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FOREWORD

In 1998 a PVHO Task Group was formed to investigate the need for In-Service Rules and
Guidelines for Pressure Vessels for Human Occupancy. Simultaneously, a Sub Task Group was

formed to investigate the 1ssue of acrylic window design life versus service life. The design lite
is based on the PVHO window being exposed to the maximum allowable working pressure
(MAWP), at the maximum rated temperature, for the maximum number of (design) cycles, in
an outdoor weathering environment. The majority of PVHOs are not operated to such extremes;
and service life may indeed be longer than design life. Conversely, if a window is not properly
cared for (i.e., becomes exposed, either operationally or nonoperationally, to other detrimental
factors that are not, and cannot be, factored into the design life), then the actual service life could
be much shorter than the design life. Thus, the recommendation was made that désign life and
service life be addressed as two different subjects. In 1999 the In-Service Task'Group became a
PVHO subcommittee, with the most immediate task being the establishment‘af'in-service criteria
for PVHO windows and viewports.

This Standard provides the necessary in-service criteria to supplenient Section 2, Viewports,
of ASME PVHO-1, which applies to new construction only. By comparison, this Standard applies
to all PVHO-1 acrylic windows, regardless of their date of manufacture. This Standard consists
of both Technical Criteria and Guidelines. They are intended fo*provide guidance to the User
and/or the Jurisdictional Authority in regard to the establishment of potential Service Life, and
the necessary care, inspection, and repair during that Service Life—depending on the actual
service conditions to which the PVHO and windows have been, or will be, exposed.

Finally, this Standard was prepared as a “stand-alone” document. All Forms additional to
those normally supplied with the window in accordance with PVHO-1, which may be necessary
throughout the service life of the window, are provided herein. Similarly, all necessary PVHO-1
technical data applicable to service and repair (if required) are also provided in this Standard.

The 2012 Edition of PVHO-2 has been completely reorganized and expanded to include sections
covering PVHOs and PVHO systems ¢ bring it in line with the outline of the PVHO-1 standard.
In this Edition, the requirements haye been grouped into two sections: Section 1, General, covering
requirements relevant to all PYHOs and PVHO systems; and Section 2, Viewports, covering
requirements specific to acrylie windows.

The previous edition of this Standard was issued in 2003 and reaffirmed in 2008. The 2012 Edition
of this Standard was appreved as an American National Standard on December 22, 2012.

iv
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CORRESPONDENCE WITH THE PVHO COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee
by requesting interpretations, proposing revisions, proposing PVHO cases, and attending

Committee meetings. Correspondence should be addressed to:

Secretary, PVHO Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incerporate changes
that appear necessary or desirable, as demonstrated by the experience gained frem the application
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be
as specific as possible, citing the paragraph number(s), the proposed.-wording, and a detailed
description of the reasons for the proposal, including any pertinerit documentation.

Interpretations. Upon request, the PVHO Standards Committee’will render an interpretation
of any requirement of the Standard. Interpretations can onlydbe rendered in response to a written
request sent to the Secretary of the PVHO Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph ntimber(s) and the topic of the inquiry.

Edition: Cite the applicable edition\of the Standard for which the interpretation is
being requested.

Question: Phrase the question as-a tequest for an interpretation of a specific requirement

suitable for general‘understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings.that are necessary to explain the question; however, they should
not containvproprietary names or information.

Requests that are not intthis format will be rewritten in this format by the Committee prior
to being answered, whichivmay inadvertently change the intent of the original request. ASME
procedures provide for réconsideration 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,’j or “endorse” any item, construction, proprietary device, or activity.

PVHO Cases: The ASME PVHO Committee issues Cases. Although PVHO Cases do not consti-
tute formalrevisions of the Standard, they may be used as representing considered opinions of
the PVHO Committee. Once approved, Cases are posted on the ASME PVHO Committee Web
page at http://cstools.asme.org/ and are subsequently published with the next edition of this
Staridard. PVHO Cases are not part of the Standard and are included for information only
following the nonmandatory appendices.

Requests for PVHO Cases shall provide the following:

(a) Statement of Need. Provide a brief explanation of the need for the revision(s) or addition(s).

(b) Background Information. Provide background information to support the revision(s) or addi-
tion(s) including any data or changes in technology that form the basis for the request that will
allow the Committee to adequately evaluate the proposed revision(s) or addition(s). Sketches,
tables, figures, and graphs should be submitted as appropriate. When applicable, identify any
pertinent paragraphs in the standard that would be affected by the revision(s) or addition(s)
and paragraphs in the standard that reference the paragraphs that are to be revised or added.
Furthermore, the proposed Case should be written as a question and a reply in the same format
as existing Cases. Requests for PVHO Cases should also indicate the applicable edition to which
the proposed Case applies.

vii



https://asmenormdoc.com/api2/?name=ASME PVHO-2 2012.pdf

Errata. ASME issues errata (corrections to errors introduced in the Standard during the publish-
ing process; e.g., typographical errors, misspellings, grammatical errors, incorrect publication of
revisions). Once approved, errata are posted on the ASME PVHO Committee Web page at
http://cstools.asme.org/ and are subsequently published with the next edition of the Standard.

Attending Committee Meetings. The PVHO Standards Committee regularly holds meetings,
which are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the PVHO Standards Committee.
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ASME PVHO-2-2012
SUMMARY OF CHANGES

Fottowingapproval by the PVHO Committee and ASME, amd after public review,
ASME PVHO-2-2012 was approved by the American National Standards Institute on
December 22, 2012.

ASME PVHO-2-2012 has been revised in its entirety.

SPECIAL NOTE:

The Cases to PVHO-2 follow the last page of this Edition. However, the§ are not part of the
Standard itself.
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ASME PVHO-2-2012

SAFETY STANDARD FOR PRESSURE VESSELS FOR
HUMAN OCCUPANCY: IN-SERVICE GUIDELINES

1-1] INTRODUCTION AND SCOPE

(#) This Standard provides technical requirements
and guidelines for the operation and maintenance of
PVHOs and PVHO systems that were designed, con-
strficted, tested, and certified in accordance with
ASME PVHO-1, Safety Standard for Pressure Vessels for
Human Occupancy.

(p) This Standard provides technical criteria for the
usefr to establish the serviceability of a PVHO acrylic
winpdow under its specific environmental service condi-
tionps. Windows in protected environments as well as
thope in severe environments are addressed. Judicious
usq of this Standard will allow the user and/or-the
jurysdictional authority to determine when a PVHO
acrylic window requires replacement.

1

1
N)

RESPONSIBILITIES AND JURISDICTIONAL
CONSIDERATIONS

1-2l1 User’s Responsibilities

The PVHO and PVHO systems user shall provide the
dedigner with informatiop-regarding the service condi-
tions that the PVHO and"\PYHO systems may encounter
duiring their service lifesThe user shall protect the PVHO
and its systems frém-hazards, and ensure they are used
within their desigh limitations. It is the user, and not
thel designer-or fabricator, who is responsible for
detprminingthe safe service life in accordance with the
technicad criteria and guidelines herein. The user is
responsible for retaining all documentation for each

Section 1
General

operated. (Examples include/but are not necessafrily lim-
ited to, the state, the Fégd and Drug Adminigtration,
and the U.S. Coast.Guard.) This Safety Starjdard is
intended to complement the jurisdictional requirements
(i.e., to provide guidance to both users and jurisdictional
authorities in regard to in-service requirementg for the
PVHO, aerylic windows, and PVHO systen}s). The
responsibility for compliance with jurisdictiondl in-ser-
vice réquirements, which may become invoked as a
result/of the technical criteria and guidelines as pet forth
Herein, lies with the user.

1-3 IN-SERVICE EVALUATIONS, REPAIRS, AND
MODIFICATION OF PVHOs

1-3.1 PVHO Windows and Viewports

The owner shall be responsible for ensuring|that in-
service viewport evaluations, window replacements,
and inspections are performed in accordance With this
Standard.

(a) PVHO acrylic windows shall be evaluatedl and, if
necessary, repaired per subsections 2-4 through 2-6 of
this Standard.

(b) The service life of acrylic windows shall He deter-
mined in accordance with para. 2-4.3 and subseg¢tion 2-7
of this Standard.

(c) Replacement windows shall meet PVHQ design
requirements for the viewport.

(d) Viewports in which PVHO acrylic windpws are
installed shall be evaluated and, if necessary, refyrbished
per subsection 2-4 of this Standard.

PVHO and its associated systems, and shall establish a
program of periodic inspection to determine the need
for repair or replacement of any part, in accordance with
the requirements listed in this Standard. For window
repair and replacement requirements, refer to Section 2,
Viewports.

1-2.2 Jurisdictional Considerations

The operation of each PVHO is typically governed
under specific rules of the jurisdiction in which it is

1-3.2 Pressure Boundary (Except for Windows)

When evidence of a flaw is detected or a modification
of a PVHO pressure boundary is planned, the owner
shall be responsible for ensuring that the PVHO is evalu-
ated and repaired, replaced, or modified in accordance
with the requirements of this Standard, applicable codes,
and appropriate jurisdictional authorities.

(a) In-service flaw evaluation techniques, such as
nondestructive examination, shall be applied to assess
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the potential impact to the structural integrity against
the PVHO's original design specification and code.
Alternatively, the PVHO can be evaluated to the current
code provided it is applied to the entire PVHO.

(1) PVHOs designed, fabricated, and tested to
ASME Boiler and Pressure Vessel Code (BPVQ),
Section VIII, or certified to ASME PVHO-1 alternative
design rules, that show signs of flaws or damage may

1-5.2 Component Description

The Owner’s Manual shall include the following:

(a) operating procedures that provide sufficient infor-
mation to operate the equipment in a safe manner,
including

(1) an overview of the PVHO and its systems
(2) procedures to operate the PVHO and its systems
(3) emergency procedures

be evaluated neing API 379-1 /ASME_FES-1

(2)| PVHOs that are designed and fabricated to
ASME PVHO-1 Code Cases shall be evaluated and
repairefd in accordance with requirements stated in
the casq.

(b) Ptessure boundary repairs shall include a plan and
repair ahd test procedures consistent with the applicable
code. R¢pairs that do not bring the PVHO to the original
“as des]gned” condition are considered a modification.

(1)] For PVHOs stamped per ASME BPVC,
Section} VIII, the National Board Inspection Code
(ANSI/INBBI NB-23) provides applicable weld repair
and mddification procedures.

(2) | All other repairs shall be certified by a qualified
Professjonal Engineer or Authorized Inspector to be in
complignce with this Standard and applicable code(s).

(c) Pressure boundary modifications shall be per-
formed|in accordance with the most recent code regard-
less of the original year of fabrication. A Professional
Enginedr shall be responsible for the modification design
and corppliance with applicable code requirements.

(d) Alll pressure boundary parts that are replaced shall
meet offiginal manufacturer specifications.

(e) All repair, replacement, and modification” docu-
mentation shall be maintained per subsection/1-4, PVHO
and PVHO Systems Documentation.

1-4 PVHO AND PVHO SYSTEMS DOCUMENTATION

The ¢wner shall be responsible for maintaining the
following documentation for\the service life of PVHOs

maintefancesrepairs, and modifications
(c) decumientation related to operational procedures
and manuals

(b) engineering drawings and schematics necesiilry
for the operation and maintenance of PVHO systetps.
(c) systems description that includes an oyexview pnd
functional description of each system.
(d) equipment documentation that includes electtical
and mechanical system descriptions;, maintenahnce
requirements, and operating instructions for comjpo-
nents and equipment used. Thisdnay include collection
of vendor-supplied data; supplier-recommended mpin-
tenance procedures; andidesigner-, fabricator-| or
manufacturer-supplied-data.
The manual shall ke ‘kept current, documenting fys-
tem changes, equipment updates, and the addition or
deletion of procedures, and including vendor-supplied
documentatign;”and shall meet or exceed the require-
ments of applicable jurisdictional authorities.

1-5.3Storage of Equipment

Documentation shall define storage requirementg for
the PVHO, its systems and subsystems, and associdted
equipment. Information to be provided shall inclyde,
but not be limited to

(a) maximum and minimum temperature limits

(b) maximum storage time limits, if applicable,|for
equipment, including windows, batteries, and nonme-
tallic materials

(c) preservation requirements

(d) for gas storage and hydraulic systems, purging
requirements and pressure settings

(e) special considerations for battery systems

(f) maintenance requirements

(g) reactivation considerations

1-6 MAINTENANCE REQUIREMENTS

Paragraph 1-6.1 outlines requirements for the|in-
service maintenance of the PVHO and its support
systems.

1-5 OWNER’S MANUAL

1-5.1 General

An Owner’s Manual is required for each PVHO. It
shall contain adequate information to safely operate and
maintain the PVHO, its systems, and associated equip-
ment. The owner shall be responsible for maintaining
the manual.

1-6.1 General

It is the responsibility of the owner/operator to main-
tain a maintenance program for each PVHO. A mainte-
nance program provides a formal approach to
maintaining the PVHO and its support systems. The
maintenance program shall be supported by a mainte-
nance manual that organizes, defines, and formalizes
the maintenance and inspection procedures required.
The maintenance program shall be designed to allow
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updates and the addition or deletion of maintenance
and inspection procedures. In addition to maintenance
and inspection procedures generated by the PVHO
designer, fabricator, owner, or operator, or any
combination thereof, the program should also rely on
vendor-supplied documentation. The program shall be
designed to meet or exceed the requirements of applica-
ble jurisdictional authorities.
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Section 2
Viewports

2-1 IIS‘PﬁNﬁTBrI:I’I‘I'Eﬁ
2-1.1 Window Designer’s Responsibility

Itis the window designer’s responsibility to determine
the winflow design requirements. The window designer
shall d¢fine manufacturing tolerances and shall certify
(by conppleting the applicable ASME PVHO-1 window
design ¢ertification form) that the window design com-
plies with the requirements of Section 2 of ASME
PVHO-].

