outlet shall be compat i

with the type of breathmg apparatus listed in the
User’s Design Specification.

4-9.6.2 Redundancy of Breathing Gas Supply. The
piping system shall be designed so that breathing gas
can be delivered to the breathing gas outlets in PVHOs
and to the divers’ breathing gas manifold in diving
bells from at least two supply sources.
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4-9.6.3 Stored Gas Reserves. The designer shall
consider all operational and jurisdictional requirements.

4-9.6.4 Multiple Gases. Where gases of different
composition are connected to a distribution manifold
or other distribution system, a positive means shall be
provided to ensure that leaking valves will not result
in an improper gas being supplied to the end-use point
or result in backflow from one supply gas into the distri-

4-9.7.4 Gauges. Gauges indicating the controlled pres-
sure shall be provided with all pressure control valves, and
they shall be located so as to be clearly visible to a person
adjusting the setting of the pressure control valve.

4-9.7.5 Bypass Requirements. Except as otherwise
required in para. 4-9.7.6(b), in systems where the
ability to maintain uninterrupted service is required,
all regulators shall be provided with either a redundant

butjon bya‘icul for—atother buyp}y Bgas: 1csu}atu1 of C\iual sizeor=a ulauua}}y opcT ateq bypass

419.6.5 Labeling of Breathing Gas Outlets. All valve.
brepthing gas outlets shall be labeled. Where the gas 4-9.7.6 Pressure Control Valves Used in Demand
supplied is always known, the label shall indicate the  Breathing Systems
type of gas supplied, such as “Oxygen.” Where the gas
supplied is subject to change based on operational re- (a) Capacity Requirements. The.peak respiratpry flow
quifements, the label shall contain a generic term, such rates, both inspiratory and-expiratory, in a femand
as “Breathing Gas” breathing system are normally 3.0 to 3.14 times the

net average flow as represénted by the user’s regpiratory

49.6.6 Separation of Breathing Gases. This Standard  jpyte volume. Thefefore, the capacity of pressure
recggnizes that complete separation of breathing gases of control valves used,te support demand-type bfeathing
diffgrent types is generally not possible in PVHO applica-  apparatus shall be computed as
tionls. The designer shall take all reasonable steps to mini-
mizp the number of locations/situations where gases of Q = n(N)(D)(RMV)(F)
different compositions need to use common distribution where
equipment and/or common outlets. D= maximum usage depth, atm absolute

4-9.6.7 Pressure Control Valves in Demand F = factor, tobe taken as 1.0 unless data is gvailable
Brepthing Systems. Pressure control valves used in to support a lower number
denjand breathing systems shall meet the requirements NOTE: F = 1 assumes all gas users inhale pr exhale
of para. 4-9.7.6. simultaneously. Consequently, as N becomégs large, F

will approach 0.5. For N = 1 or 2, F shall b¢ taken as
4-9.7 Pressure Control Valves 1.0. For N > 2, F may be reduced as wartfanted by
e testing or experience with prior designs. Fjmay also

419.7.1 Performance Characteristics. The perfor- be redguced ifit can be Shovfn’ cither fxper meﬁta“y
mance of a pressure control valve is characterized or analytically, that sufficient volume existy between
prirharily by two factors, both of which shall'be considered the pressure regulation point and the usagp point or
by the designer. These factors are points to provide an accumulator effect chpable of

(4) the rate at which the outlet)pressure decreases providing whatever differences may exist| between
(frdm the set point) as flows demand increases. In the instantaneous flow rate requirement$ and the
many designs, there is a significant difference between regulator capacity provided. In no case may F be
outlet pressure at the no‘flow condition and the outlet reduced below 0.5.
prepsure at design service flow rates. In unbalanced N = maximum number of breathing appargtuses to
single-stage pressure control valves, outlet pressure be supported at one time
may also be influenced by changes in inlet pressure. Q = regulator capacity at minimum desjgn inlet
The|flow effect-is. usually the controlling factor in design. pressure, ft*/min (L/min)

(b) limit flow capacity. This factor is a function of RMV = maximum anticipated user respiratory minute
upsfream pressure, orifice size, downstream pressure, volume, in ft3/min (L/min) at usage pressure;
and| outlet porting size. the minimum RMYV that may be used is 1.41

246t/ foraworkimgdiver and

4-9.7.2 Seats. All pressure control valves used in life-
sensitive systems shall employ soft seats capable of
bubble-tight shutoff.

4-9.7.3 Filters. All pressure control valves used in life-
sensitive systems, except those used in overboard dump
systems for breathing masks, shall be provided with an
upstream particulate filter that meets the requirements
of para. 4-4.3.
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0.7 ft£*/min (20 L/min) for a resting diver or
PVHO occupant

(b) Bypass Requirements
(1) The pressure control valves in piping circuits
supplying breathing gas to divers using demand breathing
apparatus in the water or in a diving bell shall be either of
the following:
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(-a) provided with a bypass loop containing a
second pressure regulator of equal capacity and appro-
priate related components

(-b) arranged as a series of two or more pressure
control valve stations each with a hand-operated bypass,
appropriate related components, and a pressure control
valve capable of accepting full initial supply pressure and
providing regulated outlet conditions appropriate for the
end-use function

4-9.8.5 Pressure-Reducing Valves. Relief devices
shall be provided on the low-pressure side of the pres-
sure-reducing valves, or the piping and equipment on
the low-pressure side shall meet the requirements for
the full system pressure.

The relief devices shall be located as close as possible to
the reducing valve. The total relieving capacity provided
shall be such that the design pressure of the low-pressure
piping system will not be exceeded by more than 10% if

(2)|Hand-operated bypass valves may be used in
systemg supplying gas to PVHO mask breathing gas
outlets, [provided that adequate overpressure relief is
providedl.

(3)|Bypass capability is not required for pressure
control [valves supporting single consumers where a
service|interruption is tolerable, e.g., for pressure
control yalves dedicated to each of several mask breathing
gas outlpts in a PVHO.

(4)|Bypass capability is not required for pressure
control [valves supporting overboard dump manifolds
in PVH(s.

4-9.8 Pressure Relief Requirements
4-9.8
(@) A

sures in

1 Overpressure Relief

1 systems that may be subject to internal pres-
excess of their design pressure shall be provided
with overpressure relief devices capable of maintaining
system pressure not to exceed 110% of design pressure.

(b) Systems located inside of PVHOs that are normally.
pressurized at less than PVHO pressure shall be equipped
with relfef devices (check valves are acceptable) if.any of
the components in the system (e.g., vacuum gauges) are
subject fo damage, if PVHO pressure is released without a
concurrgnt release of system pressure.

4-9.8
(a) P

are nor
be equip
nents of]
to dama
the systpm.

(b) Piping or components located inside of PVHOs that
are nortpally pressurized to a level less than PVHO pres-
sure (e.g..rask overboard dump lines, medical suction
lines, ett.)Sshall be provided with vacuum relief valves

2 Underpressure Relief

ping or components located inside of PVHOs that
ally pressurized in ex¢essof PVHO pressure shall
ped with vacuum breakers if any of the compo-
the system (such®as pressure gauges) are subject
be, if the PVHO.IS pressurized without pressure in

the reducing valve fails open.

4-9.8.6 Bypass Valves. Where manually(opérgted
bypass valves are permitted around pressupe conitrol
valves, they shall not have a maximum,flow capalcity
greater than the reducing valve unless.the downstrgam
piping is adequately protected by.relief device§ or
meets the design requirements of the higher system pires-
sure.

4-9.8.7 Stop Valves./There shall be no stop va
between piping beingrprotected and its protec
device or devices, exeept that stop valves may be instg
between a relief’valve and the piping being prote
under the following conditions:

(a) when,\in the judgment of the designer, the ha?
from a, relief valve failing open exceeds the haz
presented by the possible concurrent occurrenc
systein overpressure plus a closed stop valve

(b) whenastop valveis provided between areliefv|
and the associated protected piping, the valve shall be
the designer’s specification for the fluid piping b
protected, and the relief device shall be per Af
BPVC, Section VIII, Division 1, UG-125 through UG-
or Section VIII, Division 2, Part 9

ves
tive
lled
rted

ard
ard
e of

hlve
per
ping
ME
136,

4-9.8.8 Exhausts From Relief Devices
side
e if
sur-

(a) Exhausts from relief devices that are located in
enclosed spaces shall be piped outside of the spa
operation of the relief device could result in overpres
izing the space.

(b) Exhausts from relief devices that are located in
enclosed spaces on lines containing gases other thar
shall be ducted out of the space.

side
air

4-9.9 Color Coding

4-9.9.1 Consistent Color Codes. PVHO piping systems
shall employ a consistent color coding system. Suggested

capable of relieving underpressures in excess of the
maximum limits established by the system designer.

4-9.8.3 Rupture Disks. Rupture disks shall not be used
except on gas containers.

4-9.8.4 Division Valves. Where piping systems oper-
ating at different pressures are connected, a division valve
shall be provided that shall be designed for the higher
system pressure.

102

guidelines are provided in Nonmandatory Appendix C.

4-9.9.2 Owner’s Responsibility. Color code require-
ments vary substantially between the various jurisdic-
tions in which PVHO systems may be used. It shall be
the responsibility of the designer to specify the required
color coding system.
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4-9.10 Labeling

4-9.10.1 Piping and Gas Storage Vessels. All piping
and gas storage bottles shall be labeled to show contents,
direction of flow (when appropriate), and MAWP.

4-9.10.2 Critical Components. The designer shall
determine all critical components whose function is
not obvious from their location and appearance. These
com

4
nen|
fun

Es that are mounted in panels shall be labeled as to
tion.

4-9

4
bre
sery
sha
dur

F

.11 Soft Goods

-9.11.1 Breathing Gas Systems. Soft goods used in
thing gas service shall be compatible with intended
ice fluids at the anticipated maximum pressures and
| be compatible with all anticipated cleaning proce-
S,

br breathing gas systems using oxygen-enriched gases
(grdater than 25% oxygen), consideration shall be given to
the koft goods flammability in the oxygen-enriched envi-
ronjment. ASTM G63 and ASTM Manual 36 provide
guidance.

4
syst
att
and

-9.11.2 Other Systems. Soft goods used in other
ems shall be compatible with the fluids contained,
he maximum anticipated conditions of temperature
pressures.

.12 Lubricants and Sealants

be para. 4-2.3, ASTM G63, and ASTM\Manual 36
rding appropriate materials and practices.

4-9

S
regd

4-9.13 Cleaning Requirements

4:9.13.1 Oxygen and Breathing Gas Systems. The
cleaning of oxygen and bredthing gas piping systems is
an gssential part of PVHO piping system design and fabri-
catipn. The following are recommended guidelines:

(@) A written cleaning procedure with well-defined
procedures, personnel responsibilities, acceptance/
recleaning criteria, marking, packaging, and storage re-
quitements‘shall be developed and implemented.

(b) Component handling procedures shall be devel-
opddeand implemented so that components and
sys >
(c) The cleaning procedures intended to be used with
the piping system shall be considered by the designer
during the selection of all materials, especially soft
goods, and during the layout of the piping.

4-9.13.2 Components Located Inside PVHOs. Piping
components that are to be located inside the PVHO
shall also be cleaned on their exteriors. The exteriors
of components for use inside marine systems should
show no visible signs of oil or grease. The exteriors of

5 g
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components for use inside PVHOs with elevated
oxygen environments should show no fluorescence
typical of oil or grease when examined under ultraviolet
light.

4-9.13.3 Prohibited Cleaning Materials. Trichloroeth-
ylene shall not be used to clean breathing gas systems or
any components to be located inside a PVHO.

NOTE: When gas is passed through a moderately heated alkali
rs), resi-

onents shall be labeled as to function.
Bed (such as those used In Most carbon dioxide scruBEE
-9.10.3 Panel-Mounted Components. All compo- dual trichloroethylene can decompose into highly,toxiic dichlo-

roacetylene.

4-9.14 Off-Gassing Test for Hoses Used for
Breathing Gas Service

d in the
ire toxic
able for
gassing

4-9.14.1 Background. Some components use
manufacture of hoses car, give off vapors that 3
if inhaled. For hoses«to be considered accept]
breathing gas serviee) ‘they shall pass the off]
test described herein.

(a) hydrocarben: for this test procedure, all
compounds detectable by a total hydrocarbon 3

(b) methane equivalent: concentration of me
air that will cause a total hydrocarbon analyze
andndication equivalent to that obtained from
being analyzed

organic
nalyzer
thane in
" to give
the gas

4-9.14.2 Procedure

only on
gas, or
and the
led at a
bughout

(a) Off-gassing measurements shall be made
hoses that have not been flushed with air,
water. Both the total hydrocarbon analyzer
hose or hoses to be tested shall be maintaij
temperature not lower than 73°F (22.8°C) thr
the testing period.

(b) By this procedure, measurements are ma
increase in the hydrocarbon concentration of a s
air flowing through the test hose at a flow rate of
(1 CFM). The temperatures of the test hose, air suj
analyzer shall not be lower than 73°F (22.8°C). A
of the flow arrangement is shown in Figure 4-
Before the air passes through the test hose
shall be clean and shall contain no more than 1
of hydrocarbons (methane equivalents). The 3
shall be zeroed with air passing at the stipula
rate and temperature through the connectd
only. The test hose shall then be inserted in
an € airstream passe
15 min, readings of the hydrocarbon concentration
shall be recorded. The test hose shall be rated on the
reading at the end of the 15-min test period. Hoses
that contaminate the air by greater amounts than specified
in Table 4-9.14.2-1 shall not be acceptable.

le of the
[ream of
28 LPM
ply, and
diagram
D.14.2-1.
the air
mg/m>
nalyzer
fed flow
r tubes
the line

4-9.14.3 Hose Testing. MIL-H-2815 provides guidance
in testing hoses.


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2023.pdf

ASME PVHO-1-2023

Table 4-2.1.1-1
Maximum Allowable Stress Values for Seamless Pipe and Tube Materials Not Listed in Nonmandatory Appendix A of

ASME B31.1
Maximum Allowable
Stress Values in Tension,
Material Specification Temper or Grade Strength, ksi ksi
Alpha-brass British Standard 1306 54 10.8
Copper water tube ASTM B88, Types K & L Drawn 36 6.0

GENERANOTET I R3I'= 1,000 p3I.

Table 4-7.1-1
Mandatpry Minimum Nondestructive Examinations for Pressure Welds in Piping Systems for Pressure Vesselg for
Human Occupancy

Type of Weld Examination Requirements

Butt weldls (girth and longitudinal) Pressure boundary and life-sensitive piping RT, all sizes
Otherwise, RT for NPS over 2 in,\MT or PT for NPS 2 in. and |less
Branch wWelds (intersection and nozzle); size indicated is branch size ~ RT for NPS over 4 in., MT _or"PT for NPS 4 in. and less

Fillet welds, socket welds PT or MT for all sizes ahd thicknesses

GENERAL NOTES:

(a) RT =|radiographic examination; MT = magnetic particle examination; PT = liquid pepetrant examination; NPS = nominal pipe sizq.

(b) For vent lines not subject to chamber pressure, MT or PT may be substituted for KT.

(c) All wglds shall be given a visual examination in addition to the type of specific.nondestructive test specified.

(d) Itshojld benoted thatitisimpractical to radiograph some branch connections due to'the angle of intersection or the configuration. If thefjoint
configuration precludes RT, other nondestructive testing (NDT) methods should be substituted to establish the quality of the joinf.

(e) Nondpstructive examinations specified above do not apply to componentsmade to standards listed in ASME B31.1, Table 126.1, or ASME

B31.3, Table 326.1.
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Figure 4-9.14.2-1
Flow Diagram of Apparatus for Measuring the Concentration of Hydrocarbons in a Stream of Air or Other Gas
After It Has Passed Through a Test Hose

To sensor

N

Sample
'C'E':;; IL;;IyI Pressure
gauge
T Pump
L /\ A
! Lil A
_|7_ 4 ~ >
A} Pressure
regulator
T Hydrocarbon analyzer
\_
\S E‘,CB N D:ED{/:I <— Compresseq
Plastic tube @ Flowmeter air source|

Sample hose

‘Fable 4-9.14.2-1
Maximum Allowable Concentration of Hydrocarbons in Air Passing Through Hose

Hydrocarbon Concentration

Hose Length, ft as Methane Equivalents, mg/m’
3 4
100 100
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Section 5
Medical Hyperbaric Systems

5-1 GENERAL
5-1.1

This Section, along with Sections 1 through 4, provides
minimum requirements for the design, assembly, inspec-
tion, testing, and certification of PVHO systems used speci-
fically i} medical hyperbaric therapy.

ope

5-1.2 U

Theu
shall pr
ification|
cation s]
use of th
asto con
as nece
include,

(a) ra

ser's Design Specification

er,agenton the user’s behalf, or the manufacturer
vide or cause to be written a User’s Design Spec-
in accordance with subsection 1-4. This specifi-
nall set forth the requirements as to the intended
e chamber and operating conditions in such detail
stitute an adequate basis for designing the system
sary to comply with this Standard. They shall
as a minimum, the following:
ted number of occupants

(b) maximum operating pressure

(c) piessurization/depressurization rates, ventilation
rates, and the conditions under which those rates are
to be mpintained

(d) requirements affecting the amount of(stored gas
reserves

(e) niimber of breathing gas outlets.and ‘their charac-
teristics

5-1.4 Viewports

ach
its

All chambers shall have at least one viewport in ¢
compartment for viewing the chamber interior and
occupants.

5-1.4.1 Monoplace Chambers:-Monoplace cham}
shall have sufficient visual access to permit
chamber operator to observé at least the patie
head, face, chest, and armis.

bers
the
nt’s

5-1.4.2 Multiplacel Chambers (Multioccupancy
Chambers). Each fultiplace chamber compartnjent
shall have at least one viewport positioned to support
visual communhication between one or more perqons
located ihside and one or more persons locdted
outsidé the compartment. Additional methods [p.g.,
close@;circuit televisions (CCTVs)] may be used to
entharice viewing of the interior of each chamber, compart-
fment, and occupants by the operator. CCTV systems ghall
have sufficient backup power for emergency situatipns.

5-1.5 Quick-Actuating Closures

b be
liter
ire-
VC,

Quick-actuating closures that have the potential t
opened while pressurized, such as most medical lock o
doors, shall be designed in accordance with the reqy
ments for quick-acting closures contained in ASME B]
Section VIII, Division 1, UG-35.

(f) temperature and humidity control requirements, if
any 5-1.6 Personnel Entry Lock
(9) fi &-subpression regulrements . Chambers intended for medical treatment at 3 ATA or
(h) minimum and maximum operating temperatures . . .
. . ) less thatdo notnormally incur a decompression obligafion
(i) type or types of breathing gas delivery systems . .
; e . for the patients shall not be required to have a personnel
(j) pressurization 'gas (air or oxygen) lock
(k) the edition or. editions of other codes and/or stan- )
fifards? uded in the development of the User’s Design Spec- 5-1.7 Penetrations
ification
Additional penetrations to provide for access for sefsor
5-1.3 Documentation Teads, etc., shall be provided as required by the User’s

(a) PVHO documentation shall be in accordance with
para. 1-7.9 and the requirements of other codes and stan-
dards as required.

(b) Viewport (window) documentation shall be in
accordance with Section 2.

(c) All documentation should be retained by the user
for the life of the PVHO. If the PVHO is transferred to a new
user, all documentation should accompany the PVHO.
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Design Specification.

5-1.8 Personnel Egress

Consideration shall be given to the size and configura-
tion of doorways and/or hatches for safe access and egress
of personnel and patients.
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5-1.9 Medical-Use PVHO Certifications

The piping systems for PVHOs intended for use as
medical devices, designed and manufactured according
to the manufacturer’s standard commercial design,
shall comply with the U.S. Food and Drug Administration
(FDA) Design Control Requirements (C.F.R.) Part 820,
Quality System Regulations. Standard products meeting
the requirements of the FDA are exempt from the require-

/) all pressure boundary penetraters connected to
dumatic (or plumbing) lines, larger than Y, in. in
eter are protected with stop valves, check valves,
uick-disconnects. Electrical_penetrators or smaller
signjal lines shall be exempted)from this requirement.

