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1.0 INTRODUCTION

The IMO fire safety requirements for tankers, contained in
Part D of Chapter II-2, regulation 59 of the International
Convention for the Safety of Life at Sea (SOLAS) 1974, and the
1983 Amendments (reference 1), requires that cargo tank venting
systems be provided with devices to prevent the passage of flame
(DPPFs) into the cargo tanks., The design and testing of these
devices are to comply with the requirements established by IMO.
Test standard MSC/Circ.373 (reference 2), was adopted by IMO in
April 1984. The IMO standards are based on a German test with
modifications.

Being a signatory to the Safety of Life At Sea (SOLAS)
convention, the United States 41is obligated to wuse the IMO
standard despite the fact that there are major differences
between the present U.S. Coast Guard regulations and the IMO
test. The new IMO criteria requires DPPFs to achieve the highest
obtsainable temperature on the tank side of the element before the
time requirement for the endurance burn test is imposed. This is
a major departure from the Coast Guard accepted test criteria
which requires the arresting device prevent the passage of fliame
for one half of an hour or one hour depending on other variables.

With such a major departure from currently accepted
criteria, 1t 41is incumbent upon the Coast Guard to wvalidate,
through testing, the adequacy of the new criteria with a Coast
Guard-approved independent testing facility, before finalizing
regulations which implement the new IMO standard. This project
addresses the efforts to validate the IMO Standard, and consists
cf two separate reports. The first addresses the testing of
flame arresters and flame screens, while the second will address
the testing of pressure/vacuum valwves.

2.0 OBJECTIVES

The principal objectives of this project are centered on the
essential elements of the areas of test verification, test
protocols, taest availability and repnatability as follows:

Development of the detailed test procedures, specialized
test apparatus and instrumentation required to conduct
flashback and endurance burn tests in accordance with IMO
Standard MSC/Circ.373.

Obtain a rejresentative selection of currently available
DPPFg (flame screens and flame arresters) and utilize these
to verify that the newly developed test methods presented
in JIMO MSC/Circ.373 can be conducted satisfactorily.
Determine i1f flame screens and flame arresters previously
tested and approved as meeting U.S. Standards (refererce 3)
can pass the new IMO tests, and those which do not meet
U.5. Standards do not meet the IMO Standards.
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Identify at least one established independent testing
authority with resources and facilities acceptabie to U.S.
Coast Guard, and which has the capabilities to perform both
approval testing and fallow-up production inspections of
DPPF manufacturers on an ongoing basis.

These tests will be used to determine, 1) if the candidate
flame screens and flame arresters will function in accordance
with current IMO Regulations, and 2) if the IMO test parameters
and procedures are considered adequate, as well as fair.

3.0 REVIEW OF FLAME SCREEN/FLAME ARRESTER REGULATICONS, STANDARDS
AND TESTING PROTOCOLS

There exist several applicable national (U.s.) and
international standards, regulations, and codes of practice
pertaining to the selection, testing, installation and use of
DPPFs on tankers.

The principal Codes and Standards, the authority having
jurisdiction where applicable, together with the appropriate U.S.
regulations and definitions are presented below. )

3.1 U.s. COAST GUARD REGULATIONS

The U.S. marine safety regulations for DPPFs are based
on the Code of Federal Regulations, Title 46, Chapter 1 (October
1986 Edition), Subpart 162.016 - "Flame Arresters for Tank
Vessels". Additionally, flame screens are defined in Subpart
30.10-25 of the CFR. The "authority bhaving jurisdiction" is the
United States Coast Guard. Please see Appendix A.

3.2 UNDERWRITERS LABORATORIES, INC. (UL) STANDARDS FOR
SAFETY

The appropriate testing procedures are laid down in
ANSI/UL 525, "Standard for Flame Arresters for Use on Vents of
Storage Tanks for Petroleu-~ 0il and Gasoline" (Fifth Edition
1984), Underwriters Laboratories, Inc. (Appendix B). Test
criteria requires resistance to flashback in a one-hour
interrupted endurance burn, continuous burn for one hour with
fuel mixture flow interruptions every 10 minutes for 15 seconds.
For the flashback tests, UL does not require a specific type of
enclosure to contain the explosive fuel/air mixture. The UL
procedure specifies a fuel/ailr ratio to be used for all endurance
burn tests and a specific fuel mixture flow rate for each size
flame arrester. According to UL personnel, the flow rates were
derivel empirically years ago. The authority having jurisdiction
is UL who provides a "follow-up service" to ensure that "UL
listed" products are manufactured to the same standards as the
tested samples.
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3.3 FACTORY MUTUAL (FM) RESEARCH STANDARDS

Applications data is contained in Factory Mutual Loss
Prevention Data Sheets, Section 7-88, "Storage Tanks for
Flammable and Comhustible Liquids" (reference 17). This document
applies only to shore-based iastallation practices and
procedures. Taesting procedures are covered in Factory Mutual
Document TIC 6061 (Appendix C) which calls for an endurance burn
requiring resistance to flashback for 1/2 hour with uninterrupted
fuel/air mixture flow. These are considered finite 1life
endurance burn tests. For the flashback tests FM does not speci-
fy the type of enclosure to contain the explosive fuel/air mix-
ture.

3.4 INTERNATIONAL CONVENTICN FOR THE SAFETY OF LIFE AT SEA
(SOLAS)

The International Convention for the Safety of Life at
Sea, 1974 (1974 SOLAS), together with the 1978 Protocol and
consequent SOLAS Amendments of 1981 and 1983, have been adopted
by the Maritime Satety Committee of the International Maritime
Organization (IMO). Specifically, the requirements for DPPFs are
laid down in SOLAS Regulation 59, "Venting, Purging, Gas Freeing
and Ventilation", Chapter I1XI-2 (1982 Amendments), para. 1.5.
(Appendix D).

Flashback and Endurance Burning Tests procedures for
DPPFs are described in Section 3.2, paragraphs 3.2.1 through
3.2.3.2, of IMO document MSC/Circ.373/Rev.l, "Revised Standards
for the Design, Testing and Locating of Devices to Prevent the
Passage of Flame into Cargo Tanks, in Tankers," (Appendix E).
The .MO standard calls for separate flashback and endurance burn
tegts utilizing the separate test apparatus described in Section
5 of this report. The test is considered by IMO to be the most
stringent of the endurance burn tests because it requires the
maximum heat transfer rate obtainable from the flame to the
arrester element. The UL and FM tests do not ensure maximum heat
transfer rate, they specify a finite time requirement for flame
passage resistance.

4.0 PREVIOUS TESTING OF DPPFs
4.1 TESTING IN THE UNITED STATES

Considerable exy :rimental research and testing of DPPFfs
has been conducted over the past 20 years into both the phienomena
of flashback and to determine performance gcf DPPFs during
endurance burn tests. This research has shown that in the case
of flame passage, commercially available flame screens and flame
arresters perform consistently well for a variety of common
fuels.
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Additionally, endurance burn tests (refexrence 4) <o
establish evaluation for the design of flame arresters to the
exposure of prolonged methane/air and gascline/sir flames have
beaen conducted by the USCG. This research was followed by
further verification research (reference 5) related to endurance
burning tests using butane/air fuel mixtures. These testg, per-
formed for the Coast Guard, indicated that whereas some arresters
resisted flame paszage for greater than one hour, they did not
reach thermal equilibrium. Therefore, there is concern that the
newly developed IMO test criteria may be too stringent. The
objectives of this test pvogram are designed to determine if the
IMC test criteria can be applied in an objective manner,
independent of the testing facility, its location and, to
ascertain if DPPFs currently approved to USCG (ANSI/UL 525)
standards would pass the IMO tests.

The intent of presentiy acrcepted test methods by the
Coast Guard and the IMO standards is for maximuii heat transfer to
occur between the flames and the device undergoing testing. The
IMO standard attempts to achieve this thirough the raequirement of
the highest attainable temperature, implemented by fuel/air ratio
and fuel flow rate adjustments. However, as menticned in 4.3 of
this raport, such fuel/air adjustments ais¢ have cumulative
affects on flame luminosity, flame speed and consequant heat
transfer. All of these factors could influence the sevexity and
integrity of the tests.

4.2 TESTING IN OTHER COUNTRIES

Tesﬁ§ conducted by a Danish manufacturar show <That of
several sizes™ of flame arresters, up *c 12 inches (3icm) in
dlameter, tested to the IMO standard, oniy sizes up +o and
including 6 inches (15.5¢m) passed the endurance burn port:ion of
the tast. in a written communication (reference 6) with the
German independent test facility, Physikalisch-Tachnische
Bundestanstalt (PTB), it was noted that during the testing used
to develop the IMO standard, the 6 inch (15.5cw) flame arrester
was the largest size to pass the IMO enduratice burn test. Their
communication also included a formula to calculate fuel/air flow
rate and adjustment for crimped-ribbon type fiame arresters.

Experimental evaluation of DPPFs using n-hexane hava
been conducted in Japan (reference 7) and suggest that the cross-
sectional configuration of the flame arrester has an effect on
the flame arresting performance which may explain the pooxr per-
formance of arresters in excess of 6 inch (15.5cm)} diameter. The

1 Flame arrester sizes referred to in this report are those

specifically designed for use in nominal pipe sizes.
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Japanesn study alsc confirmed that the quenching characteristics
of the flame arrester are influenced by the flame propagation
velocity of the fuel/air mixture, which in turn is influenced by
the composition of the fuel/air ratio. These factors are also
taken intoc consideration in current U.S. and IMO tests.

The British Fire Research Staticn (BRE) has conducted
teste on flame arresters at their Cardington facilities. These
tests utilized hydrogen/air fuel mixtures, and related
performance cf flame arresters against flashback from unconfined
hydrogen gas cloud explosions. Results are not currently
avallable and it 1s not known if other fuel/air mixtures were
tested.

4.3 HEAT TRANSFER TO THE DPPFs

The IMO standard endurance burn test induces a
condition for heat transfer through the DPPF, contributory
factors being flame temperature, materials of construction, mass,
ambient temperature, weather conditions an the design of the
device. As mentioned earlier in this report, variation of the
fuel/ailr ratio of a flammable mixture does result in different
maximum flame temperatures (references 8 and 9), which would
affect the temperature to which the DPPF was heated as it acted
as a flame arrester. For flammable hexane/air mixtures, the
maximum flame temperature increases from about 2200°F (1204°C) at
the lower (fuel-lean) and upper (fuel-rich) flammability lim.ts
to about 3600°F (1982°C) at the stoichiometric limit. However,
accompanying this change in temperature are concomitant changes
in luminosity and flame speed (reference 10). The luminosity of
the flame would affect the rate of heat transfer from the flame
to the device, thereby influencing the heat transfer processes by
which the device was heated. The higher the luminosity, the
greater the heat transfer to the device. The highest flame
luminosity occurs at the rich limit (yellow flame mode), which
also has the lowest maximum flame temperature. Additionally,
differences in flame speed would alter the severity of the
flashback test {reference 8).

The tests indicated <that the highest temperature
obtainable on the tank siue of the DPPF was higher when the flame
was at the upper (fuel-rich) flamwability limit than when it was
at the stoichiometric limit. This observation indicated that
flame luminosity was more important than maximum £flame
temperature in governing heat transfer processes to the device.
This result would suggest that devica heating and endurance
testing should be done with an upper 1limit of flammable
hexane/air mixtures. However, the flame speed at the upper limit
of flammable hexane/air mixtures is approximately one-tenth less
than that at the stoichiometric limit (reference 9). Therefore,
endurance burn testing at the upper, rather than stoichiometric,




limit of flammable hexane/air mixtures would be less severe in
terms of flashback probability, where flashback tendency is
directly proportional to flame spced.

Other factors which are a part of the heat transfer
phenomenon include the mass associated with the device and its

attached ancillary equipment. Variations occur between model
design and manufacturer ewven when constructed from the same
materials. Heat tranrnsfer retention, or soak times, were

noticeably longer for the DPPFs having greater mass. This heat
retention could present a potential latent ignition source.

4.4 OTHER CONSIDERATIONS

The IMO test, and in most instances other official U.S.
test procedures, is conducted using only one sample of each DPPF
medel . It can be claimed that testing a single article device
does not represent a statistical sample. Furthermore,
MSC/Circ.373/Rev.l does not address whether all sizes of DPPFs
should be tested. In addition, minor imperfections or deviations
from the original manufacturing design standards could influence
performance test results.

Clogging of flame screen and flame arrester elements
may lead to the development of hot spots resulting in passage of
flame to the tank side of tha DPPF. However, reviewing test
requirements for multiple test sampling and the potential for
DPPF element clogging, and its effects, were not in the scope of
this research.

5.0 TEST PROCEDURE

The scope of this project included verification of the
MSC/Circ.373 protocol for flashback and endurance burn testing.
It aid not include other tests required by MSC/Circ.373 such as
mechanical design standards (part 2.2), flow rate, fouli g,
extreme temperature operation, etc. {part 2.3), or corrosion and
hydraulic pressure (part 3.5). MSC/Circ.373 does not provide the
detailed test protocol necessary to conduct the flashback and
endurance burn tests. Therefore, detailed test procedures were
developed by the Coast Guard with contracted support from
Underwriters Laboratories. These procedures, the required
apparatus, the fuel used and the necessary instrumentation are
discugssed in the following subsections.

5.1 TEST APPARATUS

The test apparatus was designed in accordance with the
description provided in the figure marked "Test Rig for Flashback
Test" in Appendix 1 of the IMO standard. A basic schematic of
the apparatus used for this test series 1is shown in figure 1.