2-1.2 Window Fabricator’s Responsibility

The window fabricator shall manufacture the window
in accordance with the designer’s drawings and specifi-
cations|and ASME PVHO-1. The fabricator shall be
respondible for completion of all ASME PVHO-1 certifi-
cation forms applicable to the manufacture, and shall

comply with the data retention requirements of
ASME PVHO-1.
2-1.3 Window User’s Responsibility

The yindow user shall provide the designer with
informdtion regarding the service conditions_that-the
window may encounter during its service life: The user
shall prptect the window from service life hazards, and
ensure that the window is used within its\design limita-
tions. If is the user, and not the designeér or fabricator,
who is fesponsible for determining the safe service life
in accoidance with the technical criteria and guidelines
herein. The user is responsible\for retaining all documen-
tation fpr each window and shall establish a program

of periodic window ingpection to determine the need for
repair of replacementinaccordance with subsections 2-4
through 2-6.

2-1.4 Quality-Assurance

The dpeeific rules governing the window fabricator

Repair—of severety dammaged windows statl be per-
formed by a PVHO-1-Qualified Window Fabricateyr in
accordance with the requirements of Manhdatpry
Appendix III.

2-2 FACTORS AFFECTING SERVICE'LIFE
2-2.1 General

Temperature extremes and’exposure to UV light,
X-rays, and many chemicals are all detrimental to|the
longevity of windows. Spécific attention should be given
to limiting the window’s exposure to detrimental epvi-
ronmental factors wherever possible.

2-2.2 Physical‘Abuse Factors

Physicalvabuse from dropping, impacts with forgign
objects, ‘excessive heat from lights, or scratches ffom
cleanirlg with too coarse a cleaning cloth! are all danjag-
ing"to windows.

Windows should be either removed or adequately
protected prior to grit blasting and coating of the cham-
ber surface near the window.

2-2.3 Temperature Abuse Factors

2-2.3.1 Heat Sources. Various activities arourld a
PVHO can provide heat sources that can damage|the
window. Powder-coating systems and other heat cufing
of coatings on vessel surfaces shall not be attempted
without first removing the window from its mountjng.
Lighting fixtures can cause overheating of the adja¢ent
face of the window and shall not be used if there fis a
chance that the temperature at the window face nay
exceed the window’s maximum temperature rating.

2-2.3.2 Improper Operation of Lighting Equipment.
Where applicable, light pipes shall not be operated with
lightbulbs of a wattage greater than the rated capagity
of the lighting system, faulty temperature sensors, or

quality program during original window manulacture
are detailed in ASME PVHO-1. Quality assurance of
the window in-service is no less important. The user is
responsible for

(a) retaining all original forms

(b) implementing a formal in-service window inspec-
tion program

(c) retaining all maintenance inspection forms and all
window repair forms, as applicable, throughout each
window’s service life

an inoperative or disabled cooling fan. Under no circum-
stances shall the surface of the acrylic, due to the use of
a lighting system, be permitted to exceed the window’s
maximum temperature rating.

2-2.4 Chemical Abuse Factors

Windows are sensitive to liquids and chemical vapors.
Users shall confirm, by testing if necessary, that any

! This can include use of some common paper towels.
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liquid solution, cleaner, or vapor that comes in contact
with the window will not cause degradation of the
acrylic. See Mandatory Appendix V for a partial list of
harmful substances and acceptable products.

2-2.5 Radiation Exposure

PVHO acrylic material can be severely damaged by
long-term exposure to UV radiation and X-rays. As UV

(I) Never overtorque the window-retaining fasteners.

2-3.1 Cleaning and Polishing

2-3.1.1 Correct Methods. Windows may be cleaned
to restore optical quality or clarity as the need arises.
The window should only be wiped with a soft rag or
cloth (or a very soft type of paper towel) wetted with
warm water and an acceptable cleaning agent. As any

radiation primgrﬂ‘ affects the surface and doesnot pen-

etrdte deeply into the plastic, the designer and/or user
may want to consider using separate acrylic covers to
protect the window surface by absorbing most of the
radiation before it reaches the window installed in
the| PVHO. A minimum thickness of 0.25 in. (6 mm) is
recommended. Such covers, however, are not effective
agdinst X-rays, which will penetrate not only the cover
butfjalso the entire body of the PVHO window.

6 Cycles as Related to Above Factors

e user should also be aware that subjecting the

7 Additional Service Factors

ater adsorption (and/or the repeated wetting and

HANDLING OF PVHO WINDOWS

he following general provisions apply to the han-
ing of PVHO windows:
(#) Always use care in handlifig)the windows.
(b) Do not use solvents when.cleaning the windows.
() Do not expose the-windows to solvent-based
paints or thinners.
(#) Donot exposethewindows to temperatures above
150PF (65°C).
(¢) Do not expose the windows to high radiation
(abpve 4 Mrad).
(P MinitiZe exposure to sunlight and other UV light
sources.

(§) \Inspect windows before every operation.

use of power tools requires annealing, cleaning and/
or polishing by hand is the only acceptable, it}-service
method.

The recommended agent to clean windows isa deter-
gent in solution in warm water(not exceedinlg 120°F
(49°C). Aliphatic naphtha or hexane are also acgeptable,
but only if the temperature of the window surfgce does
not exceed 100°F (38°C),

After cleaning, window surfaces may be polished with
compounds specifically endorsed by the manufacturer
for polishing of actylic. These compounds are also used
for removing small scratches from the surfgce. See
Mandatory Appendix V for a partial listing of ac¢eptable
cleaning-products and polishing compounds.

2-3.1.2 Incorrect Methods. Solvents shall not be
used for cleaning windows. If solvents are usedl on the
seats, extreme care shall be taken to ensure that drying/
evaporation of the solvent is complete prior to Wwindow
installation. Mandatory Appendix V provides fa list of
harmful substances.
Power polishing shall not be performed unfless the
window is subsequently annealed and pressur¢ tested,
per the requirements set forth in Marndatory
Appendix IV.

2-3.2 Window Storage

An unused acrylic window may be stored for up to
10 yr from the date of fabrication without the|storage
time counting toward the service life, provided the stor-
age conditions meet the following requirements:

(a) The window is stored at a temperature not
exceeding 125°F (52°C).

(b) The window is protected from exposure fo direct
or indirect sunlight.

(c) The window is protected from wetting and drying.

(h) Use only the gasket, seal, and/or O-ring size and
material specified on drawings.

(i) Ensure seals and gaskets are properly installed
using adhesive sealants or lubricants compatible with
acrylic window material.

(j) Do not operate the windows at temperatures or
pressures above the design temperature or design
pressure.

(k) Keep a protective cover on windows whenever
possible.

th—The-window-isprotectedfromexpostreto harm-
ful chemicals (both liquid or gaseous).

(e) Windows shall be stored flat and shall not be
stacked; that is, they shall not be stored resting on their
edges, or with any weight bearing on them.

(f) The date storage begins is the date of manufacture;
thus, the date of installation shall be recorded and
retained as a permanent record.

(g) Any storage time in excess of 10 yr shall be
included, day for day, in the service life of the window.
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2-4 OPERATIONAL AND MAINTENANCE
INSPECTIONS OF PVHO VIEWPORTS

2-4.1 General

There shall be (as a minimum) two levels of
inspections:

(a) operational viewport inspection (OVI)

(b) maintenance viewport inspection (MVI)

These inspections shall be performed and docu-

In addition to inspecting the other viewport compo-
nents, all window surfaces (and edges) described in
Table 2-4.1-1 shall be inspected to the criteria set forth
in Tables 2-4.1-2 through 2-4.1-4. Special optical devices,
such as prisms, optical measuring devices, and coherent
fiber bundles, are often useful for these inspections.

At the discretion of the inspector, components of a
viewport may need to be removed for a more detailed

mented| by a qualified person (inspector) familiar with
ASME PVHO-2 as required for the inspection being per-
formed
The dbjective of these inspections is to examine view-
port components and to document signs of damage or
deteriofation. Inspections shall include the following:
(a) Windows. Inspect for signs of crazing, discolor-
ation, cfacks, chips, scratches, gouges, burns, or pits. If
flaws afe detected, their size, location, and population
shall bg recorded and compared to the allowable limits

(b) Flanges, Retaining Rings, and Bolts. Inspect for
mecharfical damage, corrosion, and deformation.

(c) Sdats and Seals. Inspect for mechanical damage,
corrosign, extrusion, and irregularities.

Regafdless of the inspection being performed, suffi-
cient lighting is important. A strong handheld light
should |be moved to various angles and positions as
necessafy to highlight the presence or absence of crazing;
cracks, pr scratches.

2-4.2 (Qperational Viewport Inspection

Windlow interior and exterior surfaces shall-be exam-
ined anfl inspected in sufficient detail to ‘determine that
no flaws exceed allowable limits as set forth in this

Windows do not hayeto be removed for this inspec-
tion, unfess deemed neCessary by the inspector to further
inspectja flaw of comcern or critical severity.

2-4.2.1 Operational Viewport Inspection Schedule.
Viewpdrts shall be visually inspected prior to each pres-
surizatipnof the PVHO.

inspection
When refurbishing viewports (see Table 2-4.3-2},)cpm-
plete removal of the window is required.
PVHO-2 Form VP-1, Viewport Inspectién, shal] be
completed and signed by the inspector. Additional infor-
mation may include photographs and schematics, pnd
should be retained with the Viewpprt'Inspection fdrm.
Records of the MVI shall be retained throughout{the
service life of each window, plus 5 yr.

2-4.3.1 Maintenance Yiewport Inspection Schedule.
The user is responsibleifor‘establishing a procedure pnd
schedule for the maintenance viewport inspection.
Scheduling shallrtake into account the service envifon-
ment and whether or not the service life of the window
is less than‘or greater than its design life.
Maintenance viewport inspections shall be performed
(a) as"a’minimum, at intervals shown in Table 2-4.3-1
(b)\‘at refurbishment intervals shown in Table 2-4.3-2
(¢) when a window is removed and reinstalled
(d) when a new window is installed
(e) for windows that have been out of service|for
18 months or longer

2-4.4 Limitations on Service Life

The service life of windows in a PVHO operated in
a protected service environment may be extended beypnd
the design life on the basis of visual inspections al¢ne.
However, no window may remain in service for njore
than 10 yr or 5,000 cycles beyond its design life, unfless
one or more windows from that PVHO are tested in
accordance with subsection 2-7. (The exception is cylin-
drical window chambers, which may be operated| for
up to an additional 10,000 cycles max., priof to
replacement.)

The service life of windows in a PVHO operated in
a severe service environment may not be extended beypnd
the design life on the basis of visual inspections al¢ne.

Windows that are pressurized more than once per day
need only be inspected prior to the first pressurization
of that day, unless otherwise deemed necessary.

2-4.3 Maintenance Viewport Inspection

Maintenance viewport inspections shall be performed
at periodic intervals. These inspections shall be more
comprehensive than operational viewport inspections.
For maximum intervals for maintenance viewport
inspection, see Table 2-4.3-1.

Any service life duration extension beyond the design
life shall be justified by the test procedures of
subsection 2-7.

The maximum service life duration extensions per
each mechanical property test based on the procedures
of subsection 2-7 may not exceed 10 yr (or the equivalent
number of cycles). There is no limit, however, on the
number of additional extensions that may subsequently
be applied to the service life of windows in the same
vessel based on subsequent mechanical property tests.
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Under no circumstance shall a window found to be
in need of repair be permitted further use without mak-
ing the needed repair. Similarly, under no circumstance
shall a window found to be nonrepairable be permitted
to be used again. These limitations shall be strictly
adhered to, regardless of how short the actual service
duration and/or number of accumulated cycles may
have been at the time of the subject inspection.

lights, radius gages, flatness gages, and dial indicators
for measuring the properties of flaws (diameter and
depth of pits, the depth of scratches and gouges, and the
penetration of cracks below the surface of the window).

Both mechanical and optical devices can measure the
properties of flaws (depth of pits, scratches, and gouges),
but only optical devices can measure the depth of flaws
and the penetration of cracks. The depth of pits,
scratches, and gouges, as well as penefration of cracks

NOTES:

torage in accordance with para. 2-3.2 does not contribute to
ervice life, except as noted.

or windows in accordance with ASME PVHO-1, para. 2-2.7.9,
he cyclic life is as determined by that paragraph.

5 Reinstallation of PVHO Windows

NOJE: Extreme care shall be exercised during removal and reins-
tallgtion of flat disc and double bevel disc windows to ensure they
are feinstalled in the original orientation with regard to the high-
predsure face and low-pressure face.

efore installation of new windows or reinstallation
of ¢xisting windows, the condition of the bearing sur-
facps of the window frames shall be inspected and
renpwed as necessary. Gaskets and seals shall be exam-
inefl, and if deemed necessary, new gaskets and seals
shalll be used.

he window cavity seat in the flange shall be thor-
oughly cleaned. The seats for all windows with conical
beqring surfaces shall be thoroughly coated with an
accpptable lubricant (see Mandatory Appendix V) prier
to placement of the window inside the cavity, enabling
the|lubricated surfaces to act as secondary seals.

6 Additional Viewport Refurbishment
Considerations

(b) Lubricants. It is\the responsibility of the user to
detprmine, by testing if necessary, that greases and other
lubyicants used are compatible with both acrylic and the
prepsurizing medium, and do not present a hazard to
theloccupdnts” See Mandatory Appendix V for a partial
list[of aCrylic-compatible products. In the case of cham-
berp that are pressurized with oxygen, the user shall

into the acrylic surface less than 0.05 in. (125 |mm) in
depth can be measured nondestructively fising a
X100-magnification optical depth mi¢romefler with
0.0001 resolution.

The depth of pits, scratches, and gouges deeper than
0.05in. (1.25 mm) can be measured'with a depth nicrom-
eter equipped with a pointed-rod, or a dial-ihdicator
depth gage equipped with a pointed rod.

Mechanical tapes and fulers calibrated in %, fin. or in
millimeters are usefdl-for measurements of sizes|of chips
on the window’s sharp edge surfaces.

2-4.8 Documentation and Record Retention

All window maintenance inspection results ahd find-
ings shall be documented using PVHO-2 Forjn VP-1.
AlLrecords, including the original ASME PVHO}1 docu-
mentation package, the maintenance inspection|reports,
and all repair-related forms set forth in this Standard
(plus any additional documentation that the cqggnizant
jurisdictional authority may require) shall be fetained
by the user for the duration of the window’s seryice life,
plus 1 yr.