5-3| GAS SYSTEMS

5-311 Gas Supply Requirements

Gps supplies for medical PVHO system vary in gas
productienyand storage capacities depending on the
reqliiredflow rates that support monoplace or multiplace
PVHQ System operation. The gas supply capacity includes

5-3.2 Breathing Devices

The type of breathing devices (e.g., breathing mask or
hood) and number of each shall be identified in the User’s
Design Specification. The supply and exhaust minimum
flow rates to the device or devices should be determined
by the identified device manufacturer. The gas exhaust
flow rate for each device shall be equal to or greater
than its gas supply flow rate. For multiplace PVHOs, a

1303 i : frrtat dssuming
simulta-
vide the
Patment
bvent of
e emer-
air used

es
neously. The device supply controls shdll\pro
capability of switching all occupants frem tr
gas to emergency air simultaneously in the

chamber fire or contaminated environment. TH
gency air shall be supplied independent of the
for chamber pressurizationand venting.

5-3.3 Breathing Device Gas Outlets

Each PVHO treatmént compartment shall be gquipped
with the number-0f gas supply and exhaust outletdfor each
occupant breathing device. Nontreatment compgrtments
shall havelemergency air supply and exhaust oytlets for
each designated occupant. Each outlet connectjon type
shall\be compatible with the designated breathing
device. Monoplace PVHOs without breathing [devices,
as’designated in the User’s Design Specification or
PVHO manufacturer manuals, are exempt from this
requirement.

5-4 CONTROL SYSTEMS AND INSTRUMENTATION

5-4.1 Controls Location

Primary operation shall be external to the chgmber. If
remote or automated controls are used, manual overrides
shall be provided and easily accessible.

5-4.2 Communications

Control console or stations shall be equipped to
communication with each compartment.

provide

5-5 ENVIRONMENTAL SYSTEMS

5-5.1 Environmental Conditions

All systems and components shall be capable|of oper-

the combination of gas production and storage as required
for PVHO pressurization and ventilation, treatment gas,
and emergency air supplies for the maximum flow
rates and number of occupants. The gas supply and
exhaust shall comply with local building regulations
for installation and with Section 4.

107

atimgsatisfactority amdsafety imaccordamcewith their
specifications at the environmental conditions stated.
The designer shall give specific consideration to the
comfort of the patients in deciding whether environ-
mental control of the chamber atmosphere is required
or whether ambient conditions will suffice.
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5-5.2 Temperature

Patient comfort shall be maintained by supplemental
heating or cooling, as required.

5-5.2.1 Multiplace Chambers. If multiplace chambers
are equipped with heating or cooling systems, provision
shall be made to shut off the heating or cooling system in
the event of malfunction.

5-5.8 Suction Systems

All systems for use inside a chamber shall have a trap in-
line to keep waste materials out of the piping system.

If a suction system uses pressure differential for the
vacuum while at depth, there shall be a vacuum source
for use on the surface.

5-5.9 Accidental Depressurization

5-5.22Monoptace Chambers:-Temperature comtrot

for the ¢hamber area shall be considered for monoplace
chambers.

5-5.3 Humidity

A spetific system for the control of humidity is not man-
datory if other methods such as ventilation or circulation
are sufficient to maintain patient comfort in accordance
with thq User’s Design Specification.

5-5.4 (Contaminants

Sourc
nation s
sources
tallic ma

bs of volatile, toxic, or potentially toxic contami-
hall be minimized to the extent practical. Possible
of contamination include off-gassing of nonme-
terials.

5-5.5 Lighting

Therg
toseeth
and cha

5-5.5

shall be sufficientlighting in or around a chamber
e patient or patients, the chamber control console,
mber support equipment systems.

1 External Lighting. External lighting fixtures
shall nof come into contact with or be allowed to oyetheat
the surface of a window in excess of its maximunidesign
temperdture in accordance with Section 2.

5-5.5
be prov

2 Emergency Lighting. Emergengy lighting shall
ded.

5-5.6 External Heat Sources

Exterhal heat sources in‘addition to lighting fixtures
shall ndt come in contaet*with or otherwise heat the
surface [of a window-itt.excess of its maximum design

tempergture.

5-5.7 Access-to'Emergency Equipment

No pdrmiaiient seat or stretcher shall block the aisles,

(a) If a sink, water supply, or drainage system is ulsed,
provisions shall be made to prevent unintentional déepires-
surization of the system.

(b) Any toilet that is plumbed to discharge to|the
outside of the chamber shall have a hglding tank afd a
dual-valve safety interlock system.

(c) Any toilet that flushes to thejoutside of the chanpber
shall be designed to preclude the possibility that a fseal
might be created between.the seat and the pernson
using the toilet.

5-6 INSTALLATION TESTING
5-6.1 Installation

The manufacturer or a manufacturer-approved q
fied pekson shall perform a thorough operational
of each installed PVHO. A written record of these
results shall be provided to the owner/user or a de
frated agent and a copy shall be retained by the many
turer.

Where multiple PVHOs are installed, a functional
including of the relevant electrical- and gas-sup
systems, shall be performed to confirm that all PV
operate simultaneously and safely under predi
maximum demand.

hali-
test
test
sig-
fac-

fest,
ply
HOs
ted

5-6.2 Handover

The manufacturer or a manufacturer-approved quiali-
fied person shall provide specific equipment operating
instructions and a specific equipment operatjg)ns
manual convering normal chamber usage and equipnent
maintenance as well as emergency conditions identifigd in
the risk analysis (subsection 1-11).

hatches,doors, medical Tocks, handheld Noses, fire-
suppression controls, or any emergency equipment.
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Section 6
Diving Systems

6-1) GENERAL

6-1/1 Scope

6F1.1.1 PVHOs. This Section, along with Sections 1
thrqugh 4, provides the requirements for the design, fabri-
catipn, assembly, inspection, testing, certification, and
starhping of PVHOs used in diving systems. This includes
but[is not limited to

(4) deck decompression chambers

(B) diving bells

(4) transfer locks

(4) saturation living chambers

(4) rescue chambers

() hyperbaric evacuation systems

(4) diving subsystems/components

(k) diver lockout chambers

(] hyperbaric stretchers

6F1.1.2 Components. The scope of this Section
inclpdes, but is not limited to, the following componeits:
(4) doors

(h) hatches

(4) penetrations and fittings

(4¢) medical and service locks

(4) quick-opening closures

() viewports

(4) light-transmitting devices

(k) electrical penetrators

(] trunks and tunnels

6-1}2 User’s Design Specification

Al User’s Degign Specification, as described in
subgection 1-4,xshall be written for the PVHO diving
systlem. The'Specification shall set forth the requirements
as tp the-intended use of the PVHO or component and the
opefating’and environmental conditions in such detail as

(e) maximum number of pressure cycles

(f) maximum/minimum internal/external pr¢ssures

(g) operating temperatures

(h) storage conditions/temperaturés

(i) number, size, and type.of.penetrators, doors,
hatches, windows, and servicelocks

(j) corrosion allowance

(k) environmental requirements

(1) special design eonsiderations applicable tq normal
and emergency service, e.g., requirements for thelsizing of
the diver lockoutthatch [i.e., the diver dress and potential
underwaterbreathing apparatus (UBA) to be used]

(m) fir€ suppression

6-1.3-Design Certification

Conformance of the completed PVHO to the [require-
ments of this Standard and the User’s Design Spedification
shall be established by the following procedurek:

(a) A competent Professional Engineer, regigtered in
one or more of the U.S. states or provinces of|Canada,
or the equivalent in other countries, and expgrienced
in the design of PVHOs, shall certify that the FVHO or
component was designed or completely revigwed by
the engineer or under the engineer’s direct supgrvision,
and that to the best of their knowledge, it meet} the re-
quirements of the User’s Design Specificatjon and
complies with this Standard.

(b) Alternatively, the PVHO or component [shall be
reviewed by an authorized government agency orjan inde-
pendent classification society competent in gressure
vessels for human occupancy, and such orgahization
shall provide a certification that the PVHO or conponent
complies with this Standard and the User’s Design Spec-
ification.

6-1.4 Documentation

to Constitute-anadequatebasisfor-design—fabrication;
inspection, and testing of the PVHO or component neces-
sary to comply with this Standard. The User’s Design Spec-
ification shall include

(a) number of intended occupants

(b) maximum operating pressure/depth

(c) required pressurization and depressurizationrates,
ventilation rates, and conditions under which rates are to
be maintained

(d) intended operational environment

The user shall be provided with the following data and
documentation:

(a) User’s Design Specification

(b) PVHO and/or PVHO component certification

(c) PVHO window certificates in accordance with
Section 2

(d) viewport and window drawings

(e) applicable ASME data reports and partial data
reports

(f) any classification society certifications
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(g) vessel drawings necessary for the maintenance,
inspection, and repair of the PVHO

6-1.5 Useful References

The designer should be familiar with the references
contained in Nonmandatory Appendix F.

6-2 DESIGN

6-2.1 General

PVHQs, their components, and attachments shall be
designed for the environmental conditions in which
intended to operate. For example, particular

shall be given to the corrosive effect of salt
water, spa, air, and chlorinated water, as applicable.

The AVHO shall be designed, fabricated, assembled,
inspectpd, tested, and certified in accordance with
Section|1. The design should facilitate the ability to
conduct|planned maintenance and inspections.

The d¢sign of the diving system shall incorporate appro-
priate bgckup systems and equipment to ensure the safety
of both the occupants and the operating personnel in the
event off any single failure.

, and discontinuities
ds due to expansion and contraction

(1) operation and-emergency loads

(m) vjibration\oads

(n) sg¢ismic‘loads

The design’shall consider the external forces trans-
mitted to-the-PVHO

Roll, List, Pitch, Trim,
Design deg deg deg deg
Mounted on a conventional ship or +22.5 #15 +10 +5
construction barge
Mounted on a semisubmersible *15 +15
Components in a bell +45 +22.5
6=-2-3Environmentat Requirements

ndi-
may

Pressure vessels used in diving are exposed-to €0
tions needing special consideration. These conditions
include

(a) weather

(b) frequent handling

(c) weight and buoyancy

(d) static/dynamic loads

(e) exposure to marine conditions

(f) corrosion

(g) exposure to temperature extremes

6-2.4 Corrosion

The desigiishall consider corrosion allowance ang
mitigatingprocess based on the operating environmey
defineddinithe User’s Design Specification. Areas of pj
sure vessels subject to corrosion shall be protected b
appropriate means.

l/or
it as
res-
y an

6-2.5 External Pressure Rating

Components of PVHO pressure boundaries subjec
external pressure shall be designed in accordance \
Section 1.

t to
vith

6-2.6 Impact Protection

ure
prts

The designer shall provide protection to the pres
hull of the PVHO and critical components (e.g., viewp
and emergency gas supplies) that may be subjecttoimpact
during operations and transportation. This protection
should also be designed to minimize the risk of fouling
or entanglement.

6-2.7 Buoyancy

0si-
Ibe
tent

Should the User’s Design Specification require a p
tively buoyant bell, any ballast control mechanism shal
designed to prevent accidental activation or inadver]

For marine design purposes, these forces shall be at
least 2.0g vertical, 1.0g transverse, and 1.0g longitudinal,
unless otherwise determined, all acting simultaneously
while the chamber is pressurized. Consideration shall
be given to inclinations as follows:

110

release.

6-2.8 Occupant Requirements

6-2.8.1 All PVHOs shall have an entry lock or the
capability of being mated to another PVHO as a
method for access to the occupants while under pressure.
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6-2.8.2 The designer shall apply principles of ergo-
nomics to the arrangement of the PVHO. The recommend-
ed minimum internal dimensions and volumes are as
follows:

(a) saturation living chambers — sized to allow occu-
pants to stand and lie down, move in and out of the
chamber, and permit meal services while saturated

(b) transfer lock (TUP) — 105 ft* (3.0 m?®) floodable
volume

6-2.11 Emergency Recovery of Diving Bells

6-2.11.1 General. This subsection addresses the
design, construction, and testing of emergency recovery
equipment on diving bells.

6-2.11.2 Design. All diving bells shall be equipped with
a secondary lifting point, meeting the same requirements
as the primary lifting point, to facilitate the attachment of
an emergency lifting wire.

(4) diving bell (SDC) for
(1) two occupants — 105 ft* (3.0 m®) floodable
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equiipped with, the following for the intended number
of dgccupants:

) the ability to monitor and control the oxygen level,
carlon dioxide level, ambient temperature, and primary
life4support parameters

(b) one bunk per occupant

(¢) potable water

(d) toilet

(4) shower

medical or service lock

(4) built-in breathing system (BIBS) with a breathing
gas

6f2.8.4 PVHOs shall be designed to allow access to
internal bilge/void areas for cleaning.and inspection.

) skinvirritation
compatibility to materials

Consideration shall be given to the clearanceyn
between the bottom door and the seabed to leng
ingress or egress of divers under emergency co

Diving bells shall be outfitted with"a means ¢f emer-
gency recovery depending on whether they have been
designed to remain negatively buoyant or becofne posi-
tively buoyant.

bcessary
ure safe
nditions.

de wires
gned to
om the
to the
trunks
mbilical
d at the

6-2.11.3 Negative Buoyancy Diving Bells. Gui
and one or more clump*weights shall be des
permit the diving™bell to be recovered fT
maximum operating depth when loaded
maximum service weight, with the trunk o
flooded, and.the maximum deployable length of 4
and liftihg ‘wire attached to the bell and severs
surface.

6-2.11.4 Positive Buoyancy Diving Bells. Th
bell shall be equipped with devices for relea
main lifting wire, guide wires, and the umbiljcal and
ballast weight or weights. The operation of eadh emer-
gency release device shall require at least two mutually
independent actions for release.

Release devices shall be designed to prevent adcidental
actuation. Consideration shall be given to environmental
factors, e.g., exposure to ambient temperatures and pres-
sures. The design should facilitate regular testing and
maintenance.

After the release of the main bell wire, guide w
umbilical and ballast weight or weights, the dij
shall exhibit positive buoyancy when loade
maximum service weight and with the trunk o
flooded. Under these circumstances, the div]
shall have sufficient stability to remain upright,
eration shall be given during the risk assessi
required in subsection 1-11, to the ascent
impact on surface vessels and structures.

e diving
s5ing the

res, and
Fing bell
l to the
I trunks
ing bell
Consid-
nent, as
ate and

6-2.11.5 Functional Testing. Functional test|ng shall

6-2.10 Material Toxicity (Including Paints)

Materials and equipment inside manned compartments
shall not give off noxious or toxic vapors within the limits
of anticipated environments. Where compliance with this
requirement has not been demonstrated through satisfac-
tory service experience, an analysis or testing program
shall be performed.

111

be carried out to demonstrate and document proper
operation of all emergency recovery functions.

6-3 PRESSURE BOUNDARY

6-3.1 Personnel Access Doors/Hatches

The design of doors and hatches shall
(a) be in accordance with the requirements of
Section 1.
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(b) have anominal diameter of atleast 24 in. (610 mm)
if used as a normal means of personnel ingress or egress.

(c) be provided on each side with a means of opening
and closing hatches or doors (i.e., handle).

(d) be operable from both sides of the door or hatch.

(e) besuch thatreverse overpressurization of the door
does not cause catastrophic failure of the locking dog or
other similar devices if used.

(f) be such that corrosion or binding due to friction

(c) be fitted as per requirements in para. 6-3.4 where
trunks or tunnels are created by use of clamps and
closures

(d) be provided with a positive safety interlock in
accordance with ASME BPVC, Section VIII

(e) incorporate a manual system to allow clamp
opening on failure of the primary operating system if
the primary system is a powered system

shall be|eliminated as far as practical.

(g) b¢ such that opening may not take place when the
is not equal on both sides.

(h) tgke into account dynamic movements and loads on
door andl hatch operating and hinge mechanisms to verify
the struftural adequacy and seal tolerance.

(i) prpvide a means for securing any hinged door or
hatch inf the fully open position.

(j) pieclude unintentional operation of the door or
hatch when springs or mechanisms are used to assist
in the operation.

(k) ensure that if fluids are used in door or hatch assist
mechan]sms, they are compatible with the environment.

(1) have a safety interlock system if pressure acts to
open or|unseat the door or hatch. The safety interlock
system fhall not permit pressurization of the door or
hatch umless the door/hatch closure is fully engaged.

SDC (¢living bell) lockout hatches shall be sized to facil-
itate redovery of a fully dressed and unconscious diver.
Larger ppenings may be necessary to accommodate
divers With emergency life-support systems activated:
A minimpum 28-in. (711-mm) diameter clear opening{is
required.

6-3.2 Medical/Service Locks

Medid
(a) b
tested i1
(b) b
food, m
diving h
(c) hd

al/service locks shall

e designed, fabricated, inspected, certified, and
i conformance with this Standard

b sized for the purposelintended (e.g., passing
bdicine, emergency supplies, scrubber canisters,
elmets, and equipment)

ve an external nieans for monitoring, venting, and

equalizihg pressure to the compartment being serviced or Trunks and tunnels incorporated in or created by
to atmogphere coupling of PVHOs shall

(d) b¢ providedwith a safety interlock to prevent inad- (a) bedesigned, fabricated, inspected, tested,and ¢
vertent gpeningof the door, cover, or hatch when the pres- fied in accordance with Section 1
sure in fhe,medical/service lock acts to open the door, (b) have a minimum internal diameter of 24 in.
cover, ortatch mm)

6-3.4 Quick-Acting Closures for Diving Bells and

Hyperbaric Evacuation Systems

eto
and
bms
e of

6-3.4.1 General. These requirements are applicab
quick-acting closures that facilitate the connection
disconnection of diving bells and evacuation syst
to and from a main diving system for the purpos
diver transfer under pressure.

6-3.4.2 Design

il to
ncy
5 as

(a) The quick-acting elosure shall be designe
connect and disconnect the diving bell and emergg
evacuation system ‘wnder all operational condition
detailed in the“User’s Design Specification.

(b) The quick-acting closure shall be provided wi
safety interlock to prevent accidental opening in ac
dance with ASME BPVC, Section VIII, Division 1, UG-35.2.

(c)\The quick-acting closure safety interlock shall plso
prevent pressurization until the closure mechanism is
fully engaged.

(d) When power-actuating systems are used for mating
operations, a manual backup actuation system shall be
provided for use in the event of a system powerl or
switching failure. The manual backup system shall
require two mutually independent actions for operation.

(e) An interlock system with visual indicator shall be
provided to prevent operation of the handling system
while mated. The interlock system shall prevent activation
of the handling system until the quick-acting closure |s in
the fully open position.

th a
cor-

6-3.5 Trunks and Tunnels
the

brti-

610

6-3.3 Closures

Clamps and closure devices used to couple PVHOs shall

(a) bedesigned, fabricated, inspected, tested, and certi-
fied in accordance with Section 1

(b) be designed for vessel dynamic movements and
include sufficient supports to carry the weight of the
clamps while in the open position

112

(c) have an external means for monitoring, venting, and
equalizing pressure when connected to an adjacent
compartment or atmospheric pressure

(d) provide hand- and/or footholds in trunks or
tunnels exceeding 36 in. (914 mm) in length
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6-3.6 Viewports

All viewports shall meet the requirements of Section 2.
Viewports shall be provided with protection suitable for
the use intended.

6-3.7 Lighting Devices

Interior lighting devices shall be rated for the PVHO'’s
MAWP. Exterior light-transmitting devices that act as part

(d) the ability to monitor oxygen and carbon-dioxide
levels of the breathing environment if the PVHO’s life-
sustaining breathable environment is maintained by
carbon dioxide scrubbing.

6-4.1.2 Unventilated PVHOs. Unventilated PVHOs
shall have a means of injecting oxygen, removing
carbon dioxide, and controlling both humidity and
temperature levels for the purpose of maintaining a

of the PVHO pressure boundary shall meet the require-
menpts of Section 2.

6-3.8 Service Penetrators

N
(4
trat
tion
(i
PVH

(

extq
(4
(4

brvice penetrators shall

) be equipped with valves on both sides of the pene-
br and be installed as close to the PVHO hull penetra-
as possible

) have a MAWP equal to or greater than that of the
0

') be able to withstand maximum internal and
rnal pressures

) be compatible with the intended service

) be suitable for the effects of chemical reactions

) be suitable for the effects of temperature

) be suitable for the effects of corrosion

) have suitable protection to areas subject to impacts
ng operation or transportation

) be accessible for inspection

9 Electrical Penetrators

ectrical service and instrumentation penetrators shall
) be designed for the service intended

) be constructed from materials suitable for the
ice intended, including the effects of corrosion

') have a design pressure andStemperature rating
hl to or greater than the PVHO-MAWP and temperature
{) be gas-/watertight even in‘the event of damage to
connecting cable

) be designed for beth'internal and external pressure
n used in PVHQs\that are rated for internal and
rnal pressure {e:g., diving bell)

110 Fiber=Optic Penetrators

ber-6ptic penetrators shall meet the mechanical
bria as described for electrical penetrators.