The plastic bag for the flashback test was approximately 1m
(3.28ft) in diameter, 2.5m (8.2ft) in length, and .05mm (0.02in)
thick. In practice it was found that the plastic bag fell back
onto the surface of the DPPFs after ignition. Therefore, a large
aperture, coarse wire, cylindrical cage was constructed to
support the plastic bag and to prevent melted plastic £from
contaminating the flame screen material. It is emphisized that
the large aperture, coarse mesh of the wire cage did not in any
way interfere with the test perfc mance of the DPPFs. Figure 2
illustrates a typical plastic bag coandition after ignition
without the coarse wire cage.

The IMO test apparatus requires a tank as the conduit
for the fuel/air mixture to reach the DPPF. A 12 inch (31lcm)
pipe was used as a tank. Tank size is not specified and a 12
inch (31lcm) pipe was used as the conduit for the fuel/air
mixture.

A sparkplug provided ignition for both the flashback
tests and the endurance burn tests. The IMO Standard suggested a
pilot flame for the endurance burn tests. However, a sparkplug
system was safer in that it precluded accidental extinguishnent
of the pilot flame. Extinguishment would require personnel to
enter an explosive atmosphere to relight the pilct flame.

A 3/4 inch {19mm) pipe was used as a support for the
plastic bag and the sparkplug ignition system. It also served as
an exhaust for the air in the bag. The fucl/air mixture flowed
for 10 minutes. This allowed the fuel/air mixture to displace
the air in the bag and give a homogeneous explosive mixture in
the bag.

5.2 TEST FUEL

Section 3.1.3 of the IMO standard specifies the
gasoline fuel for the endurance burn to have a boiling range
approximating 150°F-167°F (65°C-75°C). Gasoline with that
specific boilling range was not available in the United States.
Gasoline 1is a generic term for various blends of aliphatic
hydrocarbons and additives (e.g., tetra ethyl lead as an anti-
knock additive). Gasoline blends vary greatly in the United
States accoerding to seasonal climate and regional air density.
They will also deteriorate with aging. Each manufacturer adjusts
the blend ratios of the hydrocarbons and additives according to
their own formula and region. Commercially available gasolines
have a much larger boiling range than the range required by IMO.
Extensive research (presented in Subsection 5.2.1 of this report)
for a suitable substitute was undertaken. n-Hexane, an
isomorphic compound with a boiling range within the IMO specified
limits, was determined to ba the acceptable fuel. Its use by
several independent testing facilitles further corroborated n-
hexane as the ideal choice.
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MELTED PLASTIC ADHERING TO TEST SPECIMEN




5.2.1 FUEL SELECTION

The rationale for selection of the fuels that
are specified in current Underwriters Laboratories (UL) and
International Maritime Organization (IMO) Standards for flame
arrester tests is not stated in those documents. When testing in
accordance with recognized standards, it is desirabie to make
conditions as uniform as possible, so as to ensure repeatability
of test results. However, the types of test fuels specified in
these UL and IMO Standards are commercial products consisting of
mixtures of hydrocarbon compounds whose individual proportions
are not directly contrenlled during processing. In addition, they
may contain a variety of additives and other substances. It is
possible that normal variations in fuel composition could have
significant effects on the performance «f the flame arresting
devices. The description of the test fuel given in the IMO
Standard is somewhat confusing in that the type of fuel mentioned
does not normally possess the narrow range of properties indi-
cated in the standard.

The following observations were prepared in
order to summarize available information on some possible test
fuels, and to present recommendations regarding the fuel that
should be used in the flashback and endurance burn tests.

Summary of Available Information

1. IMO MSC/Circ.373, Standards for the Design,
Testing and Locating of Devices to Prevent the Passage of Flame
into Cargo Tanks in Tankers, includes the following information:

a. "These standards cover flame arresters for
the protection of cargo tanks containing flammable liquids of the
aliphatic and aromatic groups of hydrocarbons having flashpoints
of 60°C (140°F) (closed cup) or less, and Reilid vapor pressures
below atmospheric pressure" (paras. 1.2.1 and 1.2.3).

b. "These devices are intended for use on
tanks containing crude o1l and petroleum products; they are not
generally suitable for tanks carrying chemical products in groups
such as alcchols, amines, ethers and esters" (para. 1.2.3).

c. For testing cf flame arr-esters intended for
installation at openings to the atmosphere, the following test
mixtures are to be used:

(1) Flashback tests: "The most easily
ignitable propane/air or gasoline/air mixture" (para. 3.2.2.1).

(2) Endurance burn tests: "The most easily
ignitable gasoline vapor/air mixture (para. 3.2.3.2) or the most
easily ignitakle technical hexane vapor/air mixture."
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d. The gasoline test fuel is dJdescribed as
fellowe: "...gasoline vapors (a nonleaded petroleum distillate
consisting essentially of aliphatic hydrocarbon compounds with a
boiling range approximating 65°C/75°C..." (para. 3.1.3).

2. The Underwriters Laboratories Standard UL525;
"Flame Arresters for Use on Vents of Storage Tanks for Petroleum
011 and Gasoline", includes the following information:

a. "These requirements cover flame arresters
for use in open vent pipes, flame arresters for use with vent
valves, and flame arrester-vent valves, all intended for use on
vents of storage tanks for petroleum oil and gasoline." (para.
1.1)

b. Test mixtures are specified as follow.::

(1) Explosion tests: "gasoline vapor-air
mixture at a concentration of 1.90 + 0.05 percent by volume, at
an initial pressure of one atmosphere" (paras. 8.1, 8.9 and 9.1).

(2) Continuous burn tests: ..."Same mix-
ture and concentration as for explosion tests; flow rate of the
gasoline vapor-air mixture is specified as a function of the pipe
size of the arrester; e.g., 1030 CFH for a 12 inch nominal pipe
size" {paras. 9.1 and 9.3).

C. The tes* fuel is described as follows:

"The gasoline used in the tests is to be
Naphtha 'R', a nonleaded petroleum distillate consisting
essentially of aliphatic hydrocarbon compounds and having a
specific gravity of 60-70 degrees API at 15.6°C (60°F)." (para.
8.8) (This range corresponds to 9.74-0.70 specific gravity.)

3. National Bureau of Standards Report 10 362; An
Evaluation of Plastic Gasoline Containers, includes a description
of a "gasoline simulant" which was used for pressure testing and
permeation testing of small containers. (No fire tests were
involved: consequently the flammability and burning
characteristics of the gasoline simulant were presumably of no
great concern for these particular tests.) A 70/30 mixture of
"iso-octane" (2,2,4-trimethyl pentane) and toluene was used as
the sgimulant. The report states, "The 70/30 mnmixture i1is a
recognized gasoline simulant. It was used rather than com-
mercially available gasoline to avoid wvariations in composition
that might be found among gasolines produced by different
manufacturers."

4. Naval Research Laboratories Report 5423;
"Ignition of Hydrocarbon Vapors by Continuocus DC Arcs", states
that blends of normal heptane and normal octan~ were used to
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obtain hydrocarbon vapor/air mixtures that could be ignited with
low spark energies as follows:

Blend Useful Temperatuxre Range
(% n~heptane/% n-octane)

100/0 55-68°F (13-20°C)
66.7/33.3 65-77°F (18-25°C)
33.3/66.7 74-86°F (23-30°C)

0/100 84-95°F (29-35°C)

5. Table 1 provides a comparison of physical
properties for wvarious materials. While preparing this table, it
was noted that there is sometimes a considerable difference in
temperature values (e.g., boiiing point) given by different
reference sources for the same pure hydrocarbon compound. Also,
some sources do not differentiate between different forms (e.g.,
iso~octane and n-octane), which may have different properties.

General Comments

1. In IMO MSC/Circ.373, use of the word "gasoline"
implies that &a 1regular commercial product 1s <to be used.
However, the IMO definition of gasoline goes on to include "a
boiling range approximating 65°/75°C", whereas gasoline typically
has a bociling range from 30°C to 210°C (86° to 410°F). The IMO
definition does not include requirements for other properties
such as specific gravity, flammability, explosive limits, etc.

2. UL 525 sgpecifies that the gasoline used in the
tests 1s to be Naptha 'R', having a specific gravity of 60-70
degrees API (i.e., 0.70 to 0.74 times as dense as water). No
other properties are specified. No mention of a substance called
Naphtha 'R' can be found in any available publication, however,
UL indicates that rubber solvent is a synonym for Naphtha 'R'. A
limited amount of data on rubber solvent is available (reference
13). Additional information was also obtained from UL (reference
14). These sources indicate that rubber solvent's beiling point
ranges between 40° and 135°C (104° and 275°F).

3. IMO and UL use identical words to describe the
gasoline test fuel: "a nonleaded petroleum distiliatse consisting
essentially of aliphatic hydrocarbon compounds..."”

4. Aliphatic hydrocarbons are those in which carbon
atoms are 1in open chains, as opposed to the ring structures of
aromatics and naphthinic compounds (references 15 and 16).

Aliphatic hydrocarbons include pentane, hexane,
heptane, octane, ethane, butane and acetylene.

Aromatic hydrocarbons include benzene, toluene,
and xylene.




celdmig {0499 CSRLUDL YL
{isu) 9162 o ‘o05%) & a%r ydoxd
{sscB) 8152 , 0 LB OUNA LD
. 40428 {{94708) . . o 1% ~ %o 10 B
06v'12 0151002 i6'0 56 TT | ol | do8si- O,2r) 41 . 06’4 95’4 150 suwdasd
(D ¥E2 .
o522} (0022} | (Dol 3,088 P03 8 -._u._.w.h .ﬂz
. E x4 Flag 9~ 2
9/9'02 %1 05Z'6 1 £6°0 s | Vb ofuey | dez- | 10699 4 oist e o's oe | soo | o™t ,m.wwﬂ&
0,80t {(0oy- B RLINTICL
4032} o .0r) | - (Do8E) 4201 P . uo .81.?-
. \ 4 JolS- N LT R LT T
SPL'6L o10se'6! £8 rl sﬁ Ag0p- | 0,5C) 3458 Tonmn s | €90  sumped-u
(0o51€
ot o2e2) {00521) 405223 Ay
FRY. (0,07 . opeudys Ayenioi
SL o'l o1 ,05P door- | (2,20 4ol THEm 0.0 HMAJOS J9QQn
s&wﬁwklﬁ o. .nﬂ.-.mtl T NF.I
{0 <t0L) 2:212%08 ‘sugoess
: _ {D o862} 3 008 :PMA phphen
.oawnvv Gewv.v 60 sLeLN
Ol ol L€, 0] 082 -, cov oy ol Getap
. . 3,059 | d.08 ©0902) 4 oe0r 73 ] o a Rty — iy %
ces'0Zo19gL'eL 9/ re o} 4002 Olo9C- (DoEE) 3415 ToORN ¥i ot o spnial ‘vuyjoseld
{y S : . 18 Fiy
{0.8 e d
1 o08Y) o1 ..3 PSSy A
3el60 — o . tome
o 400 {Oe018) . Syiy — Sty
052'8l o1 0P Li ¥4 [4 ! P - o1 .0b dols2 11 Ve | 280 sueniGy
Lo JR: 10 L
o1 o5ty) swLsdhpaayZZ Oy, 8y
V8L (0o21) | {Do128 O oaB) E{ QOO ZHOO S HO)
09 o'l ol B8LL 3001 40627 (081 6t 0L0 HE20-08y
. P sLe R ™
ek hoe
9,020 | Q.1 (052t} ] sy — s %T S
08502 C10LL'61 50 §9 o'l 4.y 4.9¢ 44852 6¢ ¢L0 a0l
{0,082 SLeR ‘W
g5tz (2.88) 4,602 Pul ool
] 4,95 | (0,9 "l — i S(3Hol o
159'02 91 0216 160 0L 0L | ™Y 2, (Qor6) 40102 ‘wrrs B st | 690 sundey-u
i) {uny) saddn Jowo") wiod {visd) (oi=ew) | (oymewmin
dvo 34vs {swnjon 4a %) voiudy | ysery swed busiog ‘.&._>a hu%
NOLLSNBWOD | winamuzdxa | wiv NI SN JUNSSTU “3Nd
40 1v3H nomxvr | 31SVINNY SIHALVHILNHIL wovr | S3LLSNIC
SALHId0Hd 13Nd - 1 3719YL
= ‘ - e T T ™= | ™ = Tm

13




Naphthenic hydrocarbons include cyclopentane,
cyclohexane ar.d cyclopropane.

5. Distillation curve data (references 13, 15 and
16) are plotted in figure 3 for several materials that are
classified as aliphatic hydrocarbons and considered to be common
industrial solvents. .

Observations
1. Commercially available gasoline is not available

with the 1limited range of boiling points required by IMO
MSC/Circ.373.

2. A wide variation 1is to be expected in the
composition of gasoline, which is a mixture of hydrocarbon
compounds generally rangirg from C_.H to C,,H,,. Commercial
manufacturers provide the proper volgtliity ch%gaa%eristics. The
blending is adjusted on a seasonal basis to compensate for
changing climatic conditions. Gasoline may also contain varying
amounts of additives, depending on the manufacturer. In additioen
to the hydrocarbon compounds, unleaded gasoline may contain
considerable amounts of alcchols and ethers (up to 7 percent
each}).

3. The composition of Naphtha 'R'/rubber solvent
may also be expected to vary widely £from manufacturer to
manufacturer, if not from batch to batch.