2-4.9 Qualification of Window Inspectors

Paragraphs 2-4.9.1 and 2-4.9.2 establish window
inspector qualifications to perform operation and main-
tenance inspections, and in particular, for wjindows
whose service life is in excess of their design life. The
user is responsible for determining that a window
inspector, whether internal or third-party employee, has
met the appropriate inspector’s level of qualifidation as
stated herein.

2-4.9.1 Procedure and Levels of Qualificatign. The
user is responsible for establishing in writing angl imple-
menting an inspector qualification procedure t¢ ensure
PVHO-2 requirements are met during the servige life of
their PVHO windows. The procedure documents their

also ensure that the Iubricant used is rated as being
oxygen compatible.

(c) Fasteners. The user should also be aware of the
quality and condition of the fasteners. When necessary,
they should be replaced by identical items.

2-4.7 Instrumentation and Tools

The primary inspection tools are commercially avail-
able devices such as rulers, micrometers, vernier cali-
pers, optical comparators, polariscopes, high-intensity

organization’s specific responsibilities and the associ-
ated training, testing, and frequency used to requalify
and maintain each level of window inspector. In general,
window inspectors are qualified to two levels.

(a) Operational Inspector. The operational inspector
(OI) performs the operational window inspection. This
is a visual inspection performed prior to operation and
is normally conducted by operational personnel. Ols
require knowledge specific to assigned responsibilities
and procedures along with the ability to recognize the
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variety of window flaws associated with their PVHO
application. In the event that a significant flaw is sus-
pected, operations shall not commence until approved
by persons having the appropriate qualifications and
authority.

(b) Maintenance Inspector. The maintenance inspector
(MI) performs the window maintenance inspection and
seat and seal inspection. Mls require in-depth knowl-
edge of i i =
PVHO-P, and skills in examining and assessing correc-
tive actfons. The MI should be the qualified person who
is called upon when a suspected flaw is detected during
an operjational window inspection.

2-4.p.2 Use of Third Parties. When third-party
window inspectors or trainers are used, the owner/user
shall retain the third-party agent documentation and
qualificptions. The agent shall provide the owner/user
with documentation that describes the scope and proce-
dure of]their inspection or training and assures that it
meets dqurrent PVHO standards. The agent shall also
retain ifispector or trainer qualification records for the
term of|their employment, plus 3 yr.

2-5 CATEGORIES OF DAMAGE
2-5.1

Damage or a scratch that is superficial in nature (i.e.,
it affectp only the optical clarity of the window and/or

uperficial (Does Not Require Action)

discovefy of the condition, and continued monitoring
thereaftfer.

2-5.2 $ignificant (Requires Action)

Damage that is not superficial.(i.e., it exceeds the sig-
nificant| dimensions set forthin' Tables 2-4.1-2 through
2-4.1-4)|shall require that the  user red tag the window
and either repair or réplace it. The condition shall be
logged pn the inspection documents at the time of the
discovery of the-condition.

2-5.3 lonrepairable (Requires Replacement)

Whether or not a window is repairable depends, in

ASME PVHO-1 (i.e., materials, manufacturing pro-
cesses, quality assurance, material testing, pressure test-
ing, inspection, and certification). Replacement
windows shall have all necessary PVHO certifications
(design, manufacture, and pressure test).

2-6 REPAIR OF DAMAGED PVHO WINDOWS
- l

Windows with minor flaws or blemishes mayf be
repaired by the elimination of the flaw, blemish,jor chip.
Windows with minor flaws or blemishes may| be
repaired by hand polishing by the user ot his agent.
Severely damaged windows shall be, repaired onlyj by
a party having a Quality Assurance\Program that mpets
the requirements set forth in Mandatory Appendix|IIL

2-6.2 Window Damage Assessment

The assessment of damage during window mainte-
nance inspections should be performed by a PVHO-
Qualified Window Fabricator who maintains a Qudlity
Assurance Program in accordance with the requirements
of Mandatoty Appendix III, or an inspector meeting] the
qualifications set forth in para. 2-4.9. The criteria t¢ be
used for.window damage assessment is as specified by
subséction 2-5, Categories of Damage, in accordgqnce
with Tables 2-4.1-1 through 2-4.1-4.

The damage to windows, depending on its sevetity,
may be repaired by the user or his authorized agent, or
by a PVHO-Qualified Window Fabricator. Damage to
windows is considered slight when it consists solely of
surface defects less than 0.02 in. (0.5 mm) deep, or chips
on the window edges less than 0.125 in. (3.175 mm) wjide.
Scratches, gouges, crazing, cracks, other imperfectjons
deeper than 0.02 in. (0.5 mm), and edge chips wider
than 0.125 in. (3.175 mm) are considered to be seyere
damage.

2-6.2.1 Slightly Damaged Windows
(a) Slightly damaged windows may be repaired by
the user or his authorized agent, provided only hgnd-
sanding/polishing techniques are utilized.
(b) The use of power-driven tools (disk sanders, buff-
ing wheels, lathes, milling machines, etc.) is not perit-
ted, as that type of repair requires post annealing.
(c) Original window identification marking that|has

part, on the thickness; that is, as indicated in
ASME PVHO-1 Form VP-2, Acrylic Window Design
Certification, for the window in question, can the repair
be accomplished with the final thickness actual still equal
to, or greater than, the thickness required. As the other
consideration is cost, it might appear that a window
whose service life has already exceeded its design life
should simply be discarded.

Replacement windows shall meet the requirements
for PVHO windows as described in Section 2 of

beerraccidentallyremoved-duringrepair-operations
shall be reapplied. The restored identification marking
shall have wording identical to the original one that had
been removed.

2-6.2.1.1 Field Repair of Slightly Damaged
Windows. Windows with minor flaws or blemishes may
be repaired in the field only by hand sanding and pol-
ishing. Scratches and crazing are removed, and the sur-
face is restored to original transparency by manual wet
sanding with 240-grit abrasive cloth, followed by
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progressively finer grits until a clear finish is attained.
The recommended series of abrasive cloths is 320; 400;
600; 800; 1,000; 1,200; 2,400; 3,200; 3,600; 8,000; and
12,000. Some polishing grades may be omitted if a minor
reduction in surface clarity is acceptable. Windows
repaired in this manner do not have to be annealed or
pressure tested before being returned to service. Field
repairs, however, shall not degrade either the design

-6.2.2 Severely Damaged Windows. Special condi-
tions are applicable to the repair of severely damaged
wirdows.

(#) Severely damaged windows shall be repaired by
a qpalified window fabricator.

(b) Repair of severely damaged windows is to be initi-
atedl by the window fabricator only after receipt of writ-
ten| authorization from the chamber manufacturer or
usefr, and inspection of the damaged window for proper
ideptification marking. Damaged windows whose iden-
tifiation does not correspond to the written authoriza-
tion shall not be repaired.

(¢) Written authorization shall be accompanied by the
original Window Design Certification and the original
Window Fabrication Certification.

(#) During the repair, the window fabricator may uti-
lizq all the fabrication processes customarily employed
in the fabrication of new windows in accordance with
the|requirements of ASME PVHO-1.

P-6.2.3 Repair of Severely Damaged Windows.

Sevlerely damaged windows shall be repaired orify by a
wirldow fabricator who is PVHO qualified inaccordance
with the requirements of Mandatory Appendix III. Com-
pared to remachining, which may be performed on any
window surface, the use of spot césting is restricted to
winldow areas in compression enly! All repairs (regard-
lesf of extent) shall /be~’documented using
PVHO-2 Form VP-3,~Aerylic Window Repair
Cettification for Severely,Pamaged Windows; the form
shalll be retained in.th& documentation package (see

inglto 2
tions are satlsfled

(a) The repaired spot shall be subjected to compres-
sive stresses only in actual service.

(b) The same batch of casting syrup that was used in
doing the spot repairs shall be qualified in accordance
with the requirements set forth in Mandatory
Appendix IV.

NOTE: In conjunction with the pressure test, this “post-repair”
procedure validates the repair procedure for that window.

(c) For repaired spots in spherical sector windows
located in areas within 2 deg of the window’s edge
circumference that are not visible by an observer in the
position required for operation, or areas not visible by
the PVHO occupants, 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 volume.
epaired
spots.

(d) For repaired spots in spherical seCtor windows
located in areas outside 2 deg of the ‘window’s edge
circumference that are visible by an observer in the posi-
tion required for operation, or areas visible by thf PVHO
occupants, the following limitations apply:

(1) The area of any repaired spot shall nof exceed
0.1% of total (repaired side) window area.

(2) Only one repaited spot is permitted.

(e) The location.and extent of spot casting| repairs
shall be noted orta sketch attached to the Window Repair
Certification.

2-6.4 Annealing Severely Damaged Windows

Upoen completion of final machine polishing, the win-
dow is to be annealed in accordance with Mandatory
Appendix IV. After annealing, the repaired yindow
shall be inspected to ensure it meets the requirements
of minimum thickness, dimensional tolerance,| surface
finish, and inclusion limitations applicable to tle fabri-
cation of new acrylic windows in accordanice with
ASME PVHO-1.

2-6.5 Thickness Check

After any window repair has been complefed, the
thickness shall not be less than the required minimum
thickness of the window design as stated on the|original
Window Design Certification. All repairs (regatdless of
their extent) shall be documented using the applicable
portions of PVHO-2 Form VP-2 and retained in the docu-
mentation package (see para. 2-4.8).

2-6.6 Nonconformance

If the post-repair window thickness does njot meet
the required minimum, the wmdow may be asgigned a
3 r value
entered into the de51gn data package (along with all
supporting calculations). It shall not be used in a PVHO
having a MAWP greater than that lower value.

2-6.7 Post-Repair Annealing and Pressure Testing

After completion of any machining, including
machine polishing, the window shall be annealed and
pressure tested in accordance with the requirements set
forth in Mandatory Appendix IV.
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2-6.8 Marking of Repaired Windows

Windows that have been repaired by a qualified win-
dow fabricator shall be marked as follows by the win-
dow fabricator performing the repair:

(a) The repair identification shall consist of 0.5-in.
(12.5 mm) letters and numbers made with indelible black
marker, or 0.125-in. (3.175-mm) letters and numbers
made with epoxy ink on the window’s edge. The writing

GENERAL NOTES:

(@) Test coupons from the faces shall include the parent surface
material. That surface shall not be refinished and the coupons
shall not be annealed. For windows with a 10-yr design life,
the low-pressure face coupons shall be flexed with the parent
surface in tension, and the high-pressure face with the parent
surface in compression. For windows with a 20-yr design life,
both type coupons shall be flexed with the parent material in
compression.

(b) The window(s) chosen for testing shall be from a location on

~

shall ndt interfere with the ability of the window to seal
properly.

(b) The repair identification shall contain the repair
logo, fgbricator’s initials, fabricators serial number of
repair, gnd year performed, as per the example below:

A-PS-12-81

The rephir identification shall not obscure in any manner
the original window identification.

(c) Ofiginal window identification marking that has
been adcidentally removed during repair operations
shall bg reapplied. The restored identification marking
shall halve wording identical to the original one that had
been removed.

(d) The design life of the repaired window is deter-
mined py the original fabrication date shown on the
window identification marking.

2-6.9 Hressure Test of Repaired Windows

Prior|to being placed back into service, all repaired
windows shall be pressure tested in accordancelwith
the reqiiirements set forth in Mandatory Appendix IV.

2-7 MECHANICAL PROPERTY TESHNG

2-7.1 General

For HVHOs operated in.a\protected environment,
when sprvice life reachest10/yr or 5,000 cyles beyond
the desfgn life, one window from the PVHO shall be
tested gs follows. (The,exception is cylindrical window
chambers, which«may be operated for up to an addi-
tional 10,000 cycles max.)

For PVHQOs Operated in a severe service environment,
when the'service life (based on either time in-service or

the PVHO that is most prone to weathering (i.e., exposure fo
UV). Similarly, if the PVHO has had some of its windows
replaced, the window(s) chosen for testing shall helthe oldest
and/or those having seen the greatest number of service
cycles.

The decision as to which specific Wwindow(s) is t¢ be
tested should be jointly determined*between the tiser
and the local jurisdictional authgrity.

2-7.2 Validation of Minimum "Acceptable Propertigs

The mean value ofithe’ window midplane flexfiral
ultimate strength and the mean value of the tensile tilti-
mate strength shall\be equal to or greater than 14000
psi (96.5 MPa)and 9,000 psi (62.0 MPa), respectivelly. If
either one of those requirements is not fulfilled, thenf the
balance of\the windows on the PVHO shall be replaged.
Otherwise, evaluation may continue as follows.

NOTE: Computation methods to be used are provided in
Mandatory Appendix VL

2-7.3 Evaluation of Data for Additional Years of
Service Life

The balance of the windows in that PVHO mayf be
extended for an additional 10 yr, provided that the fol-
lowing conditions are fulfilled:

(a) The mean value plus the standard error of flexure
for the high-pressure face is equal to or greater than|the
mean value of the midplane flexure.

(b) The mean value plus the standard error of flexure
for the low-pressure face is equal to or greater than{the
mean value of the midplane flexure.

If conditions (a) and (b) are not met, then any agldi-
tional life extension for the windows in the PV;E—)O
should be based on the following extrapolations, which
use lower values on the confidence interval (CI) of|the
high-pressure face and low-pressure face data, in ¢on-
junction with the best estimate of the window’s origfnal
flexure ultimate strength. The additional service|life

number 0f cycles) Teaches design life, one or more of
the windows from the PVHO shall be tested as follows.

There shall be at least three test coupons for each of
the types of tests and locations shown below.

Location Type Method
Low-pressure face Flexural ultimate ~ ASTM D790
Window midplane  Tensile ultimate ASTM D638
Window midplane  Flexural ultimate =~ ASTM D790
High-pressure face  Flexural ultimate =~ ASTM D790

extension based on the extrapolation equations may not
exceed 10 yr max. (or 10,000 cycles; see para. 2-7.4)
regardless of the solutions obtained, before having to
test another window from the same PVHO. That is,
additional service life is the lowest value of X calculated
by the extrapolation equations (i.e., the lesser of X;, X,
X3, or Xy), or 10, if the solutions are greater than 10.

