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PREFACE

P.1 PURPCSE

The purpose of this docunent is to define the requirenents for
certification and operation of pressure systens.

P.2 APPLI CABI LI TY

Thi s docunent applies to all ground-based, nedi umwei ght, and
flight-weight pressure vessels and systens (including vacuum
that are Marshall Space Flight Center (MSFC)-owned or used on
VMSFC property, in permanent or tenporary configurations,
regardl ess of owner or user. The responsible contracting officer
will decide if this Marshall Procedures and Cui delines (MG
applies to any offsite contractor that perforns work for MSFC and
will make this MPG a contract requirenent, if necessary.

P.3 AUTHORI TY

NPD 8710.5, “NASA Safety Policy for Pressure Vessels and
Pressuri zed Systens”

P.4 APPLI CABLE DOCUMENTS

a ASME Boil er and Pressure Vessel Code, Section VIII, D vision
1 or 2

b. ASME Power Piping Code, B31l.1

c. ASME Process Piping Code, B31l.3

d. National Board Inspection Code, ANSI/NB-23

e. ASME Schene for the ldentification of Piping Systens, Al3.1
f. FAA Airworthiness Standard, Part 23.54, for Normal, Uility,
Acrobatic, and Commuter Aircraft and Part 25.101 for Transport
Cat egory Airpl anes

g. NPG 1441.1, “NASA Records Retention Schedul es”

h. NASA- STD 8719. 15, “Safety Standard for Oxygen and Oxygen
Syst ens”

I . NASA-STD 8719. 16, “Safety Standard for Hydrogen and
Hydr ogen Systens”
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j. MPG 8730.5, “Control of Inspection, Measuring, and Test
Equi pment”

k. MPG 8715.1, “Marshall Safety, Health, and Environnental (SHE)
Pr ogr ant

. MW 8715.2, “Lockout/Tagout Progrant

m MAN 8715.6, “Hazardous Operations”

n. MN 8715.8, “QOperational Readi ness Progrant

0. MSFC- HDBK-670, “CGETG for Protoflight Instrunments”

p. MPG 8823.1, “Design Control of Facilities”

g. MA 8040.3, “Deviation/\Wiver Process, MSFC Projects/Prograns”
P.5 REFERENCES

a. ASME B40.1, “Gauges — Pressure Indicating Dial Type — Elastic
El ement”

b. NASA- STD- 5001, “Structural Design and Test Factors for Safety
for Space Flight Hardware”

c. NASA- STD-5005, “Ground Support Equi prent”
d. 29 CFR Part 1910, “Cccupational Safety and Heal th Standards”
e. 49 CFR, “Transportation”

f. NPG 1700.6, “CGuide for Inservice Inspection of G ound-Based
Pressure Vessels and Systens”

g. MA 3410.1, “Personnel Certification Progrant
P. 6 CANCELLATI ON

MPG 8823. 2 dated June 15, 2000

Oiginal Signed by
Axel Roth for

A. G Stephenson
Director
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DOCUMENT CONTENT
1. DEFINTIONS

1.1 Certification. The docunented status (including cognizant
organi zati onal approval signatures) that qualifies a pressure
vessel or systemto operate in the service for which it is

i nt ended.

1.2 WMaxi num Al | owabl e Working Pressure (MAWP). The MAWP for a
vessel is the maxi mum pressure perm ssible at the top of the
vessel in its nornmal operating position at the operating
tenperature specified for that pressure.

1.3 Pressure Vessel/System (PV/S). Any pressure vessel and/or
system as defined bel ow

1.3.1 Pressure Vessel - Any container used for the storage or
handling of gas or liquid with either internal or external
pressure (vacuum vessels are pressure vessels with externa
pressure). Certification requirenents of a particular vessel and
its applicability to this docunment are deternmined by its class

di stinction as described bel ow and i n paragraph 3. 2.

1.3.2 Pressure System - An assenbly of conponents with either

i nternal or external pressure including vessels, piping, tubing,
punps, valves, relief devices, expansion joints, gages, and other
rel at ed conponents.

1.3.3 Cdass | PV/S - Pressure vessels or systens used for

test and research investigations or high-risk, |ow cost systens.
These systens do not neet any national consensus standards or
NASA/ MSFC speci fications/standards. They can be used only if

| ocated in an isolated area, buried, or barricaded to preclude
injury to personnel or damage to a facility or equipnent.

1.3.4 dass Il PVS — Human Flight-Wight - Pressure vessels or
systens used in human space flight hardware systens.