1L PRI . b
jesyw Dubtdlllllls CIHIVITUIIITITIIT,

6-4.1.3 Oxygen Supply

he injec-
ntrolled

(a) Ifthe User’s Design Specificationreqtires t
tion of oxygen into a chamber, a means for the cg
injection of oxygen shall be provided.

(b) The system shall be desighed to ensure
reliable operation under all normal and emergen
ating and environmentdl{conditions, as define
User’s Design Specification.

(c) The system shall'be designed to ensure th¢
of oxygen injected into any PVHO during an inject
will not increase-the partial pressure of oxygen (
that PVHObeyond the limits defined in the exposul
employeéd.

(d)>Visual indicators shall be provided and shaj
display the functional status of the system. Audi
shall be provided to alert personnel in the evient of a
system or a parameter exceeding allowable limjts. Both
audio and visual indicators shall be capable of operating
under the normal and emergency conditions, as defined in
the User’s Design Specification. In the case of ipternally
mounted makeup systems operated by the chamber occu-
pants, with a predetermined injection volume pler cycle,
only a visual indicator is required.

(e) A means of monitoring the PPO, shall be j
for each occupied compartment of every PVHO
part of the system, as defined in the User’s Desi
ification.

safe and
cy oper-
d in the

volume
oncycle
PPO,) in
re tables

1 clearly
b alarms

rovided
forming
bn Spec-

6-4.1.4 Carbon Dioxide Removal. For unvdntilated
PVHOs, each occupied compartment shall be grovided
with suitable equipment for carbon dioxide rlemoval.
This equipment shall comply with the following:

(a) The carbon dioxide removal equipment |shall be
designed to ensure safe and reliable operatiopn under
all normal and emergency operating and environmental

conditions, as defined in the User’s Design Specification.

+
t

6-4 SYSTEMS

6-4.1 Life-Support Systems

6-4.1.1 General. All PVHOs shall have

(a) sufficient gas supply for normal and emergency re-
quirements

(b) the ability to monitor and control the depth

(c) the ability to maintain a life-sustaining breathable
environment

113

{b)-The-carbendioxideremoval-equipment'shall be
capable of maintaining the partial pressure of carbon
dioxide (PPCO,) at or below the following limits:

(1) 0.005 atmosphere absolute (ata) under normal
operating conditions
(2) 0.015 ata under emergency operating conditions

(c) The carbon dioxide removal equipment shall be
designed for the carbon dioxide production rate or
rates specified in the User’s Design Specification, which
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shall not be lower than 0.115 Ib (0.0523 kg) per hour per
person.

(d) The carbon dioxide removal equipment shall be
provided with full redundancy.

(e) Materials used for the carbon dioxide removal
equipment shall be compatible with the carbon dioxide
removal agentand shall be corrosion resistant. In addition,
the toxicity of these materials shall be considered.

(f) Canisters, panels, or curtains used for holding the

6-4.1.6 Emergency Breathing Systems (EBS)
6-4.1.6.1 EBS Internal to PVHOs

(a) An emergency breathing system shall be included
that provides a life-sustaining breathable medium for
every PVHO occupant.

(b) The capacity of the EBS shall be 150% of the time
normally required to return every PVHO occupant to a
breathable life-sustaining environment. This shall be

carbon dioxide removal agent shall be designed for ease of
replacerhent, without the need for any special tools.

(g) Where solid adsorbents are used as the carbon
dioxide|removal agent, they shall be the low-dusting
type. Sqlid adsorbents shall be stored in containers
free of thoisture.

(h) Where lithium hydroxide (LiOH) is used as the
carbon flioxide removal agent, the canisters, panels, or
curtaing holding the LiOH shall be designed to prevent
LiOH dpst from escaping, or LiOH drippings from
falling ¢n personnel or equipment. These canisters,
panels, gr curtains shall be replaceable as complete units.

(i) Where required by the User’s Design Specification,
adequate heating shall be provided to maintain the
temperpture of the carbon dioxide removal agent
above tle minimum limits specified by the manufacturer
of the r¢moval agent.

6-4.1

6-411.5.1 Gas Storage Cylinders. Individual cylin-
ders or [multiple cylinders grouped together by means
of a manifold to form a cylinder bank shall be provided
with
(a) a
to the sy
allowab

5 Gas Storage Cylinders and Volume Tanks

readily accessible isolation valve to step gas flow
stem. This valve shall be rated for the'maximum
e working pressure (MAWP) of the cylinder.

(b) aprotective device to relieve excess pressure. The
relieving device shall meet the requirements of the appli-
cable cylinder standard.

(c) clpar labeling as to content in accordance with a
recogniged national or interndtional standard.

(d) a|means of eliminating moisture when used for
storing feclaimed gases:

(e) mpisture separators and filters that may be used to
ensure ho moistufe enters the system.

(f) a meanstef monitoring internal pressure.

6-4/1.5.2 Volume Tanks. Each volume tank shall be

based on the operational use cases established in|the
User’s Design Specification, unless otherwise apprqved
by the jurisdictional authority on the basis of special oper-
ating conditions. Returning to a breathablelife-sustaihing
environment typically entails either returning to a surface
ambient environment or correcting conditions to reestab-
lish the primary breathable life-sustaining environment.
(c) The emergency breathing‘gas shall be supplied to
the PVHO occupant from either an emergency surface
supply or an onboard emergency life-support system,
depending on the application of the PVHO.
(d) The EBS shall:be independent from the prinjary
breathing system. The emergency breathing gas ghall
be compatibledwith the primary breathing gas and opra-
tional depths/pressures set forth in the User’s Depign
Specification. The emergency breathing gas shal| be
compliant with appropriate breathing gas standajrds.
Where' open-circuit systems are used and meang to
exhaust the PVHO compartment are not present,|the
effects of increased compartment pressure shal| be
considered.
(e) Emergency breathing gas shall be supplied to eifher
full-face masks or oral-nasal masks using a built-in
breathing system (BIBS), self-contained rebreatherg, or
other means suitable for supporting life in a contamingated
environment, which may contain by-products of a fire.One
emergency breathing mask or rebreather per occupant
shall be provided in each PVHO compartment. In addition,
one reserve breathing mask or rebreather shall be readily
available in each PVHO compartment. A minimum offtwo
emergency breathing masks shall be provided in gach
PVHO lock.
(f) Emergency breathing masks or rebreathers sha
stowed within the PVHO in a manner that allows ¢
occupant to access and don them quickly.

1 be
ach

6-4.1.6.2 EBS for Control Stations External to
PVHO

the

provided with

(a) areadily accessible isolation valve to stop gas flow
to the system. This valve shall be rated for the MAWP of the
volume tank.

(b) ameans of periodically draining moisture from the
bottom of the tank.

(c) a means of relieving excess pressure.

(d) a method for monitoring internal pressure.

114

(a) Enclosed dive/sat control stations and local control
stations for handling systems shall be provided with an
EBS that accommodates all system operators required to
perform emergency operations as specified in the User’s
Design Specification.

(b) Emergency breathing gas shall be supplied to full-
face masks using a BIBS, self-contained system, or other
means suitable for supporting life in a contaminated en-
vironment that may contain the by-products of a fire.

(23)
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(c) Emergency breathing devices shall be compatible
with communication equipment.

(d) The EBS shall be capable of functioning for a suffi-
cient duration, based on the operational use cases as set
forth in the User’s Design Specification, to enable opera-
tors to perform their duties in hazardous environments.

6-4.1.7 Life-Support Monitoring
(

) General For ventilated and unventilated PVHQs

(c) an actuation that shall require at least two distinct
and separate sequential actions by the occupant

(d) aflushing system that shall be designed to limit the
volume of gas exhausted with each actuation

(e) an effluent drain that shall be routed to an external
holding tank

(f) a toilet seat that must include a standoff to ensure
that a complete seal between the toilet bowl and user
cannot be achieved

eac
des
wit
tori
the

(t
PVH

h occupied compartment, except ventilated locks
gned for the transfer of personnel, shall be provided
@ suitable instrumentation for continuously moni-
hg the oxygen and carbon dioxide concentrations in
compartment atmosphere.

) Unventilated PVHOs. In addition to (a), unventilated
Os shall comply with the following:

(1) Instrumentation for monitoring the oxygen and

on dioxide concentrations shall be provided with
ovisual alarms to alert personnel when the monitored
imeters are outside their allowable limits.

(2) Where means are provided to control the
temjperature and humidity of the occupied compartment,
ingiumentation shall also be provided to monitor the
temjperature and relative humidity of the compartment.

(3) Life-support monitoring instrumentation shall
rovided in duplicate or an alternative means of moni-
hg shall be provided.

(4) Electrically operated life-support monitoring in-
strymentation that is powered externally (i.e., having n6
selftcontained batteries) shall be provided with an unin-
terruptible power supply (UPS) for maintaining contihuity
of gower in the event of primary power supply-failure.

(5) Where applicable, the design of thelife-support
litoring instrumentation shall permit ealibration.

carl
aud
par

be g
tori

mol

6-4.2 Sanitary Systems

6F4.2.1 All diving PVHO systems designed for
extgnded occupancy shall be\outfitted with the following
sysfem capable of supporting the sanitary needs of the
occlipants:
(¢9) Chambers designed for occupancy not exceeding 24
hr ghall have pravisions for handling sanitary waste and
hanfdwashing facilities.
(B) Chambers designed for occupancy in excess of 24
hr, except those used exclusively for hyperbaric rescue,
shall ineorporate a flushing toilet, handwashing sink,

6-4.2.3 The handwashing sink and showex
shall be provided with the following:

(a) a source of water capable of being,delivd
pressure adequate to ensure sufficient flow
chamber at its maximum working\pressure

(b) a water drain that shall \be routed to an
holding tank

(c) a drain that may bé/manual or automatic

(d) a drain systemshat shall include a stan
ensures that a complete seal between the dy
user cannot occur

6-4.2.4 The holding tank shall be provided
following;

(a) pilot and vent valves to ensure it canno
chamber pressure during system actuation or
decompression.

(b) a pressure gauge indicating tank pressur

(c) a level-indicating device and normally clg
to-safety actuating drain valve.

(d) a drain line connecting the holding tank
appropriate system on the vessel or land-base
sewerage system. This external drain shall be d
to prevent impermissible pressurization of the
drainage system.

system

red at a
nto the

external

loff that
ain and

with the

[ exceed
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sed fail-
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6-4.3 Electrical Systems

6-4.3.1 General. Electrical systems, includin
supply arrangements, shall be designed for the
ment in which they will operate in order to mini
risk of fires, explosions, electrical shocks, emissio
gases, and galvanic action on the PVHOs.

For electrical equipment exposed to diving co
the designer shall consider pressure and pressurg¢ cycling,
humidity, moisture, temperature, oxygen conceftration,
hydrogen concentration, and cable flammability

Electrical systems installed within PVHOs ghall be

o power
Pnviron-
mize the
h of toxic

hditions,

and shower with running water and drain facilities.

6-4.2.2 The flushing toilet shall be provided with the
following:

(a) a source of water capable of being delivered at a
pressure adequate to ensure sufficient flow into the
chamber at its maximum operating pressure

(b) one or more interlocks to prevent actuation while
the occupant is seated
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PVHO and the monitoring of its occupants.

Measures shall be taken to minimize any electrical
hazards to divers and personnel in the diving system.

6-4.3.2 Power Supplies

6-4.3.2.1 General. Diving systems shall be provided
with independent main and emergency sources of elec-
trical power.
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6-4.3.2.2 Main Power. The main source of electrical
power shall have sufficient capacity for all anticipated
diving operations.

6-4.3.2.3 Emergency Power. The emergency source
of power shall have sufficient capacity to supply the ap-
plicable emergency electrical loads for the safe termina-
tion of the diving operations. The emergency source of
electrical power shall be located so as to ensure its func-
tioning i entoffat . e 1S ceofpowe

d source of power. This onboard source of
ghall be capable of feeding the applicable emer-
uipment, e.g., the emergency life-support equip-
ment, cgmmunication equipment, and internal lighting.
For diving bells/personnel transfer capsules, the
onboard source of power shall have sufficient capacity
to supgly power for at least 24 hr. For hyperbaric
rescue [chambers/lifeboats, the onboard source of
power ghall have sufficient capacity to supply power
for at lepst 72 hr.

6-4.3|3 Distribution

6-4/3.3.1 General. The pressure boundary of PVHOs
shall nof be used as a current-carrying conductor. All elec-
trical pqwer distribution systems shall be ungrounded
and insylated to minimize the occurrence of faults and
stray cufrents that may create galvanic corrosion.

6-4/3.3.2 Voltage. The maximum voltages forlPVHOs
shall nof exceed those specified below.

Maximum Nominal
Application Voltage Voltage
AC with crcuit protection device 250 220
AC withofit circuit protection 7.5 6
device
DC with cfrcuit protection device 285 250
DC withofit circuit protection 30 24
device

interrupters-shall be provided for systems with a line

6-4:[’3.3.3 Ground Detectors. Ground detectors or
voltage pbove 7.5 V AC or 30 V DC.

6-4.3.3.5 Cable Separation. Cables and wiring of
circuits supplied by different voltages and by main and
emergency circuits shall be effectively separated from
each other.

6-4.3.3.6 Power Supply Conductors. All power
supply conductors from the same main or emergency
power source shall be spaced sufficiently to prevent dama-
ging currents and shall not pass through the same pene-
(a) it can be shown that there is little risk of shiort-
circuiting or tracking between the conductors and
(b) the voltages and currents are of such anerder that,
in the event of failure in any way of the conductor inqula-
tion, the penetrating device’s gas and watertight integrity
are maintained

6-4.3.3.7 Cables Subjected<to External Presspre.
Materials for uncompensated.¢able and wiring insulation
subjected to external pressure shall be capable of with-
standing a hydrostatic\pressure of 1.5 times the depign
pressure of the diving, system. Submerged cable asgem-
blies shall be tested by the continuous applicatiop of
an alternating current voltage of at least 500 V for 1
min. This shall be performed with the jacket expqsed
to seawater. The quality of the assembly should be
such that the leakage current will neither preyent
proper’ operation of the systems nor expose persopnel
te unsafe voltages.

6-4.3.4 Circuit Protection

6-4.3.4.1 Circuit Protection Devices. Power caples
shall be protected from overloads and short circuit§ by
protective devices that isolate all conductors in the oper-
loaded circuit. Circuit protection devices shall megt a
recognized national or international electrical standard.
Fuses and thermal circuit breakers are not permitted
in a helium-oxygen environment.

6-4.3.4.2 Pressure Boundary Power Penetratipns.
All power cables passing through the pressure bounddries
of PVHOs shall be adequately protected by circuit breakers
or fuses against overload and short circuits. The circuit
breakers or fuses shall be located on the power-sofirce
side of the pressure boundaries and shall have|the
ability to open the circuits quickly to prevent danjage
to the gas-/watertight integrity of the electrical pendtra-
tors.

6-4.3.3.4 Cables and Wiring. Cables and wiring shall
meet a recognized national or international electrical
standard (such as IEC standards or IEEE 45). They
shall be flame retardant and shall comply with the flamm-
ability criteria of a recognized national or international
standard. Cables and wiring within the pressure boundary
of PVHOs shall be of the low-smoke, low/zero-halogen

type.

6-4.3.5 Battery Compartments

6-4.3.5.1 Sources of Ignition. Design and procedural
precautions shall be taken to eliminate all potential
sources of ignition within battery compartments.

6-4.3.5.2 Hydrogen Levels. For batteries capable of
generating hydrogen gas, design features shall be in place
to avoid the potential hazards arising from hydrogen accu-
mulation. Protective devices located in battery
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compartments containing these batteries shall not
provide an ignition source for the hydrogen gas.

6-4.3.5.3 Electrical Equipment. All electrical equip-
ment in battery compartments containing batteries
capable of generating hydrogen gas shall be of the explo-
sion-proof or intrinsically safe type.

6-4.4 Lighting Systems

6-5 HANDLING SYSTEMS
6-5.1 General

This subsection provides the additional requirements
for the handling, deployment, and emergency recovery of
diving bells, which are also known as personnel transfer
capsules (PTCs).

Handling systems for diving bells shall comply with at

Stifficient lighting shall be provided for the safe opera-
tion| of the PVHO.

6-4.5 Communication Systems

6r4.5.1 All diving PVHOs shall be equipped with
conjmunications between the PVHO operator or operators
and| internal occupants. Communication systems shall
conkist of both a primary and a secondary system. The
secgndary system shall consist of a sound-powered tele-
phopne or other methods that operate in the event of power
los§ Communication systems shall be included in each
occphipiable lock of the PVHO. In the event that the
confrol operator or the occupants do not have direct
visyal contact, the secondary system shall be equipped
with a signal device, e.g., an audible annunciator, to
alertt the operator or the occupants.

64.5.2 When helium mixtures are used in the
brepthing medium, a helium unscrambler shall be
proyided.

6r4.5.3 Diving bells shall be equipped with a through-
water communications system rated for the maximum
opefational distance from the PVHO operator‘or opera-
torg.

6-4.6 Fire Protection and Detection Systems

6[4.6.1 FireSafety. The construction of the PVHO shall
be sjuch as to minimize hazards ofsmoke and fire. Systems
shall be designed and equipped-to avoid sources of ignition
and| minimize flammablesmaterials. Toxicity of combus-
tior] products and flame*Spread characteristics shall be
congidered in matérial selection.

614.6.2 Fire Suppression. The system designer shall
address firésuppression. A formal risk analysis shall
be dondutted to establish the performance requirements
for [the system. The designer may elect to provide a

paQ_ivp-prnvannn or-an :lr'ﬁvp_cnpprpccinn system

n Inter-
5 (IACS)
organi-

1 4 £41 <l At pa | | H AR
ITAS U UIIT UT LIIT CUUTOS dIlu StdIiiudi us lcblblll cu Uy
national Association of Classification Socjetie
member classification society and the applicablg

zation or organizations having regulatony and jurisdic-
tional authority.
Ropes and loose gear items (blocks, sheaves, ghackles,

etc.) used on handling systems shall comply with the codes
and standards recognized by the applicable orggnization
or organizations having regulatory and/or jurisglictional
authority.

6-5.2 Design

Diving systems shall be provided with a H
system aS“defined. The handling system ghall be
capable‘of safely moving the diving bell and its o¢cupants
(divers) between the work location and surface compres-
sionnchamber or chambers.

The handling system shall be designed for the defined
rated (or safe working) load requirements and the appli-
cable design loads specified under para. 6-2.2. Addition-
ally, the handling system shall meet the perfgrmance
criteria given in the User’s Design Specification

The handling system shall comply with the handling
system design load requirements as deflned in
para. 6-2.2 and meet the performance criteria |given in
the User’s Design Specification.

For the eventuality of a single component failufre in the
main handling system, a secondary system fhall be
provided to enable the divers to be brought|back to
the surface compression chamber. This se¢ondary
system shall be powered independently from the main
handling system.

Handling system winches shall be provided with two
independent braking mechanisms. The braking mechan-
isms shall be designed to hold 100% of the desigh load of
the handling system.

Braking mechanisms shall be designed to fail-fo-safety
and set automatically upon loss of power to th¢ winch.

andling

Active-suppression systems shall be tested for opera-
tion under the full range of required suppression system
pressures. Extinguishing systems shall be compatible with
life-support requirements of the PVHO. Carbon dioxide
and dry powder are not suitable for use as extinguishing
agents in enclosed environments.
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Lowering ofloads shall be controlled by powered drives
independent of the braking mechanisms. Powered drives
shall be designed to handle 100% of the design load of the
handling system.

The handling system shall be provided with the means
to stabilize the diving bell and prevent excessive rotation
during ascent/descent through the water column. It also
shall be provided with the means to prevent the diving bell
from contacting the vessel’s hull or any elements of the
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handling system during handling operations between the
surface compression chambers and keel depth of the
vessel.

6-5.3 Test and Trials

The fully assembled handling system shall be statically
load tested to 100% of the design load of the handling
system.