X, and X, need to be computed only if the require-
ments of (a) are not met. X; and X3 need to be computed
only if the requirements of (b) are not met.
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X1 = [Los — 10,000]/[(Ur, — Lgs)/ Y]
Xz = [Hos — 10,000]/[(Urm — Hos)/Y]
X3 = [Lgg — 7,000]/[(Ur — Lgo)/Y]
Xy = [Hgg = 7,000]/[(Um — Hoo)/ Y]

service life duration that may result from the mechanical
testing of specimens from the representative window in
the PVHO.

(b) The stipulation in para. 2-7.2 that the balance of
windows in the PVHO shall be replaced applies only
to those whose service life exceeds design life. That is,
it does not apply to those windows that may be more
recent replacements.

Hys = lower 95% CI value on high-pressure surface
(HPS) flexure (with pressure face in com-
pression)

Hyy = lower 99% CI value on HPS flexure (with pres-
sure face in compression)

los = lower 95% CI value on low-pressure surface
(LPS) flexure (with pressure face tension)

Loy = lower 99% CI value on LPS flexure (with pres-
sure face tension)

U, = best estimate of original flexure ultimate at
window midplane, based on actual test data

Y = actual years in-service at the time that the

testing is performed

In regard to the parameter U, if the mean value plus
the|standard error of the ultimate tensile strength at the
midplane is equal to or greater than the original tensile
strgngth of the window recorded on ASME PVHO-1
Form VP-4, Material Testing Certification for Acrylic,
theh simply let U,, be equal to the mean flexure ultimate
valpie as-tested.

If it is less, then adjust (i.e., increase) the mean value
of the flexure ultimate of the midplane, U, in direct
prdportion to the fractional ratio between the mean
valpie of the tensile strength at midplane as compared
to the original tensile strength value for the window as
recprded on ASME PVHO-1 Form VP-4, Material‘lesting
Cetftification for Acrylic.

2-7.4 Commensurate Extension of Cyclic/Service Life

Hor each additional year of servicellife, the cyclic ser-
vicg life should also be extended py)1,000 cycles beyond
thejnumber of cycles accumuldted prior to testing. That
is, the commensurate cyclicyservice life extension is
added to the number of cycles that have already accumu-
latdd prior to the perfoymance of mechanical testing.
See| also subparas,2-7:5(a) through (c).

2-71.5 Additional Notes to Subsection 2-7

(4) For windows in accordance with ASME PVHO-1,
parp. 2-2:Z.9'requirements, cyclic fatigue life is as deter-
mitred by that paragraph, regardless of any additional

e When—the-balance—etsvin
granted a service life extension, such extension| expires
when either the additional time durationis reqched or
the additional number of cycles are reached, whichever
occurs first. At that time, one or more windows shall
again be removed, tested, and evaluated in accprdance
with the requirements set forth herein. That is, some
amount of service life extension is technically justified,
when all of the following,are true:
(1) midplane tensile mean value > 9,p00 psi
(62.0 MPa)
(2) midpldne flexure mean value > 14
(96.5 MPa)
(3) Lgg~and Hyg > 7,000 psi (48.25 MPa)
(4)<Lgs"and Hgs > 10,000 psi (68.9 MPa)
(d)If-one of the test data points appears to bq unusu-
ally\Jow compared to the others in the same 1¢t, addi-
tiohal coupons may be prepared and tested, yith the
following provisions. At least two more shall|be pre-
pared and tested. The data point in question|may be
censored, however, only if its value lies beyond four
standard deviations from the mean, where tHe mean
and standard deviation are based on the population not
including that data point. The only exception tp this is
where the testing circumstances of that particylar cou-
pon were clearly abnormal, and the specific rfason(s)
for that has been documented in writing by the¢ person
or party actually performing the testing.
(e) In the event that there is insufficient material to
prepare and test additional coupons, the user dges have
the option of performing additional testing on |another
window from the same PVHO and combining|both of
the data sets, provided that they are from the same
original batch and lot of material.
(f) In the case of either (d) or (e), the testing pf addi-
tional coupons may be performed only once. That is, an
iterative approach is not permitted.

000 psi
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Table 2-4.1-1 Periodic Inspection Requirements

Surfaces and Edges of Windows

High-Pressure Low-Pressure Reqtires
Surface Surface Bearing Surface All Other Sharp Window
Types of Windows (HPS) (LPS) (BS) Surfaces Edges  Removal
Operational Inspections
All winflow geometry Yes Yes
Maintenance Inspections
Cylindgrs under internal pressure Yes Yes - . ce
Cylinddrs under external pressure Yes Yes Yes Yes Yes
Conical frustums Yes Yes Yes .
Double| bevel disc Yes Yes Yes Yes Yes
Spherigal sectors with square edge Yes Yes Yes
Spherigal sectors with conical edge Yes Yes Yes . e
Hemisgherical with flanges Yes Yes Yes Yes Yes
Hyper-hemisphere with conical edges Yes Yes Yes Yes Yes
Nemo $hapes Yes Yes Yes Yes Yes .
Plane (flat disc) window seat with O-ring Yes Yes Yes Yes Yes Yes
Plane (flat disc) window seat without O4ing Yes Yes
GENERAL|NOTE: This table presentsthe'minimum extent of operational and maintenance inspections. In cases where the window has been
removed for the accomplishment¢fviewport refurbishment (or a choice has been made to remove the window for inspection), then all surfaces

and edgg

5 shall be inspected.in‘accordance with Tables 2-4.1-2 through 2-4.1-4.

12
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Table 2-4.1-2 Limits for Blemishes or Flaws on Window Surfaces

Blemish or Flaw

Type of Window Location Type Size Corrective Action
Group A
Plane (flat disc); conical frustum with t/D; < 0.5; double HPS Pit k> 0.02t Red tag
bevel discs with t/D; < 0.5; spherical sectors with square HPS Scratch/gouge k> 0.02t Red tag
edges; and hemispheres with flanges HPS Crazing Visible None
HPS Crazing/cracking k> 0.02t Red tag
LPS Pit k> 0.01 Refl tag
LPS Scratch/gouge k> 0.01 Refl tag
LPS Crazing/cracking k> 0.01 Refl tag
BS Pit k> 0.06 Refl tag
BS Scratch/gouge k> 0.06 Refl tag
BS Crazing Visible Nojne
BS Crazing/cracking k> 0.06 Refl tag
Groyp B
Cylinder under internal pressure HPS, LPS, BS Pit k> 0.03 Refl tag
HPS, LPS, BS  Scratch/gouge k>0.01 Refl tag
HPS, LPS, BS Crazing Visible Nojhe
HPS, LPS, BS  Crazing/cracking k>0.01 Refl tag
Grogp C
Cylinder under external pressure HPS, LPS Pit k> 0.1t Refl tag
HPS, LPS Scratch/gouge k > 0.06t Refl tag
HPS, LPS Crazing Visible Nojphe
HPS, LRS Crazing/cracking k> 0.02t Refl tag
BS Pit k > 0.06t (1) Refl tag
k> 0.03t (2)
BS Scratch/gouge k> 0.03t (1) Refl tag
k> 0.02t (2)
BS Crazing Visible Noe
BS Crazing/cracking k > 0.08R, (1) Refl tag
k> 0.03t (2)
Grogyp D
Spherical sector with conical edges;.nemo windows; and HPS Pit k> 0.1t Ref tag
hyper-hemisphere HPS Scratch/gouge k > 0.06t Refl tag
HPS Crazing Visible Nohe
HPS Crazing/cracking k> 0.02t Refl tag
LPS Pit k > 0.06t Ref tag
LPS Scratch/gouge k> 0.02t Refl tag
LPS Crazing Visible Nojhe
LPS Crazing/cracking k> 0.01t Refl tag
BS Pit k > 0.06t Refl tag
BS Scratch/gouge k> 0.03t Refl tag
BS Crazing Visible Nojhe
BS Crazing/cracking k > 0.08R, Red tag

13
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Blemish or Flaw

Type of Window Location Type Size Corrective Action
Group E
Conical frustums with t/D; = 0.5 and double beveled disc HPS Pit k> 0.02t Red tag
with t/D; > 0.5 HPS Scratch/gouge k> 0.02t Red tag
HPS Crazing Visible None
HPS Crazing/cracking k> 0.02t Red tag
LPS Pit k> 0.01t Red tag
LPS Scratch/gouge k> 0.01t Red tag
LPS Crazing Visible None
LPS Crazing/cracking k> 0.01t Red tag
BS Pit k> 0.06 Red tag
BS Scratch/gouge k > 0.06 Red tag|
BS Crazing Visiblé None
BS Crazing/cracking k % 0.06 Red tag

GENERAL|NOTES:

(@ Red thg = PVHO should not be pressurized until the window is repaired or replaced.
(b) HPS [ high-pressure surface
LPS # low-pressure surface

Tt x W

blemi{sh size.

(d) The dxtent of crazing/cracking does not enter into the definition of critical flaw or blemish size.
(e) The diameter of pits, and their location and total number.do not enter into the definition of critical flaw or blemish size.

S o bearing surface

= {lepth of flaw or blemish, in.
= thickness of window, in.

, =| exterior spherical radius, in.
Pit o circular crater without cracks
Scratfh/gouge = narrow trench without cracks
Cracl = fracture(s) originating at surface

D; =linside diameter of window, in. (for flat disc

; = inside diameter-of hard bearing surface)
() The lgngth of individual scratches/gouges and their location, spating, or total number do not enter into the definition of critical flayv or

(f) Altholgh visible surface crazing per se is not cause fer immediate action, if the crazing pattern forms a “closed circle” concentric With
the blearing surface, then the window shall be red*“tagged.

NOTES:

(1) Normpl to plane bearing surface

(2) Normpl to cylindrical bearing surface

14
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Table 2-4.1-3 Limits for Blemishes or Flaws on All Other Window Surfaces

Description of Locations Other Than Blemish or Flaw

Type of Window HPS/LPS/BS Type Size Correctfve Action
Plarfe (flat disc) and double bevel disc  Surface normal (i.e., at right angle) to Pit k> 0.06 Refl tag
the high- and low-pressure faces, Scratch/gouge k> 0.03 Redl tag
and bevels, if applicable Crazing Visihle Nope
Crazing/cracking k>0.06 Redl tag
Douple bevel and conical frustum Cylindrical surface and/or non-bearing Pit k> 0.06 Redl tag
bevel Scratch/gouge k> 0.03 Refl tag
Crazing Visible Nophe
Crazing/cracking k> 0.06 Refl tag
Henlispheres and spherical sectors Cylindrical surface and the plane non- Pit k> 0.06 Regl tag
wlth square flanges bearing surface Scratch/gouge k> 0.03 Redl tag
Crazing Visible Nope
Crazing/cracking k> 0.03 Redl tag
Spheprical sector with conical edges Bevel Pit k> 0.125 Refl tag
NEMO windows and Scratch/gouge k> 0.06 Reg¢l tag
hyper-hemispheres Crazing Visible Nope
Cylinders under external pressure Crazing/cracking k> 0.03t Regl tag
Cylinders under internal pressure Bevel Pit k>0.03 Regl tag
Scratch/gouge k> 0.01 Redl tag
Crazing Visible Nohe
Crazing/cracking k> 0.01 Redl tag
GENERAL NOTES:
(@) Red tag = PVHO should not be pressurized «until the window is repaired or replaced.

(b)

©

(d)
©)
®

HPS = high-pressure surface

| PS = low-pressure surface

BS = bearing surface

k = depth of flaw or blemish,_ in.

| = thickness of window,_in.

Pit = circular crater without cracks

Scratch/gouge = natrew trench without cracks

Crack = fracture(s)/originating at surface

The length of individual scratches/gouges and their location, spacing, or total number do not enter into the definition of critid
blemish sjze.

The exteht of crazing/cracking does not enter into the definition of critical flaw or blemish size.

The diameter of pits, and their location and total number do not enter into the definition of critical flaw or blemish size.
Altheugh visible surface crazing per se is not cause for immediate action, if the crazing pattern forms a “closed circle” concer

al flaw or

tric with
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Table 2-4.1-4 Limits on Chipping of Sharp Edges
on Windows

Corrective.

Type of Window Location  d, in. Action

Conical frustum with t/D; < 0.5 HPE > 0.2t Red tag
LPE > 0.01D; Red tag

Conical frustum with t/D; > 0.5 HPE > 0.2t Red tag
LPE > 0.02D; Red tag

Double bevel disc with t/D; < 0.5 HPE > 0.01D; Red tag
LPE >0.01D; Red tag

Double bevel disc with t/D; > 0.5 HPE > 0.02D; Red tag
LPE > 0.02D; Red tag

Spherical sector with conical seat HPE > 0.2t Red tag
LPE > 0.125 Red tag

Hyper-hemisphere HPE >\Oult Red tag
LPE >.0.125 Red tag

Nemo window HPE > 0.1t Red tag
LPE > 0.125 Red tag

Plane (flat disc) window HPE > 0.03 Red tag
LPE > 0.01D; Red tag

Spherical sector with square edge HPE > 0.03 Red tag
LPE > 0.03 Red tag

Hemisphere With ‘square flanges HPE >0.125 Red tag
LPE > 0.03 Red tag

Cylinderunder internal pressure HPE > 0.03 Red tag
LPE > 0.03 Red tag

Cylinder under external pressure HPE > 0.1t Red tag
LPE > 0.05t Red tag

GENERAL NOTES:

(@ d = greatest projected depth of missing material measured
co-planar to the adjacent surface
HPE = high-pressure face edge

LPE = low-pressure face edge
ra thicl i

H Q. £ oainday HoY
D; = inside diameter of window, in. (for flat disc = inside
diameter of hard bearing surface)
(b) In the event that leakage occurs, the window should be
replaced regardless of chip depth.