1.3.4.1 Associated Aerospace Ground Support Equi pnent - Pressure
vessel or systemused and certified (or recertified) to operate
in the service for which it is intended by the responsible flight
systens or ground support equi pnent design organization. These
vessel s and systens shall normally neet the sane consensus
standards for ground-based systens except where weight is a
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factor.

1.3.4.2 Renote-Controlled Flight-Wight - Pressure vessels or
systens used in renpote-controlled space flight hardware systens
or used in ground testing to denonstrate technol ogy for flight
syst ens.

1.3.5 dass Ill PV/S - Pressure vessels or systens that are
primrily ground-based systens for technol ogy applications beyond
est abl i shed detail ed national consensus standards. These vessels
or systens are designed, devel oped, and built according to NASA,
MSFC, or other Governnent Agency standards and specifications.
They i ncorporate nore anal ysis and inspection, including hazards
anal yses, than normally required by national consensus standards.

1.3.6 Cdass IVPV/IS - Industrial pressure vessels and systens
that are all ground-based, unfired pressure vessels or systens
not covered by Class Ill. These vessels and systens are

desi gned, devel oped, and built according to applicable national
consensus st andar ds.

1.3.7 dass VPV/S - Pressure vessels and systens that are used
in aircraft systenms. These shall neet the requirenents of FAA
Airworthiness Standard, Part 23.54, for normal utility,
acrobatic, and comruter aircraft, and Part 25.101 for transport
category airpl anes.

1.3.8 Cdass VI PV/S - Pressure vessels and systens that are used
for portable or over-the-road-type service.

1.3.9 dass VII PV/S - Pressure vessels and systens that are
used for fire protection services. These are designed and built
to nmeet applicable National Fire Protection Association (NFPA)
requirenents.

1.3.10 dass VIII PV/IS - Uility pressure vessels and systens
containing air or water neeting the follow ng conditions:

1.3.10.1 Pressure vessels in which pressures are not greater
than 863 kPa (125 psig), tenperatures are between anbi ent and

54.40C (1300F), and pressure tines volune is not greater than 981
kPa x m3 (5,000 psi x ft.3).

1.3.10.2 Piping and conponents in which pressures are not
greater than 863 kPa (125 psig), tenperatures are between anbi ent
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and 54.40C (1309F), and pressure tinmes dianeter squared is not
greater than 1,422 MPa x cn? (32,000 psi x in.?2).

1.3.10.3 Tanks with hydrostatic pressure only |located so as to
preclude threat to personnel in event of failure.

1.3.10.4 Vacuum vessel s and systems | ess than 2.83 m3 (100
ft.3).

1.4 Relief Valve Set Point. The pressure at which a relief
device begins to flow. This set point cannot be greater than the
MAWP of the | owest pressure-rated conponent in the system

1.5 Relief Device Flow Capacity. The rated capacity of a relief
device is defined as the flow achi eved at 10 percent accurnul ati on
I n pressure above the set point when vented to atnospheric
pressure.

2. RESPONSI BI LI TI ES

2.1 The Center Operations (CO Directorate:

2.1.1 Ensures all pressure vessels and systens are designed,
fabricated, installed, inspected, tested, certified, operated,
and mai ntained in accordance with NPD 8710.5, MPG 8823.1, and
t hi s docunent.

2.1.2 Appoints a Center Pressure Systens Manager to direct
technical efforts and act as the primary point-of-contact for al
technical recertification activities.

2.1.3 Institutes, in conjunction with the Engi neering
Directorate and the Safety and M ssion Assurance (S&VA) O fi ce,
the formation of a Pressure Systenms Commttee. This comittee
consists of the Pressure Systens Manager and desi gnated
representatives of the S&VA O fice; Structures, Mechanics, &
Thermal Departnent; Materials, Processes, and Manufacturing
Departnent; and the respective user(s), where appropriate.

2.1.4 Mintains current certification records of all active
PV/IS. WMaintains records of inactive PV/S that remain i ntact as
ref erence dat a.

2.2 The S&VA O fi ce:

2.2.1 Ensures that MSFC policy, responsibilities, and
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requi renents for pressure vessels and systens are established and
in conpliance with this docunent.

2.2.2 Reviews and approves, if appropriate, deviations and
wai vers in accordance with MPG 8715.1

2.2.3 Establishes a training and certification programfor
operators of pressure systens (see Section 3.3, “Training and
Certification”).