4. Normal variations in the composition of gasoline
and MNaphtha 'R'/rubber solvent may have a significant effect on
the flammability characteristics of these fueis. The magnitude
of any such effects cannot be predicted.

5. Based solely on the requirements of IMO Standard
MSC/Circ.373 (aliphatic hydrocarbon with 65° to 70°C (149° to
158°F boiling range), normal n-hexane appears to be the best
choice from among the fuels shown in Table 1. It should be
recognized, however, that when other properties (such as ignition
temperature) are considered, there are appreciable differences
between n-hexane and both gasoline and rubber solvent.

5.2.2 Fuel Ratio

The fuel/air mixture for all the flashback tests
and initially for the endurance burn tests was 2.5% n-hexane in
air. Previous experience with fuel/air mixtures has shown this
ratio to yield the hottest flame. During the endurance burn
tests the fuel ratio was adjusted to determine if it had a
significant effect on the temperature downstream of the arrester.
The adjustment increments were 0.1% in eithex direction.
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5.2.3 Fuel Mixture Flow Rate

The initial fuel mixture flow rate was 1139
standard cubic feet per hour (scfh) for the 12 inch (3lcm)
devices and 232 scfh for the 6 inch (15.5cm) devices. These flow
rates were prescribed in UL Procedure 525 for endurance burn
tests and were the most logical point of initial flow.
Adjustments to the flow rates were made by means of adjustments
to the static pressure head. Adjustments to the pressure head
were made in one centimeter increments. The flow was then
calculated using an algorithm which considered flow temperature,
fuel/air ratio, and orifice/pipe coefficients. Flow rates and
maximum temperature achieved from thase celculations are shown in
Table 2. The metering apparatus of the fiow required the flow
adjustments to ke made in pressure head inches of mercury. The
most practical adjustment for the apparatus was 1 inch (2.54cm)
of mercury. With this adjustment, flow rates of 1018, 882, 674,
and 510 scfh were attained for the 12 inch (Clcm) devices. if
the adjustment increments were too large, the flame would
extinguish and a smaller increment, 0.5 inch of mercury, would be
selected. .

TABLE 2
FUEL MIXTURE FLOW RATES

ENDURANCE BURN TEST (MSC/CIRC.373)

TEST HEXANE FLOW DPPF TOTAL
NUMBER IN AIR RATE MAX TEST
(%) @ FB TiEMP TIME
_(gcfh) __ (deqg C) (min)
A2-1 2.6 1139 243 13
A2-2 2.6 1139 n/mi* 12
B2-~-1 2.4 510 n/m*# 58
B2-2 2.4 1052 n/mi* 70
c~1 2.5 1175 297 26
D-1 2.5 1189 870 88
D-2% 1.9%* 1186 488 60
El-1 2.5 233 364 113
E2-1 2.5 109 348 240
Fl-1 2.5 235.9 432 220
F2-1 2.5 233 218 28
G-1 2.5 234.9 712 95
H~1 2.5 1106 933 490
K-1 2.5 395 843 508
L-1 2.5 233 22 3
M-1 2.6 234 783 150

* Continuous flame test (UL 525) using Naphtha-R in air
** Not Measured
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Written communication with the German laboratory PTB
(reference 8) indicates flow adjustments were made in 20%
increments to an initial fiow rate derived empirically. It
appears that flow adjustments to obtain flow rates for maximum
temperatures were made prior to actual testing at that flow rate,
possibly with another DPPF. The actual flow data the German
laboratory used could not be calculated because the dimensions of
the crimpt-ribbon element were not available. Neither could flow
rates prescribed by the German equation be calculated for the
devices manufactured in the United States because the crimpt-
ribbon dimensions were not available.

In order to ensure that an homogenous fuel/air
mixture was achieved at the time of the test, a small diameter
pipe was installed at the closed end of the plastic bag. This
feature guaranteed that as the flammable mix :ure was intrcduced,
it expelled the residual air from the tank and bag out through
the small diameter pipe to evacuate the system. This procedure
is not included in MSC/Circ.373/Reav.l. Omission cf the practice
could result in weak fuel/air mixtures at commencement of the
test.

5.3 INSTRUMENTATION AND MATERIALS

Full details and specifications of the data recording
instrumentation and materials are provided in Table 3. This
equipment was utilized £for both Flashback and Endurance Burn
Tests.

Type J thermocouples were cemented to the upstream side
(underside) of the flame screens for the endurance burn tests.
One was located at the center of the device and three were
located on radii 120° apart halfway along the radii. Poorx
adhesion of the thermocouples to the limited surface of the flame
screens precluded all but three measurements, and even these are
questionable. Figure 4 1illustrates +the location of the
thermocouples on the screen.

Type K thermocouples were cemented to the flame
arrester elements in the same locations as for the flame screens.
Adhesion of the thermocouple to the flame arrester element was
aided by the crimping action of the crimpt-ribbon itself.
Temperature measurements for the flame arrester devices appear in
the Test Results Section (7.0) of this report.

IInderwriters Laboratories conducted all tests in a room
havirg a blow-out panel. The room was designed to wvent an
explogsion in such a manner that it did not harm operations
personnel., It is recommended that other laboratories conducting
similax DPPF tests, use a similar arrangement.
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Name

TABLE 3

APPARATUS AND MATERIALS

Specification =~~~ Remarks

Carburetion
System

Flammable
Mixture
Analyzer

Thermocouple
Potentiometer

Thermocouples

Flashback Tank

ignition
System

Remote
Monitoring
System

Flow Meter

Capable of generating
mixtures of n-hexane
in air over the
flammable range,
nominal flow3capacity
30 to 1200ft™/hKr
(0.85 to 34.0m™ /hr)

n-hexane in air, 1.1
to 7.5 percent by
volume

Type J or K

Type J or K

Heavy metal tank
with burst diaphragm
at one end, flammable
mixture inlet with
valve at other end
and flame arrester
mount at top.

Sparkplug, high
voltage cable, and
high voltage
transformer.

Closed circuit
talevision camera
and monitor.

Relative flow,
0-100 percent

UL vapor air systems
A and B or the
equivalent.

MSA, Lira 303 or
eguivalent

Fluke, model 21CO0A
or eguivalent

Fabricate from pipe
" fitting. May use
size 10 in. (25.4cm)
with adapter fittings
for arrester sizes 6
through 12in. (15.5

- 31 cm) or the
equivalant. See fig-
ure 1.

UL Spark Ignition
transformers and
cable.

Honeywell, Model
NUF89X-H indicator,
738NISI pressure
transmitter; ogsifice
plate and manometexr
or equivalent.
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| P TABLE 3 (cont'd)
' Name Specification Remarks
Q'j n~-Hexane Technical grade, Phillips 66 Co. or
4~ 95 percent min. equivalient.
R purity.
_——
) | Plastic Bags Nominally 2m (6ft, AR-BEE Transparent
i 8in.) circumference, Product, Inc., poly
& 2.5m (8ft, 4in.) bags, 34x98in, stand-
: long, C.05mm ard weight or equiva-
. (6.0024in.) thick lent.
2 or 68in. (1.73m)
- circumference,
' P 98in. (2.49m)
g
" - Burst 0.G6015 to 0.010in. --
! Diaphragm (0.638 to 0.254mm)
' thick, cellulose
. J acetate film,
: polyester film,
i polyethylene
1 terephthalate
;A film, or equivalent.
|
. Mention of a particular manufacturer or product does not infer
» U.S.C.G. sanction of that manufacturer or product.
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FIGURE 4.

Locations

of Thermocouples on
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Flame Screen




- 5.4 TEST CONDUCT

5.4.1 Flashback Tests

‘ 1. Instali: flashback (pipe) tank in test area.
o A 12 inch (3lcm) pipe was used in lieu of a
. tank.
-
| 2. Mount flame arrester to top of tank using
! bolts and a gasket.
o
i 3. Mount coarse wire cage (plastic bag support).
] 4. Attach mounting/mixture outlet to flame
i‘ arrester to provide for:
L
.‘J a. Mounting sparkplugs
¢ !
1 b. Supporting plastic bag prior to f£filling
o with flammable mixture.
.|a c. Exhaust for explosive mixture during
" £illing.
\
o 5. Locate sparkplug on mounting mixture outlet

. approximately 1 foot (0.3m) from the face of

g the arrester element but not closer than the
- edge of the flame arrester case. Connect the
K sparkplug to the ignition system.

6. Drape a plastic bag outside the wire cage,

over the mounting/mixture outlet and top cf
- the flame arrester and secure it to the sides
K of the flame arrester.
<
T 7. 1Install a burst diaphragm at the end of the
‘l flashback tank.
ol
o 8. Connect flashback tank to carburetion system
R through inlet valve.
. rd
R 8. Connect mounting/mixture outlet to external
o exhaust system through exhaust valve.
; :Q 10. Open the inlet and exhaust valves.
- 11. Adjust the carburetion system to provide a
J 2.5% mixture by volume of n-hexane in air as
B indicated by the flammable gas analyzer.
? 12. Adjust the mixture flow to cause the plastic
~ bag to inflate.
-
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13. Maintain mixture flow for at least ten
minutes so that all air originally in the
test rig and sample has been displaced and a
homogenous flammable mixture achieved.

14. Close inlet and exhaust valves.

15. Ignite the flammable mixtuxe in the plastic
bag by use of the sparkplug.

16. Observe for propagaticn of flame through
flame arrester. Observation shall be visual
and be supplemented by heat and pressure
transducers.

17. Purge test rig with air for at least five
minutes.

i8. Repeat steps 5 through 16 with the sparkplug
located approximately at the mid-point and
highest point in the plastic bag.

19. For each of the three ignitions, record the
following:

a. Start time for filling of flammable
mixture.

b. Stcp time for filling of flammable
mrixture.

c. Reading of flammable gas analyzer.

d. Indicate if flame propagation occurred
through the flame arrester.

The IMO standard requires three ignition posi-
tions for attempted flashback: 1) near the surface of the device,
2) midway to the top of the plastic bag, and 3) near the top of
the plastic bag. It is implied that the same screen may be used
for all three positions. However, since the screens avre
inexpensive, in some cases a new sScreen was used. Use of the new
screen is denoted in the test matrix in the Results section. A
single 30-mesh and a double 20-mesh screen, of 304 and 316
stainless steel, were tested. The double 20-mesh screen consisted
of two, 20-mesh screens separated by a 1/2 inch (12.7 mm) thick
fiber gasket. Cocast Guard regulations reguire a double screen for
20-mesh with a gap between 1/2 inch to 1 inch (12.7 mm to 25.4mm).

Whenever screens showed signs of damage, (e.g.,
after flame passage), it was replaced with a new screen of simi-
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lar gpecifications.

Prior to the installation of the wire cage,

screens were changed after each test when the plastic bag had
meltzd onto the screen.

5.4.2 Endurance Burn Tests

1.

10.

The test setup used is as described for the

‘flashback test except coarse wire cage,

plastic bag and the mounting/mixture outlet
are to be removed.

Affix a minimum o©of three thermocouples to
the tank side of the flame arrester element,
approximately 120 degrees apart, midway
between the center and periphe:  , and one
thermocouple at the center. Route the
thermocouple wires out of the test rig
through a seal. (Note: This may be done
prior to performing the flashback test to
obviate the need to remove the hot arrester
after the flashback test and install the
thermocouples. ) )

Mount a sparkplug near the face of the flame
arrester elament.

Open the inlet valve.

Adjust the carburetion system to provide a
2.5% mixture by volume of n-hexane in air as
indicated by the flammable gas analyzer.

Ignite the mixture at the face of the flame
arrester element. Re-~ignite the mixture as
needed 1if the flame extinguishes during
test.

Adjust the flow rate so the flame burns at
the face of the element.

Maintain the flow until the temperatures

........ 3 by +ha t+hermocounleaes havea

L= weals . o e s 0 a2

stabilized for a period of at least 10
minutes. Record the percent mixture, flow
rate, and temperature.

Adjust the mixture in increments and repeat
steps 7 and 8.

Adjust the carburetion system to the mixture
giving th: highest stabilized temperature.




K/

11.

12,

13.
14.

15.

In a similar manner, vary the flow rate to
see if temperature increases. If tempera-~
ture increases, note flow rate giving high-
est temperature.

Adjust mixture and flow rate to conditions
resulting in highest temperature on tank
side of element and maintain for ten
minutes.

Close the inlet wvalve.

Observe for propagation of flame through
the arrester. Observation was visual and
was supplemented by heat and pressuxe
transducers.

For each step, record the following:

a. Start time

b. Stop time

c. Percent mixture, n-hexane in airx

d. Flow rate

e. Temperatures

f. 1Indication if flame propagation occur-
red through the arrester
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6.0 SELECTION OF DPPFs FOR TEST

The selection of DPPFs for this test series was based upon
the desire to utilize a representative set of samplas currently
in use and which had previously been tested to the USCG/UL 525
Specifications. Selection rationale is provided in the following
sections. Table 4 shows a selection of Flame Arresters approved
by the U.S. Coast Guard and tested to UL 525 Specification. In
addition, this table includes samples tested in this project.