16
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Table 2-4.3-1 Maximum Intervals for
Maintenance Viewport Inspection

Actual Service Duration
and/or Cycles Protected Typical Severe Service

Less than design life 36 months 24 months 18 months
Greater than design life 24 months 18 months 12 months

GENERAL NOTES:

(@ Window removal is not required unless deemed necessapy by
the inspector.

(b) Because of the critical adjustments of tie rods, cyliridrical win-
dow chambers should not normally be disassembled on a peri-
odic basis for performance of maintenance viewport
inspections.

Table 2-4.3-2 Maximum Intervals for

Refurbishment
Type Maximum Interval
Cylindrical window Completely refurbish at 10-yr intervals
chambers regardless of usage
Marine intermittent Completely refurbish at 10-yr intervals
subnrersion regardless of usage
Marine continuous Completely refurbish at expiration of
submersion extended service life
All other window Completely refurbish at expiration of
types extended service life

GENERAL NOTE: Refurbishment requires a more detailed (hands-
on) inspection of the viewport components and requires the complete
removal and refurbishment of all viewport components.

17
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PVHO-2 Form VP-1 Viewport Inspection

Window markings: - - PVHO- - -
Window repair markings: [] None A - - -
Purpose of inspection: [] Window inspection [[] Seat and seal inspection [] Both

[] Other (describe)

VesselTmarkimgs: g ST

Vessel| description:

Servick environment: [] Protected [JTypical [JSevere

Locatipn of window in PVHO:

Facility/Owner (name & address)

Winddw service life expended: Years Pressure cycles

Inspection Results

Acryli¢ Window Inspection performed with the window: H'fnstalled [JRemoved
Are there flaws exceeding PVHO-2 allowable limits? [ Yes CINo
Comments:

Recommended actions: [JNo action required [J Remove from service

(repair/replace as appropriate)

Seat and Seal Inspection:

Window Flanges: Is there damage, corrosion, etc.? [ Yes CINo
Comments:

Recommended actions: [ NNo action required [] Repair [JReplace
Window Seals: Is there damagesexcessive wear, etc.? [JYes [ONo
Comments

Recommended actions: [INo action required [] Repair [JReplace

Generl Comments:

Certificate of Compliance

I, (print name), certify that the statements made in this report are correct and that all
details of this inspection conform to the requirements of PVHO-2 and that | inspected the components described in this
reporton___/ /  (day/month/year) and state to the best of my knowledge and belief that the viewport of this
reportis____is not ___suitable for continued service.

Signature of inspector. Date:

Name and address of inspection organization:

18
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PVHO-2 Form VP-2 Acrylic Window Repair Certification for Windows Repaired by the User
(or His Authorized Agent)

Window Identification:

1. Window Shape (from visual inspection)
Conical frustum:

Double beveled:

Spherical sector with conical edge:

bpherical sector with square edge:

Hemisphere with equatorial flange:

Flat disk:

Hyper-hemisphere with conical edge:

NEMO:

[ylinder:

2. Pesign Data (from original Window Design Certification)
Driginal Design Certification prepared by:

Maximum allowable working pressure:

Maximum design temperature:

Minimum thickness (calculated t) for above temperature and pressure:

3. Priginal Fabrication Date (from original Window Fabrication Certification)
Driginal fabrication certification prepared by:

(Name of preparer)

(Name of fabricator)
ctual minimum thickness, t:

ctual inside diameter, D;:

ctual outside diameter, D,:

hspection report attached: Yes
epair Instructions
efinish the following surfaces: High-pressure face:

No

o — > > >

e

Low-pressure face:

Bearing surfaces:

Beveled edges:

Sealing Surfaces:

epair of the window has been auth6rized by:

(Name of company)

(Name of authorized representative)

(Signature of authorized representative)
6. Niinimum thickness of.repaired window:

The minimum thickness and/or inside diameter of the Repaired Window meet the minimum requirements: Yes No |

Quring repaif;soriginal window identification markings were: Left intact____ Reapplied

st

NN RN RTI
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PVHO-2 Form VP-3 Acrylic Window Repair Certification for Severely Damaged Windows

Window Identification:

1. Window Shape (from visual inspection)
Conical frustum:

Double beveled:
Spherical sector with conical edge:

Spherical sector with square edge:

Hemigphere with equatorial flange:
Flat dfsk:

Hyperthemisphere with conical edge:

NEMQ:

Cylinder:

2. Desigh Data (from original Window Design Certification)

Original Design Certification prepared by:
Maxinpjum allowable working pressure:

Maxinpjum design temperature:

Minimfum thickness (calculated ¢) for above temperature and pressure:
3. Origingl Fabrication Date (from original Window Fabrication Certification)
Or|ginal fabrication certification prepared by:

(Name of preparer)

(Narme of fabricator)

Fabricdted according to drawing:

Identiffcation marking:

Actual|minimum thickness, t:
Actual linside diameter, D;:

Actual Joutside diameter, D,:

4. Repaif Instructions
Refinish the following surfaces: High-pressure face:

Low-pressure face:

Bearing surfaces:
Beveled edges:

Sealing surfaces:

Spot ¢asting is authorized where appropriate;
The nfinimum thickness, t of repaired window"shall be:

The irfside diameter, D; of the repaired'window shall be:

Repaif of the window has been authorized by:

(Name of company)

(Name of authorized representative)

(Signature of authorized representative)
5. Repaif History
The followingsurfaces were refinished: High-pressure face:

Low-pressure face:

Bearing surfaces:

Bavalad odaag:
S

Spot casting process: Resin used:

Catalyst used:

Polymerization technique:

Material Certification per Mandatory Appendix IV is attached: Yes No

Sketch of spot casting locations is attached: Yes

No

Minimum thickness of repaired window:

The minimum thickness and/or inside diameter of the Repaired Window meet the minimum requirements: Yes No

The repaired window was annealed at for hr
Annealing Certification per Mandatory Appendix IV is attached: Yes

No
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PVHO-2 Form VP-3 (Back)

The repaired window was pressure tested at for hr
Pressure Test Certification per Mandatory Appendix IV is attached: Yes No
During repair, original window identification markings were: Leftintact___ Removed and reapplied

The repair marking applied to the window reads as follows:

CERTIFICATION

e Tefisted SUTfates, Spot Tastigs, and O HiTRTesS of the TepaiTed Wimdow et atthe TequiTenments of theattached
original Window Design Certification.

Authorized representative of window fabricator Name and address of window fabricator

GENERAL NOTES:

(@) |The data for Parts 1 through 4 of this form are to be provided and certified by the company/individual auth6rizing
the repair of windows.

(b) [The repair process information required by Part 5 is to be provided and certified by the window fabricator performing
the repair.

—
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MANDATORY APPENDIX |
DEFINITIONS

ThisMandatory Apperdix contains the definttions for
the[terms used throughout this Standard.

acry
and
2-3
ads
ma

ble

casfing: the process of making a window by pouring the
acrylic resin into a mold.

lic: methyl methacrylate plastic possessing physical
mechanical properties shown in Tables 2-3.4-1 and
4-2 of ASME PVHO-1.

rption: the uptake of water into the acrylic polymer
Tix.

1ish: a small flaw on the surface of the window.

casfing syrup: the mixture of monomer, polymer, and
catalyst used in slurry casting.

chip: a small fracture flaw in the window surface (most
typjically, the result of impact with a hard object).

crag
of 4

ing: a haze on the surface of the window made up
multitude of very fine, hairlike straight or randomly
orignted cracks that become clearly visible if illuminated
at dn angle by a bright light. Crazing is an indication
of qurface degradation that may be induced thermally/
meghanically, or chemically, or by radiation.

cylipdrical window chamber: a PVHO consisting of & cylin-
drigal acrylic window that is capped at both_ends with
mefallic bulkheads.

defdct: a flaw in the window usually present from the
time of manufacture.

det
wii

rgent: an alkaline solutignyused for cleaning of
dows.

detqrioration: a gradual breakdown of the acrylic polymer
chalin or the general phiysical condition of the window
dug to the combiried effect of age, cycles, stress, and
envlironmental_ factors.

elasfomer: asnatural or synthetic material that is elastic
or fesilientland in general resembles rubber in its defor-
mationfunder tensile or compressive stress (i.e., at least
50% elastic compression and 70% elastic extension).

SITCTUTeS HImits the avaitable compourds (arndjin some

PVHO applications, also oxygen compatibility)].

marine system: a chamber or chamber system uped in a
marine environment.

MAWP: maximum allowable workihg pressurej

medical chamber: a chamber or\chamber systenj that is
intended for use as part of adlinical setting for gdminis-
tering hyperbaric oxygefy therapy or other hyperbaric
medical treatments.

monomer: small moleeule with high chemical rdactivity,
capable of linkifig up with itself to produce pglymers,
or with simjlar'molecules to make co-polymers.

owner/usef; the party who owns, maintains, and /jor oper-
ates the' PVHO and PVHO systems.

polishipig: the action of removing minute irregplarities
from the surface of the acrylic by application of progres-
sively finer abrasives to the surface by either|manual
or machine methods to remove all traces of grevious
scratches, resulting in an optically clear surfacg.

polymer: any of two or more polymeric compounds,

especially one with a high molecular weight.

Pressure Vessel for Human Occupancy (PVHO): a pressure
vessel that encloses a human being and is within the
scope of ASME PVHO-1, including but not neg¢essarily
limited to the following:

(a) submersibles

(b) diving bells

(c) personnel transfer capsules

(d) decompression chambers

(e) recompression chambers

(f) hyperbaric chambers

(g) high-altitude chambers

(h) medical hyperbaric oxygenation facilitieg

PVHO Qualified Window Fabricator: a window fgbricator
who maintains a Quality Assurance Program ih accor-

flaw: any imperfection in the acrylic present from manu-
facture or service that affects the cosmetic or structural
adequacy of the window.

high-pressure face: the side of the window exposed to the
highest pressure.
low-pressure face: the side of the window exposed to the
lowest pressure.

lubricant: any substance used to lessen friction between
parts; compatibility with acrylic and the supporting
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| sils o1 £ £ Oty 2 At 1 2 f
danee—with—the—requirements—of-Seetion3—-Axticle 2 o

ASME PVHO-1 (or Mandatory Appendix III herein).

PVHO Window Design Life: the length of time as defined
by para. 2-2.7 of ASME PVHO-1 that the designer uses
for a particular geometry window.

PVHO Window Service Life: the length of time counted
from the date of fabrication that an acrylic window may
be used in a pressure vessel for human occupancy as
determined by the user in accordance with the proce-
dures and rules described in this Standard.
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qualified person: someone who, by possession of a recog-
nized degree, certificate, or professional standing, or
who, by knowledge, training, and experience, has suc-
cessfully demonstrated the ability to perform the
assigned duties.

radiation: radiant energy in the X-ray, gamma-ray, and
alpha-ray spectrum.

red tag: to identify a window as not suitable for service.

hydrostatic: proof testing using water as the pressur-
izing medium.
pneumatic: proof testing using either air or an inert
gas as the pressurizing medium.
testing laboratory: a third-party organization estab-
lished to provide material testing in accordance with
ASTM standardized test procedures.

thickness actual: the dimension of the window as a result

refurbis]
ufactur
tested i

repair: o rework the window in such a fashion as to
make ifj useable again.

ment: a documented procedure whereby a man-
bd item is functionally inspected, restored, and
h accordance with its performance specification.

retaining ring: the mechanical part of the window assem-
bly thatjmaintains the window in the proper relationship
to the }indow seat and the cushions and seals.

scratch: p mark on the smooth surface of a window (ori-
gin may be a deep cut by a machining tool, or contact
with a gharp object during handling or while installed).

seal: anyf of several devices (both primary and secondary)
used to|prevent the escape of the pressurizing medium
in a PYHO window system (refer to para. 2-2.11 of
ASME PVHO-1 for specific design requirements).

seat: thq structural bearing surface support for a PVHO
window (refer to para. 2-2.10 of ASME PVHO-1 for spe-
cific degign requirements).

shall: uded to indicate that a provision is mandatory.

should:
practice

ndicates a provision is recommended as goed
but is not mandatory.

significapt dimension: when the dimension of <a.sératch
or othef defect exceeds a specified value and. i$ consid-
ered as|being present for inspection purposes.

soft goo
compor|

Is: O-rings, gaskets, seals, andother elastomer
ents.

solvent:
acrylic)

h liquid capable of absotbing a compound (e.g.,
into solution.

surface: the surfaces used inwiewing (not an edge).

testing: material or comyponent exposure to standardized
tests to fompare aceeptability of the material or compo-
nent prpperties o ‘established standard values.

ASTM tests; any standardized test procedures devel-
oped by thé-American Society for Testing and Materials
to estallish material or other properties.

of-the m«iginql mam#anhwing and-Lor Q11]ﬂcc\q11anl- repair
processes.
thickness required: the dimension of the window set forth
in para. 2-2.7 of ASME PVHO-1 as necessaryiand stiffi-
cient to provide the desired design life as & functiop of
its geometry and maximum temperaturé and presspire.
third-party inspection agency: an individual or organjza-
tion, independent of the designer, fabricator, and yser,
who is qualified through edfication, test, or experignce
to perform the inspection!

ultraviolet light: radiant,energy below the visible 1
frequency having a*detrimental effect on acrylic
other polymer materials.

ght
hnd

viewport: a pefietration in the pressure vessel includ
the window,4lange, retaining rings, and seals.

ing

window: atransparent, impermeable, and pressure-r¢sis-
tant insert in the viewport.

window designer: the party who stipulates which portjons
of Section 2 of ASME PVHO-1 are necessary to fulfill
the design requirements for a given geometry, suitqble
for a maximum number of cycles, to a specific maximjum
working pressure, and at a specified maximum
temperature.

window fabricator: the party who fabricates finished
acrylic windows from castings, marks them with idgnti-
fication, and provides fabrication certification.

window service environment: the ambient condition$ of
temperature, pressure, and pressurizing medium to
which the window is exposed (both operationally and
nonoperationally).

protected environment: benign conditions consisting of
controlled ambient temperature and minimal expogure
to UV radiation, chemicals, and abrasion, that|the
designer would expect to have minimal effect on|the
service life of the window (medical chambers are typi-
cally operated in a protected environment).

severe environment: any conditions of temperafure

fixture testing: performing the required pressure test-
ing of the window by using a test fixture whose window
seat dimensions, retaining ring, and seal are identical
to that of the PVHO in which it is normally installed.

in-place testing: performing the required pressure test-
ing of a window in the PVHO where it is normally
installed, using its actual service seat.

proof testing: pressurization to a pressure greater than
the intended service pressure by a factor deemed to
provide assurance of adequacy.
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extremes, pressure, radiation (i.€., UV light), and pres-
surization medium or contamination that the designer
would anticipate to shorten the service life of the
window (marine systems are typically, but not necessar-
ily, operated in a severe environment).

window supplier: the party who supplies finished win-
dows with all required certifications to the PVHO manu-
facturer or user (original and/or replacement).