2.2.4 Establishes a PV/S Safety Awareness Programt hat
periodically alerts all MSFC personnel to the proper procedures
for working with and around pressure systens.

2.3 Users of PV/S:

2.3.1 Designate a responsible engineer for each system

2.3.2 Provide original certification records to the Facilities
Engi neeri ng Departnent (FED)

2.3.3 Ensure all personnel operating PV/S are trained and
certified in accordance with Section 3. 3.

2.3.4 Correct any certification deficiencies.

2.3.5 Establish and maintain a configuration nmanagenent system
for each PV/Swithin their interface.

2.3.6 Concur in the determnation of interfaces.

2.3.7 Ensure that all PV/S designs, alterations, nodifications,
and repairs are in accordance with this docunent.

2.3.8 The initial design of pressure systens, and any
subsequent nodifications, shall be described by detailed

engi neering docunentation. This engineering docunentation shal
be submtted to the CO Pressure Systens Manager to ensure al
requi renents are net.

2.3.9 Ensure that any tenporary vessels brought onto MSFC conply
with the requirenents of this docunent and S&VA is notified.

2.3.10 Mark and tag all system conponents properly.

2.4 The Pressure Systens Mnager:
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2.4.1 Approves designs, provides funding forecasts, establishes
requi renents, and provides authority and technical expertise for
pressure vessel and pressurized systens in-service inspection and
anal ysis, certification and recertification activities,

nodi fications, and repairs.

2.4.2 Reviews requests for deviations or waivers of technical
requi renents as specified in codes and standards and provi des
anal yses and rationale to support the approval of the S&VA O fice
I n accordance with MPG 8715.1 and MW 8040. 3.

2.4.3 Serves as chairman of the Pressure Systens Committee.

2.4.4 Miintains a current inventory and certification status of
al | ground-based PV/S.

2.4.5 Ensures that PV/S transferred fromor to MSFC are properly
docunented as to the certification status.

2.4.6 Provides and subm ts the annual NASA
Recertification/Certification (RECERT) Status Report to NASA
Headquarters.

2.4.7 Ensures that all MSFC offsite facilities such as M choud
Assenbly Facility, New Ol eans, LA, Assenbly Refurbish Facility,
KSC, FL; and Santa Susana Fi el d Laboratory, Canoga Park, CA,
conply with this directive.

2.5 The Engineering Directorate/ Space Transportation
Di rectorate:

2.5.1 G ound-Based PV/S

2.5.1.1 Provides technical and engi neering support for ground-
based systens when requested by the PV/S users and the pressure
syst ens nmanager

2.5.1.2 Provides assistance in acconplishing special analyses,
mat eri al eval uations, and design verifications. This includes
revi ew of proposed waivers and devi ations from codes, standards,
and gui des.

2.5.1.3 Appoints two nenbers to the Pressure Systens Conmittee.
One nenber from each of the follow ng departnents shall be
appointed to the conmmttee:

a. Structures, Mechanics, and Thermal Departnent (ED20)
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b. Materials, Processes, and Manufacturing Departnent (ED30)

2.5.2 Flight-Wight PV/S and Associ ated G ound Support Equi pnent

(GSE)

2.5.2.1 Provides technical review of design, testing,
I nspection, certification, and recertification of flight-weight
PV/'S and associ ated GSE.

2.5.2.2 Ensures that design drawi ngs and rel ated docunentation
(i ncluding inspection and test reports and certification reports)
are mai ntai ned and updated to reflect current hardware
configuration.

2.5.2.3 Approves and ensures that alterations, nodifications, or
repairs to existing and proposed flight-weight pressurized
systens shall be designed, constructed, inspected, tested, and
certified in accordance with applicable codes, standards, and

gui des.

2.5.2.4 Provides plans and schedules to certify and to recertify
flight-weight pressure vessels and systens and associated GSE in
accordance with this section

2.6 Program O fices/ Managers:

2.6.1 Gound-Based PV/IS — Ensure this docunent is nade a
contractual requirenent where deened necessary and ensure
conpl i ance.

2.6.2 Flight-Wight PV/S and Associ ated GSE

2.6.2.1 Ensure both new and existing pressure vessels and
systens for which their organization has responsibility are
designed and certified in accordance with programrequirenents.

2.6.2.2 Ensure the design and devel opnent of flight-weight
pressure vessels and systens under their cognizance neet al
flight safety and operational requirenments and that proposed
wai vers or deviation are properly eval uated and approved.