6.1 FLAME SCREENS

Flame screens were selected according to their
definition in the Code of Federal Regulations, Part 46, Subparts
30.10 - 25. The screens tested are described in Table 5. The 12
inch size was chosen to represent the larger size screens used on
tankers. The double 30x30 mesh and single 40x40 mesh screens
were tested after the other screens had failed the flashback
test. Both 304 and 316 stainless steel wires were tested. The
flame screens were fabricated by the Marine Ffire and Safety
Research Division of the Coast Guard. This was used in lieu of
commercially available flame screens. The screen cloth was
purchased and the housing fabricated according o 46 CFR 30.10-
25%,

6.2 FLAME ARRESTERS

The 6 inch and 12 inch (15.5mm and 3lmn) size flame
arresters were selected as being representative of medium and
large size arresters. Previous tests show temperature increase
rates are influenced dependent on size and may affect
equilibrium. Therefore, the two representative sizes were
selected. The PRES-VAC arrester, manufactured by a Danish
company, was selected because it had passed the IMO test, and
testing would determine repeatability and objectivity of the
test.

6.3 TEST SPECIMENS

Specifications and descriptions of Fiame Screens and
Flame Arresters used in this test program are described in Table
5. Photographs of each test specimen are provided in figures &5
through 24 and cross-refz2renced into Table 5.

* Code of Federal Regulations 46. 1986.




I TABLE 4
i FLAME ARRESTERS APPROVED BY THE U.S. COAST GUARD
1 Pipe Size
| (in inches)
.
i Flame Arresters 2.5 3 4 6 8 10 12
o
GPE CcG cG CG* cG CG CG*
) Groth CG* CG CG CG*
!
" Johnson & Jennings CG CG CG CG
Pettibone Oceco Type CcG CG CG CG CcG
;
: Protectoseal CcG CcG CG CG
|
' Varec CcG CG CG CG* CG cG CG
|
NAO (Prototype) N*
|
: PRES~VAC (Danish Mfgr) F F F*
|
- CG - approved by U.S. Coast Guard
l F -~ approved by foreign country
i N - not approved
: * - tested for this project
|
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" TABLE 5
ol TEST SPECIMENS OF DEVICES TO PREVENT THE PASSAGE OF FLAMES
P (DPPF8)
g NOM. ELEMENT
‘ Sample S1ZE PRINCIPAL FEATURES MATERIALS HEIGHT
Ji No. (in.) Body Element (in.)
& FLAME SCREENS
|
) Al 12 20-mesh double screen Steel 304ss 0.65
- A2 12 20-mesh double screen Steel 316s8s 0.65
! Bl 12 30-mesh single screen Steel 304sS 0.10
- B2 12 30~-mesh single screen Steel 316SS 0.10
J 1 12 30-mesh single screen Steel 316SS 0.10
i J 12 20-mesh double screen Steel 316SS 0.65
N N 12 40-mesh single screen Steel 316Ss 0.10
\ o} 12 30-mesh double screen Steel 316SS 0.65
e
|
'd\ NOM. ELEMENT
" Sanmple SIZE PRINCIPAL FEATURES MATERIALS HEIGHT
L No. (in.) Body Element {in,)
. 1
. FLEME ARRESTERS
} c 12 Crimpt ribbon 1011 Al. ss
P
o D 12 Crimpt ribbon Ss Ss 6.00
‘ J El 6 Crimpt ribbon -
; split element Bronze 316SS 0.79
|
o E2 6 Same as El1 with
E new element Bronze 31688 0.79
('3 Fl 6 Crimpt ribbon Cast Iron  304SS
- J]
ij F2 6 Same as Fl with
SR new element Cast Iron  304S3
!;d G [ Crimpt ribbon 4.00
P
- H 12 Crimpt ribbon -
{ P no cover 316Ss 316s8s 2.00
i a K 6 Spiral-wrapped
Lo Sheet Carb Steel 3165S 6.00
o L 6 pParallel Sheet 356-T6 Al. 316SS 5.86
Lo
o M 6 Crimpt ribbon
L split element . 316S8S 4.00
o
{ 27
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Designation
Al

A2

Bl

B2

E2

F1

F2

TABLE 5 (cont'd.)
TEST SPECIMENS (DPPFs)

Desgription

Flame screen (figure 5) supplied by U.S. Coast Guard.
Made from two, 20-mesh stainless steel screens of (items
3 and 5) 0.015in. (0.38cm) diameter wire, approximately
15-5/8in. (39.7cm) diameter, separated by a fiber gasket
(item 4) mounted with two fiber gaskets (items 2 and 6)
and two steel rings (items 1 and 7). Fiber gaskets were
approximately 16in. (41icm) OD, 12in. (3lcm) ID, 0.325in.
(0.8cm) thick. Steel rings each approximately 19-1/8in.
(48.6¢cm) OD, 12-3/16in. (31 cm) ID, 1/4in. (0.6cm)
thick.

Same as sample Al, except 20-mesh stainless steel
screens made of 316SS wire 0.015 - 0.016in. (0.38 - 0.41
cm).

Flame screen supplicd by U.S. Coast Guard. One, 30-mesh
stainless steel screen (figure 6) 0.011 - 0.C12in.
(0.279 - 0.305mm) diameter wire, approximately 15-5/8
(39.7cm) diameter. Mounted between two fiber gaskets
and two steel rings as described for sample Al.

Same as sample Bl, except 30-mesh stainless steel
screens were made of 316SS wire.

12in. flame arrester (figures 7 and 8) aluminum body,
stainless steel bank, GPE Controls, Inc., Model 94306-
19-56-77.

12in. flame arrester (figures 9 and 10) stainless steeal
body, stainless steel bank, Groth Equipment Corp., Model
7618-12-555-F00.

6in. flame arrester (figure 11) PRES-VAC Model WBC
Drawing A001101414C45.

6in. flana arrester, PRES-VAC, Model WBC Drawing
A001101414045. Same as sample E except new arrester
bank (see figure 12).

6in. flame arrester, GPE Controls, Inc., Model 94306-36-
66-77 (see figures 13 and 14).

Same as sample Fl, except new bank.

6in. flame arrester, Groth Equipment Corp., Model SN 76H
8771570-01-001 (see figures 15 and 16).

12in. flame arrester, NAQO, prototype model (see figures
17 and 18).




Degignation
I

TABLE 5 (cont'd)
Desc¢ription

Flame screen supplied by 11.S. Coast Guard. Made from
one, 30-mesh stainless steel screen, (item 3) 0.011 -
0.012in (0.279 - 0.305mm) diaweter wire, ap-proximately
15-5/8in (39.7cm) diamater. Mounted with two fiber
gaskets (items 2 and 4) and two steel rings (items 1 and
5). Fiber gaskets were approximately 16in. (40.6cm) OD,
12in. (30.5cm) ID, 0.325in. (0.8cm) thick. Steel rings
were approximately 19-1/8in. (48.6cm) OD, 12-3/16in.
{31.0cm) ID, 1/4in. (0.6cm) thick.

Flame screen supplied by U.S. Coast Guard. Made from
two, 20-mesh stainless steel screens of (items 3 and §)
0.015in. (0.38mm) diameter wire, approximately 15-5/8in.
(39.7cm) diameter, separated by a fiber gasket (item 4)
mounted with two fiber gaskets (items 2 and 6) and two
steel rings (items 1 and 7). Fiber gaskets were
approximately 16in. (40.6cm) OD, 12in. (30.5cm) _ID,
0.325in (0.8cm) thick. Steel rings each approximately
19-1/8in. (48.6cm) OD, 12-3/16in. (31.0cm) ID, 1/4in.
{0.6cmj) thick.

6in. fiame arrester, Varec, Div. of Emerson Electric
Co., Model 195400060336 (see figures 19 and 20).

6in. flame arrester, Varec, Div. of Emerson Electric
Co., Model 135010060116 (see figures 21 and 22).

6in. flame arrester, Groth Equipment Corp., Model 7618~
06-14-WO (see figures 23 and 24).

Same as sample I, except 40-mesh stainless steel screen.

Same as sample J, except 30-mesh stainless steel screens
of 0.011 - 0.0124in. (0.279 - 0.305mm) diameter wire.
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Sample E 6" Flame Arrester PRES-VAC Model WBC

FIGURE 11.
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FIGURE 13. Sample Fl1l & F2 6" Flame Arrester GPE Controls, Inc.
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Sample Fl1 & F2 Flame Arrester Bank
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FIGURE

Sample G 6" Flame Arrester Groth Equipment
Corporation
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FIGURE 17.

Sample H

12"

lame Arrester NAO Prototype Model
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FIGURE

18.

Sample H Showing Damage to Flame Arrester Bank
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FIGURE 19. Sample K 6" Flame Arrester VAREC Division of Emerson
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FIGURE 20.

Sample K Showing Flame Arrester Bank
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FIGURE 21. Sample L 6" Flame Arrester VAREC Division of Emerson
Electric
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6" Flame Arrester Groth Equipment
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7.0 TEST RESULTES
7.1 FLAME SCREENS
7.1.1 Flashback Tests

Both the double 20-mesh and the single 30-mesh
fiame screens failed the flashback tests. These were 304
stainless strel screens. The 316 stainless steel screens were
not tested for flashback. For the test with ignition in the wmid
position, the top screen in the double 20-mesh arrungement was
torn by the flashback explosion. For results of tests, refer to
Table 6.

TABLE 6
TEST RESULTS: F¥FLAME SCREENS
Flashback Test
Sample Igniter
No, Material Mesh Location Flashback
Al 304 20 Btm 1.0 ft -
A2 S/S double Mid 2.5 ft Fail
A2 Top 6.5 ft -
A2 Mid 2.5 ft -
B1 304 30 Btm 1.0 £t Fail
B2 S/S single Mid 2.5 ft -
B2 Top 6.5 £t Fail

7.1.2 Endurance Burn Tests

The endurance burn test was conducted as
described in Section 2 of this report. The following additional
comments apply:

a. The IMO Standard does not require flame
screens to be subjected to an endurance burn test. Subjecting
the flame screens to the endurance burn test was done at the
request of the U.S. Coast Guard.

b. For Sample A2, Test 2 was a repeat of Test
1, except no thermocouples were attached to the flame screen.
This was done to study the effect of the thermocouples on the
test results.

c. For Sample B2, in Test 1 the flammable
mixture could nct be re-ignited because the ignition system was
damaged by heat of the ‘lame.

d. For Sample B2, in Test 1 ths flow rate of
flamnable mixture was varied to determine the flow rate resulting
in maximum element temperatures. During Test 2, the mixrure of .
n-hexane in air was varied.

50




o Endurance burn tests are not required of flame
P screens, per the IMO standard. However, previcus endurance burn
’ tests (reference 4) showed flame screens to resist flashback for
i one hour (the presently accepted standard). Subjecting the
! screens to the sendurance burn test would give a comparison for
h this type of device.

| The fuel ratio and flow rate were set and
| adjusted as shown in Table 7. For the 12 inch (31lmm) arresters
manufactured by GPE, Groth and NAO, and the 6 inch (15.5mm)
" arrester manufactured by Groth, no adjustments were made. Stable
| temperatures were never reached, precluding adjustments in search
’ of a higher stable temperature.

Endurance burn tests were conducted on single
30-mesh and double 20-mesh screens - 316 stainless steel (see
) Table 7). A single 30-mesh screen of 304 stainless steel was

also tested. Initial fuel ratios and flow rutes were set and
: adjusted, as described in the test section, until either the
i ] flame extinguished or flashback occurred. Adjustments were made
f first to the flow rate and then to the fuel ratio at the 1last
flow rate. Determination of when to make adjustments was done
. visually. For the flame screens, since thermocoupies would not
4 adhere to the screens, the flow rate was lowered from the initial
| flow rate of 1138 scfh. If there was no visually observable
N change in the flame intensity after 10 minutes, the flow rate was
] further lowered by a rate equivalent to 1 inch of mercury
! pressure head. If the flame intensity diminished, the flow rate
Y was returned to the previous rate and the fuel/ai: ratio was
o changed and flame intensity observed. The test was terminated
2 when flashback occurzed.

|

1

For the endurance burn test series, the double

J 20-mesh screens of 304 stainless steel (ssmples Al, A2) lasted

approximately 12 minutes before flashback occurred. After 10

1 minutes, the fuel ratio was increased from 2.5 to 2.6%. The

| screens failed after 2-3 minutes. Two screen devices were

tested, with and without thermocouples, as mentioned previously.

: . The screens were taested without the thermocouples to determine if

L they had any effect on the flashback. Since both failed at

4 approximately the same time, it was conciuded that the thermo-
couples had no adverse effect.

. The single 30-mesh, 316 stainless steel scireen
i (sample Bl) flame was extinguished after 58 minutes. The flame
was relit and the screen lasted ancother 70 minutes. The test was
: terminated because of low fuel. At that point, £flashback
i occurred when the fuel mixture was shut off. A further single
30-mesh, 316 stainless stesl screen (sample B2) lasted orly
10 seconds in the endurance burn test.
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7.2 FLAME ARRESTERS
7.2.1 Flashback Tests

Flashback tests for the flame arresters were
conducted at the same three igniter positicns as for the fliame
scraeens. All flame arresters passed the flashback tests.

7.2.2 Endurance Burn Tests

a. For Sample D, Test 2 was performed using a
1.9% mixture of Naphtha-R in air. The test was conducted per UL
525 except a flow rate of 1186 scfh, rather than 1030 scfh, was
used to approximate that used in Test 1. Burning was for six,
10-minute psriods, separated and followed by 15-second periods
when the flow was turned off. This test was conducted to compare
performance of the flame arrester when tasted un ler both the IMC
and the UL 525* test methods.

b. For Sample E, Test 1, both flow rate and
mixture were varied to determine optimum combination. For the
last combination in Table 8, the flow was maintained for only 7
minutes because the last cumbination was & repeat of the first.
For the first combination, the element was maintained at
stabilized temperatures for more than 10 minutes as required by
the IMO Standards.