X-ray: an electromagnetic wave of short wavelength,
which causes deterioration of the acrylic polymer chain.
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MANDATORY APPENDIX Il
REFERENCE STANDARDS AND SPECIFICATIONS

Stapdard by reference, and the names and addresses of

the

mop

sponsoring organizations, are shown below. The
t current edition, including addenda, of referenced

codes, standards, and specifications shall be used.

ANSI/NBBI NB-23, National Board Inspection Code

Pul

d
AP

lisher: National Board of Boiler and Pressure Vessel

Ihspectors (NBBI), 1055 Crupper Avenue, Columbus,

H 43229 (www.nationalboard.org)
579-1/ASME FFS-1, Fitness-For-Service

ASME Boiler and Pressure Vessel Code
ASME PVHO-1, Safety Standard for Pressure Vessels for

S

Human Occupancy (referred to in this Standard as
([SME PVHO-1)

Engineers (ASME), Two Park Avenue, New
10016-5990; ASME Order Department: 22 La
Box 2900, Fairfield, NJ 07007-2900 (www.as

ASTM D638-98, Standard TestMgéthod for
Properties of Plastics

ASTM D695-96, Standard Test-Method for Com
Properties of Rigid Plastics

ASTM D790-98, Standard’ Test Methods for 1
Properties of Unreinforced and Reinforced
and Electrical Insulating Materials

Publisher: American Society for Testing and M
(ASTM International), 100 Barr Harbor Drive,
C700, West Conshohocken, PA 19428-2959 (V
tm.org)

Tensile

bressive

Flexural
Plastics

[aterials
P.O. Box
VWw.as-
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MANDATORY APPENDIX 1l
QUALITY ASSURANCE PROGRAM FOR
REPAIR OF SEVERELY DAMAGED WINDOWS

-1  GENERAL

This Mandatory Appendix sets forth the requirements
for estdblishing and maintaining Quality Assurance
Programs to control the quality of work performed by
the reppirers of severely damaged windows used in
Pressurg Vessels for Human Occupancy in accordance

with th{s Standard.
-2 ORGANIZATION
(a) The window fabricator required to comply with

this Stajdard shall have a documented organizational
structuge, with responsibilities, authorities, and lines of
commuhication clearly delineated in writing for activi-
ties affecting quality. Persons or organizations responsi-
ble for|the Quality Assurance Program shall have
authorify and organizational freedom to

(1)|identify problems affecting quality

(2)|initiate, recommend, or provide solutions to
quality [problems, through designated channels

(3)|verify implementation of solutions

(4) [ control further processing, delivery, orassembly
of a nohconforming item, deficiency, or unsatisfactory
conditign until proper corrective action has been taken

(b) The necessary scope and detail of the system shall

depend|on the complexity of the worklperformed and on
the sizeland complexity of the fabricator’s organization
(including factors such as number and experience level
of employees and numbet.of viewports produced).

-3  QUALITY ASSURANCE PROGRAM

(a) Aldocumented program for the assurance of qual-
ity of afctivities, items, and services shall be planned,
implemiented, and maintained in accordance with speci-

(e) Management shall, at least annually, assess [the

program and take corrective action, if necessary.

-4 QUALITY ASSURANCE MANUAL

(a) The Quality Assurance Prégram shall be described
in a Quality Assurance Mandal.
(b) The Quality Assurance Manual shall provide a
mechanism to documentissuance and revision, and shall
include a method to identify and/or highlight|the
revisions.

-5 DRAWING, DESIGN, AND SPECIFICATION
CONTROL

(a) (The window fabricator shall establish procediires
to'assure that window Design Drawings and all applica-
ble documents and requirements of this Standard zela-
tive to the design of windows are received from/|the
designer and are correctly translated into fabricafion
specifications, drawings, procedures, and shop instfuc-
tions for the windows.

(b) Procedures shall be established for the review,
approval, release, distribution, and revision of fabsica-
tion documents.

-6 PROCUREMENT CONTROL

(a) Applicable requirements necessary to assure cpm-
pliance with this Standard shall be specified or inclufed
in documents for procurement of materials, items} or
services to be used by the window fabricator.

(b) The procurement of materials, items, and servjices
shall be controlled by the fabricator to assure confor-
mance with specified requirements.

(c) These controls shall include, but not be limited to,

fied requirements of this Standard.

(b) The program shall apply to activities, materials,
parts, assemblies, and services that affect the quality
of the windows. It need not apply to other activities,
products, and services at the same location.

(c) The program shall identify the PVHO activities to
which it applies.

(d) The program shall provide for indoctrination and
training of personnel to assure compliance with this
Standard.

26

any of the tollowing, as appropriate:

(1) source evaluation and selection

(2) appraisal of objective evidence of quality fur-
nished by the supplier, including all necessary material
certification documents

(3) inventory control

(4) material identification

(56) examination of supplied items upon delivery

(d) Procedures for assuring continued compliance

with pertinent requirements, including identification of
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procedural revisions, shall be described in the Quality
Assurance Manual.

lll-7 IDENTIFICATION AND CONTROL OF ITEMS

(a) Identification shall be maintained on all items or
in documentation traceable to them.
(b) Controls shall be established to prevent use of

rrect or defective items

(e) Specifications, calibration, and control of measur-
ing and testing equipment used for acceptance shall be
described in written instructions or procedures.

(f) Calibrations shall be traceable to National
Standards where such exist.

lll-11  HANDLING, STORAGE, AND SHIPPING

inc
(¢) The window fabricator, based on his judgment,
shalll also maintain additional identification and docu-
meptation to assure that significant problems can be
identified and proper corrective action taken.

(§) Traceability procedures shall be described in the
Quglity Assurance Manual.

(¢) Traceability of the completed window shall extend
to identification of the immediate purchaser.

-8 CONTROL OF PROCESSES

(§) Processes affecting quality shall be controlled in
accprdance with specified requirements using process
control documents such as process sheets and travelers.
) Special processes affecting quality, such as bond-
ing[and examination, shall be performed by qualified
perponnel using qualified procedures referenced in this
Stapdard.

—~

ll-9 INSPECTION

(#) Inspection shall be planned and controlled\by the
fabricator.

(b) These inspections shall verify conf¢grmance to doc-
umlented instructions, procedures; and drawings
describing the activities.

(¢) Inspection results shall be 'documented.

(§) Inspection for acceptance-shall be performed by
qudlified persons other than/those who performed or
supervised the work.

(¢) Inspection docuniénts shall contain appropriate
criteria for determining that such activities have been
satisfactorily accomplished.

lll-10 _TEST CONTROL

(@) \Testing required to demonstrate that the windows

Handling, storage, cleaning, packaging, shipping, and
preservation of items shall be controlled to prevgnt dam-
age or loss and to minimize deterioration, and [shall be
documented.

ll-12 DOCUMENTATION AND-.STATUS OF TE
ACTIVITIES

(a) The status of inspectiof and testing activitfies shall
be indicated either on thé items or in records tfaceable
to the items to ensure-that required inspections gnd tests
are performed.

(b) Ttems that\have satisfactorily passed rpquired
inspections dnd-tests shall be identified.

ST

1ll-13, CORRECTIVE ACTION

(@)-Items, services, or activities that do not
teUspecified requirements shall be controlled tq
proper disposition and prevent inadvertent us¢.

(b) Controls shall provide for identification, docu-
mentation, evaluation, segregation, when practical, and
disposition of nonconformances and notificgtion to
affected organizations.

(c) Conditions adverse to quality shall be promptly
investigated, documented, evaluated, and corr¢cted.

(d) In the case of a significant condition adyerse to
quality, the cause of the condition shall be det¢rmined
and corrective action taken to preclude recurrence.

(e) The identification, cause, and corrective¢ action
planned and taken for significant conditions phall be
documented and reported to appropriate 1¢vels of
management.

(f) Follow-up action shall be taken to verify
mentation of corrective action.

onform
ensure

imple-

ll-14 QUALITY ASSURANCE RECORDS

(a) Records shall be specified, compiled, anfl main-

will perform in accordance with this Standard shall be
so defined, controlled, and documented.

(b) Tests shall be performed in accordance with writ-
ten instructions stipulating acceptance criteria.

(c) Test results shall be recorded on the required
forms.

(d) Examination, measurement, and testing equip-
ment used for activities affecting quality shall be con-
trolled, calibrated, and adjusted at specified periods to
maintain required accuracy.
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tained to furnish documentary evidence that services,
materials, items, and completed windows meet this and
applicable referenced standards.

(b) Records shall be legible, identifiable, and
retrievable.

(c) Records shall be protected against damage, deteri-
oration, or loss.

(d) Requirements and responsibilities for record
transmittal, distribution, retention, maintenance, and
disposition shall be established and documented.
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(e) Records required for traceability shall be retained
for a duration equal to the balance of the windows
design life, plus 10 yr.

lI-15 QUALITY ASSURANCE AUDITS

(a) The window fabricator shall schedule and perform
regular internal audits to verify compliance with all
aspects of the Quality Assurance Program.

(d) The audits shall be performed in accordance with
written instructions.

(e) Audit results shall be reported to and reviewed
by management having responsibility and authority to
take any necessary corrective action. Follow-up action
shall be taken where indicated.

lll-16 CONFORMITY

(b) These audits shall be performed at least annually
and sti[rulated in the Quality Assurance Manual.

(c) These audits shall be performed by qualified per-
sonnel who do not have direct responsibility for per-
forming or controlling the activities being audited.

A window fabricator who is ISO-9001-Certifie is
deemed to have an in-place Quality System-equivalent
to requirements set forth herein (i.e., acceptable for|the
purposes of this Standard).
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MANDATORY APPENDIX IV
ADDITIONAL WINDOW REPAIR REQUIREMENTS AND FORMS

V-]

A test of the tensile strength of a sample bond between
preyiously cured acrylic window material and the mate-
riall used to perform spot cast repair shall be made.
(PYHO-2 Form IV-1-1, Material Testing Certification for
Repair by Spot Casting, shall be completed when repair
by $pot casting is performed.) Samples for the balance of
tesfing shall be taken from an integral part of a separate
casfing made for that purpose. Where more than one
specimen is used in the test procedure, the average of
the|test values shall be used to meet the requirements
of the minimum physical properties shown. Samples
are|to be cut so that no surface of the test sample is
cloger to an unfinished cast surface than the normal trim
ling. Where possible, test samples shall be cut from the
cenftral portion. The test methods shall be as follows:
(#) The test for the tensile strength of a sample bond
shalll be per ASTM D638, with the bond face located as
cloge to the center of the gauge length as practical.

(b) Tests for compressive strength of the spot cast
material shall be per ASTM D695.

(¢) Tests for the presence of an ultraviolet absorber
(ulfraviolet transmittance) shall be made usifig a mono-
chrpmator having a bandwidth of 10 nm or less, and a
phgtometer having reproducibility of +1% of full scale.
Report the value of one specimen Ydn: (12.5 mm) thick-
ness nominal, with both faces polished.

(#) The following procedures’are recommended for
the[measurement of residualacrylic monomer. A sample
of $uitable size shallbe-obtained and analyzed for
unpolymerized methyltethyacrylate and unpolymer-
izedl ethyl acrylate*monomers using gas liquid chro-
matographic techniques (as described in Snell and Otto,
Endyclopediag’ofnidustrial Chemical Analysis, Interscience,
197R, Vol. 4,pp. 211-217, and Vol. 16, p. 99; or one giving
eqivalent results). Samples for testing are to be cut so
tha} the center point of the analyzed piece is no closer

acid oI o ' jlter aid.

he acrylic to be analyzed shall weigh approximately
2.0 g and shall be dissolved in exactly 50 ndl of m¢thylene
chloride. Inject a 3-pL aliquot of the plastie-solvént solu-
tion into the gas chromatographic.appdratus. Jompare
the areas of the resulting peaks with/the areas produced
by the injection of a standard.solution. Prepare the stan-
dard solution by dissolving’/20 mg to 30 mg [of pure
monomers in 50 ml of methylene chloride.
Acrylic that does notidissolve shall be analyzed by
swelling the plastic and extracting the soluble portion.
Place a solid piecel of insoluble acrylic about [l g and
20 mL of methylene chloride in a glass bottle, and place
on a shaker.for 24 hr. After 24 hr, the fluid portjon shall
be analyzed for monomeric methyl methyacryjate and
monoimetic ethyl acrylate (in accordance with thie proce-
dufésiset forth in the preceding paragraph).
See also Tables IV-1-1, IV-1-2(a), and IV-1-2(4).
All repaired windows shall be annealed 3fter all
machining and machine polishing have been comhpleted,
hereafter referred to as the final anneal. All afnealing
shall take place in a forced air circulation tyge oven.
The final anneal and (any other anneals performed prior
to the final anneal) shall be in accordange with
Tables IV-1-2(a) and IV-1-2(b). Time and temperature
data for all annealing cycles shall be entered into
PVHO-2 Form IV-1-2, Annealing Process Certification.
Also, a copy of the final anneal’s time /temperatyre chart
shall be attached.

o PIIOSPINOI

IV-2 POST-REPAIR PRESSURE TESTING
REQUIREMENT

Wherever practical, all repaired windows (regardless
of severity) should be pressure tested prior fo being
placed back into service. All severely damaged 4nd sub-
sequently repaired windows shall be pressurg tested
prior to being placed back into service.

to the original edge or surface of the casting than the
thickness divided by two. The following (from Cober
and Samsel, SPE Transactions, Gas Chromatograph, A New
Tool for Analysis of Plastics, April 1962, pp. 145-151) is a
suitable procedure. The instrument shall be a Beckman
GC-2A gas chromatograph with a hydrogen flame detec-
tor, or equivalent, and a 6-ft (1.8-m) column of 1/4-in.
(6.0-mm) stainless tubing operated at 212°F (100°C).
Pack the column with 25% diethylene glycol adipate
polyester (LAC-2-R-446, Cambridge Industries Co.) and
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(a) The pressure test may be performed by the win-
dow repairer, the user (or his designated agent), or by
an independent test laboratory so designated by the
window repairer or user.