2.6.2.3 Ensure sufficient design data, operating

procedures, system characteristics and constraints, etc., are
provided to permt safe conduct of ground test operations wthout
conprom si ng safety of personnel or equipnent.
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2.7 Pressure Systens Committee:

2.7.1 Reviews recomended requirenents and procedures.
2.7.2 Miintains an overview of pressure systens technol ogy.
2.7.3 Participates in recertification activities.

2.7.4 Provides guidance on pressure systens safety to the
pressure systens manager and ot her appropriate officials.

2.7.5 Provides signature approval on Certification Data Packages
for all Cass | and Il PV/IS

3. PROCEDURE

1 Certification Instructions and Requirenents:

1.1 Identify the PV/S

1.3 Deternmne the certification criteria for the cl ass.

3.
3.
3.1.2 Deternmne the appropriate cl ass.
3.
3.1.4 Determine the “as-built” design and fabrication
requi renents for the PV/IS

3.1.5 Conduct a design analysis of the PV/S.
3.1.6 Performa physical inspection of the PV/S.

3.1.7 ldentify and renove any hazards or potential risks
i nvolved with the PV/S.

3.1.8 Deternmine any nodification, repair, testing, or other work
that shall be acconplished prior to or as a condition of
certification. Docunment and track this effort to ensure
acconpl i shnent.

3.1.9 Devel op safe operating rationale based upon the above
steps considering the status of any nodification, repair, or
tests required.

3.1.10 Cenerate a Certification Data Package that docunents the
results of all the above. Provide a record copy of the
Certification Data Package to the FED and a working file copy in
a central user |ocation.
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3.1.11 Cenerate a certificate simlar to that listed in Section
4 and submit the certificate, along with the Certification Data
Package, to the S&VA O fice and CO Pressure Systens Manager for
approval. Prior to submittal, certificates for all PV S that are
categorized as Classes | and Il shall be reviewed and bear the
concurrence signatures of the Pressure Systens Commttee. All
certificates are signed by the respective user prior to submtta
for approval .

3.1.12 Establish recertification procedures for all PV/S based
upon these instructions.

3.2 Notes

3.2.1 Cdass | - These PV/S shall be analyzed on a case-by-case
basis by stress and naterials disciplines to verify the safety
factor considering all aspects of their design usage, extenuating
operational factors, and degree of isolation. These vessels
shal | pass an QOperational Readi ness Inspection (ORl) or safety
revi ew conducted in accordance with MAN 8715.8, “Operational

Readi ness Program” or a waiver of this requirenent shall be
approved by the pressure systens manager with the concurrence of
the S&VA O fi ce.

3.2.2 dass Il - These PV/S shall be analyzed by stress and
materials disciplines. Criteria for certification of these
vessel s and systens and associ ated aerospace GSE are devel oped
for the respective project commensurate with all flight and
ground safety and operational requirenents. Proof testing is in
accordance with MSFC-HDBK-670. These criteria and subsequent
certification efforts are applied through the respective program
or project channels and are excluded fromfurther reporting
requirenents of this Directive. Certifications and waivers or
devi ations for these systens are approved by the program or

proj ect manager with the concurrence of the S&VA O fi ce.

3.2.3 Cdass IIl - PV/IS of this class have appropriate stress and
mat eri al anal yses to ensure that safety factors are equal to or
exceed the requirenents of the ASME Boiler and Pressure Vessel

Code, Section VIII, Division 1 or 2. Al lowable stresses are
governed by the appropriate tables or appendices of either
Division 1 or 2 of the Code. |If the vessel evaluation is based

on Division 2, a fatigue analysis may be required. Certification
of other system conmponents (piping, tubing, valves, fittings,
etc.) is based on neeting the intent of the ASME Codes for
Pressure Piping, B31.1 or B31l.3, as determ ned by engi neering
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eval uati ons and appropriate engi neering rationale.

3.2.4 Cass IV - Certification of PV/S is based upon the fact
they are code stanped to ASME standards and the code status has
not been nullified by vessel nodification or repair.
Certification of the remai nder of the system (piping, valves,
regul ators, fittings, etc.) is based upon evidence of conpliance
wi th ASME and ANSI standards.

3.2.5 Cdass V- Certification of these PV/Sis controlled by the
FAA and is excluded fromfurther requirenents and reporting
specified by this Directive.