Samples C and D, both 12 inch (31lcm) flame
arresters, failed the endurance burn tests in 26 and 88 minutes,
respectively. No adjustments were made to either the fuel ratios
or the flow rates. As in both arrester tests, the temperature
kept rising from the onset and never reached equilibrium.

Sample E, a 6 inch (15.5cm) flame arrester,
passed the endurance burn test. The initial fuel ratio and flow
rate were set at 2.5% and 232 scfh. After 20 minutes, the

highest temperature reading, at the center, reached an
equilibrium temperature of 350°C (662°F). Adjustments to the
flow rate and then the fuel ratio were made. The temperature

peaked at 364°C (687°F) then returned to 340°C (644°F) and
remained stable. The test was terminated after 113 minutes with
no rfiashback occurring. Thaermal inertis carried the arrsster
element temperature to 407°C (765°F) after termination of the
test.

As previously mentiorned, the endurance burn test
requires that the fuel/air mixture and flow rate be adjusted to
produce the highest temperature, and thit the temperature is tc
mwaintain stability for a period of at least ten minutes for each
fuel/air mixture and flow rate. It is therefore possible for the

* ANSI/UL 525 - 1984, Standard for Flame Arresters for Use on
Vents of Storege Tanks for Petroleum 0il and Gasoline (Appendix
B).




endurance burn test to last for less than one hour if temperature
attains stability over a 10-minute period. Conversely, if
temperature stability is not achieved within the specified
limits, then the test can last for many hours (figure 25).

The flame arrester test specimen El1 passed thc
endurance burn test twice, once for almost two hours and once for
four hours. In each case, the temperature never exceeded 207°C,
(A05°F) but because the temperature remained constant for ten
minutes, the test was considered a success. Conversely, the
flame arrester test specimen K failed only after longer than
eight hours. The temperature maintained u slow rate of rise
until at 843°C (1549°F) flashback occurred. Figure 25 expresses
the endurance burn compariscn as a function of time/temperature.
Tt will be seen that other arresters failed at higher
temperatures and longer endurance than sample El which passed the
test (table B).
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TABLE &

TEST RESBULTS: FLAME ARRESTERS

Endurance Buxrn
Elapsad
Tuel ¥Flow Tize Tine
Sample Size Mfr  Flement  Retio  Rate = Temp.  (ain) ~ (min}  Fleshbeck
c 12 GPE 4" 2.5 1167 297 26 26 rail
D 120 Groth 8- 2.3 1174 »760 88 88 rall
H 12 NAO - 2.5 1106 933 40 40 rail
i G s" Groth 2.5 235 6584 9% 95 rail
i
I_ Fl 6" arE 2.5 238 412 -
2.5 238 425 18 18 -
. 2.5 199 428 15 33 -
; 2.% 183 430 i6 49 -
| 2.5 255 422 14 63 -
: 2.5 235 429 19 82 -
i 2.6 235 431 10 92 -
2.7 235 432 13 1058 -
2.4 235 428 13 118 -
2.3 23% 431 7 2% rail®
1
i
i £ 6" PRES/VAC 2.5 234 353 40 §90 -
2.5 256 351 22 62 -
2.5 21% 364 8 70 -
2.4 216 341 18 88 -
i 2.6 218 341 9 97 ~
2.5 215% 3s51 9 106 -
2.5 233 248 7 113 -

i *The flashback of this flame arrsstar during the endurance burn test occurred
at a tima well beyond the 10 minutes of stable temperature. Ths time was
extended in gearch for higner stable tempearatures. None warse found: therefora,
test termination at 10 minutes after the initial stable temperature may have
precluded flashback.

56




§.0 CONCLUSIONS

This test program has identified several important factors

which either (a) adversely influence the integrity of the IMO

! Test Standards, and/or (b) require further consideration with

. regard to the proper technical interpretation and application of

) the test protocolc. We bhave identified these factors in the
o following subsections.

| 8.1 TECHNICAL IMPROVEMENTS TO IMO MSC/Circ.373 PROTOCOL

Clarification is needed to establish whether the
. same flame screen is to be used for all three ignition source
locations (see section 7.1.1).

]

I

[

i During the development of the test apparatus and the
o calibration of equipment for the Endurance Burn Tests, the
l , greatest concern was over the following wording, which attempts
| : to define the representative temperature of the Endurance Burn
I Test:

I

‘ "...the arrester shall be heated until the higheét
i oOobtainable temperature on the cargo side of the
i arrester i1s reached" (IMO MSC/Circ.373, para.
i 3.2.3.2).

; 1‘; This passage could be interpretad two different ways,
- as follows:

| o Tha gas temperature of the flammable hexane/air
. ; mixture entering the test specimen from the tank, or

_ o The internal surface temperature of the test
: spacimen on the tank side.

The gas temperature of the flammable hexane/air mix-
I ture on the tank side waz used as the representative endu ance
burn test temperature for the following reasons:

o The highest internal surface temperature of the

; specimen on the tank side could occur at any one of
l saveral locati ng, which could fluctuate in

magnitude and change position during a test.
Moreover, such location(s) would be test specimen
specific, ‘because each one is configured
differently, giving rise to flames at different
internal and external locations with different
symmetries.

0 The highest 1internal surface temperature of any
specimen could only be identified by extensive
temperature probing during the endurance burn test, -
which poses a safety risk. Such probing and
eventual monitoring rith a thermocouple inside the
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specimen would alter the normal fluid flow patterns
in some fashion. Perturbations by a foreign agent
could conceivably alter the results of the endurance
burn test, with the most probable direction being
towards failure. (The thermocouple woald improve
heat transfer from the valve to the flammable
mixture.)

o Monitoring the gas temperature of the hexane/air
mixture entering the specimen from the tank would
provide a standardized means by which to acquire a
representative test temperature that was common to
all specimens and thereby avoid any influence of the
test procedure on the performance of the DPPFs.

As mentioned in Section 4.3, Heat Transfer of the
DPPFs, a second issue concerns the logic behind how "the highest
possible temperature on the tank side of the element" is to be
reached via IMO/MSC procedures, as follows:

"...by varying the proportions of the flammable mixture..."

Information from the technical literature is used to
address this concern, which involves the role of flame
temperature, luminosity, and speed, and how these parameters may
influence the severity of the flashback test (references 9 and
10).

Variation of the fuel/air ratio of a flammable mixture
does result in different maximum flame temperatures (reference
10), which would affect the temperature to which any specimen
was heated as it acted as a flame arrester. For flammable
hexane/air mixtures, the maximum £flame temperature increases
from about 2200°F (1204°C), at the lower (fuel-lean) and upper
(fuel-rich) flammability limits, to about 3600°F (1982°C) at the
stoichiometric limit. However, accompanying these changes in
temperature are concomitant changes in luminosity. The
luminosity of the flame would affect the rate of heat transfer
from the flame to the DPPF, thereby influencing the extent to
which the DPPF was heated. The higher the luminosity, the
greater the radiative heat transfer to the DPPF. The highest
fiame luminosity occurs at the rich limit (yellow flame mode),
which also has the lowest maximum flame temperature. Hence, a
tradeoff exists between luminosity and maximum temperature in
terms of the extent of DPPF heating.

Tests conducted indicated that the highest temperature
on the tank side of the DPPF was obtainable when the flammable
mixture was at the upper flammability limit, rather than when it
was at the stoichiometric limit. This observation indicated
that flame luminosity was more impertant than maximum £flame
temperature in governing heat transfer processes toc the DPPF.
This result would suggest that heating and endurance testing




should be done with a flammable mixture of n-hexane/air at the
upper flammability limit.

However, flashback tendency 1is aiso a function of
"...the proportions of the flammable mixture". Specifically,
flashback tendency is directly proportional to flame speed. As
flame speed increases, the likelihood for flashback increases
(reference 10). As the fuel/air ratic of n-hexane/air 1is
changed from the stoichiovmetric limit (2.16 percent n-hexane) to
the upper flammability 1limit (7.4 percent n-hexane), the flame
speed decreases by an order of magnitude from about 10 to about
1.5 feet/second (references 8 and 10). Therefore, while the
DPPF may get the hottest at the upper limit, flashback is more
probable at the stoichiometric limit. This applies equally to
the endurance burn of the DPPFs.

Additionally, the permitted flammable fuel/air mixtures
identified in the IMO document includes the term "gasoline" and,
as detailed in Section 5.2.1, "Fuel Selection". Our research
establishes that gasoline is a generic term with a wide range of
analytical parameters unsuitable for the specifics of a test
standarxd. We conclude that the term "gasoline" together with
the current definition, be omitted from the document and that n-
hexane bg nominated as the preferred flammable fuel.

It is essential in all cases of fuel/air applications
that the specific fuel/air flow rate be specified to cover the
appropriate range of flammability (i.e., limits of flam-
mability). The current IMO MSC/Circ.373 does not specify
critical flow rates or critical fuel/air mixture limits.

8.2 SAFETY PROCEDURES DURING TESTING

For the flashback tests, an exhaust line was used at
the top of the plastic bag. This permitted purging of the air
from both the piping and the plastic bag, ensuring only tesat
vapor/air mixture in the test system. Approximately 1/2 inch
(12mm) pipe was utilized as the exhaust. The wvapor was
permitted to flow for 10 minutes.

Apart from a brief reference in paragraph 1.2.3 in IMO
document MSC/Circ.373, no consideration is given with regard to
definitions and interpretation cf maximum explosive safe gap
(MESG), minimum ignition current (MIC), and minimum ignition
energy (MIE) reguired to ensure ignition of the fuel/air
mixtures across the range of flammable limits. It is suggested
that these factors be covered in the Standard to ensure
uniformity of test protocoils. With particular regard to
ignition source location and its relationship to the safe gap,
Redeker (reference 22) has shown that 1in experiments and tests
designed for the determination of MESG, consistent ignitability
of flammable fuel/air mixtures is a function of gas flow and
location of the ignition source. Shifts in the location of the
source and the gap dimensions affect flame propagation.
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For the Flame Screen and Flame Arrester tests, the
ignition source used was a sparkplug. To ensure safety of
personnel and observers it is recommended that a sparkplug be
used as the ignition source for all endurance burn tests.
Section 3.2.3.2 for +the IMO MSC/Circ.373 document mentions
either a spark igniter or a pilct flame. We recommend the use
of a sparkplug because, in the event of extinguishment of the
pilot flame during the pre-burn period and before actual
endurance burn commences, re-ignition of the pilot flame in an
atmosphere of pousible explosive fuel/air mixture is hazardous.

8.3 Flame Screen/Flame Arrester Performance

Due to the inconsistencies within the IMO test
procedures, 1t i1s difficult to evaluate the actual performance
of the flame screens and arresters. Without a specific set of
test procedures and parameters, it 4is equally difficult to
evaluate the "fairness" of the test itself.

Initial review of the data may tend to indicate that
the flame screens are not providing adequate protection. And
though the majority of flame arresters "failed", arguments can
be made that the test requirements are unrealistic. Before a
final determination can be made concerning the performance of
the flame screens and arresters, the items mentionad in section
8.1 need to be addressed. With a £final, standard set of
guidelines available, a performance evaluation can be made.
Whether this will require a retest of these specific units or
not, d«pends upon what changes are made to the IMO/MSC
Procedures.

9.0 LABORATORIES CAPARLE OF CONDUCTING APPROVAL TESTS

Underwriters Laboratories, Inc., and Battelle Columbus
Division have demonstirated their ability to perform £lashback
and endurance burn tests 1in accordance with IMO MSC/Circ.373.
Both laboratories demonstrated high 1levels of expertise and
conducted all tests under strict safety procedures. Based upon
the test procedures which have been generated and used by
Factory Mutual Research (FMR) for flashback and endurance
testing of DPPFs, which are similar to those used in this
program, 1t is reasonable to assume that FMR could also conduct
these tests.

All three identified laboratories meet the Ccast Guard re-

quirements (46 CFR 159.010) for independent laboratories accept-
able for performing approval testing of DPPFs.
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APPENDIX A
U.S. COAST GUARD REGULATIONS FOR DPPF’s

§ 30.70-23

(b) Grade B. Any flamrnable liquid
having a Reid' vapor pressure under
14 pounds and over 8% pounds.

(c) Grade C. Any flammable liquid
having a Reid® vapor pressure of 8%
pounds or less and a flashpoint of 80°
F. or below.

[CGFR 65-5C, 30 FR 166517, Dec. 30, 1965, a8
amended by CGD 73-96, 42 FR 49023, Sept.
26, 19711

§ 30.10-23 Flame arrester—TB/ALL.

The term ‘‘{lame arrsster” means
any device or mssemnbly of a cellular,
tubular, pressure, or other type used
for preventing the passage of flames
into enclosed spaces.

§30.10-25 Flame screen—TB/ALL.

The term “flame screen” means a
fitted single screen of corrosion-resist-
ant wire of at least 30 by 30 mesh, or
two fitted screens, both of corrosion-
resistant wire, of at least 20 by 20
mesh, spaced not less than % inch or
more than 1% inches apart.

§30.10-27 Flashpoint—TB/ALL.

The term ‘‘flashpoint” indicates the
temperature {n degrees Fahrenheit at
which & liquid gives off a flammable
vapor when heated in an open-cup
tester. For the purpose of the regula-
tions in this subchapter, flashpoints
determined by other testing metheds
will be equivalent to those determined
with an open-cup tester, as follows:

TABLE 30.10-27\-—EOUIVALENT FLASHPOINTS
[in degress Farenheit]

Tag clossd- Martens
QOpen-cup iesler cup \ester closed
(A.S.T.M.) ioshar
{A.S.T.M.)
a0 L4 2 -
150 140

§30.10-29 Gas free—THB/ALL.