(b) The pressure test shall take place with the window
installed in the PVHO, or in a test fixture whose window
seat dimensions, retaining rings, and seals are identical
to those of the PVHO.

(c) The window shall be pressurized to design pres-
sure using gas or water, and maintained at that pressure
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for a period of 1 hr (min.) to 4 hr (max.), followed by
depressurization at a rate not exceeding 650 psi/min
(4.5 MPa/min).

(d) The temperature of the pressurizing medium dur-
ing the test shall be at the maximum temperature for
which the window is rated, with a tolerance of +0° and
—5°F (-2.5°C).

(e) If wmdows tested in the PVHO leak durmg the
pressurg 2

visually inspected for the presence of crazing,
or permanent deformation. This examination

be seen with the unaided eye (except for the

Table IV-1-1 Specified Values of Rhysical Properties for Spot Casting Repairs
(To Be Verified by Testing of Specimens_Taken From Test Castings of the Same Slurry Batch
Used in Repair)

correction necessary to achieve 20/20 vision) shall be
cause for rejection of the windows. Permanent deforma-
tion greater than 0.001D; measured at the center of the
window shall also be cause for rejection. Rejection (and
cause, if applicable) shall be so noted on the test report.

IV-4 ALTERNATIVE TEST

pressure may be performed instead, but w1th all off the
following limitations being applicable:

(a) Test pressure shall not exceed 1.5 times degign
pressure or 20,000 psi (138 MPa), whichever is less

(b) To prevent inadvertent deformation, the tempgra-
ture of the window assembly shall be'at least 25°F (14°C)
[but no more than 35°F (20°C)] Jower than the degign
temperature, except for the case of a 50°F (10°C) degign
temperature, where the température during the test shall
be in the range of 32°F t6.40°F (0°C to 4°C).

IV-5 TEST CERTIFICATION FORM

Upon completion of pressure testing, PVHP-2
Form IV-5:1\Pressure Testing Certification, shall be cpm-
pleted by.the party who performed the pressure test.

Specified Values

Test Plocedures Physical Property U.S. Customary Metric
ASTM D68 Tensilg strength (of sample bond) > 4,500 psi > 31 MPa
ASTM D6p5 Compressive:

(a) yield strength > 15,000 psi > 103 MPa
(b) modulus of elasticity > 400,000 psi > 2 760|MPa
Method gs described Ultraviolet (290 nm to 330 nm) light < 5% < 5%
transmittance
Method gs described Total residual monomer:
(@) methyl methyacrylate <1.6% <1.6%
(b) ethyl acrylate <1.6% <1.6%
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Table IV-1-2(@) Annealing Schedule for Acrylic Windows
Part A: Minimum Heating Times for Elevated Temperature Annealing of Acrylic

Heat Time (hr) for Acrylic Placed in a Forced-Circulation Air Oven
Maintained at the Indicated Temperature Within +5°F (+2.8°C)

> 230°F 212°F 195°F 185°F
Thickness, in. (mm) (110°C) (100°C) (90°C) (85°C)
0.500 to 0.750, incl. (13 to 19, incl.) 3.5 4 6 11
0.875 to 1.125, incl. (22 to 28, incl.) 4 4%/ 6, 11Y,
1.240 to 1.500, incl. (32 to 38, incl.) 6 5 7 12
1.750 (44) 7 5 7 12
2.000 (50) 8 6 8 13
2.250 (57) 9 7 9 14
2.500 (64) 10 9 13 15
3.000 (75) 12 11 12 17
3.250 (82) 13 13 14 17
3.500 (89) 14 13 14 19
3.750 (92) 15 14 16 20
4.000 (100) 16 17 18 22
> 4.000 [Note (1)] 16 + 4x 17 + 6X 18 + 6x 22 + 6x
GENERAL NOTE: Includes period of time required to bring part up to annealing témperature, but not cooling time.
NOTE:
(1) Where x = each additional inch of thickness over 4.
Table IV-1-2(b) Annealing Schedule for Acrylic Windows
Part B: Maximum Cooling Rates for Acrylic Subjected to Elevated Annealing Temperatures
Timé\(hr) to Cool Acrylic From the Indicated Annealing Temperature at the Maximum
Permissible Rate to the Maximum Allowable Removal Temperature of 120°f (49°C)
Cooling Rate,
°F/hr 230°F 212°F 195°F 185°F
Thickness, in. (mm) (°C/h) (110°C) (100°C) (90°C) (85°0C)
0{500 to 0.750, incl. (13 to 19, inck) 25 (14) 4.5 3.5 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 (75) 7 (4) 16 13 11 9.5
3.250 (82) 6 (3.5) 18.5 15 12.5 11
3.500 (89) 6 (3.5) 18.5 15 12.5 11
3750 (92) 6 (35) 185 15 125 11
4.000 (100) 5(3) 22 18 15 13
4.000 to 6.000, incl. (100 to 150, incl.) 4 (2) 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 45.5 37.5 32.5
10.000 to 12.000, incl. (250 to 300, incl.) 1 (0.5) 110 91 75 65
GENERAL NOTE: Includes period of time required to bring part up to annealing temperature, but not cooling time.
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PVHO-2 Form IV-1-1 Material Testing Certification for Repair by Spot Casting

1. Test specimens have been I:l cut from casting or D supplied already cut by
2. Test specimen taken from castings No. ________in Lot No. __________ of centimeters nominal thickness that have been produced
by under the material manufacturer trademark of. possess the following physical and
chemieat-properes:
Test Method Property Results
ASTM D438 Tensile strength of sample bond
ASTM Dg95 Compressive:
(@) Yield strength
(b) Modulus of elasticity
Method §s set forth in Mandatory Ultraviolet transmittance [for %4
Append|x IV in. (12 mm) thickness]
Method §s set forth in Mandatory Total residual methyl methacrylate %
Appendfx IV and ethyl acrylate monomers %
The expdrimentally proven properties satisfy the minimum values specified in Table IV-1-1 of the Safety Standard for Pressure Vessels for

Human @

ccupancy: In-Service Guidelines.

Authorized representative of material testing laboratory

Date

Name and address of\material testing laboratory
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PVHO-2 Form IV-1-2 Annealing Process Certification

First annealing temperature

Duration
Cooling rate
Intermediate annealing temperature (if any)
Dluration
(poling rate
Findl annealing temperature
Djuration
Cpoling rate (chart required)
Dimlensional checks
Actual outside diameter, D,
Actual inside diameter, D;
Actual thickness, fmax and tmin
Actual included angle, «
Actual sphericity (maximum deviation from specified sphericity measured hy-a template on the concave or convex surface) |
Cpnforms/deviates from specification for spot casting repairs: Yes No
Window fabricator has pressure-tested windows: Yes No
Window fabricator has completed pressure testing certification: Yes No
The| window identified above has been repaired in“accordance with the repair requirements of this Standard and meets the dijnensional
reqyiirements applicable to new windows fabricatéd in accordance with ASME PVHO-1.
| Edition, — Addenda, and company drawing number | s
revision dated
Authorized-representative of window fabricator Date

Name and address of window fabricator
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PVHO-2 Form IV-5-1 Pressure Testing Certification

Window Identification:

1. Window Description

Maximum allowable working pressure:

Maximum design temperature:

2. Test 3

Windg

Op

Win

Tes|
Overp
Pre

Rate
Durati
3. Test o
Leaka

Permd

Crazing:

Cracki

The acryl
In-Servicg

frangement

w tested in operational viewport/simulated viewport:

(operational/simulated)

brational/simulated viewport Drawing No.:

dow tested according to para. IV-2:
(yes/no)
MPa

[ pressure: psi

essure ratio (test pressure/maximum allowable working pressure):

OF OC

surizing medium temperature:

f pressurization (average):

on of sustained pressurization:

bservations (yes/no)

pe:

nent deformation:

hg:

c window was pressure tested according to thesprocedure of para. IV-2 of the Safety Standard for Pressure Vessels for Human Occup
Guidelines (PVHO-2) and was found to performsatisfactorily without any visible permanent deformation, crazing, or cracking.

hncy:

Pressure test supervisor Date

Name and address of pressure testing laboratory

Authori
A

bd representative of Widow manufacturer (factory window repair) or user (if test Date
erformed in-place,ofi"an existing PVHO for which the window is intended)
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MANDATORY APPENDIX V
PARTIAL LIST OF HARMFUL SUBSTANCES AND
ACCEPTABLE PRODUCTS

V-1 SCOPE

This Mandatory Appendix provides partial lists of
clegners, polishes, chemical ingredients, biocides, and
lubficants that testing and/or experience have deter-
mined are either suitable or unsuitable. This information
is provided as guidance only. Specific products not listed
may or may not be acceptable for use with PVHO Acrylic
Windows and/or PVHO Service. It is the user’s responsi-
bility to determine the appropriateness of any products prior
to actual use and to be cognizant that reformulation of these
products by the manufacturer may occur without notice. Com-
patibility with the acrylic windows, seals, metallic compo-
nenffs, paints, and oxygen should all be considered.

V-2 HARMFUL SUBSTANCES

Hxtreme care must be exercised when exposing acrylic
wirjdows to chemicals, particularly all types of organic
solyents. All of the following chemicals will cause severe
winndow damage. They should not be used for eleaning
acrylic windows or their seats, nor should theyibe stored
in the vicinity of PVHO windows or other’ viewport
components. (The bracketed numbers are.the Chemical
Abstracts Service registry numbers, often referred to as
CAB numbers.)

(§) Ketones

(1) acetone [67-64-1]

(2) methyl ethyl ketone (MEK) [78-93-3]

(3) cyclohexanong\[108-94-1]

(4) all other ketones

(b) Chlorinated Solvents

(1) chloreform [67-66-3]

(2) methylene chloride [75-09-2]
(3)~1;1;2-trichloroethane (TCE) [79-00-5 ]

(4)-dll other chlorinated solvents

(4) benzyl alcohol [100-51-6] in all concenfrations
(5) other aliphatic and aromatic alcohols
(e) Aromatic Solvents and Phenolics
(1) xylene [1330-20-7, 95;47-6, 108-38}3, and
106-42-3]
(2) toluene [108-88-3]
(3) phenol [108-95:2]
(4) cresols [95-4857,108-39-4, and 106-44-5
(5) other aromatic¢ solvents and phenols
(f) Esters
(1) ethyl acetate [141-78-6]
(2) butyl acetate [123-86-4]
(3)<amyl acetate [628-63-7]
(#4)~all other esters
(¢) Ethers
(1) diethyl ether (“ether”) [60-29-7]
(2) tetrahydrofuran (THF) [109-99-9]
(3) methyl tertiary butyl ether (MTBE) [1634-04-4]
(4) all other ethers
(h) Aroma Chemicals
(1) pine oils [8002-09-3]
(2) terpene [95327-98-3]
(3) other citrus extracts such as d-limpnene/
carvone [5989-27-5]
(4) all other aroma or perfume chemicals

V-3 ACCEPTABLE CLEANERS, BIOCIDES, AND
POLISHES

CAUTION: Do not apply cleaners when windows are hot or
pressurized; otherwise, crazing may result. Care should be taken
NOT to leave fingerprints on the acrylic surface as thely contain
oily and acidic by-products that may damage the acrylic.

V-3.1 Acceptable Cleaners
(a) Recommended Method. Mild, preferably honper-

(CAtiphmtic Zcids
(1) formic acid [64-18-6]
(2) acetic acid [64-19-7]
(3) all other aliphatic acids
(d) Alcohols
(1) methanol [67-56-1] in all concentrations
(2) ethanol [64-17-5] in high aqueous
concentrations
(3) isopropanol [67-63-0] in high aqueous
concentrations
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fumed detergent in warm water [120°F (50°C) max.]
(b) Acceptable but Not Preferred Methods
(1) aliphatic naphtha [64742-89-8]
(2) n-hexane [110-54-3]
(c) Windex: contains 4% isopropanol (considered an
acceptably low level not to damage acrylic)
(d) Simple Green: contains 2-butoxyethanol (EGBE),
at under 4% (considered an acceptably low level)
(e) Mer-maids Plexiglas/Plastic Cleaner & Polish: a
low-viscosity silicone-based liquid spray
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V-3.2 Acceptable Biocides

(a) bleach, up to 15% aqueous sodium hypochlorite
(NaOCl) [7681-52-9]

(b) aqueous hydrogen peroxide (H,O,), 3% to 20%
[7722-84-1]

(c) aqueous chlorine dioxide (ClO;), up to 2%
[10049-04-4]

(f) DuPont Krytox LVP High-Vacuum Grease
(¢) Christo-Lube Oxygen Grease

(h) Parker Super O-Lube

(i) Castrol Braycote 601EF

(j) or equivalent

CAUTION: In the case of chambers that are pressurized with
oxygen, the user shall also select a lubricant that is compatible
with 100% oxygen and acrylic.

V-3.3 AcceptablePolishes

Window surfaces may be polished with compounds
specifichlly endorsed by the manufacturer for polishing
of acrylfc. These polishes may also be used for removing
small s¢ratches from the surface.