3.2.6 Cass VI - Certification of PV/Sis controlled by DOT
requirenents as specified in CFR, Title 49. \Wen utilized for
over-the-road hauling on public highways, these pressure vessels
and systens are excluded fromfurther requirenents and reporting
specified by this Directive. Wen they are used exclusively for
| ocal (on-post) hauling or portable storage, these vessels and
systens may be certified as specified for Cass IIl or |V above,
i ncludi ng appropriate stress and naterial analysis.

3.2.7 Cass VII - These PV/S are to be certified as specified by
the National Fire Protection Association requirenents and are
excluded fromfurther requirenents and reporting specified by
this Directive.

3.2.8 dCdass VIIlI - These PV/IS are excluded fromthe scope of
this Directive.

3.3 Personnel Training and Certification

Personnel training and certification shall be in accordance with
MAI 3410.1, “Personnel Certification.”

4. RECORDS

4.1 Certification Form - MSFC Form 4311, “Pressure Vessel or
System Certification,” and associ ated data package, w il be
mai nt ai ned by AD23 for the life of the PV/S, then dispositioned
I n accordance with NPG 1441.1, *“NASA Records Retention

Schedul es.”

(Typi cal Record)
Dat a Package | ndex
Mul til ayer Pressure Vessel
15,000 PSIG - 100 FT?
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C.B.& . Co. Contract 9-1968
Vessel No. M08

Responsi bl e Engi neer/ Organi zati on:

5.

None

MANUFACTURERS' DATA

NogoARWNE

Manuf act urer Data Report
Fabri cati on Draw ngs, 9-1968
Nane Plate Facsimle
Hydrostatic Test
Certification of O eanliness
Pressure Certification

Anal ysi s Report

H STORY

Narrative

Hydrostatic test specification, pages 15C- 9, 10,

Di vision 15, Section 15C, MSFC Spec. No. F&D- 544,

Project 6236, Construction Specification for Addition to
GSE Test Facility (attachnent).

Hydrostatic Test Specification, Par 5.a.5, page 15G 2,
Section 15G MSFC No. DAC 87-73-B-9003, Specification
for Modification of Acoustic Mddel Engine Test Facility
at MSFC (attachnent).

Installati on Draw ngs

a. Addition to GSE Facility Hi gh-Pressure Fluid Test
Cell, F&D A-S4648 ML, M4, M.

b. Piping and El evation, GH2 Storage Bottles Test
Stand 116, FAC A-4540 M 24.

c. Photographs of 10,000 psi G+ Storage Vessel
Installation.

Cycle History

Proximty Data

FLOW DI AGRAM
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APPENDI X A

CERTI FI CATI ON CRI TERI A

A.1 GCeneral - Activity involving pressure systens that are not
certified according to any of the criteria given in this docunent
i s subject to personnel access restrictions as stated bel ow

A. 1.1 Personnel engaged in the operations of pressure systens
shal | be qualified through training and experience in accordance
with Section 3.3 of this Directive.

A. 1.2 Personnel access for Class | and Cass |l pressure systens
shal | be requested from S&VA on a case-by-case basis. These
systens shall be operated renotely in areas designed for pressure
testing to mnimze the risk to personnel, property, and

equi pnent .

A 1.3 Determnation of siting restrictions for Class | and 1|1
systens shall be requested from S&VA on a case- by-case basis.

A. 1.4 Personnel access, siting restrictions, or other protective
features shall be based on quantitative and qualitative analysis
whi ch:

A.1.4.1 Assunes failure of the systemat a worst-case maxi mum
pressure/tenperature condition.

A 1.4.2 Estimates fragnmentation and over-pressure effects
(catastrophic or |eak-before-burst failure node shall be
det er m ned) .

A.1.4.3 Assesses the potential for secondary effects such as
fire, explosion, notion of failed conmponents, high-velocity
gases, noise, and asphyxi ant gas rel ease.

A.1.5 Any deviations fromthe requirenments of this standard
shall be reviewed and approved by S&VA. Approval is based on the
denonstrat ed presence of conpensating features which provide

equi val ent safety of personnel and property.

A2 Cass IIl and IV PV/S — Installation Requirenents

NOTE: The followi ng requirenents apply to all Cass IIl and IV
systens. Qher class systens may utilize these as guidelines if
appropriate for the application.
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A.2.1 GCeneral Criteria

A.2.1.1 Pressure systens shall conformto ASME B31l.1, ASME
B31.3, or the ASME Boil er and Pressure Vessel Code, Section VIII,
Division 1 or 2, as applicable, except as noted under criteria
for Cass Il vessels. The rules of the NBIC (ANSI-NB-23) shal
be used for the repair and alteration of inservice, pressure-
retaining itens. \When one of these codes is chosen, the

requi renent shall be nmet in its entirety.