After @ i >
system [shall be functionally tested at the maximum
rated speed of the system. Satisfactory operation of the
complefe handling system, including the powered
drives gdnd brakes, shall be demonstrated and shown
to meet|the requirements of para. 6-4.1.2.

6-6 HYPERBARIC EVACUATION SYSTEMS

6-6.1 General

All di
operatid

ing systems used to support saturation diving
ns shall be equipped with a hyperbaric evacua-
m (HES) capable of providing a means of evacua-

(b) The HEU shall be capable of operating at.the
maximuym operating pressure of the diving system as
set fortH in the User’s Design Specification in accordance
with sulpsection 1-4.

(c) Tlhe HEU shall be readily accessible to all occupants
of the sgturation diving system. It shall.be mated to the
diving sfystem by means of trunking and a quick-acting
closure fn accordance with paras- 6:3.4 and 6-3.5.

(d) Allaunching system in accerdance with para. 6-6.4
shall be|provided for each HEU:

(e) A|clearly writtensHyperbaric Evacuation Plan
detailinlg the procedures required for maintenance,
testing, [training, and-operations prior to, during, and
following hyperbaric evacuation shall be provided. This
plan shpuld list\specific responsibilities for each job
title asspciated with the evacuation. The plan shall also
include [th€ operational procedures for the evacuation

6-6.2 Hyperbaric Evacuation Unit User
Requirements

6-6.2.1 There are two common forms of HEUs, as
follows:

(a) Hyperbaric Rescue Chamber (HRC). An HRC is a
PVHO that has been specifically designed and outfitted
with the equipment and life-support systems necessary
to evacuate divers from a ship, barge, semisubmersible,
OT [1xed Structure, and maintain life-supportng conditjons
for the maximum number of occupants at the maximpum
operating pressure of the diving system for a period of not
less than 72 hr. An HRC generally does not,havé onbgard
propulsion and is typically towed or transperted to its safe
haven.

(b) Self-Propelled Hyperbaric Lifeboat (SPHL). An SPHL
is a PVHO integrated into or forming part of a purppse-
built, SOLAS!-compliant self-propelled lifeboat outfitted
with the equipment and life-support systems necesgary
to evacuate divers and-maintain life-supporting condi-
tions for the maxitum number of occupants at|the
maximum operating/pressure of the diving system| for
a period of notless than 72 hr.

6-6.2.2. The HEU shall be fitted with and/or c
onboard.the following:

(a)-individual seats for each occupant, outfitted with a
positive means to prevent injury to the occupants dufing
launch and recovery, and in rough weather conditigns.

(b) a clearly written operation procedure manjual,
detailing preparation for evacuation, the setup and opgra-
tion of the environmental control equipment, and all other
life-support equipment and systems.

(c) alistoftapping codes for nonverbal communication
with personnel outside the evacuation chamber in|the
absence or failure of two-way radio communications.

(d) onboard oxygen to support the metabolic oxygen
requirements of the maximum number of occupgnts
for a period of 72 hr, based on a minimum floy of
0.017 standard ft*>/min (0.48 standard L/min) per ofcu-
pant. Special care shall be taken to ensure adequate diptri-
bution and mixing of metabolic oxygen within|the
chamber.

(e) aprimaryand secondary means of removing carbon
dioxide (CO;) from the atmosphere, including, but|not
limited to, battery- and lung-powered systems with abgor-
bent chemicals sufficient to remove the CO, output ffom

.......... hr.

ATy

of divers stored at different pressures.

(f) Following the initial evacuation, the diving system
operator shall arrange for transportation of the HEU and
its occupants to a designated location (safe haven), where
the appropriate facilities shall be available for decompres-
sing the HEU occupants to surface pressure in a safe and
controlled manner.
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(f) aprimary and secondary means of chamber lighting.
The primary lighting power source shall be sufficient to
maintain primary lighting for a period of 72 hr. If the
secondary means of lighting is powered, it too shall be
sufficient for 72 hr.

LSOLAS is the IMO Convention on the Safety of Life at Sea.
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(g) atoolKkitthatis capable of supporting minor repairs
and maintenance inside the chamber. The tool kit shall be
clearly marked and located to be easily accessible. For self-
propelled lifeboats, an additional external tool kit shall be
provided.

(h) a means of monitoring the chamber environment,
including pressure, temperature, humidity, oxygen (03),
and carbon dioxide (CO;). Independent backup for O, and
CO, monitoring shall be provided.

(v) acommunication system capable of permitting two-
way voice communication between the chamber occu-
pants and outside attendants.

(w) a sound-powered phone secondary communica-
tion system.

(x) a waterproof emergency services interface point
protected from damage by a reinforced cover. This inter-
face shall contain connection points for power, gas/
oxygen, and the internal chamber two-way voice commu-

(1)) a system for heating/cooling the PVHO to maintain

phyfsiologically acceptable conditions throughout the
opefrating range of the evacuation system. Thermally
profective clothing may also be provided as a passive
backup system to the heating system.
power sufficient to support all life-critical powered
systems for a period of 72 hr.
) a medical kit that is suitable for at least minor inju-
ries} with sick bags and medications for motion sickness.
The kit shall be stored in a suitable container, clearly
marked, and located to be easily accessible.

() ameans oftransferring equipment and supplies into
and| out of the chamber under pressure.

() meals for the maximum number of occupants for a
perjod of 72 hr, stored in a clearly marked, easily acces-
siblg location. Each meal shall provide a minimum equiva-
lent of 800 calories per 24-hr period per occupant. Meals
thaf use exothermic chemical means, flames, electrical
resistance, or any other heating means not suitable for
use|in pressurized, oxygen-enriched environments
shall not be used.

(h) aminimum of 6 pints (3 L) of drinking water pér 24-
hr period per occupant for the maximum number.of occu-
pans for a period of 72 hr. The water shall‘be'stored in a
re, clearly marked, and easily accessible location.

) a means of managing human waste. The system
shall be capable of preventing-accidental spillage
nglaunch orrecovery, or in rough weather conditions.
) an internationally regognized marine emergency
tion-indicating radio beacon (EPIRB).

) HEU external sunfaces colored international
orange.

(1) signsindicatiig DIVERS IN DISTRESS, located on the
top|and sides_in‘three places, and sized and marked in
accprdance{with International Maritime Organization
(IMP) Resolution A.692(17) (see Figure 6-6.2.2-1).

(3) .warning information located on the sides at or
abole'the waterline in accordance with IMO Resolution

nication system, a sound-powered phone, a eofjy of the
operation procedure manual, a set of the'tapping
codes, and a complete inventory of supplies. Considera-
tion shall be given to providing a waterproof handheld
VHF radio for use by rescuing peysonnel.

(v) atleast one viewport thatprovides visual :
the occupants.

iccess to

6-6.3 Life-Support Package (LSP)

Each hyperbaric_evacuation system shall have
rate, portable life-stpport package that provides
faces and services necessary to maintain, mon
control the\¢hamber environment and cond
decompression of the evacuated divers.

Based on the maximum number of occupants
decompression duration from maximum rated
the HEU, the LSP shall be provided with the fol

(a) clearly written operational procedures ¢
the decompression phase of the evacuation, as
the setup and operation of the environmentall
equipment and all other associated life-suppor
ment and systems.

(b) alistoftapping codes for nonverbal commu
with personnel outside the HEU, in the absence g
of two-way radio communications.

(c) a manifold designed to control pressufization,
exhaust, oxygen (0,) makeup and treatment mixes, as
well as the life-support gas samples for analysis.

(d) a means of monitoring the HEU internal pnviron-
ment, including pressure, temperature, hymidity,
oxygen (0;), and carbon dioxide (CO;). Independent
backup for O, and CO, monitoring shall be proyided.

(e) a hard-wired communication system between the
HEU and the LSP operator.

(f) an environmental control system for h
cooling the HEU to maintain physiologically ac
conditions throughout duration of the decompression.

a sepa-
all inter-
tor, and
lct safe

and the
Hepth of
lowing:

etailing
well as
control
t equip-

nication
r failure

eating/
ceptable

A.692(17), as shown in Figure 6-6.2.2-2.

(t) aradar reflector, reflective tape, and a strobe light,
installed to facilitate system location.

(u) lifting slings and towing bridles, securely stowed
and labeled. The total in-air weight of the evacuation
system including personnel and equipment shall be
prominently displayed. In addition, each lifting point
shall be clearly marked with its safe working load.
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(g} power-gerreratingequipnrentsuffictentto support
electrical requirements for the duration of the decompres-
sion.

(h) a sufficient quantity of life-support gases (e.g.,
oxygen and helium) to support decompression, as well
as treatment. In calculating the quantity of life-support
gases required, the designer shall take into account the
quantity of all life-support gases required for system
makeup, as well as for completing the worst-case scenario
treatment tables for the maximum number of occupants.
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(i) interconnectinghose and cable bundles between the
LSP and HEU that are capable of supplying the HEU with
life-support gases and electrical power, as well as facili-
tating communication, environmental control, and
internal environmental monitoring.

(i) a medical kit that is suitable for major injuries,
including an appropriate trauma kit and relevant
medical manuals.

(k) water and meals in a quantity sufficient to support

flange connections, and tiedown fixtures, shall be
designed for quick release.

6-6.5.2 Standardized Interfaces. To facilitate inter-
face compatibility between HEUs and hyperbaric recep-
tion facilities (HRFs), designers shall consider using
standardized HEU interfaces such as those outlined by
the International Marine Contractors Association
(IMCA) in IMCA D051.2

both thgoccupants in the HEU and the LSP operating per-
sonnel fpr the duration of the decompression.

(1) a tool kit and repair manuals to facilitate mainte-
nance apd repair of all associated support equipment.

(m) apsorbent chemicals sufficient to remove the CO,
output ffrom the maximum number of occupants of the
HEU for| the duration of the decompression.

6-6.4 Hyperbaric Evacuation Launch Systems

(a) Edach HEU shall be provided with a dedicated launch
system that serves as the primary means for the safe and
timely evacuation of the divers.

(b) HEU launch systems shall comply with the applica-
ble reqyirements of IMO Resolution A.692(17) and this
Standardgl.

(c) L3unch systems shall be designed to safely launch
the HEU[when the ship or support facility is under condi-
tions of R0 deg list and 10 deg trim either way, in the fully
loaded ¢r unloaded condition.

(d) The HEU launch system may be powered by the
vessel dr support facility power supply, provided the
vessel dr facility power supply is capable of meeting
all powgr requirements of the system.

(e) Alsecondary means that depends on either*stored
mechan]cal power or gravity to safely launch the HEU shall
also be provided.

(f) Launch systems using wire ropé for launching the
HEU shalll provide means for releasing the wire rope after
the HEU is afloat.

(g9) The wire rope shall be rotation-resistant and corro-
sion-resfstant steel wire ropes

(h) For launch systems‘installed on a ship or support
facility, the length of{the wire rope shall be sufficient to
allow thie HEU to,be-launched in water when the ship or
supportffacility isatits lightest draft, and under conditions
of 20 deg listand'10 deg trim either way, in the fully loaded
or unlodded-condition.

6-7 TESTING AND TRIALS

All diving PVHO systems shall be functionallyjand pHysi-
cally tested prior to operational service. Testing and tyials
shall be conducted on all parts, components, and systems
for a fully functional and operational’diving system| All
testing and trials shall be carrjed~out by a compefent
person in accordance with the User’s Design Specifica-
tion’s stipulating acceptance eriteria. In many casgs a
third party may be required to witness and certify fhat
the testing meets the requirements of the jurisdictipnal
authority.

If manned testing is to be performed, the following s
be conducted.first:

(a) unmatined testing to ensure proper operati
performange of the system

(b) ~a hazard analysis to identify and mitigate risks agso-
ciatéd with manned testing

(¢) apretestsafety meeting with all personnel invo
with the test

As aminimum, the testsin paras. 6-7.1 and 6-7.2 sha|
performed after installation on board the vessel or fac

hall

nal

ved

Ibe
lity.

6-7.1 System Pressure Tests

The following tests shall be performed:
(a) internal/external pressurization test to full opgra-
tional pressure (external pressure test may be includefl on
functional testing during sea trials)
(b) pressure test of all hatches, quick-acting closyres,
and sealing surfaces at maximum and minimum pressfires
(c) pressurization/leak test of internal and extefnal
pressure-retaining components, including, but|not
limited to, control manifolds, interconnecting hgses
and piping, air and gas storage systems, and| all
primary and emergency breathing systems

6-7.2 System Functional Tests

6-6.5 HEU Interfaces

HEU interfaces shall comply with the requirements of
this paragraph, as well as the User’s Design Specification
(see subsection 1-4).

6-6.5.1 Quick Release. The interfaces between the
HEU and the parent saturation diving system, including
but not limited to the service connections, manway
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6-7.2.1 Handling Systems (Including Those for Diving
Bells, Diving Stages, and HEUs)

(a) The fully assembled handling system shall be stati-
cally load tested to 100% of the design load of the handling
system. After installation on board the vessel, the handling
system shall be functionally tested at its rated load at the

2IMCA D051 provides interface standardization recommendations
that address the following aspects: towing, lifting, locating, mating,
and service connections.
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maximum rated speed of the system. Satisfactory opera-
tion of the complete handling system, including the
powered drives and brakes, shall be demonstrated, and
shown to meet the requirements of subsection 6-5 or
para. 6-6.4, as applicable.

(b) Fordivingbells and diving stages, functional testing
shall be carried out to demonstrate and document proper
operation of the secondary means of recovery.

(c) Testingshall be carried out to demonstrate the func-

6-7.2.2 Piping, Electrical, and Control Systems

(a) Functional testing of the piping, electrical, and
control systems shall be carried out to ensure proper func-
tioning of all systems, including backup and emergency
systems, and to demonstrate the absence of any unaccept-
able hazards as required in subsection 1-11.

(b) A test shall be carried out to demonstrate the ca-
pacity of the heating/cooling system to maintain thermal

tiorfing of quick-acting closures under all operational pdldrce overthe ra}nge OF enVIronmettdl cofad tions as
conflitions. This testing shall also demonstrate and docu- defined in the User’s Des%gn Specification.
ment proper operation of interlock devices on the quick- (C_) A test shall be carried out to demqnstrate the ca-
actipg closures pacity of the O, makeup system to compénsatg for the
(d) A test launch of the HEU shall be carried out to metabolic oxygen Consur'nptlon of the' maximum
demonstrate and document proper mating, detachment, number of occupants for _Wthh thie-system is rated.
and deployment operations from the parent diving (d) A test shall be carried out‘to demonstrat¢ the ca-
systlem, including detachment of the quick-acting closures pacity of the primary CO, rémoval systgm to rerpove the
and|release hooks. The test shall be carried out with the total metabolic C(_)Z output,of th? maximum nymber of
HEU weighted to simulate the maximum load condition. occupants for which the §ystem is rated.
The]test shall demonstrate that the HEU remains upright (e) Atestshall b_e Caljrled out to demonstrate tbat the
and| positively buoyant following release. emergency evactiation life-support package (LSH) is able
to be attached and used to maintain, monitor, and control
the functional.operation of the chamber including decom-
pression,
Figure.6-6.2.2-1
Placement and Design of Markings for Hypérbaric Evacuation Units Designed to Float in Water
White — 300 mm x 300 mm Yellow - 300 mm high
White letters — 150 mm high
\ Y = m—
y DIVER
RESCUE ]
CALL RESCUE SERVICES AT ONCE
KEEP IN SIGHT ' .
4
/ White letters — 50 mm high
Green background - 1200 mm x 450 mm high (min.)
GENERAL.NOTE: From IMO Resolution A.692(17).
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Figure 6-6.2.2-2
Markings for Hyperbaric Evacuation Units Designed to Float in Water

UNLESS SPECIALIZED DIVING ASSISTANCE IS AVAILABLE:
DO NOT touch any valves or other controls

DO NOT take in tow unless in imminent danger

GENERAL

DO NOT try to get the occupants out
DO NOT connect any gas, air, water, or other supplies
DO NOT attempt to give food, drinks, or medical supplies to the occupants

DO NOT open any hatches

NOTE: From IMO Resolution A.692(17).
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Section 7
Submersibles

7-1| GENERAL
7-1

T
the

1 Scope

his Section, along with Sections 1 through 4, provides
requirements for the design, assembly, inspection,
testjng, and certification of PVHOs used in manned sub-
meysibles including tourist submersibles. For diver
locRout chambers, see Section 6.

7-1

T
insy
Sect

7
sub

2 General Requirements

he PVHO shall be designed, fabricated, assembled,
ected, tested, and certified in accordance with this
ion and Sections 1 through 4.

r1.2.1 Single Failure. The basic requirement for a
mersible craft design is that, in the event of any
single failure, the craft can return to the surface
without external assistance. Appropriate backup
systems and equipment shall be incorporated to meeb
this| general design requirement.

7:1.2.2 Operating Conditions. The submersible shall
be flesigned for, and be capable of, operating in the
seryice conditions and temperature rafiges envisaged
both on the surface and under water,

The design criteria provided herein‘apply to submers-
iblep operating in waters with a,seabed depth not greater
thai the craft’s rated depth. Consideration may be given
for pperations in areas with-a'greater seabed depth on the
basis of safety evaluations\démonstrating the adequacy of
proyisions and/or procedures.

7-1
T

3 User’s Design Specification

he user,{agent on the user’s behalf, designer, or the
matufacturer shall provide or cause to be written a
Usei’s Design Specification. This specification shall set
for

the rpqnirpmnnfc as to the intended use of the

(d) normal and maximum speed while §urfdced and
submerged

(e) minimum and maximum allowable of
temperatures (internal and external)

(f) minimum and maximum onboard persont

(g) maximum mission time

(h) maximum lifting weight

(i) payload

(j) maximum towjng.speed

(k) normal, reserve; and emergency power c

(1) normal, reserve, and emergency life-suppo
ities

erating

nel

pacities
't capac-

7-1.4 Design Certification

CGoenformance of the completed PVHO to the
ments of this Section and the User’s Design Sped
shall be established by one of the following pro

(a) Professional Engineer Certification. A Pro
Engineer, registered in one or more ofthe U.S. staf]
provinces of Canada, or the equivalent in other c
experienced in the design of submarines, shall ce
the PVHO was designed either by the engineer
the engineer’s supervision, or that the engineer |
oughly reviewed a design prepared by others, an|
the best of the engineer’s knowledge, within th
Design Specification, the PVHO design compl
this Section.

(b) Independent Third-Party Certification. T}
shall be reviewed by an independent classification
society competent in pressure vessels for hum[Fn occu-
pancy,” and such organization shall provide a cerjification
that, within the User’s Design Specification, the PVHO
design complies with this Section.

require-
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es or the
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7-1.5 Documentation

The manufacturer shall retain a copy of the User’s

submersible and operating and environmental conditions
in such detail as to constitute an adequate basis for
designing, fabricating, inspecting, and testing the
system as necessary to comply with this Standard. The
User’s Design Specification shall include, as a
minimum, the following:

(a) maximum operating depth

(b) maximum operating sea state

(c) maximum operating current
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Design Specification, the Design Certification, and
supporting data (test data and material test reports as
required by the User’s Design Specification, window certi-
ficates) for at least 5 yr.

A copy of the following shall be provided to the user:

(a) User’s Design Specification

(b) window certificates

(c) any classification society certifications

! Systems and manned submersibles.
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(d) vessel drawings necessary for the maintenance,
inspection, and repair of the PVHO
(e) operations manual

7-1.6 Operations Manual

An operations manual describing normal and emer-
gency operational procedures shall be provided. In addi-
tion to items listed in para. 7-1.3, the manual shall include

7-2 PRESSURE BOUNDARY

7-2.1 General

The pressure boundary of submersibles built to this
Section shall be designed and constructed in accordance
with Section 1. Other recognized industry standards for
the design, construction, and testing of manned submers-
ibles that have been validated through testing and service

(a) systerms—deseription

(b) operational check-off list (list shall include equip-
ment refjuiring operational status verification or inspec-
tion pri¢r to each dive/operation)

(c) special restrictions based on uniqueness of the
design gnd operating conditions

(d) life-support systems descriptions including capac-
ities

(e) elpctrical system description

(f) bdllast system description

(g) fite-suppression system description

(h) launch and recovery operation procedures

(i) ngrmal and emergency communications proce-
dures

(j) enhergency response rescue plan (ERP)

(1) | The ERP should include a list of potential emer-
gency s¢enarios and actions to be taken, a contact list
containiphg in-house and outside resources, a list of per-
sonnel and their roles and responsibilities, and reporting
procedies. (Also see ASME PVHO-2, para. 3.2).