The term ‘“‘gas free”” means free from
dangerous concentrations of flamma-
bie or toxic wases.

46 CFR Ch. | (10-1-86 Edition)

§30.10-31 General rules and regulations—
TB/ALL.

The term ‘‘general rules and regula-
tions” means the requirements con-
tained in this chapter.

8 30.10-33 Great Lakes—TB/L.

Under this designsation shall be in-
cluded all tank vessels navigating the
Great Lakes.

§30.10-35 Headquarters——TB/ALIL.

The term “Headquarters” means the
Office of the Commandant, U.S. Coast
Guard, Washington, D.C. 20591.

{CGFR 65-50, 30 FR 16657, Dec. 30, 1865, as
amended by CGFR, 68-32, 33 FR 5712, Apr.
12, 19481

§30.10-37 Keel laying date~TB/ALL.

The term ‘“keel laying date"” means
the date upon which progressive con-
struction identifiable with a specific
vessel begins, including construction of
the first module or prefabricated sec-
tion of the hull that is identifiable
with that vessel.

[CGD 74-117, 41 FR 3843, Jan. 26, 1978)

§30.10-38 Lightweighi—TB/ALL.

The term “lightweight’ means the
displacement of a vessel in metric tons
without cargo, oil fuel, lubricating oil,
ballast water, fresh water, feedwater
in tanks, consumsable stores, and per-
sons and their effects.

[CGD T4-1237, 41 FR 3843, Jan. 28, 1976]

8 30.10-39 Ligqueiied fiammabic gas— TH/
ALL.

The term “liguefied flammable gas”
meens any flammable gas laving a
Reid vapor pressure exceeding 40
pounds, which has been liquefied.

[CGFR 66-33, 31 FR 15287, Dec. 8, 18681

830.10-41 Lakes, bays, and sounds—TB/
B.

Under this designation shall be in-
cluded all tank vessels navigating the
waters of any of the lakes, bays, or
sounds other than the waters of the
Great Lakes.
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Coast Guard, DOY

TP42), U. 8. Coast Guard, Washing-
ton, D.C. 20591: and

(2) Retain records of the test results
for at least 5 years, or as long as the

light is manufactured and certified,
whichever is longer.

§161.013-13 Manufacturer certification
and labeling.

(a) Fach electric light interded as a
Night Visual Distress Signal required
by 33 CFR part 175 must be certified
by the manufacturer ag complying
with the requirements of this subpart,

(b) Each eleciric licht must be leg-
ibly and indelibly marked with:

(1) Manufacturer’s name;

(2) Replacement battery type:

(3) Lamp size; and

(4) The following words—

“Night Visual Distress Signal for
<oats Complies with U. 8. Coast
Guard Requirements in 48 CFR
161.013. For Emergency Use Oniy."”

(¢) If an electric light is designed for
us¢ with dry cell batteries the label
must advise the consumer on *he bat-
tery replacement schedule which
under normal conditions would main.-

tain performance requiremeuts of
§161.013-3.

¥ 161.¢13-17 Manufacturer notification.

(a) Each manufacturer certifying
lights in accordance with the specifica-
tiong of this subpart must send written
notice to the Commandant ¢ G-BBT/

ton, D.C. 20591 within 30 ‘days after
firse certifying them, and send a ne.s

notice every five years thereafier as
long as it certifies lights.

PART i62—ENGINEERING
EQUIPMENT

Subpart 162.016—Plame Arreatars for Tank
Vessals

162.016-1 Applicable specifications.
162.016-2 Type.

182.018-3 Materials, construction, and
workmanship.

162.016-4 Inspe iior and teating.
162.018-5 Marking.

162.016-6 Proce.ure for apyroval.

Part 162

Subpart 162.017—Vaijves, Prassure-Vacuum
Relisf and Spill, for Tank Vesseis

162.017-1 Applicable specifications.
162.017-2 Type.

162.017-3 Materials, construction, and
workmanship,

162.017-4 Inspections and testing.
162.017-5 Marking.

162.017-8 Procedure for approval.

Subpart lblOl!—Sahty Relief Valvas,
Uiqueticd Compressed Gas

162.018-1 Applicable Specifications, and
referenced material,

162.018-2 Scope.

162.018-3 Magterials,

162.015-4 Construction and workmanship,

162.018-5 Blow-down adjustment and pop-
ping tolerance,

162.018-¢ Marking,
162.0i8-7 Fiow rating tests.
1682.0 8-8 Procedure for Approval,

Subper 162.027~ Combinatien Solid Stream
and Water Spray Fireheso Nozxie and law-
Valocity Watar Spray Applicetor

162.027-1 Applicable specifications,
162.027-2 Type and size.
182.027-3 Materials, construction, work.

manship, and performance require-
ments,

162.027-4 Inspections and teats.
162.027-5 Marking.
162.027-6 Procedure for approval.

Subpaert lblqutlnguiuhqn, Fire, Portable,
Martine Type

182.028-1 Applicable specifications.

162.028-2 Cilassification.

162.023-3 Requirements.

182.028-4 Marine type label,

182.028-3 Independent laboratories: List-
ing.

162.016-6 Examinations, tests, and inspec-
tions.

162.028-7 Procedure for listing and label-

ing.
182.023-8 Termination of listing or label-
ing.

Subpar: 162.034—internationa! Shore
Cennectiens (Ship)

162.034-1 Applicable specifications.

182.024-2 Type.

162.034-3 Materials, workmanship, and
consiruction.

102.034-4 Inspection and teats.

162.034-5 Marking.

162.034-8 Procedure f.~ approval,
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§ 162.016-1

Subpart 162.039—Extinguishars, Fire,
Samiperiable, Marine Type

162.039-1 Applicable specifications.

162.039-2 Classification.

162.039-3 Requirements.

162.039-4 Marine type label.

162.039-5 Recognized laboratory.

162.039-6 Examinations. tests, and inspec-
tions.

162.039-7 Procedure for listing and label-
ing.

162.039-8 Termination of listing or label-
ing.

Subpart 162.041—Backfire, Flame Control,
Gasoline Engines; Flame Arresters; far Mer-
chant Vessels and Motorboats

162.041-1 Applicable specifications.

162.041-2 Scope.

182.041-3 Flame arresiers.

162.041-4 Materizls, construction and
workmanship.

162.041-5 Inspection and tests.

162.041-6 Marking.

162.041-7 Procedure for approval.

Subpart 162.0662—Bacifire Flame Control, Gas-
ofine Engines; Erngine Alr and Fuel induction
Systems; for Maerchant Vessels ond Meter-
boars

162.042-1 Applicable specifications.
162.042-2 Scope.
162.042-3 Engine air and fuel induction

systems providing backfire flame con-
trol.

162.042-5 Inspection and tesis.
162.042-6 Marking.
162.042-7 Procedure for approval.

Subpart 152.043—Buckfire Flame Centrol, Gas-
oline Engines; Englna Alr Inducilen System;
for Marchant Vasseis and Meterbeats

162.043-1 Applicable specifications.

162.043-2 Scope.

162.043-3 Engine zir induction systems
providing backfire flume control,

162.043-4 Mauterials, construction, and
workmanship.

162.043-5 Inspection and tests.

162.043-6 Marking.

162.043-7 Procedure for approval.

Subpart 162.050~-Pellvtia. Prevention
Equiprsant

182.050-1 Scope.

162.050-3 Definitions.

182.050-4 Documents incorporated by ref-
erence.

162.050-5 Contents of application.

162.050-7 Approval procedures.

162.050-9 Test report.

48 CFR Ch. | (10-1-86 Edition)

162.050-11 Murking.

162.050-13 Factory production and inspec-
tion.

162.050-1¢ Sample collection and preserva-
tion.

182.050-i5 Designation of facilities.

162.060-17 Separator test rig.

162.050-19 Monitor and bilge alurm test
rig.

162.050-21 Separator: design specification.

162.050-23 Separator: approval tests.

1682.050-25 Cargo monitor: Design specifi-
cation.

1682.050-27 Cargo monitor: Approval tests.

182.056-2%9 Bilge monitor: Design specifica:
tion.

162.050-31 Bilge monitor; Approval tests.

162,050-33 Bilge alarm: Design specifica-
tion.

162.050-35 Bilge alarm: Approval tests.
162.050-37 Vibration test.

162.050-39 Measurement of oil content.

Subpart 162.016—Flame Arresters for
Tank Vessels

AvrHoRITY: R.S. 4417a. as amended, 4481,
as amended, sec. 3, 68 Stat. 675; 48 U.S.C.
391a, 489, 50 U.8.C. 1988; £.0. 11239; Treas-
ury Department Orders 120, July 31, 1950,
15 FR 6521; 187-14. Nov, 28, 1934, 19 FR
8028.

Soorcx: CGFR 50-9, 15 FR 14979, Mar. 25,
1850, unless otherwise noted.

§162.016-. Applivable specifications.

{a) There are no other specifications
applicable o this subpart.

(b) Copies of the approved pilans,
specifications and the certificate of ap-
proval shall be kept on file by the
manufecturer. They shall be kept for
a period consisting of the duration of
the approval and 6 months after ter-
mination of approval.

[CGFR 50-9, 15 FR 1879, Mar, 2%, 1830, ia
amended by CGFR 65-16, 30 FR 10900, Aug.
21, 19651

#162.016-2 Type.

(a) This specitication covers the
design and construction of flame ar-
resters of the type intended for use in
venting systems on tank vessels trans-
porting infiammable or combustible
liquids.

(b) The term ‘“flame arrester’” means
any device or assen.bly of a cellular,
tubular, or baffle arrangement or such
other type as may be approved by the
Comman.ant which is suitable for ar-
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resting the propagation of flame into
enclosed spaces containing explosive
vapors.

§162.016-3 Materials, consgtruction, and
workmanship.

(a) Flame arrester housing and grid
shall be of a suitable corrosion resist-
ant material as may be approved by
the Conmunandant.

(b) Nonmetallic materials shali not
b - permitted in the construction of
the flame arrester, except where gas-
kets are employed as required by para-
graph (¢) of this section,

(c) Flame arrester housing shall be
gas tight to prevent the escape ol
vapors. When installed in venting sys-
tems subject to pressures above atmos-
pheric, flame arresters shall be fitted
with non-combustible gaskets resistant
to the product to be carried.

(d) The flame arrester grid assembly
shall be fitted in the arrester housi. g
in a manner that will insure tightness
of metal-to-metal surface contacts, so
that flame propagation will not occur
through the joints between the arrest-
er element and the housing.

(¢) The design and construction of
the flame arresters shall permit easy
Inspection and cleaning of the flame
arrester grid or '‘tube bank.”

() Flame arrester grid shall be so
designed as to allow minimum restric-
tion to the flow of vapors. Efficient
drainage of the arrester grid shall be
provided.

(g) Flame arresters for use on Cargo
tanks shall be of not lesa than 2%
inches nominal pipe size,

(h) Housing of flame arresters shall
be designed to withstand a hydrostatic
pressure of at least 125 pounds per
square inch without rupturing or
showing permanent distortion.

(1) The net free area through the ar-
rester grid shall in no case be less than
12 times the cross-sectional area of
the pipe injet.

(j) The flame arrester houszing may
have screwed or flanged pipe connec-
tions, or such type of connections as
may be approved by the Commandant.
If flanged, the thickness and drilling
shall comply with the standards for
125 pounds cast {ron flanged fiitings.

(k> Where tlie design of the flame
arrester does not permit complete

§ 162.016-6

drainage of the condensate to the at-
tached cargo tank or vent line, the
housing shall be fitted with a plugged
drain opening on the side of the at-
mospheric outlet of not less than ‘4
inch pipe size.

(1) The device shall be of first class
workmanship and shall be free from
imperfections which may affect its
serviceabllity.

§ 162.016-4 Inspection and testing.

(a) Flame arresters may be subject
to inspection and tasts at the plant of
the manufacturer. An inspector may
conduct such tests and examinations
as may be necessary to determine com-
pliance with this specification.

§ 162.016-5 Marking.

(a) Each flame arrester shall be leg-
ibly marked with the style, type, or
other designiation of the manufactur-
er, the size, and name or registered
trademark of the manufacturer.

§ 162.016-6 Procedure for approval,

(a) General. Flame arresters of the
type intended for use on tank vessels
shall be approved for such use by the
Commandant, U. S. Coast Guard,
Washington, D.C. 20226.

(b) Drawings and 3pecifications.
Manufacturers desiring approval of a
new design or type of flame arrester
shall submit drawings in quadruplicate
showing the design of the flame ar-
rester, the sizes for which approval is
desired, the size and material speclfi-
cations of component parts, and the
detail construction of arrester grid.

(c) Pre-approval tlests. Before ap-
proval i3 granted, the manufacturer
shigll have tesis conducied. or submit
evidence that such tests have becn
conducted, and that the flame arrester
has been found acceptadle by the Un-
derwriters’ Laboratories, the Factory
Mutual Laboratories, or by a properly
supervised and inspected test laborato-
ry acceptable to the Commandant, rei-
ative to determining the air flow cu-
pacity and vepor-air explosion resisi-
ance of a representative sampie of the
flame arrester in each size for which
approval {8 desired. The explosion re-
sistance of the asserably grid shail be
determined by the explosion tests and
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§ 162.017-1

the continuous flame tests. The re-
suits of these tests shall indicate the
ability of the flame arrester assembly
to withstand the vapor-air internal ex-
plosion pressures ang its effectiveness
in arresting the propagation of flame.