A.2.1.2 Al systens shall be designed and assenbl ed in such
a manner that external pressurization sources and internal fluid
sources can be isolated quickly and positively in an energency.

A.2.1.3 Provisions shall be nmade for depressurizing all elenents
of pressure systens to zero kPa (psig) by use of an appropriate
vent valve. Snall conponents such as gages requiring periodic
renoval or isolation fromthe systemfor calibration or service
shall be provided with an isolation valve to vent the conponent

W t hout the necessity of venting the entire system

A.2.1.4 To facilitate effective cleaning of |arge, fixed-
pressure vessels, |ow point drains shall be provided when
cleaning is required during installation or after repair.

A.2.1.5 Adequate clearance around pressure vessels shall be
provi ded for nmintenance and inspection. C earance between the
vessel and floor shall be provided to mnimze corrosion from
noi st ure.

A.2.1.6 As a mninmm pressure neasuring devices shall be
installed at the systeminterface wwth its source pressure and
downstream of all pressure-reduci ng val ves.

A .2.1.7 Systens shall be provided with adequate pressure
measuring devices. The nornal operating ranges of dial-

i ndicating pressure gages in fixed systens shall be between 25
and 75 percent of full-gage scale so that the system MAWP falls
within the mddle half of the scale.

A 2.1.8 System neasuring devices are to be classified and
calibrated in accordance with MPG 8730.5. Itens classified for
“reference only” shall have an established procedure to ensure
proper function for the intended usage.

A.2.1.9 Tenperature-nmeasuring devices shall have thernmowell s,
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where appropriate, rated at the system pressure relief device set
poi nt .

A.2.1.10 Relief valves shall be verified at | east every 5 years.

A.2.1.11 Relief device outlets shall be designed and installed
I n such a manner as to prevent accunul ati on of water and
subsequent freezing or corrosion and to prevent bl ockage by

I nsect or bird nests.

A.2.1.12 Pressure-system pi ping shall be |egibly marked,
identifying contents, tenperature, pressure, and flow direction
I n accordance with ASME A13. 1.

A.2.1.13 Downstreamrelief features built into pressure

regul ators nay be used in lieu of separate relief devices if it
can be denonstrated that the relief features conply with al

ot her requirenents of this Directive.

A 2.2 Flammbl e, Toxic, and Asphyxi ant Fl uid Systens

A.2.2.1 Al vents fromsystens using flanmable or toxic

(i ncluding oxygen) fluids shall be vented to safe areas outside
of occupi ed buildings. This includes the discharge of internal
relief regulators, relief valves, manual vents, and any other
fluid system conponent.

A 2.2.2 Al blowdown vents from systens using asphyxiant fl uids
shal |l be vented to safe areas outside of occupied buil dings.
This includes the discharge of relief valves.

A.2.2.3 If flanmable or toxic fluids are to be used within an
occupi ed building (even if properly vented), and the potenti al
exi sts for the oxygen |level to be depleted bel ow 19 percent, the
bui | ding or user shall have an appropriate nonitor to detect the
presence of the fluids. The detector shall detect the fluid in
the atnosphere at |evels bel ow those where concentrati ons woul d
beconme harnful or unsafe.

A .2.2.4 Electrical conponents in flanmable fluid systens shal
meet or exceed the NFPA requirenents.

A.2.2.5 Oxygen-deficiency nonitors shall be utilized in occupied
bui | di ngs where sinple asphyxiant fluids are used.

A.2.2.6 Hydrogen systens shall neet the requirenents of NASA-STD
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8719. 16. Oxygen systens shall neet the requirenments of NASA-STD
8719. 15.

A. 2.3 Pressure System Panel s

A.2.3.1 Al panels shall have an isolation valve.

A.2.3.2 Al inspection plugs, pressure gages, tenperature gages,
and safety relief valves shall be readily accessible for service
and i nspection.

A.2.3.3 Panels fed fromportable sources (i.e., trailers, K-
bottl es) shall have supply-hose anchors.