(2) | The ERP should also take into consideration the
following, as applicable:

(ta) availability of rescue equipment that is rated
perating depths of the submersible
(1b) time necessary for the rescue equipment to
reach tHe rescue site, be prepared for deployment, and
descend| or ascend through the water column
(k) emergency procedures for situations including, but

for the

pt-
nl
n of

and-thataresuitablefor-the-intended-service-andace
able to the jurisdiction may also be used where Secti
does not address industry-specific issues for the desig
submersibles.

Testing of the PVHO shall be in accordance with|the
recognized engineering methods used./As a mininjum
requirement, such testing shall\be 1.25 times|the
design pressure. The designer i cautioned that spefific
design requirements may be driven by depth, seryice,
and environment. It is the.designer’s responsibility to
provide a safe design.

7-2.2 Hatches

7-2.2.1 Number, Size, and Location. The folloWing
shall be cohsidered when determining the numper,
size, and legation of access hatches:

(a) evacuation of crew and passengers in an emerge
situation

(b) risks such as fire, smoke, stability of the craft,
possible down-flooding due to adverse sea state

The number of hatches shall not be unnecess3
increased beyond the safe minimum as determine
(a) and (b).

7-2.2.2 Opening, Closing, and Securing. Openingfand
closing of hatches shall be possible by a single person, in all
anticipated operating conditions.

Provisions shall be made for opening/closing hat

ncy
and

rily
d in

hes

rail-
rto

the

P to

not limifed to, the following: from both sides.
(1) |power failure Two means, one of which should be visual, shall be a
(2) |break in umbilical coxd/(if applicable) able to ensure that hatches are closed and secured pri
(3)|deballasting/jettisening diving.
(4)|loss of communications Hatches shall have a means for securing them in|
(5) |life-support(system malfunction open and closed positions.
g% (felrrlianglement 7-2.2.3 Equalization. Means shall be availabl
(8) | nigh Rydrogen level (if applicable) ensure Fhat pressures on either side of the hatch are equal-
(9) | nish-bxygen level ized prior to opening.
(10 111511 Ldl‘UUll diU)&iL‘lC (COZ) lcvcl 7_2.3 Viewports

(11) internal and external oxygen leaks

(12) being stranded on the bottom

(13) minor flooding

(14) specific emergency conditions (characteristic of
special types of systems)

(15) loss of propulsion

(16) deteriorated surface conditions during a dive
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Viewports shall comply with Section 2.

7-2.4 Penetrators

7-2.4.1 Mechanical Penetrators. Mechanical penetra-
tors shall be designed such that in the event of failure, the
penetrator remains intact and does not allow leakage into
the pressure hull.
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7-2.4.2 Hull Shut-Off Valves. Any piping systems
penetrating the pressure hull shall be equipped with a
valve that can be operated manually. These valves
shall be mounted directly on the inner side of the hull
or on short and strong stub pieces (capable of with-
standing anticipated mechanical and pressure loads)
fitted between the valve and hull.

7-2.4.3 Testing Electrical Penetrators. Samples of

(a) A pressure-relieving device shall be used to ensure
the internal pressure does not exceed that specified by the
designer.

(b) A shutoff valve shall be installed upstream of the
pressure-relieving device and shall be accessible to the
attendant/pilot monitoring the operation of the PVHO.

(c) Rupture disks shall not be used.

7-3.1.2 User’s Design Specification. In lieu of

tl atius C‘lCViLCD LUllVCyills C}CLtl ll,lty t‘lll Uush }Jl CS
e boundaries shall be tested as indicated below, in
isted sequence of tests. Where applicable, penetrators
shall be tested assembled with a length of cable of the type
thaf will be used in the installation. The cable and pene-
tratpr assemblies are to show no sign of deficiency during
or dfter the test.
(4) voltage test by separately applying 1 kV plus twice
the [design voltage for 1 min across each conductor and
arnjor separately under the most unfavorable environ-
mental condition they will be subjected to during service.
(B) hydrostatictestto a pressure of 1.5 times the design
pressure repeated six times. The pressure shall be applied
to the side that will be under pressure in the actual appli-
catipn and shall be maintained for 20 min after the last
cycle.
(4) gas leakage test with cable cut open using air to
twi¢e the design pressure or helium to 1.5 times the
des]gn pressure.
(4) insulation test to 5 MO at design pressure applying
salt|water. Tests shall be made between each conducto¥
and|armor.

E]ectrical conductors within the penetrating \device
shall be of solid material.

7
tive

peny
sur

the

2.4.4 Electrical Penetrators. The positive and nega-
conductors from a power source shallbe spaced suffi-
cierjtly to prevent damaging currents,‘and shall not pass
thrqugh the same penetrating device unless
(@) it can be shown thatsthere is little risk of short
circpiting or tracking betwéen conductors
(h) the voltages and €unrents are of such an order that,
in the event of failuréiin‘any way of the conductor insula-
tion), the integrity,efthe penetrating device’s water block is
maiptained

Electricalenetrating devices shall not have any pipes
or dther system passing through them. Different types of
pengtrating devices passing through a common plate are
acce¢ptable

imented
rations
n:

bressure

lJCll a.4 1.2,‘(}15 fU}}UVVillsillfUlllldtiUllDllCl}} :JC C‘IUL
on the system assembly drawing, in the-0p4
manual, and/or in the User’s Design Spedificati
(a) the system maximum allowable waorking
(MAWP)
(b) conditions affecting the requirements
amounts of, stored gas reserves

for, and

7-3.1.3 Marking. Compliance with para. 4{2.4.4 is
required with the exception that the hoses do not have
to be tagged or marked with the test pressurg¢ or test
dates. Hose assemblies shall be tested in accprdance
with para. 4-2.4.5. Hose testing shall be documé¢nted.

7-3.2 Internal and External Pressures

ernal or
shall be
ve (e.g.,

Systems, fittings, and equipment subject to inf
external pressure or a combination of both
designed for the worst combination of the abd
external oxygen systems).

7-3.3 Ambient Pressure

Systems, piping, and equipment exposed to ambient sea
pressure shall be suitable for the intended seryice and
capable of withstanding all anticipated pressure differen-
tials.

7-3.4 Inaccessible Spaces

Piping passing through spaces inaccessible for mainte-

nance shall be of continuous pipe.

7-3.5 Hull Valves

For piping systems penetrating the occupied pressure
hull and open to the sea, a nonreturn valve or shutoffvalve
shall be provided in addition to that provided in accor-
dance with para. 7-2.4.2.

7-3.6 Plug Valves

7-3 PIPING

7-3.1 Exceptions and Alternatives

7-3.1.1 Relieving Devices. In lieu of subsection 1-8, for
PVHOs not internally pressurized, the following shall

apply:

125

Plug valves shall not be used.

7-3.7 Pressure Containers

The volume of a single internal gas source shall be
limited in such a way that complete release of its contents
will notincrease the pressure beyond the safe limit for the
craft and its occupants.
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Cylinders and pressure vessels mounted externally,
which may be depleted while at depth, shall be designed
to withstand external pressures equal to the design depth
of the submersible.

7-4 ELECTRICAL SYSTEMS

7-4.1 General

7-4.3.2 Main and Emergency Cables. Cables and
wiring of circuits supplied by different voltages and by
main and emergency circuits shall be effectively separated
from each other.

7-4.3.3 Pressure Boundary. The pressure boundary
shall not be used as a current-carrying conductor.

7-4.3.4 Grounding. All electrical power distribution
systems shall be ungrounded and insulated to minimize

All JqwWeT sources dlll.l CICLLI iLd‘l < ui IITIIU b‘lldll :JC
P . R . the occurrence of faults and stray currents that may-er
designg¢d for the environment in which they will . .
o ) ' X . galvanic corrosion.
operate [to minimize the risk of fire, explosion, electrical

shock, 4
passeng

nd emission of toxic gases to personnel and
brs, and galvanic action of the submersible.
The designer shall consider pressure and pressure
cycling, humidity, moisture, temperature, oxygen concen-
tration, hydrogen concentration, and cable combustibility.

7-4.2 K

7-4.2
main ar
power.

7-4.2|2 Main Power. The main source of electrical
power [shall have a reserve capacity beyond the
normal mission time to supply, where and as appropriate,
the following systems for a period of time consistent with
the planfto rescue the submarine from its rated depth. The
period df time shall in no case be less than 24 hr.

(a) emergency lighting

(b) cgmmunication equipment

(c) lir-support systems

(d) empvironmental monitoring equipment

(e) edsential control systems

(f) other equipment necessary to sustain life

7-4.2
electricg

ower Supplies

1 General. The submersible shall have a separate
d an onboard emergency source of electrical

3 Emergency Power. The emergency source of
| power shall be located so as te’ensure its func-
tioning ih the event of fire or othepcasualty causing failure
to the njain electrical power source.

The onboard emergency sdurce of electrical power shall
have tHe capacity to supply the systems listed in
paras. 7{4.2.2(a), (b),and~(d) through (f), plus the emer-
gency life-support system, if electrically supplied, for
150% qf the time normally required to reach the
surface pr 1 hry whichever is greater, unless otherwise
approved ohrthe basis of special operating conditions.

Pate

7-4.3.5 Insulation Material. Materials for uncompen-
sated cable and wiring insulation subjected to extefnal
pressure shall be able to withstand a hydrostatic pressure
of 1.5 times the design pressure ‘of the submersible.
Submerged cable assemblies shallbe tested by the conjtin-
uous application of an alternating current voltage qf at
least 500 V for 1 min. This‘shall be performed With
the jacket exposed to seawater. The quality of|the
assembly shall be such that the leakage current will
neither prevent proper operation of the systems [nor
expose personnelto unsafe voltages.

7-4.4 Battery Compartments

iral
tial

7-4.4.1" Sources of Ignition. Design or proced
precautions shall be taken to eliminate all poter
sources of ignition within battery compartments.

7-4.4.2 Hydrogen Levels. Design features shall be in
place to avoid the potential hazards arising from hydrqgen
accumulation.

For batteries located within the occupied presgure
boundary, hydrogen gas concentrations shall be mpni-
tored and maintained at a level below the lower explogive
limit.

7-4.5 Emergency Lighting

uto-
led.

Internal emergency lighting that is switched on a
matically if the main power supply fails shall be insta

7-5 LIFE SUPPORT
7-5.1 General

The submersible shall be provided with systems [and
equipment necessary to ensure adequate life-support

7-4.3 Electrical Cables

7-4.3.1 Protection. Power cables shall have short-
circuit and overload protection. The device connected
to power cables passing through a pressure boundary
shall have response characteristics that ensure watertight
integrity of the electrical penetrators. Protection devices
located in the battery compartment shall not provide an
ignition source for the hydrogen gas.
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services-during-normal-and-emergeney-conditions:

A separate main and an onboard emergency life-
support system shall be provided for maintaining the
oxygen content of the breathing gas between 18% and
23% by volume and the concentration of carbon
dioxide (CO,) below 0.5% by volume under normal condi-
tions and 1.5% by volume under emergency conditions.
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7-5.2 Main Life Support

The main life-support system shall have sufficient ca-
pacity for the design mission time plus a period of time
consistent with the plan to rescue the submarine from its
rated depth. This period of time shall in no case be less
than 24 hr and shall be consistent with the requirements of
para. 7-4.2.2.

hired to reach the surface or 1 hr, whichever is greater,
ss otherwise approved on the basis of special oper-
o conditions, and shall be consistent with the require-
ts of para. 7-4.2.3.
) Emergency breathing gas shall be supplied through
-face masks, oral-nasal masks, self-contained
eathers, or other means suitable for supporting life
contaminated environment, including the by-products
h onboard fire. One mask per person shall be provided.
) The emergency life-support system shall be inde-
dent of any surface support systems and independent
he main life-support systems.

Where open-circuit systems are used, the effects of
eased compartment pressure shall be considered.
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4 Consumption Rates

br calculating the required capacities of main and
rgency life-support systems, the consumption* of
ben shall be at a rate of 1 ft* (28.3 L) per“hr per
bon and a carbon dioxide (CO;) production rate of
51b (0.0523 kg) per hr per person, at {*atm.

7-5
(d

5 Oxygen Systems and Storage

) When oxygen storage containers are located inside
the pressure hull, the volume,of a-single container shall be
limjted such that the release’of its contents shall not
incilease the pressurednythe occupied PVHO by more
thah 1 atm or raise.thé oxygen level above 25% by
voliime. The designer, as may be required by other
congtraints, shalllimit the allowable pressure increase.

(h) Whenoxygen storage containers are stored outside
the [pressure hull, they shall be arranged in at least two
banks with separate penetrations entering the submer-
siblp. The pressure containers shall be designed for an

7-5.6 Monitoring

Capability shall be available to the pilot for monitoring
oxygen (0-) levels, carbon dioxide (CO;) concentrations,
humidity, temperature, and pressure of all occupied
spaces.

Means shall be provided, and/or operational proce-
dures implemented, to notify of a malfunction of the
life-support systems.

7-6 FIRE PROTECTION

7-6.1 Materials

The construction of the submetrsible shall minimize
hazards of smoke and fire. All materials and equipment
within the craft shall be nonflammable within the|range of
oxygen (0;) levels envisaged:

7-6.2 Toxicity

Toxicity of burning materials and low flamg-spread
characteristics shall be taken into consideration].

7-6.3 Smoke Detectors

The designer shall consider the size of the subrhersible,
usageof unoccupied spaces, and the ability of occypants to
détect fire/smoke, in advance of an onboard detector, in
determining the location and quantity of smoke dgtectors.

7-6.4 Extinguishers

All submersibles shall be equipped with a
means of fire extinguishing. This may consist of
nently installed system and/or portable exting
The design of the system and selection of the extinguishing
medium shall consider type and location of firg antici-
pated, hazards to human health, and the effects of
increased pressure. Carbon dioxide and seawpter are
considered unsuitable.

suitable
perma-
uishers.

7-7 NAVIGATION
7-7.1 General

Submersible craft shall be provided with nav
equipment to enable safe operation under al
conditions. Equipment shall include, but not bg
to, the following:

gational
design
limited

external pressure differential of not less than the rated
depth of the submersible.

(c) In view of the hazards associated with oxygen
systems, consideration shall be given to the selection
of materials, equipment, installation, cleaning, and
testing procedures.

127

(a) directional indicator

(b) depth indicator

(c) depth sounder

(d) clock

(e) trim and heel indicator

(f) underwater location device
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7-7.2 Propulsion

Submersibles equipped with propulsion systems shall
be provided with adequate controls and indicators to
enable safe operation under all design conditions.

7-7.3 Depth Gauges

Two independent instruments for registration of depth
shall be provided. At least one of these instruments shall

7-8.3 Underwater Telephone (UWT)

Each submersible shall be equipped with at least one
dual-channel underwater telephone system. This system
shall enable two-way communications to be maintained
with the support facility.

7-8.4 Pinger

In addition to the requirements of para. 7-7.7, each

be a preitssure gauge capable of functioning in an emer-
gency situation. If both are pressure gauges, they shall
not have¢ a common inlet.

7-74 [

Submgrsibles operating in water where the seabed
depth is|greater than the rated depth of the submersible
shall haye a depth alarm set at no greater than the rated
depth of the craft.

epth Alarm

7-7.5 Qbstacle Avoidance

Operdtional procedures and/or onboard equipment
shall be used to provide adequate means of avoiding
obstaclels under all anticipated operational conditions.

7-7.6

Meanf shall be provided to render the submersible,
while onp the surface, readily visible to other vessels.

urfaced Detection

7-7.7 Submerged Detection

Mean
location
Wher
arrange

shall be provided to indicate the submersjble’s
while it is submerged.

b a releasable location system is used,the release
nent may be manual or hand-hydraulic. It shall
not depgend on electrical power for its.gperation and
shall be|able to operate at all anticipated angles of heel
and trim. The size of the float and.éngth of line shall

submersible shall be fitted with an acoustic underwpter
pinger, compatible with equipmentavailable for €xectting
an underwater search and rescue. The pinger shall remain
operational in the event of loss of main pewer.

7-9 INSTRUMENTATION

7-9.1 General

The pilot shall be ablexto monitor the conditi
affecting the safety of the-Siibmersible craft and its o
pants.

ons
CCu-

7-9.2 Water Intrusion

An audio alarm indicating water leakage into the main
pressure hull, battery pods, and other compartments, as
may be'deemed necessary, shall be incorporated intg the
desigh:

7-9.3 Power Levels

Visual indications of available power (fuel, electrijcal,
etc.) shall be provided.

7-9.4 Voltage and Current Meters

Voltage of, and current from, each electrical sourde of

power shall be provided.

7-9.5 Ground Faults

be such|that expected current. action on the line does o
: A ground/earth fault monitoring system shal| be
not preyent the float from ceming to the surface. ;
provided.
7-8.1 General Where water ballast systems are used, a visual display
\ . . ) showing the quantities of ballast water onboard shall be
Each qubmersible shall be fitted with such equipment as provided
is necesgary-for the crew to communicate with personnel '
at the smdmmm_mmmﬁrm
submerged. U '
“ & ASCENT, AND ENTANGLEMENT
7-8.2 VHF Radio
7-10.1 General

Each submersible shall be equipped with at least one
two-channel transmitter/receiver, one of the channels of
which shall operate on safety channel 16-VHF, while the
other is used as a “working channel” for communication
between the submersible craft and its support facility.
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Submersibles shall be able to ascend/descend in a safe
and controlled manner throughout the craft’s depth of
operations.

(23)
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The design of the surfacing and jettisoning systems
should take into consideration the following, as applica-
ble:

(a) loss of buoyancy due to elastic compression of the
submersible at operating depths

(b) weight adjustments due to difference in seawater
density and water temperature at the surface versus that
at operating depths

Submersibles shall be able to maintain an acceptable

condition, or the submersible craft shall be provided
with means of externally bringing the craft to the
surface, in all anticipated operating and emergency condi-
tions, without assistance from personnel inside of the
submersible.

7-10.4 Jettisoning System

(a) Submersibles shall be provided with a means to

stability and trim during ascent and descent, while
submerged, and on the surface. Acceptable stability
and trim shall be maintained during transit from a
submerged to a surfaced condition, and vice versa. The
submersible craft shall be capable of remaining on the
surface with one or more hatches open during all antici-
pated design environmental and operating conditions
witlhout down-flooding.

The arrangements for blowing ballast tanks shall be
such that overpressurization is not possible.

7-1

T
ball

D.2 Underwater Operation

he submarine shall, under all conditions ofloading and
hst, remain stable and in the upright condition with the
cenfer of gravity remaining below the center of buoyancy.
Theldistance between the center of gravity and the center
of buoyancy (GB), under all normal operating conditions,

is the greater of 1.5 in. (38 mm) or as determined by the
follgwing:
GB = nwNd/W tana
whgre
/ = the interior distance within the main ¢abin acces-
sible to onboard personnel, in. (mm)
N = total number of persons onboard the submarine
p = 0.1 (10% of the people aboeard moving simulta-
neously)
W = the total weight of the fully loaded submarine, Ib
(ke)
W = 175 1b (79.5 kg)-per person
¢ = 25degor lessifrequired by other design features
including battery spillage or malfunction of essen-
tial equipment
7-10.3 Surfacing

a) A pllot operated means that is 1ndependent of the

to brmg the submer51ble to the surface ina stable COIldl-
tion.

(b) The submersible shall be equipped with atleasttwo
lifting points to which attachments may be secured to raise
the vehicle to the surface in an emergency. The lugs and
their connection to the vehicle structure shall be designed
taking into accountloads generated by forces of 2g vertical
(1g static plus 1g dynamic), 1g transversal, and 1g lon-
gitudinal acting simultaneously under the most severe

129

jettiserrsuffietentmasssuehthatifthetargestsingle flood-
able volume, other than personnel compartments, is
flooded, an ascent rate approximating\the |normal

ascent rate can be achieved. The jettisoned mpss may
consist of a drop weight, appendages subject to entangle-
ment, or a combination of both. JAlternatively, the
passenger compartment may., be provided| with a
means of separating it from all other party of the
system, including appendages, provided the pg¢rsonnel
compartment is positively buoyant when released.

(b) Consideration-shall be given to the jettispning of
appendages subject to entanglement including,| but not
limited to, thrdsters, manipulators, cameras, gnd pan
and tilt systemns.