[CGFR 50-9. 15 FR 1679. Mar. 25, 1950, as
amended by CGFR 65-16, 30 'R 14900, Aug.
21, 19651

Subpart 162.017—=Valves, Pressure-
Vacuum Relief and Spili, for Tank
Vassels

ACTHORITY: R.S. 4417a. a8 amended, 4491,
as amended. sec. 3, 68 Stat. A7S5; 46 U.S.C.
391a. 489, 50 U.S.C. 198; E.O. 11239, July 31,
1965, 30 FR 9671, 3 CFR. 1865 Supp.

Souxrck: CGFR 50-9, 15 FR 1680, Mar. 23,
1950, unleas otherwise noted.

§162.017-1 Applicable specifications.

(a) There are no other specifications
applicable to this subpart.

§162.017-2 Type.

(a) This specification covers the
design and construction of pressure-
vacuurn relief valves and spill valves
intended for use in venting systems on
all tank vessels transporting inflam-
mable or combustible liquids.

§162.017-3 Materiuls, construction, and
workmanship.

(a) The valves shall be of substantial
construction and first class workinan-
ship and shall be {ree from imperfec:
t‘i.ions which may affect its serviceabll-

ty.

(b) Bodies of pressure-vacuum relief
valves and spill valves shall he made of
bronze or such coirosion-resistant me.-
terial as may be approved by the Com-
mandant.

(c) Valve discs, spindies, and seats
shall be made of bronze¢ or such corro-
sion-resistant material s3 may be &ap-
proved by the Commandant.

(d) Where springs are emplcyed to
actuate the valve discs, the springs
shall be made of corrosion-resistant
material. Springs plated with corro-
sion-resistant material are not accepta-
ble.

(¢) Flame screens shall be made of
corrosion-resistant wire.

{f) Nonmet&llic materials will not be
permitted in the construction of the

46 CFR Ch. | (10-1-86 Edition)

valves, except bushings used in way of
moving parts and gaskets may be
made of nonmetallic material resistant
to attack by the product carried. Non-
metallic diaphragms will be allowed
where diaphragm [failure will not
result in unrestricted flow of cargo
vapors to the atmosphere nor in an in-
crease in the pressure or vacuum at
which the valve normally releases.

(g} The design and construction of
the valves shall permit overhauling
ﬁnd repairs without removal from the

ne.

(h) Valve discs shall be guided by a
ribbed cage or other suitable means to
prevent binding, and to insure proper
seating. Where valve stems are guided
by bushings suitably designed to pre-
vent binding and to insure proper seat-
ing, the valves need not be fitted with
ribbed cages.

(i The disc shall cilose tight against
the valve seat by metal to metal con-
tact, however, resilient seating scals
may be provided {f the design is such
that the disc closez tight against the
seat in case the seals are destroyed or
in case they carry away.

(j) Pressure-vacuum relief valves for
venting cargo tanks shall be of not less
than 2% inches nominal pipe size.

{k) Bodies of valves shali be designed
to withstand a hydrostatic pressure of
at least 125 pounds per square inch
without rupturing or showing perma-
nent distortion. :

(1) The valve discs may be solid or
made hollow so thet weight material
may be added to vary the lifting pres-
sure. If hollow discs are employed, a
watertight bolted cover shall be fitted
to encase the weight materisl. The
pressure at which the discs open shall
nct exceed 120 percent of the set pres-
sure.

(m) The free ares through the valve
seats at maximum Iift shall not be less
than the cross-sectional arva of the
valve inlet connection.

(nn) Double flame screens of 20 x 20
corrosion-resistant wire mesh with a
k-inch corrosion-resistant separator
on & single screen of 30 x 30 corrosion-
resistant wire mesh shall be fitted on
all openings to atmosphere. The net
free area through the flame screens
shall not be less than 1% times the
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cross-sectional area of the vent inlet
from the cargo tanks.

(0) Valve bodies may have screwed
or flanged pipe connections, or such
types of connections as may be ap-
proved by the Commandant. Ii
flanged, the thickness and drilling
shall comply with USA standards for
150-pound bronze flanged fittings.

(p) Where design of valve does not
permit complete drainage of conden-
sate tc attached cargo tank or vent
line, the valve body shall be fitted
with a plugged drain opening on the
side of the atmospheric outlet of not
less than % inch pipe size.

(q) Relief pressure adjusting mecha-
nisms shall be permanently secured by
means of lockwires, locknuts, or other
acceptable means.

(CGFR 50-9. 15 FR 1680, Mar. 25, 1850, as
amended by CGFR 68-82, 33 FR 18907, Dec.
18, 1968]

$162.017-4 Inspections and testing.

(a) Pressure-vacuum relief valves
and spill valves may be inspected and
tested at the plant of the manufactur-
er. An Inspector may conduct such
tests and examinations as may he nec-
essary to deteimine compliance with
this specification.

§ 162.017-5 Marking.

(a) Each valve shail be legibly
marked with the style, typ ' or other
designation of the manufacturer, the
size, pressure and vacuum setting and
name or registered trademiark of the
manufacturer and Coast Guard ap-
proval number. The minimum wording
for showing the approval number shall
be "“USCG/162.017/* *" or “USCG
162.017-* *,

FVMTI an 02 27 LM 18000 Tha~ 18 10239
LWAT L i VO Ga V& 4’40 AUTVO, WLV AU, ATVUI

§ 162.017-6 Procedure for oproval.

(a) General Pressur ~-vecuum relief
and spill valves intena 4 for use on
tank vessels shall be approved for such
use by the Commandant (G-MTH),
TS Coast Guard, Washington, D.C.
20593.

(b) Drawings and specifications.
Manufacturers desiring approval of a

* ‘Number to be assigned by the Com-
roandant.

§ 162.018-1

new design or type of pressure-vacuum
relief vaive and spill valve shall submit
drawings in quadruplicate showing the
design of the valve, the sizes for which
approval is requested, method of oper-
ation, thickness and material specifica-
tions of component parts, diameter of
seat opening and lift of discs, mesh
and size of wire of flame screens.

(¢) Pre-approval tesls. Before ap-
proval is granted, the manufacturer
shall have tesis conducted, or submit
evidence that such tests have been
conducted, by the Underwriters’ Lab-
oratories, the Factory Mutual Labora-
tories, or by a properly supervised and
inspected test laboratory acceptable to
the Commandant, relative to deter-
mining the lift, relieving pressure and
vacuum, and flow capacity of a repre-
sentative sample of the pressure-
vacuum relief valve and spill valve in
each size for which approval is desired.
Reports of conducted tests, including
flow capacity curves, shall be submit-
ted.

(14 U.S.C. 632; 46 U.8.C. 369, 375. and 416;
49 U.S.C. 1655%(b); 49 CFR 1.46(b))

[CGFR 50-9, 13 FR 1880, Mar. 25, 1950, as
amended by CGFR 68-82, 33 FR 18808, Dec.
18, 1968; CGD 82-063b, 48 FR 4782, Feb. 3,
1983]

Subpart 162.018—Safety Relief
Vaives, Liqguefied Compressed Gas

AUTHORITY: R.S. 44172, as amended, 4491,
%3 amended, sec. 3, 68 Stat. €75; 46 U.3.C.
391a, 488, 50 U.S.C. 188; E.0. 11239, July 31,
1965, 30 FR 8671, 3 CFR, 1865 Supp.

§162.618-1 Applicable specificutions, and
referenced material.

(a) There are no other specifications
appiicabie to ihis subpart €xcepl &3
noted in this subpart.

(b) The following referenced materi-
al from industry standards of the issue
in effect on the date safety relief
valves are manufactured shall form a
part of the regulations of this subpart
(see §§2.-75-17 through 2.75-18 of
Subchapter A (Procedures Applicable
to the Public) and Subpart 50.15 of
Su' chapter F (Marine Engineering) of
this chapter):

(1) ASME (American Society of Me-
chanical Engineers) Code (see § 50.-13-
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SUBCHAPYER Q—EQUIPMENT, CONSTRUCYTION, AND
MATERIALS: SPECIFICATIONS AND APPROVAL

PART 159---APPROVAL OF
EQUIPMENY AND MATERIALS

Subpart 159.001-—Genaral

Sec.

i188.001-1 Purpose,

135.001-3 Definitione.

189.001-5 Correspondence and applics-
tions.

159.001-7 SBubstituted procedures.

158.001-6 OMB Control Numbers assigned
pursuant to the Paperwork Reduction
Act.

Subpert 159.005—Appreval Precedures

159.005-1 Purpose.

159.008-3 Application for preapproval
review.

159,005-3 Preapproval review: Contents of
application.

15§.005-7 Preapproval review: Coast Guard
sction.

156.005-9 Approval inspections and tests.

159.005-11 Approval inspection or test
report. Contenta.

152.005-12 Plans.

159.005-13 Equipment or material: Approv-
al.

159.005-15 Approval of equipment or mate-
rial: Suspensions, withdrawals, and ter-
minations.

Subpan 139.007 —Preduction Inspectien and
Tests of Appreved Equipment and Meterials

155.00%7-1 Purpose.
159.007-3 Production inspections and tes:s:
Independent laboratory’s procedures.
152.007-8 Production inspections and tests:
Application for acceptance.

159.007-7T Application for acceptance for
production inspections and tests: Coast
Guard action.,

156.007-9 Production inspectionz and teats

159.007-11 Production inspections aad
tests: Yenrly repoct,

159.007-13 Production inspections and
tests: Records,

Subpart 139.010—Indopendent Laberatery:
Aczeptance, Listing, and Terminedien

159.010-1 Furpose.

159.010-3 Independent Iaboratory: Stand-

ards for sccepiance,

159.010-8 Independent laboratory: Applics-
tion for acceptance.

159.010-7 Independent laboratery: Stand-
ards for listing.

Sec.

159.010-9 Independent laboratory: Applica-
tion for listing.

156.0i0-11 Independent laboratory: Listing
in subpart.

159.010-15 Contracting inspections and
tests or transieruls to ancther laborato-
Ty Or Dersomn .

159.010-17 Application and test plans:
Changes.

159.010-1% Terminstion of scceptance or
listing of an independent iaboretory.
159.010-21 Termination of acceptance or

listing: Procedure.

AUTHORITY: Sec. 1, 73 Stat. 475 (46 U.8.C.
481); sec. 201 86 Stat 427, as amended (48
U.B.C. 391a); sec. 8(b)X1). 80 Stat 837 (49
U.s.f, 1858(bX1)):; 42 CFR 1.46 (b) and
(nX4).

Sounck: 44 FR 73043, Dec. 17, 1279, unless
otherwise noted.

Subpart 159.001—Gaeneral

§159.001-1 Purpose.

(a) This part contains the proce-
dures for the approval of equipment
and materials when that equipment or
material iz inzspected or tested by an
independent lzboratory or by the man-
:Iacturer of the equipment or materi-

8 159.001-3 Definitions.

(a) As used In this part:

(1) “Applicable subpart” means a
gubpart under which equipment or
material is approved, or under which
an independent laboratory is iisted.

(2) “Listed laboratory” means an in-
dependent laboratory that has been
listed in an applicable subpart under
ihe€ provisions of § 159.010-11.

(3) “Test plan” means a description
of the procedures by which an inde-
pendent laborstory meets or exceeds
the intnection and test requirements
of an applicable subpart.

§159.001-6 Correspondence and applica-
tiona.

(a) Unless otherwise specified, all
correspondence and applications in
connection with the approval and test-
ing of equipment and materials shall
be addressed to: Commandant (G-
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MVD, U.S. Coast Guard, Washington,
D.C. 20593.

(14 U.S.C. 632; 46 U.8.C. 369, 375, and 416;
49 U.S.C. 1655(b). 49 CFR 1.46(b))

{44 FR 73043, Dec, 17, 1979, as amended hy
CGD 82-063b. 48 FR 4782, Feb. 3, 19831

§159.001-7 Substituted procedures.

(a) The Commandant may substitute
the procedures in this part for the
procedures in any other part of this
subchapter. Each person known to be
affected by the substitution shall be
informed that the procedures in this
part apply.

8159.001-9 OMB Control Numbers as-
signed pursuant to the Paperwork Re-
duction Act.

(a) Purpoge. This section collects and
displays the control numbers assigned
to information collection and record-
keeping requirements i{n this subchap-
ter by the Office of Management and
Budget ‘OMB? pursuant to the Paper-
work Reduction Act of 1989, (44 U.S.C.
3501 et seq.). The Coast Guard intends
that this section comply with the re-
quirements of 44 U.S.C. 3507(f) which
requires that agencies display a cur-
rent control number assigned by the
Director of the OMB for each ap-
proved agency information collection
requirement.

(b) Display.
48 CFR part or section: whare identified or Currat
described contl No.
§159.007-11.13 2118-0090
§ 160.002-5 2115-0090
§ $80.047-5 21180000
£160.048-5 2115-0000
§ 160.060-5 2116-00%0
R 21156-0090
§ 160.0634 ..... 2115-0080
§ 180.065-4 2116-0000
§ 180.064-6 2118-0090
$5 181.001 rough 181.010.......ooomsrmremenn 2115-0121
$ 162.001 twough 161.018.......o.ooooor o 21160825
§182.049 2116-0825
§ 162,043 . 2115-0525
§164.012-13 ... 2115-0121

(44 U.8.C. 330%; 48 CFR 1.45)
(49 FR 38121, Sept. 27, 1984)

§ 159.005-5

Subpart 159.005--Approval
Procedures

§159.005-1 Furpose.