A. 2.4 Flexible Pneumati c and Cryogeni c Hoses

NOTE: This section applies to hoses that are used in pneumatic
systens over 1034 kPa (150 PSIG and all cryogenic hoses. The
foll owi ng are excluded fromthe requirenents of this section

e Hydraulic hoses
« Metal bellows
e Pneunatic hoses being used at 1034 kPa (150 psig) or less

Fl exi bl e hoses shall not be installed in lieu of rigid piping or
tubing. Flexible hoses shall only be used for vibration

i sol ation, conponent flexibility, connection to offload froma
tenporary container, or other tenporary applications where the
use of rigid piping or tubing is inpractical.

A.2.4.1 Flexible hoses shall be protected from personnel traffic
and novi ng equi prent danage.

A.2.4.2 Flexible pneumatic hoses shall be restrained at the hose
end connector and/or each union or hose splice. The nost

effective restraints are Kellunil-type devices. Oher restraints
such as cl anps, brackets, steel cables, fabric webbing, steel
chains, or other devices nmay al so be used. Sandbags or concrete
bl ocks are not permtted.

A.2.4.3 The flexible pneumati c hose restraint shall be attached
to a substantial object using a clevis when in use.

A.2.4.4 Flexible hoses shall be inspected before each use. A
hose that |eaks or has flat areas, kinks, sharp ends, tw sts,
damaged fittings, overdue pressure tests, or excessive corrosion
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or deterioration shall be renoved from service and replaced with
a new hose. Defective hoses shall be destroyed.

A.2.4.5 Flexible hoses shall be marked to indicate MAWP and date
of last pressure test. Flexible metal hoses for which the
wor ki ng pressure is unknown or cannot be established shall be
dest royed.

A .2.4.6 Flexible pneumati c hoses shall be pneunatically tested
to 120 percent of the MAWP and | eak-checked prior to initial use
and annual ly thereafter. Hoses for service above 4000 psi shal
be pressure tested to 200 percent of rated pressure at the
factory and shall have a 4:1 safety factor based on burst
pressure.

Exception: Flexible hoses installed for vibration isolation,

t hermal expansi on/contracti on, rubber hoses used at 150 psig or
| ess, or hoses that are infrequently di sconnected are excl uded
fromthe annual testing requirenent.

A .2.4.7 Flexible hoses shall not be subjected to pressures
greater than the MAW

(The safety factor for flexible hoses in occupied areas shall be
a mnimmof 4:1, based on burst, for hoses |less than or equal to
Y2 in diameter. Hoses greater than %% in dianeter shall have a
m ni rum safety factor of 3:1, based on burst.

A.3 Test and | nspection

A. 3.1 Pressure systens shall be inspected and tested in
accordance with the applicabl e code(s).

A. 3.2 Conponents shall be pressure tested prior to use. This
can include testing perfornmed by the manufacturer for new
conponent s.

A. 3.3 Systens or conponents that are nodified, repaired, or
suspect ed of damage shall be pressure tested in accordance with
t he governing code prior to operation.

A.3.4 Open-end systens such as vent |lines are exenpt fromthe
above pressure test requirenents unless any of the following are
true:

A.3.4.1 The maxi num pressure in the |line under flow ng
conditions can exceed 50 percent of MAWP.
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A.3.4.2 The fluid in the line is flanmmable, explosive, or toxic.
A.3.4.3 The line is subject to significant dynam c | oad.

A.3.5 Personnel are to be cleared fromthe area while performng
pressure tests above MAWP, and neasures are to be taken to
prevent nonessential personnel fromentering the area.

A. 3.6 Adequate venting is to be provided at high points of
vessels to prevent collapsing during draining of |iquids.

A. 4 Safety Notes

A 4.1 Repairs or nodifications performed on high-pressure fluid
systens or conponents shall be done in accordance w th approved
wor k orders.

A. 4.2 Personnel shall be protected from energy sources when
perform ng mai ntenance and repairs by inplenenting | ockout/tagout
procedures in accordance with MAW 8715.2, “Lockout/ Tagout
Program”

A 4.3 PV/IS shall be considered potentially hazardous until it is
established that the systemis at anbient pressure. Prior to

di sconnecting any portion of a pressure system personnel shal
ensure the system has been depressuri zed.

A 4.4 Entrances to all areas where high-pressure operations are
performed or areas of high-pressure gas storage shall be posted
with warning signs. Al work areas where high-pressure
operations are perforned shall be strictly controlled. Entrance
to hi gh-pressure operation areas is restricted to authorized
personnel only.

A 4.5 Test and storage areas where | eakage can present a toxic
or flamrabl e hazard to personnel or equi pnent shoul d be equi pped
W th gas detectors and audi bl e al arns.