(c) Jettison systems shall require at least two|positive
manual actions to initiate actuation and shall bg either

(1) operated independent of electric power.

(2) provided with two independent elgectrical
systems, each of which shall be powered by a $eparate
power source. The two electrical systems $hall be
routed separately to minimize the possibility that a
single incident (e.g., collision or fire) would cause
failure of both electrical systems.

(d) Submersibles shall have stability under an
nation of jettisoned masses to provide safe rec
personnel.

y combi-
bvery of

7-10.5 Entanglement

The possibility of entanglements shall be considered in
the design of submersible craft. Design featureg, opera-
tional and emergency procedures, and/or meang of jetti-
soning may be necessary.

7-11 EMERGENCY EQUIPMENT
7-11.1 Life Jackets

to, each
e able to
dlsembark w1th a donned llfe ]acket Inﬂatable -type life
jackets should be considered to facilitate disembarkation.

Life ]ackets shall be pr0v1ded for, and accessiblg

7-11.2 First Aid Kit

Submersibles shall be provided with a first aid kit
appropriate for the environment and intended needs.
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7-11.3 Thermal Protection

Submersibles operating in cold waters shall be
equipped with sufficient emergency thermal protection
for all occupants in consideration of the duration of
onboard life-support systems.

7-11.4 Rations

Sufficient food and water rations shall be provided for

7-12.1 Reserve Power

In lieu of the duration specified under para. 7-4.2.2, the
main power source shall have not less than 96 hr reserve

capacity.
7-12.2 Reserve Life Support

In lieu of the duration specified under para. 7-5.2, the
main life-support system shall have not less than 96 hr

each perfson onboard as may be required for normal and
emergency operations.

7-11.5 [Tow Point

An acfessible towing point shall be provided.

7-12 HADAL-ZONE SUBMERSIBLES

The r4
ibles deg

quirements of this subsection apply to submers-
igned for operation in the hadal zone [i.e., depths
of 6000|m seawater (MSW) to 11 000 MSW]. Hadal-zone
submergibles shall comply with the requirements of
subsectipns 7-1 through 7-11, with the following excep-
tions or|additional requirements.

reserve capacity.

7-12.3 Buoyancy, Stability, Emergency Ascent,
and Entanglement

7-12.3.1 General. The surfacing\and jettisor
systems of hadal-zone submersiblés should take
consideration the design of th€ submersible for rj
controlled vertical travel thraugh the water column

7-12.3.2 Additional Means of Surfacing. In additio
the primary means af-surfacing specified in ppra.
7-10.3(a), a secondary.pilot-operated means of surfafing
shall be provided'that is independent of both the primpary
means of surfacing and the jettison system specifiefd in
para. 7-10.4«This means of surfacing shall be capgble
of returningthe submersible to the surface in a contrglled
manner while maintaining its stability.

ing
nto
pid

nto
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MANDATORY APPENDIX |
REFERENCE CODES, STANDARDS, AND SPECIFICATIONS

C
this
sor
cur
cod

pbdes, standards, and specifications incorporated in
Standard by reference, and the names of the spon-
ng organizations, are shown below. The most
Fent edition, including addenda, of referenced
bs, standards, and specifications shall be used.

21
Ul
29

[FR 820. Food and Drugs, Quality System Regulation.

S. Government Publishing Office.

[FR 1910. Occupational Safety and Health Standards.
UlS. Government Publishing Office.

ANYI/FCI 70-2. American National Standard for Control

Vplve Seat Leakage. Fluid Controls Institute.

ASME B1.20.1. Pipe Threads, General Purpose (Inch). The

Almerican Society of Mechanical Engineers.

ASME B31.1. Power Piping. The American Society of
Mechanical Engineers.

ASME B36.10M. Welded and Seamless Wrought Steel Pipe.
The American Society of Mechanical Engineers.

ASME B36.19M. Stainless Steel Pipe. The American Society-

F Mechanical Engineers.

ASME B40.1. Gauges: Pressure Indicating Dial Type —
Elastic Element. The American Society of Mechanical
Ehgineers.

ASMEE B40.7. Gauges: Pressure Digital Indicating. The

Almerican Society of Mechanical Engineers.

ASME Boiler and Pressure Vessel €ode. The American
Society of Mechanical Engineers,

ASME PVHO-2. Safety Standard“fer Pressure Vessels for

man Occupancy: In-Service Guidelines. The Amer-
idan Society of Mechanieal Engineers.

ASTM B88. Specificationfor Seamless Copper Water Tube.

erican Society/for Testing and Materials.

ASTIM B154. Method of Mercurous Nitrate Test for Copper
anhd CopperAlloys. American Society for Testing and

aterial$:

ASTIM D256. Test Methods for Impact Resistance of Plas-
ticsyand Electrical Insulating Materials. American

ature of
iety for

ASTM D648. Test Method for Deflection Tefmpet
Plastics Under Flexural Load. American So
Testing and Materials.

ASTM D695. Test Method for Compressive Propgrties of
Rigid Plastics. American Society~for Testing aind Mate-
rials.

ASTM D696. Test Method for €oefficient of Linear [Thermal
Expansion of Plastics./American Society for Tedting and
Materials.

ASTM D732. Test Method for Shear Strength of Pl
Punch Tool. Anierican Society for Testing and M

ASTM D785/Test Method for Rockwell Hardnesg
tics and Electrical Insulating Materials. A
Society for Testing and Materials.

ASTM:\D790. Test Methods for Flexural Propegrties of
Unreinforced and Reinforced Plastics and Efectrical
Insulating Materials. American Society for|Testing
and Materials.

ASTM D792. Test Method for Specific Gravity
Density) and Density of Plastics by Displacemer
ican Society for Testing and Materials.

ASTM E208. Method for Conducting Drop-Weightt Test to
Determine Nil-Ductility Transition Temperpture of
Ferritic Steels. American Society for Testing aind Mate-
rials.

ASTM E308. Method for Computing the Colors o
by Using the CIE System. American Society for
and Materials.

ASTM G63. Standard Guide for Evaluating Nonfmetallic
Materials for Oxygen Service. American Sogiety for
Testing and Materials.

ASTM G88. Standard Guide for Designing Syst
Oxygen Service. American Society for Testing a
rials.

ASTM Manual 36. Safe Use of Oxygen and Oxygen $ystems:
Guidelines for Oxygen System Design, Materials Selec-
tion, Operations, Storage, and Transportation. Amer-

hstics by
aterials.

of Plas-
merican

Relative
t. Amer-

F Objects
Testing

ems for
nd Mate-

Society for Testing and Materials.

ASTM D542. Test Methods for Index of Refraction of
Transparent Organic Plastics. American Society for
Testing and Materials.

ASTM D570. Test Method for Water Absorption of Plastics.
American Society for Testing and Materials.

ASTM D638. Test Method for Tensile Properties of Plas-
tics. American Society for Testing and Materials.
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ican Society for Testing and Materials.

CGA G-4.4. Oxygen Pipeline Systems. Compressed Gas
Association.

IMCA DO51. Hyperbaric Evacuation Systems (HES) Inter-
face Recommendations. International Marine Contrac-
tors Association.
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ISO 9001. Quality management systems — Require-
ments." International Organization for Standardization.

[SO 13485. Medical devices — Quality management
systems — Requirements for regulatory purposes.1
International Organization for Standardization.

NASA Technical Manual TMX 64711 (1972, October 1).
Compatibility of Materials With Liquid Oxygen.
Marshall Space Flight Center.

Naval Ships’ Technical Manual NAVSEA S9086-H7-STM-
010/CH-262R6. Chapter 262, Lubricating Oils,
Greases, Specialty Lubricants, and Lubrication
Systems. Commander Naval Sea Systems Command.

NFPA 99. Standards for Health Care Facilities. National
Fire Protection Association.

Threshold Limit Values for Chemical Substances. Amer-
ican Conference of Governmental Industrial Hygienists.

1 This publication may also be obtained from the American National
Standards Institute (ANSI): www.ansi.org.
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MANDATORY APPENDIX II
DEFINITIONS

ACQIH: American Conference of Governmental Industrial
Hygienists.

acrplic: a methyl methacrylate polymer possessing
physical and mechanical properties shown in
Tabjes 2-3.4-1 and 2-3.4-2.

air-pentilated PVHO: a PVHO in which a flow of breathing
air s supplied to the PVHO and exhausted to the atmo-
sphere for the purpose of maintaining life-sustaining
conflitions.

ballast tank: a compartment/tank used to control the
buofyancy of a submersible PVHO.

brazed fitting: any tube or pipe fitting that is attached to
the [pipe or tube by means of a brazing process.

breqthing device: the appliance used to deliver a breathing
gas fo a PVHO occupant. The gas may be different from the
chamber atmosphere.

breqthing gas: any gas intended for use as a respirable gas.

breqthing gas service: any line that carries gas that is
intgnded for use as a respirable environmental'gas in
an ¢ccupied space or is intended for use in-some type
of Yreathing apparatus.

breqthing gas system: any system that is used to handle gas
(indluding air) intended for human respiration. All oxygen
syslems are considered breathing gas systems.

chanber: a pressure vessel intended for occupancy by
hunpans.

chamber system: one ox. more chambers intended to func-
tior| as an operational unit.

chig: a small fracture flaw in the window surface (most
typically, the Fesult of impact with a hard object).

clospre: aamechanism that allows opening and/or closing
for pttaehment or disconnection of an associated PVHO,
hat¢h,Xor door. Includes both fixed clamps and quick-

compression fitting: any tube fitting that grips|thqg tube by
means of one or more ferrules that compress'or syvage the
end of the tube without creating a definite notgh in the
tube wall.

conical frustum window: a flat, circular window geometry
with a conic section bearing-gdge.

contamination: a noticeable local discoloration orfopaque-
ness without well-defined boundaries on the syrface or
body of the acrylic. window.

conversion factor‘{(CF): for windows, an empirical ratio of
short-term critical pressure to design pressure fof a given
temperature,

crack:a discontinuity in the acrylic indicating loc4l failure
ofthe'aerylic window. A crackis characterized by ifs length
and depth.

crazing: a haze on the surface of the window made up of a
multitude of very fine, hair-like straight or rgndomly
oriented cracks that become clearly visible if illuyminated
at an angle by a bright light. Crazing is an indi¢ation of
surface degradation that may be thermally, mechjanically,
radiation, or chemically induced.

critical density of population: the number of significant
inclusions or scratches per specified contiguqus area
or volume of window that cannot be exceeded in a|finished
window.

critical dimension: the maximum dimension of ¢isconti-
nuity on the surface or in the body of an|acrylic
window. For inclusions, it is the effective dilameter,
whereas for scratches, it is the depth.

critical locations: locations on the surface or interjor of the
window where no discontinuities or artifacts are
permitted.

critical pressure: pressure that, acting on one side of the
window, causes it to lose structural integrity.

opening clamps.
clump weight: the weight attached to and deployed by the
guide wire system.

component: an item such as, but not limited to, pipe, piping
subassemblies, parts, valves, strainers, relief devices, and
fittings.

critical size of population: the total number of inclusions or
total length of scratches with significant dimensions that
cannot be exceeded in a finished window.

critical spacing: the minimum allowable spacing between
peripheries of inclusions or scratches with significant
dimensions in a finished window.

custom casting: a casting of any shape window that is not
carried as a standard production item.

(23)
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cyclic design life: the number of pressure cycles that a
window is projected to withstand without catastrophic
failure when pressure cycled, at 4 hr per cycle, to
design pressure at design temperature.

cyclic proof pressure (CPP): the pressure that a window
shall withstand without cracking under intermittent pres-

surization.

cylindrical window: a window consisting of a tube with

examination: the process of determining the condition of
an area of interest by nondestructive means measured
against established acceptance or rejection criteria. Exam-
ination is generally performed using nondestructive
examination methods, e.g., visual, liquid penetrant, radio-
graphic, or ultrasonic.

fabricator: an individual or organization that creates a
component, part, or product from raw materials

circular cross section.

deck decompression chamber: 3
recompression, barotrauma t
sion of divers.

design cycle: the steps used as
ment of the conversion factor
For the purpose of this Standar

PVHO used for operational
reatment, and decompres-

the basis for the develop-
used herein for windows.
d, it is a pressure excursion

at design temperature to the design pressure and

returning to ambient. Pressu
the design and ambient presg

design depth: the maximum d
sible PVHO is designed to op

design life: the period of time o1
both assumed for a window co
The window design life may be
of windows. The design life h
under pressure, cyclic design
time from the date of initial

design pressure: the highest pr
in the pressure vessel includir
the operating position and at tl
of pressure and temperature
tions. For this condition the m4
sure between the inside and o
or between any two chambers
be considered.

design qualification: an experi
fying the conformance of a non
mandatory structural require

design temperature: the n
temperatures for which a
designed.

e is held for 4 hr at both
ures.

bpth to which the submer-
brate.

number of design cycles or
mplying with this Standard.
different for different types
s three aspects: total time
ife, and total chronological
anufacture.

pssure that shall be reached
g coincident static head in
e most severe combination
expected in normal opera-
ximum differences in pres-
utside of a pressure vessel,
or a combination unit, shall

mental procedure for veri-
standard window design.to
ments of this Standard:

faximum and _minimum
pressure component is

hck-freeindentation in the

ding: a crater-like, shallow, cr

indentation is typically less thgn the-diameter of the crater

window surface resulting froq1 impact. The depth of the

meeting one ormorematerial and desion-spnecifications
o O r

flammable: a material capable, when ignited, of main-
taining combustion under specific environmental condi-
tions.

flarefitting: any tube fitting that grips the tube by means of
a flare that is applied to the end of the tube by mechanical
means.

flat disk window: a plane, circular window geometry.

Fp: the adjustment factor to be multiplied by the;tACGIH
TLV when the anticipated duration of manned-ocetipation
is in excess of 8 hr.

full-scale window: a window whose dimensions are iden-
tical to the window in actual service.

gas chromatography/mass spectrometry (GC/MS):
methods of identifying and quantifying volatile hydrocar-
bons using a combinationcef gas chromatography and
mass spectrometry.

gas container: a pressute vessel for the storage and trans-
port of gases under.pressure.

gouge: a wide; Vrshaped, crack-free discontinuity in the
window sufface resulting from the movement of a
rough, hard object across the surface of the window.
The depth of the gouge is typically less than or equal
totthe: width of the discontinuity.

guide wire: an independent system of wires used to deploy
a clump weight that provides vertical and rotational sta-
bility to the diving bell. These are typically connected at
two or four points on the diving bell protection frame.
Connection is by means of special clamps designed to
allow the diving bell to run freely up and down the
guide wires.

handling system: a system to support the launch, recovery,
and other handling operations of diving bells that may
include cranes, booms, masts, frames, winches, and asso-
ciated hydraulic and electrical systems as necessary for

at the window surface.

diving system: a PVHO system that is used for diving,

support of diving operations,

or diving training.

drop weight: one or more releasable weights attached to
the diving bell.

elastomer: a natural or synthetic material that is elastic or
resilient and in general resembles rubber in its deforma-
tion under tensile or compressive stresses (i.e., at least
50% elastic compression and 70% elastic extension).

the intended operations.

handling system design load: the maximum expected load
on the handling system. It consists of a combination of the
rated load; the dynamic effects of pitch, roll, and heave; the
weight of the rigging (hooks, blocks, deployed rope, etc.);
and other applicable loads, e.g., wind load, drag, added
mass effect, and weight of entrained mud and water.
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harmful chemicals: liquid, solid, or gaseous substances
that, upon contact with surfaces of stressed acrylic
windows, initiate crazing (e.g., alcohols, acetone, ether,
methyl ethyl ketone, and adhesive tapes).

helium service: any portion of a piping system that may
contain gases containing helium shall be considered to

be in helium service.

hemispherical window: a
spherical window shape.

high-pressure face: the vie
while in service is acted u
the window.

hydrocarbon: all organic c
hydrocarbon analyzer.

hyperbaric stretcher: a
approved for transfer un

hyperhemispherical win
having an included an
single penetration, and a

inclusion: a foreign subst|
acrylic window with a
diameter of a sphere ha
the inclusion.

inclusion-fiber: a nonmet|
(e.g., individual hair or
nylon) with diameter <0.

inspection: activities perfj
fabrication, construction,
etc.,, conform to one or m
cable code, engineering
written procedures.

inventory control identific
single sheet or custom
windows when lot identi
manufacturer of plastic.

life-sensitive system: any s
service represents a hazar
the chamber occupants.

life-support system: the eq
to maintain a habitable 3
anticipated operating con

lock: a chamber compart
pressure different from

geometry that depicts a half-

lot identification: an identifier affixed by the manufacturer
of plastic to all castings constituting a lot of material for
windows.

lot of material: a unit of window manufacture consisting of
a single production run poured from the same mix of
monometric material and made at the same time, under-
going identical processing from monomer to polymer.

low-pressure face: the viewing surface of the window that

ving surface of the window that
pon by the pressure loading on

pmpounds detectable by a total

portable monoplace PVHO
er pressure.

{ow: a spherical acrylic shell
ble greater than 180 deg, a
conical bearing surface.

hnce or void in the body of an
dimension measured as the
ving an equivalent volume of

hllic fiber in an acrylic casting
fiber of cotton, polyester, or
DO5 in. (<0.125 mm).

brmed to verify that materials,
examinations, testing, repairs,
ore of the following: the appli-
requirements, or the owner’s

ition: an identifier assigned to a
casting by the fabricator df
fication is not provided by ‘the

ystem where an interriiption of
d to the health and well-being of

uipment and‘systems required
tmosphére in the PVHO in all
ditions.

ent.that can be maintained at a

WHilE IN Service 1S not acted upon by the pressure appiied
to the window.

manufacturer: an individual or organization responsible
for the repeated production of a product (e.g., multiple
pressure vessels of the same design, windows, valves;
and other components), or referenced as the engity:
responsible for a uniquely specified product on a-ferm,
nameplate, or report, in accordance with the rules of
ASME PVHO-1 and the User’s Design Specificatioh.

marine system: a chamber or chamber systémythat is to be
used in a marine environment. For the putrposes of this
Standard, all chambers and chamber systems that are not
exclusively land-based are considefed marine systems.

marking: the identification ©h'the window’s bearing
surface or edge denoting that the window met ASME
PVHO-1 requirements for the specified design tempera-
ture and pressure. Thefabricator’s identification symbol,
serial number, and year of fabrication are also part of the
marking.

material manufacturer: an organization that
(a) preduces the raw materials or products or both that
meet the.requirements of a material specification
(b)~accepts the responsibility for any statements or
data/in any required certificate of compliance or Material
Test Report representing the material

material specification: a description of the identifying
characteristics of a material (product, form, ranges of
composition, mechanical properties, methods of produc-
tion, etc.) together with sampling, testing, and examina-
tion procedures to be applied to production lots of such
material to verify acceptable conformance to the intended
characteristics.

material testing laboratory: the party who tests material
specimens for windows cut from plastic casting and
provides Material Testing Certification for Acrylic (see
PVHO-1 Form VP-4).

4] VIpREa | 4 4
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(e.g., inner lock, outer lock, entry lock, med/service lock).

long-term proof pressure (LTPP): pressure that a window
shall withstand without catastrophic failure under
sustained pressurization of 80,000-hr duration in
design temperature ambient environment. This Standard
defines long-term proof pressure as equal to design pres-
sure.

135

maximum allowable working pressure (MAWP): the
maximum rated pressure for a component.

maximum operating pressure: the maximum pressure in
which a system (pressure vessel, supporting controls,
and instrumentation) shall be operated.

medical chamber: a chamber or chamber system that is
intended for use in a clinical setting for administering
hyperbaric oxygen therapy or other hyperbaric
medical treatments.
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medical lock: a small compartment that penetrates the
pressure hull of the PVHO, allowing items to be transferred
into and out of a PVHO under pressure.

megapascal (MPa): the SI unit of pressure equal to 10 bar,
or 145 psi.

model-scale window: a window whose dimensions are all
scaled down linearly from the window in actual service.

monoplace chamber: a PVHO designed to accommodate a

piping: all circular cross-section conduits. The term piping
is used generically to include both pipe and tube used for
the transmission of fluids. The use of noncircular tubing
for pressure piping within the scope of this Standard is not
permitted.

piping system: the assembly of piping and components
required to form a functional system.

ppm: the concentration in air expressed as parts per

single person.

multiplace chamber: a PVHO
two or more people.