The fpllowing is a partial listing of acceptable prod-
ucts, byt users should note that reformulation of these
producfs by the manufacturer may occur at any time
and thq user is responsible for the correct choice and
usage of appropriate polishes:

(a) Mer-maids Plexiglas/Plastic Cleaner & Polish [see
subpard. V-3.1(e)]

(b) Meguiar’s 10-08 (previously Mirror Glaze and
Plastic Polish Mirror Bright MGH-10)

(c) Plastic Polish Novus #1 and #2

(d) Farécla 6 and Farécla 3 polishing paste

(e) o1 equivalent

V-4 ACCEPTABLE LUBRICANTS

Wherj it is necessary to lubricate O-ring seals and/or.
window cavity seats, the following is a partial list(of
products that are compatible with acrylic windows:

(a) Alpiezon Type H Vacuum Grease

(b) Qow Corning High Vacuum Grease\(formerly
Dow Cérning 976 or 976V High Vacuum Grease)

(c) Dpw Corning Molykote 3452 Chemical Resistant
Valve (rease

(d) Dow Corning #4 Electrical'Insulating Compound

(e) Dpw Corning 112 High'Performance Lubricant

V-5 ACCEPTABLE SEAL AND GASKET ADHESIVES

When it is necessary to bond neoprene ox cork gaskets
to the metal window seat surface, the following s a
partial list of adhesives compatibleywith acrylic win-
dows when fully cured.

(a) Room-Temperature Vulcanizing Silicon Rul
Compounds

(1) Dow Corning 3145:RTV MIL-A-46146
(2) Dow Corning995

(3) Dow Corning 795

(4) Dow Corning 832

(5) or equivalent

Adhesiofi/of the silicon rubber products may
improved\by coating the mating surface with O
Corning\1200 Primer.

(b)Contact Cements

(1) cyanoactylate adhesives

(2) 3M Scotch-Grip Rubber and Gasket Adhe
1300 or 1300L

(3) Eclectic Products Polyurethane Plumbers Gpop
Adhesive 150012

(4) or equivalent

To provide adequate cure time for the bond, when
using the above bonding materials with gaskets, [the
window shall not be installed until the material [has
become cured in accordance with the manufactuter’s
recommendation, and should not be pressurized for a
period of 24 hr.

ber

be

ow

bive
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MANDATORY APPENDIX VI
MECHANICAL TESTING COMPUTATIONS AND FORMS

VI-1 STANDARD DEVIATION

—~

1) Compute the mean (i.e., average) value.

) Find the difference betwen the mean value and
each individual value.

(¢) Square each of those differences.

(f) Sum each of those differences squared.

(p) Divide that sum by the number of samples
minus 1.

(f) The value just obtained above is called the
varjance.

(§) The standard deviation is the square root of that
valfie.

—~

VI-2  STANDARD ERROR

—

ivide the standard deviation by the square root of

the|number of samples.

\'/

B CONFIDENCE INTERVAL (CI)

The range is the mean value + [(standard-error) (f)]
where the value of t depends on number.of samples, n.

95% Interval 99%" Interval

t t

BN
S

2 12.076 2 63.657
3 4.303 3 9.925
4 3.182 4 5.841
5 2776 5 4.604
6 2.571 6 4.032
7 2.447 7 3.707
8 2.365 8 3.499
9 2.306 9 3.355

VI-5 COMPUTATIONAL EXAMPLES

data = 10,000; 9,750; and 9,50p psi
mean = 29,250/3 = 9,750 psi
standard deviation = square rootlof 62,500 = 250 psi
standard error = 250/(8¥?) = 144 psi
lower 95% CI = 9,750~ (4.303)(144) + 9,130
psi
variance =\[(250)% + (0> + (250)*]/B-1) =
62,500
VI-6 EVALUATION
As 10,540 psi > 9,000 psi (min.) and 17)853 psi

> 14,000 psi (min.), evaluation may proceed. (Sge Table
VI«6:1)

AS 16,445 psiand 16,910 psi < 17,853 psi, and 1
< 11,138 psi, the following computations must|
formed to determine the service life extension
for the balance of the windows in that PVHO.

As 10,679 psi < 11,138 psi must first estimate [original
midbody flexure as (11,138/10,540) = (x/17,853)

,670 psi
be per-
(if any)

x = U, = 18,866 psi

(a) HPS Extrapolation. 95% CI to 10,000 psi glives the
lowest value for the HPS outside face.

(14,794 psi — 10,000 psi)/[(18,866 psi
- 14,794 psi)/10] = 11.8 yr

(13,743 psi — 7,000 psi)/[(18,866 psi
- 13,743 psi)/10] = 13.1 yr

(b) LPS Extrapolation. 99% CI to 7,000 psi gfves the
lowest value for the LPS inside face.

(15,409 psi — 10,000 psi)/[(18,866 psi
~ 15,409 psi)/10] = 15.6 yr

VI-5—CRITERIATOR CENSORINGOF SUSPECT DATA

The value lies outside of four standard deviations
from the mean but first needs to be supplemented by two
additional samples with new standard deviation being recom-
puted without the suspect value. In the example below,
another data point that is more than 1,000 psi (6.89 MPa)
from that mean might be censored, provided that the
additional required samples are tested and it still meets
the requirements above.
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(13,818 psi — 7,000 psi)/[(18,866 psi
- 13,818 psi)/10] = 135 yr

Normally, the lowest value would be used, except that
more than 10 yr additional is not permitted. Thus, the
balance of windows in the PVHO may remain in service
for another 10 yr, or 10,000 cycles, whichever comes
first, provided that they continue to be inspected in
accordance with this Standard. See also Table VI-6-1.
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Table VI-6-1 Example Evaluation — Externally Pressurized Manned Submersible
After 10 Years of Service

Conditions Value

Original tensile data 11,138 psi (mean value — recorded on original data sheet)

Tensile midplane 10,800 psi
10,420 psi
10,400 psi

P} Fs A} ! 4 . ! ’ 4 = . a4 a N
TU; U psStuneatyy std. c1tor —  1OU PSSty ana meair + std. ol — 10,079 PSSt (VS I 1,100)

Flexure nfidplane 18,120 psi
17,930 psi
17,510 psi
17,853 psi (mean)

HPS flexyre (with outside surface 16,540 psi
in compression) 14,940 psi

16,680 psi

16,040 psi

16,050 psi (mean); std. error = 395 psi; and mean + std. errgt.
[Note (1)]

16,445 psi (vs 17,853)

LPS flexufe (with interior surface 17,130 psi
in tensjon) 16,600 psi

16,150 psi

16,627 psi (mean); std. error
[Note (2)]

16,910 psi (vs 17,853)

283 psi; and mean + std. error

NOTES:
(1) Lowe} 95% confidence interval
Lowel 99% confidence interval

16,050 psi — (395 psi)(3.182) = 14,794 psi
16,050 psi — (395 psi)(5.841) =-13,743 psi

(2) Lowel 95% confidence interval = 16,627 psi — (283 psi)(4.303)*= 15,409 psi
Lowe[ 99% confidence interval = 16,627 psi — (283 psi)(9.925) = 13,818 psi

38


https://asmenormdoc.com/api2/?name=ASME PVHO-2 2012.pdf

ASME PVHO-2-2012

PVHO-2 Form VI-1 Material Testing Certification for Continued Service

Test specimens have been l:l cut from window or l:l supplied already cut by

Test specimens conform to ASTM requirements: Yes No (if No, explain in space provided below)

Test specimens are original submittal

supplementary

Test Method Property Results
ASTM D638 Tensile strength at midsection 1.
2.
3.
4.
5.
6.
74
8.
9.
ASTM D790 Flexure strength at midsection 1.
2.
3.
4.
5.
6.
7.
8.
9.
ASTIM D790 Flexure strength at high-pressure 1.
face (tested with the parent mate- 2.
rial fn>eompression) 3.
4.
5.
6.
7.
8.
9.
ASTIM D790 Flexure strength at low-pressure 1.
face (tested with the parent mate- 2.
rial in tension for 10-yr window 3.
design — or in compression for a 4.
20-yr window design) 5.
6.
7.
8.
9.
Additigmal Data/Information:
Authorized representative of material testing laboratory Date

Name and address of material testing laboratory
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PVHO-2 Form VI-2 Material Testing Evaluation for Continued Service

Test window marking: - - PVHO - - -

Original documents available: Yes No

Window drawing No.:

Window shape:

Design life years:

Total seryice life year-to-date:

Design life expires: dd/mm/yyyy / /

Design life cycles:

PVHO-1 gara. 2-2.7.9: Yes No

Total accimulated cycles-to-date:

Descriptipn of the pressure vessel:

Location pf test window on PVHO:

Vessel mprking: SN NB No.

MAWP: .} psig at °F ©°C (circleone)

Midsectign tensile strength: Mean: psi~ Standard error:

Original value from Enclosure 3 of PVHO-1:

Midsectign flexure strength: Mean: psii«Wpward adjusted value (if applicable):

Low-presgure face flexure strength: Mean: psi Standard error:

Lower value 95% Cl: psi Lower value 99% Cl:

High-preqsure face flexure strength: Mean: psi  Standard error:

Lower value-95% Cl: psi Lower value 99% Cl:

Material fest Certification attached: Yes No Computations attached: Yes No

Continue|use of the other PYHO windews: Yes No

Additiondl service life extensions'No. of years _________ No. of cycles

Chronological extension tefminates as of: dd/mm/yyyy / /

Cyclic seqvice life extension terminatesat: _____ No. of cycles

psi
psi
psi
psi
psi
psi

psi

Certificate of Compliance

subsection 2-7 and that | (the undersigned) have evaluated the test data as provided by Material Test Certification dated

to the best of my knowledge, and the attachedc omputations, the balance of windows in the PVHO are suitable for continued service.

| certify thatthe statements made in this report are correct and that all the defails of this evaluation conform to the requirements of PVHO-2,

and

Signed By: Date: Affiliation:
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ASME PVHO-2 CASES

The Pressure Vessels for Human Occupancy Committee meets regularly to consider proposed
additions and revisions to the Standard and to formulate Cases to clarify the intent of existing

requirements or provide, when the need 1s urgent, rules for materials or constructions not covered
by existing rules in the Standard. Those Cases that have been adopted will appear in the next
edition.

A Case is the prescribed form of reply to an inquiry when study indicates that wording in the
Standard needs clarification or when the reply modifies existing requirements of the Standard
or grants permission to use new materials or alternative constructions. Approved Cases will be
posted on the ASME PVHO Committee Web page. In addition, the Case will be ptiblished with
the next scheduled edition of the Standard.

A Case is normally issued for a limited period, after which it may be redtfirmed, incorporated
into the Standard, revised, or annulled if there is no indication of furtherneed for the requirements
covered by the Case. However, the provisions of a Case may be used after-its annullment, provided
the Case was effective on the original contract date or was adopted before completion of the
work and the contracting parties agree to its use.

C-1
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PVHO-2 CASE 1
Alternative 10-yr Maintenance Viewport Inspection for PVHO Cylindrical Windows

Approval Date: April 27, 2012

Inguity: Under what conditions is it permissible to
use an [alternative inspection procedure not requiring
disassembly of a cylindrical window in a hyperbaric
chambdr for the maintenance viewport inspection at the
10-yr window service life extension and viewport refur-
bishmgnt requirements described in PVHO-2
paras. 4-4.3.1(b) and 2-4.4 and Table 2-4.3-1?

Reply
sembly
foram
when ¢
sion ar

It is the opinion of the Committee that disas-
of a cylindrical window in a hyperbaric chamber
hintenance viewport inspection may be deferred
bnducting the 10-yr window service life exten-
d viewport refurbishment requirements as
describ¢d in PVHO-2 paras. 2-4.3.1(b) and 2-4.4 and
Table 2t4.3-1, provided the following conditions and
requirements are met:

(1) The seal material shows no visible evidence of
creep of extrusion.

(b) The visible areas of the seal material show no
evidende of deterioration due to aging (drying or crack-
ing of exposed surfaces, etc.) detectable by visual exantir
nation. [n designs that use seal rings (such as an Q+ring)
as the grimary seal [see Fig. 1-1(b)], the seal ring/must
also be ¢hecked for brittleness and shrinkagef{which will
normally require removal of the seal ring. For designs
using sfal rings to be eligible for incliision under this
Case, the seal ring must be able to beremoved, inspected,
and, if heeded, replaced with the window in place.

(c) The seats are either fabrieated from corrosion-
resistanft materials or exhibit no visible breach of the
coating|system.

(d) There is no visible-evidence of foreign matter or
debris Hetween theswindow and the seal or between the
seat angl the sedl.\Irace amounts of foreign matter or
debris gre acceptdble.

(e) There-is)no visible evidence of chips on the edges
of the trindow or any crazing adjacent to any of the

(f) The seals exhibit no detectable leaks wheh expm-
ined with a standard leak-detection soap (soluttion at
maximum working pressure with the tievods torqued
to a value no greater than the manufactutrer’s specified
maximum torque. Any soap solutions’ used mus{ be
compatible with acrylic plastic.

() Review of available service history information
indicates that there is no known history of the window
having had significant exposures to environments that
do not meet the definitionrof protected environments in
PVHO-2. Brief periods'of exposure to unfiltered qun-
light, such as these encountered during transport, shall
not be considered significant exposures.

If any of the above conditions are not met, the window
shall be disassembled and a full refurbishment per-
formed*to meet the requirements of the maintengnce
viewport inspection.

For window geometries of the type show
Fig. 1-1(a), this alternative inspection procedure
vides an exemption from the disassembly require
contained in the full 10-yr window service life exten:
and viewport refurbishment only until the next maipte-
nance viewport inspection required per Tables 2-4.3-1
and 2-4.3-2. However, that exemption may be reneywed
at each subsequent maintenance viewport inspectioh so
long as the above conditions continue to be met.

For window geometries of the type shown in
Fig. 1-1(b), when the seal ring is replaced, this alternative
inspection procedure provides an exemption from|the
disassembly requirement contained in the full 10-yr win-
dow service life extension and viewport refurbishnment
for an additional 10 yr. If the seal ring is not replaged,
that exemption is valid only until the next maintengnce
viewport inspection required per Tables 2-4.3-1 and
2-4.3-2. However, in that case, it may be renewed at gach
subsequent maintenance viewport inspection so long as
the above conditions continue to be met.

ion

portions of the window that are obscured from visual
inspection.

C-2

This case number shall be shown on the Viewport
Inspection form.
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