A.4.6 Personnel operating pressure systens shall wear face
shi el ds, goggles, or safety glasses with side shields.
Addi ti onal personal protective equipnent nmay be required
dependi ng on ot her hazards present.

A 4.7 Pressure system operations shall be conducted using
witten procedures conformng to MN 8715. 6, “Hazardous
Qperations,” and shall be reviewed and approved by S&VA.
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APPENDI X B
SUPPORTI NG CRITERIA FOR CLASS IIl AND IV PVIS

Note: The followi ng statenents fall within the requirenents of

t he consensus codes identified in Appendix A They are listed
bel ow i n order to prevent design oversights that have

hi storically occurred and to enphasi ze the necessity of including
these factors in systemdesigns. This should in no way be
considered a conplete checklist for designers since all systens
nmust be constructed in total conpliance with the applicable PV/S
code.

B.1 Overpressure protection devices shall be installed

downst ream of pressure regul ators unless the downstream systemis
designed for the maxi num pressure upstream of the regul ator (ASME
B31. 1, paragraph 122.5).

B.2 Discharges fromvents, relief devices, and gage bl owout
ports shall be | ocated or directed away from personnel and
equi prent (ASME B31.1, paragraph 122.6.2).

B.3 Piping and fitting materials shall be conpatible with

the nedia. Fasteners shall be conpatible with the joint

material. \Where dissimlar materials are being joined, fasteners
that m nim ze corrosion shall be selected. |If needed, the

Engi neering Directorate will assist in the selection of materials
(ASME B31.1, section 123).

B.4 Supplier’s catalog pressure ratings for piping and tubing

wi |l not take precedent over applicable code requirenents.

Maxi mum pressure ratings for piping and tubing shall be based on
the allowabl e stresses listed in the applicable piping code (ASMVE
B31. 1, paragraph 102.2).

B.5 Al conponents within a systemshall have an MAWP equal
to or greater than the set pressure of the relief devices
protecting the conmponent (ASME B31l.1, paragraph 122.5).

B.6 Each conponent of a pressure systemshall be |legibly
marked (to the extent practical) to indicate the part nunber,
manuf act urer, maxi mum wor ki ng pressure, and tenperature (ASME
B31.1, paragraph 107.2).

B.7 Dial-indicating test gages used for pressure testing
conponents above the MAWP shall have a range of not |less than 1.5
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nor nore than four tinmes the test pressure. Digital-reading
pressure gages having a w der range of pressure nmay be used

provi ded the readi ngs give the sane or greater degree of accuracy
as obtained with dial pressure gages (ASME BPVC, Section VIII
Division I, paragraph UG 102).

B.8 Downstream overpressure protection shall be sized on the
assunption that the upstream pressure source is flowng at its
maxi mum opening with an inlet pressure equal to the set pressure
of the upstreamrelief device (ASME BPVC, Section VIII, Division
|, paragraph UG 133).

B.9 Downstreamrelief devices shall be installed as close
as possible to the outlet of the pressure source (ASME B31.1,
par agraph 122.5.1).

B.10 Burst or rupture disks may be used in lieu of, or in
conjunction with, other nmechani cal devices. However, due to the
nature of these devices, they do not require 5-year verification
These devices are susceptible to fatigue failures and shoul d be
repl aced per the manufacturer’s recomendati ons (ASMVE BPVC,
Section VIII, Division 1, paragraph UG 127).

B.11 Pressure vessels and systens protected by a single

relief device are protected to ensure that pressures do not rise
nore than 10 percent above the MAWP and their settings do not
exceed the MAWP (ASME BPVC, Section VIII, Division |, paragraph
UG 125).

B.12 Pressure vessels and systens with nultiple relief

devices are protected to ensure that pressures do not rise nore
than 16 percent above the MAWP. The primary device setting may
not exceed the MAWP, and the secondary device setting cannot
exceed 105 percent of the MAWP (ASME BPVC, Section VIII, Division
|, paragraph UG 125).

B. 13 Pressure-reducing valves and sim |l ar mechanical or

el ectrical control instrunents, except for pilot-operated val ves,
are not considered as sufficiently positive in action to prevent
excess pressures from bei ng devel oped (ASVME BPVC, Section VIII,
Division |, paragraph UG 126).

B.14 Relief devices shall be properly supported to w thstand
reaction | oads at their rated fl ow and pressure (ASME B31.1,
par agraph 122.6).
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