NEMO window: a spherical acrj
conical penetrations whose
inserts with conical edges.

nominal values: specified dime

designed to accommodate

ylic shell with two or more
edges are supported by

hsions or angles for compo-

nents of a chamber to which ¢limensional tolerances are

subsequently applied on fabr

nonstandard window geom
geometry that must first be
for the intended design press

operating pressure: the pressut
subsystems are designed to op
the maximum allowable work]
the current edition of ASME BE
PVHO or any of its subsystems
usually kept at a suitable lev
pressure relief device or devi
opening.

operational temperature ran
temperatures to which the d
while pressurized.

oxygen service: any portion of]
pressurized with a gas contain
by volume.

payload: the weight the subm

cation drawings.

etry: unproven window
experimentally qualified
ure and temperatures.

eatwhich the PVHO and its
erate. This shall not exceed
ng pressure (as defined in
VC and ASME B31.1) of the
. The operating pressure is
el below the setting of the
Ces to prevent its frequent

ge: the range of ambient
hamber can be subjected

a piping system internally
ing more than 25% oxygen

ersible PVHO is capable.of

carrying in addition to its permanently fitted equipment.

permissible exposure limit (PH
the Occupational Safety an
(OSHA) to express allowabl
for a conventional 8-hr workd

L): nomenclature-used by
1 Health Admihistration
 airborne ‘cencentration
ay and a 40-hr workweek.

pilot: a person appointed and trained to command a

submersible PVHO.

million, on a volumetric baslis.

pressure control valve: a valve used to reduce or maintain
the pressure in a piping system by admitting or releasing
fluid pressure, as required, to maintain pressure at or near
a designated setpoint. Also called pressure-reducing valve,
pressure regulator, or back-pressure regulator.

pressure testing certification: certification that the newly
manufactured window has successfully met the manda-
tory requirements of ASME PVHO-1.

pressure testing laboratory: the party who pressure tests
windows installed in viewport flanges and provides pres-
sure testing certification.

pressure vessel for human occupancy.(RVHO): a chamber,
including all components requiredto complete the pres-
sure boundary, that encloses a lluman being while the
chamber is under internal or ‘external pressure.

Professional Engineer: an individual who has fulfilled
education, experienceyand testing requirements that,
under applicable jukisdictional engineering licensure or
chartering laws, permit the engineer to have technical
authority according to the jurisdiction.

PVHO manufacturer: the person, group, or corporate entity
that cdnstructs or assembles a pressure vessel for human
occupancy in accordance with the provisions of ASME
PVHO-1 and the User’s Design Specification.

PVHO system: a system comprising a minimum of one pres-
sure vessel for human occupancy along with its ancillary
systems (i.e., control, electrical, breathing gas, life support,
handling system, emergency, etc.) designed and operated
for the intended application (i.e.,, medical per Section 5,
diving per Section 6, submersible per Section 7, altitude,
tunneling, etc.) in accordance with ASME PVHO-1, the
User’s Design Specification, and manufacturer’s Data
Reports and maintained in accordance with ASME
PVHO-2.

nDyzL s )

pipe: a tube with a circular cross section conforming to the

dimensional requirements for nominal pipe size as tabu-
lated in ASME B36.10M, Table 1 and ASME B36.19M, Table
1. For special pipe having a diameter not listed in these
tables, and also for round tube, the nominal diameter
corresponds with the outside diameter. The fundamental
difference between pipe and tube is the dimensional stan-
dard to which each is manufactured.
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sure vessel for human occupancy system extends in order
to encompass all items required to support the unique
capability that it was designed to provide. This limit is
intended to separate other systems that may be

sharing a common space. See also PVHO system.

qualified person: someone who, by possession of a recog-
nized degree, certificate, or professional standing, or who,
by knowledge, training, and experience, has successfully
demonstrated the ability to perform the assigned duties.
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quality assurance program: a documented systematic
organization of policies and procedures to ensure that
the product or service delivered meets all customer
and design specifications.

rated depth: the maximum depth to which the submersible
craft is certified to operate.

rated load: the maximum load that the assembled handling
system is certified to lift at its maximum rated speed when

(4.5 MPa/min) in design temperature ambient environ-
ment. This Standard defines short-term proof pressure
as equal to 4 times the design pressure.

should: the term used to indicate that a provision is not
mandatory but is recommended as good practice.

significant dimension: when the dimension of an inclusion
or a scratch exceeds a specified value and is considered as
being present in the window for inspection purposes.

the outermostlayer of rop
the winch drum, under t
User’s Design Specificat
and electrical currents
working load.

risk: the combination of t
harm and the severity of|

risk analysis: the systemat
identify hazards and to €

saturation diving: a diving
continuously subjected tg
spheric so that the diver’s
saturated with theinertel
elevated ambient pressuf

scratch: a crack-free disc
acrylic window that is
coming in contact with
purpose of evaluation, go
ered scratches. The dimer
the sharp surface discd
window surface to the b

service life: the period of t
that a window may be per
window service life may
window design life due {

EOT umbilical 1S being wound on
he parameters specified in the
on (e.g., hydraulic pressures
/voltages). Also called safe

he probability of occurrence of
that harm.

c use of available information to
liminate the risk.

procedure by which the diver is
a pressure greater than atmo-
body tissue and blood become
bment of the breathing gas atthe
e.

bntinuity on the surface of the
the result of foreign objects
the acrylic surface. For the
iges and dings shall be consid-
sion of a scratch is the depth of
ntinuity measured from the
ttom of the scratch.

me or number of cycles or both
mitted to remain in service. The
be shorter or longer than the
o variations in the conditions

of service, latent man

facturing defects, or othelr

factors. (For additionall information regarding the
service life of windows, Jee ASME PVHO-2.)

service locks: compartmenits not intended for human occu-
pancy thatare used for trapisferring suppliesandmaterials
into and out of a PVHO whjile the occupants-remain under

pressure.

shall: the term used to i
datory.

icate that a provision is man-

sheet castings: sheets of plastic‘cast on a production line

soft goods: O-rings, gaskets, seals, and other polymer or
elastomer components used in a PVHO system.

spherical sector window: a geometry that depicts a spher-
ical window shape.

standard temperature: the range of material temperatures
from 70°F to 75°F (21°C to 24°C) at which all the dimen-
sions in this Standard are specified.

standard window geometry: proven windowi\gebmetry
that, because of its safe service record, hascheen incorpo-
rated in this Standard. Windows with standatd geometries
may be used in pressure vessels for-fiuman occupancy
without having to undergo experiniental design qualifica-
tion.

submersible: a manned, selfzeontained, mobile vessel that
primarily operates under water and relies on surface
support (e.g., a surface ship or shore-based facilities)
for monitoring and:for* one or more of the following:

(a) recharging of power supply

(b) recharging high-pressure air

(c) recharging life support

submersible diving chamber (SDC): commonly called a
diving bell; used to transport divers under pressure to
a work site.

supplier: the party who supplies finished windows with all
required certifications to the chamber manufacturer
(original equipment) or user (replacement). There is
nothing in this Standard prohibiting the supplier from
performing the functions of plastic manufacturer, material
testing laboratory, window designer, window fabricator,
and pressure testing laboratory, provided that these func-
tions generate the required certifications.

support facility: a surface craft or shore-based facility
providing support to the submersible PVHO.

systems integrator: a person, company, or manufacturer
that brings together component subsystems and ensures

basis and carried as a standard 928 odtetionitentiramant

facturer’s sales catalog.

short-term critical pressure (STCP): the pressure required
to catastrophically fail a window at a 650-psi/min (4.5-
MPa/min) rate in design temperature ambient environ-
ment.

short-term proof pressure (STPP): the pressure that a
window shall withstand without catastrophic failure
under short-term pressurization at 650 psi/min
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that the overall system and all of its subsystems function
safely together.

testing: within this Standard, either pressure testing
(hydrostatic, pneumatic, or a combination hydrostatic
pneumatic) or mechanical testing performed to determine
such data as material hardness, strength, and notch tough-
ness. Testing, however, does not refer to nondestructive
examination using methods such as liquid penetrant or
radiography. See examination.
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thickness of a vessel wall:

design thickness: the sum of the required thickness and
the corrosion allowance.

nominal thickness: the thickness selected as commer-
cially available and supplied to the manufacturer. For
plate material used in formed shapes, the nominal thick-
ness shall be, at the manufacturer’s option, either the
thickness shown on the Material Test Report before
forming or the thickness of the plate at the joint or location

tube: a hollow product of circular or any other cross
section having a continuous periphery. Circular tube
size may be specified with respect to any two, but not
all three, of the following: outside diameter, inside
diameter, and wall thickness; types K, L, and M copper
tube may also be specified by nominal size and type
only. Dimensions and permissible variations (tolerances)
are specified in the appropriate ASTM or ASME standard
specifications.

under consideration.

required thickness: that thi
maximum design pressure J
prior to the corrosion allowa
third-party inspection agency:
tion, independent of the desi
who is qualified through eduj
to perform the inspection.

threshold limit values (TLV):

American Conference of Gove|
nists (ACGIH) to express allowz
for a conventional 8-hr workd

total hydrocarbon analyzer: an
employing a hydrogen flame
having a range of 0 mg/m?
methane equivalents.

trunk: any void that creates a v
doors or hatches. Also called

kness computed from the
nd other loading criteria
ce being applied.

an individual or organiza-
pner, fabricator, and user,
cation, test, or experience

homenclature used by the
rnmental Industrial Hygie-
ble airborne concentration
ay and a 40-hr workweek.

y suitable process analyzer
ionization detector (FID)
to at least 1000 mg/m?>

lume between two or more
tunnel.

tube fitting: any tube fitting that grips the tube by means of
one or more teeth thatbite or diginto the outside diameter
ofthe tube creating a definite notch. Also called pipe fitting
or bite-type fitting.

viewport: a penetration in the pressure vessel including
the window, flange, retaining rings, and seals.

void: a hollow cavity in the body of the acrylic casting:
welded fitting: any tube or pipe fitting that is attached to
the tube or pipe by means of a welding process;
window: a transparent, impermeable, and pressure-resis-
tant insert in the viewport.

window fabricator: person, group, orcorporate entity that
fabricates PVHO windows in accordance with the require-
ments of ASME PVHO-1 and the User’s Design Specifica-
tion.
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NONMANDATORY APPENDIX A
DESIGN OF SUPPORTS AND LIFTING ATTACHMENTS

The designer should ¢
the following studies, w
and Piping: Design and A
nents and Structural Dy
Society of Mechanical En

(a) Wichman, K. R, H
(1965). Local Stresses
Shells due to External Lo
Research Council.

nsider using the provisions of
ch appear in Pressure Vessels
alysis, Volume Two — Compo-
hamics (1972). The American
bineers:

pper, A. G., and Mershon, J. L.
in Spherical and Cylindrical
ndings (Bulletin 107). Welding

(b) Zick, L. P. (1971). Stresses in Large Horizontal Cy-
lindrical Pressure Vessels on Two Saddle Supports.
Welding Journal Research Supplement.

The use of these provisions shall not negate Code re;
quirements.
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NONMANDATORY APPENDIX B
RECOMMENDATIONS FOR THE DESIGN
OF THROUGH-PRESSURE BOUNDARY PENETRATIONS

B-1 GENERAL

This Appendix provides
through-pressure boundary
that have been found to give
designs of through-pressure
are not necessarily limited to t
sure boundary penetrations s}
and weld detail requirements
BPVC, Section VIII, Division 1 0

B-2 PENETRATOR DESIGN

Figure B-2-1 shows four
intended principally for servi

(a) full coupling intended f
couplings or a special coupl
Design Specification. For mo
6,000-psi NPT coupling is acce
less steel.

(b) half-coupling, full-pen
This is generally used for
supply locks and transfer tun
for pressure gauge penetrato

(c) special forging. This caf
radiographable penetrators,
ASME BPVC, Section VIII, Div:

(d) flush-mount coupling. T

several basic designs of
iping penetration designs
good service. Acceptable
boundary piping systems
he designs shown. All pres-
all meet the reinforcement
pf ASME PVHO-1 and ASME
I Division 2, as appropriate.

S

basic penetrator designs
Ces as follows:

or standard threaded pipe
ng dictated by the User’s
t applications, a standard
ptable in 316 or 316L stain-

ptration weld installation.
bressure equalization in
nels and can also be used
'S.

egory is intended for fully
generally to comply with
sion 2.

his category is generally;a

6,000-psi or special forging type coupling. This configura-

tion is used where a full co
external threads is requix
chamber drains and supply log
or in other applications wher
required.

upling with internal and
ed, or where\there are
k and tunnel equalizations,
b a flush/internal mount is

B-3 COUPLING DETAILS

Figure B-3-1 shows four acceptable coupling details.

B-3.1 Threaded Couplings

(a) NPT (National Pipe Thread) 6,000-psi Couplig!For
marine systems the coupling material should be aStainless
steel per para. B-4. The heavy wall of the.6;000-psi
coupling normally permits at least one field rethreading
should the original threads be damaged.

(b) Special Coupling With an SAE orMS (Military Stan-
dard) Straight Thread O-Ring Boss. This design is recom-
mended over pipe threads whef.the contained fluid may
be helium.

B-3.2 Threaded Insert Couplings

These are generally smooth bore couplings with
threaded, flangediinserts with either pipe threads or
straight thread)O-ring seals. This installation can be
sealed and\secured with a fillet weld or assembled
with a flat-washer and locking nut with O-ring seals as
shownin Figure B-3-1. The latter installation is preferred
but.its cost often makes it impractical.

B-4 MATERIALS

Practical experience has shown that unthreaded (i.e.,
smooth bore) couplings in marine systems may be any
Code-approved forged steel while threaded couplings
and inserts should be of approved stainless steel (316
or 316L), brass, or bronze. Corrosion-resistant alloys
are strongly recommended to eliminate cleaning, mainte-
nance, and material compatibility problems. Threaded
couplings and inserts in land-based chambers may be
of any Code-approved material.
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Figure B-2-1
Acceptable Weld Nozzle Penetrators

“— p N
7 C
(a) Full Coupling (b) Half Coupling
1
i
S m—
1
1
1 o > _____%
i :
SN _____i
(c) Special Forging (d) Flush-Mount Coupling

GENERAL NOTE: This figure ffefers to pipes 2 in. (50 mm) and under.

141


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2023.pdf

ASME PVHO-1-2023

Figure B-3-1
Acceptable Threads and Inserts

Pipe thread ) Washer
(NPT) O-rlng
. . Nut
Pipe thread Straight 7
(NPT) O-ring (SAE)

| |
! )L | ‘ ]
! | ] |
1 ! 1 i
i ! | !
E | i Coupling '= !
i | (ref.) 1 i
: | ‘ f
= | i |
[ :

-~ D S *-. 5
I
I
- N 4
! !
1
I i
| ! ! Inside surface
! 1
| ! (ref.)
! 1
1
' —
|
|

(a) Threaded Couglings

Fillet weld, both ends

Straight

O-ring
O-ring (SAE)

(b) Threaded Insert Couplings

142


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2023.pdf

All piping and gas stora

labeled to indicate conten
pressure, and direction @
materials such as stainle)

continuous coat of paint.
corrosion-resistant mat
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applied at every bend 43
side of obstructions. T
minimum of three bands s
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NONMANDATORY APPENDIX C
RECOMMENDED PRACTICES FOR COLOR CODING AND
LABELING

be bottles should be colored and
t, maximum allowable working
f flow. Except for certain pipe
5s steel, the color should be a
For stainless steel and similar
brials, color coding may be a
pint or tape. Bands should be
nd intersection, and at each
o aid in tracing the pipe, a
hould be visible at any location.

Tdble C-1
u.s. Na\l Color Codes

Name ]iesignation Color
Oxygen 0, Green
Nitrogen N Light gray
Air (low pressure) ALP Black
Air (high pressure) AHP Black
Helium He Buff
Helium-oxygen mix HeO, Buff and green

GENERALNOTE: Adapted fron
Diving Manual. Navy Departm

NAVSHIPS0994-001-9010.U.S. Navy
pnt.

In addition to color coding, piping should be labeled with
the name and/or symbol of its contents, direction of flow,
and maximum allowable working pressure. This labeling
should be applied at every intersection and at each side of
obstructions. For labeling, a color that contrasts with that
of the pipe should be used. Tables C-1 and C-2/give the
color codes required by the U.S. Navy and the International
Maritime Organization (IMO), respectively~’Other color
codes may also be used.

Table C-2
IMO Color Codes
Name Symbol Color
Oxygen 0, White
Nitrogen N, Black
Air Air White and black
Carbon dioxide CO, Gray
Helium He Brown
Oxygen-helium mix 0,-He White and brown

GENERAL NOTE: Adapted from IMO Resolution A536. Code of Safety
for Diving Systems. International Maritime Organization.
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NONMANDATORY APPENDIX D
GUIDELINES FOR THE SUBMISSION OF A CASE FOR THE USE OF
NONSTANDARD DESIGNS, MATERIALS, AND CONSTRUCTION

FOR NON-

PVHO chambers using nonj

tandard materials, design,

and/or construction techniques may be constructed

under the requirements of
describing all exceptions and
1 has been reviewed and
Consensus Committee (here
Committee) in accordance wi
The following provides a geng
tion and format that should b
Case inquiry (hereinafter refe

The issuance of a PVHO Cass
approval of a specific desig
Committee to provide perfor
are applicable to similar n
Case method permits the Comn
safety of the nonstandard fea
ASME PVHO-1. It is the Comn|
that a nonstandard PVHO proy
standard PVHO.

D-1 INTRODUCTION

The intention of a Case is
approaches are implemented
quality assurance commenst
for recognized materials ar
Minor changes to the requiry
may not require the extens
described below. Radically
require additional considera
applicant is cautioned not to

ASME PVHO-1 if a Case
additions to ASME PVHO-
approved by the PVHO
nafter referred to as the
th Committee Procedures.
ral outline of the informa-
b included in the proposed
rred to as the Case).

should not be construed as
n. It is the intent of the
mance-based criteria that
nstandard features. The
hittee to assess theinherent
ure prior to adoption into
littee’s objective to ensure
rides equivalent safety as a

to ensure that alternative
with design margins and
rate with those set fonth
d established geométny.
ements in ASME PVHO-1
ive analysis and:testing
y different desSigns may
ions. For. this“reason, the
fabricatésand test a PVHO

in accordance with these gulideliiesand then submit

the results with a request for

review. Rather, submittal

of the Case in the format reco

mmended prnvir‘lpc abase-

FLEXIBLE PVHO CHAMBER FABRICATION

A Case is normally issued for a limited period of time,
after which it may be reaffirmed, incorporated into the
Standard, revised, or allowed to expire. The Committee
may also act to revoke a Case prior to its normally sched-
uled expiration, if deemed necessary.

D-2 GENERAL

The formal written inquiry to the Committee should
provide background information déscribing the new or
novel design and/or material being.proposed for consid-
eration. An explanation of whatis being proposed, why
this proposal is being presented for consideration, and
how the new design and/or material is to be used
should be provided.

All proposed PVHO Cases, including proposed reaffir-
mations of existing PVHO Cases, must be prepared in
accordance with/the latest published edition of the rele-
vant PVHQO standard, which must be noted in the Case
itself.

The applicant should clearly and concisely present all
exceptions to ASME PVHO-1 that are being sought. Re-
quirements in addition to those in ASME PVHO-1 that
are proposed to ensure that the nonstandard PVHO
provides equivalent safety to a standard PVHO should
also be stated.

The following information shall be provided:

(a) the maximum allowable working pressure (MAWP)

(b) a description of the configuration, shape, and
dimensions of the vessel complete with enclosures,
windows, etc.

(c) the maximum number of occupants

(d) the design temperature limits

Le) the design life expectancy of the vessel vyr
7 [=) r =4 7

line for the Committee to make an initial assessment of the
inherent technical merit and, if warranted, offer appro-
priate recommendations regarding revision. Should the
applicant wish to conduct testing prior to submitting a
Case, the Committee reserves the right to require addi-
tional tests.

Once a Case is published, it may then be used in accor-
dance with the provisions and limitations defined in the
Case.
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(f) the design number of pressure cycles

When an existing PVHO Case is being proposed for reaf-
firmation, documentation shall be provided identifying
any and all changes made since the edition to which it
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was approved and the latest published edition of the ap-

plicable PVHO standard.

NOTE: All PVHO Cases (new, revised, and reaffirmed), once
approved, shall show, on the Case itself, the edition of the rele-
vant PVHO standard to which it was approved. A PVHO Case is

valid for 6 yr from the date

D-3 MATERIALS

of approval.

D-4.2 Maximum Allowable Working Pressure

The MAWP and associated maximum and minimum
design temperatures shall be based on the results of
the prototype testing.

D-4.3 Design Certification

Conformance of the design of the PVHO to the require-
ments of ASME PVHO-1 shall be established by either of

All materials shall comply with ASME PVHO-1 require-

ments or a recognized i

Detailed specifications sh4
ASME PVHO-1 materialj
nonstandard materials, i
and material properties

ternational material standard.
1l be submitted for nonstandard
. Supporting information for
hcluding testing specifications

operational limitations, and

inspection criteria, shall e provided for such materials.

The shelflife, cycliclife, ter
relevant critical propertig
shall be provided.

All materials and mate
manufacture of the PVHO
tation certifying that each
the PVHO meets ASME PV

hperature limitations, and other
s of all nonstandard materials

rial specifications used in the
hall have supporting documen-
lot used in the manufacture of
10-1 and/or arecognized inter-

national materials standajrd.

As a minimum, the folld

wing data shall be provided for

proposed alternative materials:

(a) test data to corrob

(b) strength and elong
minimum design tempera
temperature dependent

(c) cyclic life data at
design temperatures, if n
dent

(d) creep and cyclic cr
are time dependent

(e) shelf life, corrosion|

prate the specification data
htion data at the maximum and
tures, if material properties are

the maximum and minimum
haterial is temperature depen-

bep data, if material properties

properties, and any other data

that can establish the limjitations of the material for the

intended use

D-4 DESIGN

For a nonstandard de
include a detailed stress a

Kign, the Cased{submittal shall
halysis perfotmed by a licensed

engineer or an independent third-partyinspection agency

that is experienced in pr
materials proposed.

pssure vessel design using the

the following procedures:

(a) A Professional Engineer registered in one or more
ofthe U.S. states or the provinces of Canada, or licensed by
any other country that has equivalent licensing proce-
dures, experienced in relevant pressure vessel designy
shall certify that the PVHO was designed either by the
engineer or under the engineer’s direct supervision,\or
that the engineer has thoroughly reviewed a design
prepared by others, and to the best of the ®efgineer’s
knowledge, the PVHO complies with ASME PVHO-1
and the Case.

(b) The design of the PVHO shall be reviewed by an
independent third-party agency competent in PVHO
systems. A certificate that the PVHO complies with
ASME PVHO-1 and the Case shall be provided.

D-4.4 Unusual Design-Features

If the proposed PYHO exhibits unusual characteristics
forapressure vessel, these shall be described, and a design
criteria shall béproposed.

D-5 TESTING

Indiet of the requirements of paras. 1-7.7 and 1-7.8, a
proposed testing program may be presented with the
Case.

All tests shall be witnessed and documented by an inde-
pendent third-party agency. The inspector shall certify
that the test results comply with the testing requirements
of the Case.

Testing shall be conducted at the most critical tempera-
ture or temperatures for which the PVHO is designed.

Alternative testing procedures may be proposed that
meet the intent of the PVHO Standard and the intended
use of the PVHO. These procedures shall be based on
statistically significant sampling, recognized engineering
practices, or a recognized standard acceptable to the
Committee

D-4.1 Design Analysi

The design analysis shall consider the effects of aging

and all applicable environmental considerations, both
operational and nonoperational. The effects of
minimum and maximum temperatures, time under pres-
sure, large displacements associated with deployment
(such as collapsible chambers), and long-term storage
between usages shall be considered.
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Any design changes or fabrication process changes shall
require full prototype retesting.

D-5.1 Prototype Testing

PVHOs used for prototype testing cannot be used other
than for testing.
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D-5.1.1 Proof Pressure Test. Pressure tests shall be
conducted on a minimum of three full-scale prototype
chambers. These prototype vessels do not have to be com-
pletely outfitted. They shall be full size and of identical
construction to the end item, with all fabrication
completed that in any manner may affect the integrity
of the pressure boundary. If desired, prototype chambers
that have already been cyclic pressure tested (see

para. D-5.1.3) may be used.

value that is 50% of the extrapolated failure pressure
at 80,000 hr duration.

D-5.1.2.2 As an alternative, the PVHOs may be
subjected to sustained pressure at maximum design
temperature for 10,000 hr without failure per any one
of the following, where MAWP is determined in accor-
dance with para. D-5.1.1:

(a) quantity 1 at 3.00 x MAWP

e 7 MNAIALR.

For materials whose streng
the tests shall be performed
temperature.

The pressurization rate us
cyclic testing shall be in acco
the User’s Design Specificatig
shall not exceed 650 psi/min

Except as permitted by pard.

shall not occur at a pressure o
pressure (MAWP) of the PVH
shall be held for a minimum

D-5.1.2 Extended-Duration
For materials that exhibit tin
(creep), the long-term st
maximum design temperatur
fied using model-scale or full

The use of model-scale PV]
testing is permitted only if t
the model is equivalent to 4
scale PVHO. To verify mod

h is temperature sensitive,
it the most critical service

ed for proof pressure and
rdance with that stated in
n. The pressurization rate
(4.5 MPa/min).

D-5.1.5, failure of a vessel
less than 6 times the rated
0. The final test pressure
bf 30 min.

(Creep-Rupture) Testing.
le-dependent deformation
rength of the PVHO at
e shall be empirically veri-
scale PVHOs.
10s for extended-duration
he short-term strength of
hat obtained for the full-
pl-scale equivalence, the

proof pressure test in para.
on a model-scale PVHO, and t
shall lie within the range obtai
The same conditions of temp
ization used for full-scale PV
model-scale PVHO. If the mo
these criteria, full-scale PV
extended-duration tests.

D-5.1.2.1 Extended-du

shall be performed as followq:
individually subjected to
imum design-teiiperature
rs.

ected taa different hydro-
femperature, pressure, and

(a) The PVHOs shall be

sustained pressure at the may

until catastrophic failure occy
(b) Each PVHO shall be sub

static pressure with sustained

duration being recorded.

-5.1.1 shall be performed
failure pressure obtained
ed on the full-scale PVHOs.
ature and rate of pressur-
Os shall be applied to the

Os shall be required for

ation creep-rupture tests

(c) Atleast one data point s

the following log-time cycles: 1 hr to 10 hr 10 hr to 100 hr
100 hr to 1,000 hr, and 1,000 hr to 10,000 hr.

(d) The best-fit straight-line log-log plot of pressure
versus time shall be constructed based on all
extended-duration test data points.

(e) The extrapolated failur

e at 80,000 hr continuous

sustained loading at maximum design temperature
shall be greater than twice the MAWP as obtained per
para. D-5.1.1; otherwise MAWP shall be reduced to a
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(ll) quautx‘i_y 2 dal 4.7 9
(c) quantity 3 at 2.50 x MAWP
(d) quantity 4 at 2.25 x MAWP
(e) quantity 5 at 2.00 x MAWP

IVIAAVVI

D-5.1.3 Cyclic Pressure Testing. The maximum
permissible number of operational pressurizations
shall be determined by cyclic testing of a full-scale
PVHO. The pressure test cycles shall be from 1,atm
ambient to MAWP and back to ambient. The time”at
MAWP for each cycle shall not be less than 20 min. If
the material strength is temperature sensitive; cycling
shall be performed at the most critical service tempera-
ture.

The number of approved operatignal‘cycles (CA) shall
be computed as

A = (CT/2).5"1,000

where
CT = total number.of test cycles performed

Upon completion of testing, the PVHO shall be visually
inspected for*cracks. The requirement for acceptance of
the cyclic pressure test is that no cracks shall be visibly
detectable, using methods that are normally used for
visual inspection of the applicable PVHO material.

D-5.1.4 Other Tests. Other testing may be required
specific to the intended use of the PVHO. For example,
a drop test of portable units or expansion-compression
tests of collapsible units may be required.

D-5.1.5 Statistical Analysis. If the applicant desires,
statistical analysis may be used in the determination of
MAWP.

The test data shall be first checked for normal distribu-
tion using Method I of para. D-7.1. If the data passes the
normality check, MAWP shall be determined using Method
11 ofpara D-7.2.If the data set does not pass the normality

D-7.3. Under no circumstances shall any data pomts be
censored (eliminated from the test database).

If test to failure is not practical (due to economic or
other reasons) and the material of construction does
not exhibit creep, short-term proof pressure testing of
less than failure may be permitted. In such special
cases (requiring advance Committee approval), the
MAWP shall be determined in accordance with Method
IV of para. D-7.4.
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In all cases, the statistical methods set forth above for
determining MAWP are restricted to materials that do not
exhibit creep. For materials that do creep, the testing and
determination of MAWP shall be performed as set forth in
para. D-5.1.2.

D-5.2 Production Proof Pressure Testing

All production units shall be subjected to a hydrostatic

or pneumatic test of 1.5 tipesthe-MAWRto-be-heldfora
imum allowable pressure loss
shall not exceed 1% of the rated pressure. Internal and
external temperatures shall be measured and recorded
atthe beginning and end of each test so that compensation
can be made for any tempperature differences.

Every PVHO shall be exgmined visually and dimension-
ally for damage following each test. Any signs of cracks,
permanent deformation, dr other signs of damage shall be
cause for rejection of the| PVHO.

Tests shall be witnessed and documented by an inde-
pendent third-party agendy. The inspector shall certify the
test results and that they Jomply with the testing require-
ments of the Case.

D-6 QUALITY ASSURANCE OVERVIEW BY AN
INDEPENDENT THIRD-PARTY AGENT

An independent third{party agency shall be used to
ensure that all PVHOs irjtended to be classified under
ASME PVHO-1 are manyfactured and tested to ASME
PVHO-1 or the Case submittal.

This shall include, but i not restricted to, the following:

(a) The manufacturer {s working to the requirements
of the quality assurance systems as described in Section 3.

(b) The materials usedl in construction of the PVHO
comply with approved| procedures as required by
ASME PVHO-1 or the Case submittal.

(c) All manufacturing| operations are conducted in
accordance with approved procedures by qualified 6pera-
tors as required in ASMH PVHO-1.

(d) All defects are recprded and acceptably repaired
and documented.

(e) All prototype and
performed and witne
PVHO-1 and the Case.

(f) The PVHO is marK
PVHO-1 and the Case.

(g) An inspection of th

productiontesting has been
sed as required by ASME

ed imsaccordance with ASME

b PVHQ is conducted to confirm

where
u
b= aile(n—i+1) — el
i=1
and
e = residual values = x — X (signed %)
n = number of tests to failure
u = largest integer of n/2

X = mean value of pressure at failure = X(x/n)
x = pressure values at failure

The a; values are listed in Table D-7.1-1, and W galcu-
lated must be >W,,,;, from Table D-7.1-1. (An exarhple data
set is as follows: x values 100, 105, 95, 87, 108;\1'=5; X =
99.)

Step 1. Listxvaluesin ascending order)along with e, e?,
and Ze? as follows:

EXAMPLE:

X 87 95 100 105 108 X =99)

e -12 -4 +1 +6 +9 (value x - X)
e? 144 16 1 36 81 ze? = 278

Step 2. Find ag-yalue coefficients from Table D-7.1-1 and
compute b-value“as follows:

b

aj(laste — firste)
+ ay(second-to-laste — seconde) + ...
(Note that for # odd, there will be a center

value of e left over in the expansion.)

EXAMPLE: From Table D-7.1-1 forn=5,a;=0.665 and a, = 0.241
such that

0.665[9 — (—12)] + 0.241[6 — (—4)]
0.665(21) + 0.241(10) = 16.375

Step 3. Compute W = b?/Ze?.
EXAMPLE:

W = (16.375)% /278 = 0.9645

that there are no material defects or dimensional discre-
pancies.

D-7 STATISTICAL ANALYSIS

D-7.1 Method I: Check of Data Set for Normal
Distribution (3 < n < 50)

The prescribed check is the “W-test,” which is mathe-
matically expressed as follows:
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Step 4. Compare to W,,;, from Table D-7.1-1 (the computed
value must be greater).

EXAMPLE:

Wmin

0.762 vs. 0.9645

(consider the data set normal)
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D-7.2 Method Il: MAWP Based on Normally
Distributed Proof Test Data

standard deviation (of sample)

[E(x - X)* / (n - ]'/?

Step 1. Compute X - (s)(k) for each of the following
where
(a) 95% CI is simply the lower 95% confidence
interval

X =99

MAWP 95% CI

[99 - (8.337)(1.241)]/5
17.73

MAWP 95% CI
at 0.9P = [99 - (8.337)(3.407)]/4
= 17.65
MAWP 95% CI

at 0.99P

[99 - (8.337)(5.741)]/3

(b) 95% CI at 0.9P is tlhe lower 95% confidence

17.04

Use MAWP = 17.73.

NOTE: The highest of the three values will vary depending on n
and the standard deviation of the data.

D-7.3 Method lli: Nonparametric Determination of
MAWP From Proof Tests

n 6 MAWP 5 MAWP 4 MAWP
<5 No statistical significance ~ 95% CI 95%~CI at 0.9P
6-8 1

9-11 2

12-14 3

15-16 4

17-19 5

20-22 6

23-24 7

25-27 8

28-29 9

30-32 10

33-34 11

35-36 12

37-39 13

40-41 14

42-43 15

44-45 16

46-50 17

The integers listed are the ranking from the lowest
failure pressure value recorded. For example, for n = 7,
the MAWP equals the lowest recorded failure pressure

interval with a probability of[0.9
(c) 95% CI at 0.99P is the lower 95% confidence
interval with a probability of[0.99
k k k
n  (95% CI) (95% Clat0.DP) (95% CI at 0.99P)
3 2.484 6.155 10.553
4 1.591 4.162 7.042
5 1.241 3.407 5.741
6 1.050 3.006 5.062
7 0.925 2.755 4.642
8 0.836 2.582 4.354
0.769 2.454 4.143
10 0.715 2.355 3.981
11 0.664 2.275 3.852
12 0.635 2.210 3.747
13 0.604 2.155 3.659
14 0.577 2.109 3.585
15 0.544 2.068 3.520
>15 eq. (1) eq. (2) eq. (3)
k~2.35/n]53% M
k~1282 + 6(0.958— 0}5201Inn + 3.19/n) (2)
ko~ 2.326 + ((1.34 = 5p2Inn+ 3.87/n) (3)
NOTE: Although values exist for n|= 2, they are eXcéssively large
(i.e., 8.984, 20.581, and 37.094f respectively), and n = 3 is
required for testing per para. D-J.1.
Step 2. Apply the following additional safety factors:
MAWP = lower 95% CI/5
MAWP = lower 95% CI at 0.9P/4
MAWP = lower 95% CI at 0.99P/3
Step 3. Use the highest of the three values computed.
EXAMPLE: Using the previous set of numbers in the Example of
para. D-7.1
n=>5
s = 8337
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divided by 5. Similarly, in the case of n = 10, the
MAWP equals the second lowest value divided by 5. If
n > 27, compute both MAWP values, and use the larger
of the two values obtained.

EXAMPLE: Ifthe data in the Examples for Methods 1 and Il had not
been normally distributed (and lacking statistical significance
with n = 5), the MAWP would have been 87/6 = 14.5. Similarly,
if there had been a sixth data point greater than 87 (and the data
had notbeen normally distributed but with a nonparametric CI of
95% based on the lowest value for n = 6), the MAWP would have
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been 87/5 = 17.4. Alternatively, if the sixth data point had been
less than 87, the MAWP would have been the sixth data point
divided by 5.

NOTE: For nonparametric analysis, 95% CI at 0.99P requires n =
299.

D-7.4 Method IV: MAWP Determination Based on
Nonfailure Test Pressure

Similar to the other methods, Safety Factor 6 lacks
statistical significance, and Safety Factors 5, 4, and 3
are based on 95% Cl at 0.5P, 0.9P, and 0.99P, respectively,
where confidence = 1 - p” for a pass/fail basis.

NOTE: Per para. D-5.1.5, prototype testing at pressures less than
that incurring failure is limited to special cases requiring
advance Committee approval. The “test pressure” is the
lowest test pressure used (if different for multiple prototypes
of the same design and method of fabrication). None of the proto-

MAWP = [(te tpressure)(nl/s)]/6

which provides the followjng, where n = number of proto-

types tested to a specific|pressure:
n MAWP
1 Tesk pressure/6
2 Tesk pressure/5.5
3 Tesk pressure/5.25
4 Tesk pressure/5
10 Test pressure/4.5
25 Tesk pressure/4
75 Tesk pressure/3.5
300 Tesk pressure/3

types tested are permitted to fail. If any prototype using this
method does fail, then Method III shall be used to determine
MAWP.

149
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Table D-7.1-1
Tabulated Data for Performance of “W-Test” for Normality of Data Set

n Wiin a1 az as a, as e az as aq a10 ai11 ai2 ai3 a4 a5 16 a7 d18 (T azo az1 azz az3 24 azs
3 0767 0.707 ..

4 0.748 0.687 0.168

5 0762 0.665 0.241

6 0.788 0.643 0.281 0.088

7 0.803 0.623 0.303 0.140 ..

8 0.818 0.605 0.316 0.174 0.056

9 0.829 0.589 0.324 0.198 0.095 ..

10 0.842 0.574 0.329 0.21f 0.122 0.040

11 0.850 0.560 0.332 0.22p 0.143 0.070 ..

12 0.859 0.548 0.332 0.23p 0.159 0.092 0.030

13 0.866 0.536 0.332 0.24{L 0.171 0.110 0.054 ..

14 0.874 0.525 0.332 0.24p 0.180 0.124 0.073 0.024

15 0.881 0.515 0.331 0.25p 0.188 0.135 0.088 0.043

16 0.887 0.506 0.329 0.25p 0.194 0.145 0.100 0.059 0.020

17 0.892 0.497 0.327 0.25¢ 0.199 0.152 0.111 0.072 0.036 ..

18 0.897 0.489 0.325 0.25p 0.203 0.159 0.120 0.084 0.050 0.016

19 0901 0.481 0.323 0.25p 0.206 0.164 0.127 0.093 0.061 0.030

20 0905 0.473 0.321 0.25p 0.208 0.169 0.133 0.101 0.071 0.042 0.014

21 0908 0.464 0.318 0.258 0.212 0.174 0.140 0.109 0.080 0.053 0.026 ..

22 0911 0459 0.316 0.25f 0.213 0.176 0.144 0.115 0.088 0.062 0.037 0.012

23 0914 0.454 0.313 0.25p 0.214 0.179 0.148 0.120 0.094 0.070 0.046 0.023

24 0916 0.449 0.310 0.25p 0.214 0.181 0.151 0.124 0.100 0.076 0.054 0.032 0.011

25 0918 0.445 0.307 0.25¢ 0.215 0.182 0.154 0.128 0.105 0.082 0.061 0.040 0.020 ..

30 0927 0.425 0.294 0.24p 0.215 0.187 0.163 0.142 0.122 0.104 0.086 0.070 0.054 0.038, 0.023 0.008 ...

35 0934 0410 0.283 0.24p 0.213 0.188 0.167 0.149 0.132 0.116 0.101 0.087 0.074 0,061 0.048 0.036 0.024 0.012 ..

40 0940 0.396 0.274 0.23f 0.210 0.188 0.169 0.153 0.138 0.124 0.111 0.099 0.0872+0.076 0.065 0.055 0.044 0.034 0.024 0.015 0.005 ..

45 0945 0.385 0.265 0.23fL 0.206 0.186 0.170 0.154 0.141 0.129 0.117 0.106 0:096 0.086 0.076 0.067 0.058 0.050 0.041 0.033 0.024 0.01p 0.008 .
50 0.947 0.375 0.257 0.22p 0.203 0.185 0.169 0.155 0.143 0.132 0.121 0.1}, 0.102 0.093 0.085 0.076 0.068 0.061 0.053 0.046 0.039 0.03fL 0.024 0.017 0.010 0.004

GENERAL NOTES:
(a) Coefficient values have bee
(b) This table has been adapted

and A-2, by permission of (

h rounded to the closest thousandth.
rom Shapiro and Wilk, “An analysis of variance'test for normality (complete samples),” Biometrika, December 1965, Volume 52, Isque 3-4, pp. 591-611, Tables A-1
xford University Press.
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