(a) This subpart contains the proce-
dures by which the Coast Guard ap-
proves equipment and materials under
other subparts of this subchapter that
require—

(1) Preapproval inspections and tests
by an independent laboratory;

(2) Preapproval inspections and tests
by the manufacturer; or

{3) No preapproval inspections or
tests.

§159.005-3 Application for preapproval
review,

(a) Each manufacturer of equipment
or material who seeks Coast Guard ap-
proval under an applicable subpart
must submit an application tliat meets
§159.005-5 to the Commandant
unless—

(1) The subpart contains a list of in-
dependent laboratories;

(2) The subpart does not require
Coust Guard review prior to testing;
and

(3) The manufacturer meets the re-
quirements of paragraph (b) of this
section.

(b) If the applicable subpart con-
tains a list of independent laboratories
and does not specifically require
preapproval review by the Cosst
Guard, the manufactuler may have
the tests performed by a listed labora-
tory and submit the report required by
§ 169.005-11 to the Commandant.

8 159.005-8 Preapproval review: Contents
of application.

(s) Each application must contain
the !'r\“nnrh-ur-

Waats Y asemr

(1) The name and address of the
manufacturer and the factory where
the finished equipment or material is
produced.

(2) One or more of the following as
required by the applicable subpart:

(1) Twao sets of general plans of the
equipment or material.

(il) Two sets of specifications of the
equipment or material.

(iif) A sample of the equipment cr
material accompanied by a written de-
scription of its components.
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§ 159.005-7

(3) A statement signed by the manu-
facturer or the manufacturer's repre-
sentative, that an official representa-
tive of the Coast Guard is allowed
access to the piace of manufacture and
to the place of test to verify the infor-
mation submitted in the application or
to witness tests.

(b) If the equipment or material is
required by the subpart to be inspect-
ed and tested by an independent labo-
ratory, the application must contain
the following additional information:

{1) The name and address of a labo-
ratory that meets % 1359.010-3(a) and
that is selected by the manufacturer
to perform or supervise the inspec-
tions and tests.

(2) If the laboratory has not been ac-
cepted previously for inspecting and
testing the manufacturer's equipment
or materia]l under the applicable sub-
part, the completed application under
§ 159.010-5¢a).

§159.005~7 Preappruval review: Coast
Guard action.

(a) If approval inspections and tests
are required urder the applicable sub-
part, the Commandant takes the fol-
lowing action:

(1) If the Commandant determines
from the appiication that the equip-
ment or material app~ars to meet the
design requirements of an applicable
subpart or appears to have equivalent
performance characteristics, and that
the laboratory mec.s § 159.010-3(a),
the Commandant informs the manu-
facturer that the required approval in-
spactions and t{ests may be conducted.

(2) If the Commandant determines
from the application for approval that
the equipment or materisl does not
appear to meet the design require-
mentis of an appiicable subpart or does
not appear to have equivalent per-
formance charucteristics, or that the
laboratory does not meet § 159.010-
3{a), the Commandant informs the
manufacturer of the reason why the
equipment or muterial is not accepta-
ble for approval inspections and tests
or why the laboratory is not accepted.

(b) If no approval inspections or
tests are required under the applicable
subpart, the Commandant—

(1) Takes action {n accordance with
§ 159.005-13; or

46 CFR Ch. | (10-~1-86 Edition)

(2) Informs the manufacturer of ad-
ditional information required before
acticn under §159.005-13 can be
taken.

§159.005-% Approval inspections and
tests.

(a) Each manuafacturer of equipment
or material that is required to be sub-
jected to approval inspections and
tests must—

(1) If the applicable subpart requires
the equipment or material to be in-
spected or tested, have the approval
inspections or tests performed;

(2) If the applicable subpart requires
the equipm=nt or material to be in-
spected or tested by an independent
laboratory, insure that a laboratory
accepted by the Commandant per-
forms or supervises the approval in-
spections or teats;

(3) Bear a1l costs of the approval in-
spections and tests;

(4) If requested. advise the Comman-
dant of the time, date, and place of
each approval inspection or test, or
both, before the inspection or test is
performed; and

(5) After complzation of the approval
inspections and tests, submit to the
Commandant—

(1) A test report that meets
§ 159.008-11;

(ify At least two sets of specifications
of the materisl as inspected or tested
or at least two sets of pilans of the
equipment as inspected or tested that
meet § 169.005-12; and

(ii1) A dencription of the quality con-
trol procedures that will be in effect
during the production of the eguip-
ment or material,

8 159.005-11 Approvai inspection or test
report: Contents.

(a) Each approval inspection or test
report must ¢ atain the following:

(1) The name of the manufacturer.

(2) If the inzpections or tests are
performed or supervised by an inde-
pendent laboratory, the name snd ad-
dress of the laboratory.

(3) The trade name, product desigia-
tion (such as model numbers), and a
brief description of the equipment or
material inspected or tested.
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(4) The time, date, and place of each
approval inspection and test.

(5) The name and title of each
person perfoiming, supervising, and
witnessing the approval inspections or
tests.

(8) The performaance data for each
test required in the applicable subpart,
including a description of each failure.

(7 A description or photographs of
the procedures and apparatus used {n
the inspections or tests, or a reference
to another document that contains an
ippropriate description or photo-
graphs.

(8) At least one photograph that
shows an overall view of the equip-
ment or material submitted for ap-
proval and other photographs that
show.— .

(1) De.ign detalils; and

(il) Bach occurrence of damage or
deformation to the equipment or ma-
terial that occurred during the approv-
al tests.

(b) Each inspection or test report
must bear an attestation that the in-
spections or tests were conducted as
required by the applicable subpart and
that the report contains no known
errors, omissions, or false statements.
The attestation must be signed by:

(1) The manufacturer or manufac-
turer’'s representative, if the inspec-
tion or tests are conducted by the
manufacturer; or

(2) The chief officer of the laborato-
ry, or the chief officer’s representa-
tive, if the inspection or tests were

conducted by an independent labora-
Lory.

Norx: A false representation on a report ia
& ground for suspension or withdrawal of
approval of the equipment or material A
false representation iz also punishuble ss 2
crime under 18 U.S.C. 1001.

§ 159.005-12 Plana.

(a) Each set of plans under
§ 159.005-9(a)(5)il) for equipment
must {nclude the following:

{1) An assembly drawing or genersi
arrangement drawing.

¢2) A description of each component
of the equipment that includes the
name, the manufacturer, and the part
identification of each component in—

(1) A detail drawing;

(ii) A bill of material or parts list; or

§ 159.005-15

(iif) A specification for that compo-
nent. )

(3) A list of the drawings and specifi-
cations in the set of plans, including
each revision, and the date of that list.

(42 If & manufacturer's instructions
or manual is required in: the applicable
subpart, & copy of the instructions or
manual.

§ 159.005-13 Equipment or material: Ap-
proval.

(a) If from analysis of the material
and data required to be submitted
under this subpart, the Cornmandant
determines that the equipment or ma-
terial meets the applicable subpart,
the Commandant—

(1) Approves the equipment or mate-

(2) Issues a certificate of approval to
the manufacturer under §2.75-5 of
this chapter;

(3) Retalns one set of approved plans
and returns all others to the manufac-
turer; and

(4) Publishes a notice of the &pprov-
al in the PEDERAL REGISTER.

(t) If from analysis of the material
and data submitted the Commandsant
determines that the equipment or ma-
terial does not meet the applicable
subpart, the Commandant informs the
manufacturer of the reason why that
equipment or material does ot meet
the subpart.

(¢) If an independent laboratory per-
forms the approval inspections or
teats, the Commandant will notify the
Iaboratory of the actiona taken under
paragraph (a) or (b) of this section,
unless the manufacturer specifically
riefquu that the laboratory not be ro-
titied.

§ 159.005-16 Approval of equipment or
material: Suspevsions, withdrawais,
and terminstions.

(a) The Commandant suspends an
approval issued under this subchapter
in accordance with §2.75-40 of this
chapter, withdraws an approval issued
under this subchapter in accordance
with § 2.75-50(a) of this chapter, and
terminates an approval issued under
this subchapter in accordance with
§ 2.75-50(h) of this chapter,
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Subpart 159.007—Production Inspe:-
tion and Tests of Approved Equip-
mant and Materials

§ 159.007-1 Purpose.

(a) This subpart contains the proce-
dures under which production inspec-
tions and tests of approved eguipment
or materials are to be performed
under this subchapter.

§159.007-3 Production inspections and

tests: Independent imaboratory’s proce.
dures.

(a) The manufacturer may follow an
independent laboratory’s procedures
for production inspections and tests if
those procedures—

(1) Meet or exceed the production
inspection snd test requirements of
the applicable subpart or are equiva-
lent to those inspections and tests;

(2) Include labeling or marking the
equipment or material when the
equipment or material meets the in-
spection and test procedures of the
laboratory; and

(3) Are accepted by the Comman-
dant under § 159.007-7(h).

§159.007-5 Production inspectionz and
tests: Application for acceptance,

(a) If the applicable subpart requires
production inspections and {ests by an
independent laboratory, the manufac-
turer must seiect a laboratory and
submit an application for acceptance
that meets § 159.010-5(a) unless the
laboratory—

(1) Is listed in tl » subpart; or

(2) Is accepted Ly the Commandant
for approval inspections and tests of
the eqguipment or material under
$ 159.005-7¢a)1).

(b) If the manufacturer wants to
follow the laboratory's nrocedures for
producticn inspections and tests in-
stead of meeting the Coast Guard pro-
cedures under this subchapter, the ap-
plication must contain a description of
those procedures.

§ 158.007-T Application for acceptance for

production inspections and tests: Coast
Guard action.

(a) From the information submitted
with the application, the Commandant
determines whether or not the labora-
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tory is accepted for production inspec-
tions and tests. The Commandant in-
forms the manufaciurer of the results
of this determination, if the Comman-
dant does not accept a laboratory, the
reason for the disapproval will be
given.

(b) From: the description of the lab-
oratory’s procedures for production in-
spections and tests, the Commandant
determines whether or not those pro-
cedures are accepted. The Conmunan-
dant informs the manufacturer of the
results of this determination. If the
Commandant does not accept the lab-
oratory’s procedures, the reasons why
they are not accepied will be given.

§159.007-2 Production inspections and
tests,

{a) If the applicable subpart requires
the production inspections and tests to
be performead or supervised by an inde-
pendent laboratory, the manufacturer
shall insure that all required produc-
tion inspections and tests are per-
formed or supervised by an independ-
ent laboratory accepted by the Com-
mandant.

(b) If the applicable subpart does
not require an independent laborztory
to pertormn the production inspections
and tests, the manufacturer shal! have
those inspections and tests performed.

(¢) Unless alternsative procedures
have been accepted by the Comman-
dant under § 159.007-3 each produc-
tion inspection and test must be per-
formed or supervised in accordance
with the applicable subpart.

£ 169.007-11 Production inspections and
tests: Yearly report.

(a) When the manufacturer uges the
production inspection and test proce-
dures in an applicable subpert he must
submit a yearly report. The report is
net required when inspection and test
procedures approved under § 159.007-3
are used.

(b) The report must include the fol-
lowing:

(1) A list of all inspections and tests
performed;

(2) A summnary of the resulta of each
group of ingpections or tests;

(3) A detailed description of any test
failures; and
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(4) A statement whether or not all
required tests were performed.

8 159.007-13 Production inspections and
tests: Records.

(a) The manufacturer must have a
completed record with the following
information for each production in-
spection and test:

(1) The time, date and place of each
inspection and test.

(2) The name and title of each
person performing, supervising and
witnessing the inspections or tests.

(3) The perfermance data for each
test required in the applicable subpart,
including a description of each failure.

(4) A description or photographs of
the procedures and apparatus used in
the inspections or tests.

(b) The manufacturer must ictain
each record under this section for at
least 60 months after the month in
which the inspection or test was con-
ducted.

(¢) The records must he made avail-
able for examination by the Comman-
dant upon request.

Subpart 159.010~independent Labo-
ratory: Accoptance, Listing, and
Termination

§ 159.010-1 Purpose.

(a) This subpart contains the follow-
ing:

(1) The standards under which the
Coast Guard accepts an independent
laboratory that a manufacturer pro-
poses to use.

(2) The standardis and procedures
under which a laboistory is listed in
applicable subparts for tesis and in-
spections required by that subpart.

(1) The circumstances under which
the acceptance or listing of a laborato-
ry is terminated.

§159.010-3 Independent
Standards for acceptan. 2.

(a) To be accepted by the Coaat
Guard as an independent laboratory, a
laboratory must—

(1) Be engaged, as a regular part of
its buainess, in performing inspections
and tests that are the same ag or simi-
lar to the inspections and tests re-
quired in the appiicable subpart;

labaratory:

§ 159.010-5

(2) Have or have access to the appa-
ratus, facilities, personnel, and cali-
brated instruments that are necessary
to inspect and test the equipment or
material under the applicable subpart;

(3) Not be owned or controlled by-—

(1) The manufacturer of the equip-
ment or material to be inspected or
tested under this subchapter or any
manufacturer of similar equipment or
material;

(i) A vendor of the equipment or
material to be inspected or tested
under this subchapter or & vendor of
similar equipment or material; or

(i) A supplier of materials to the
manufacturer;

(4) Not be dependent on Coast
Gusrd acceptance uiider this subchap-
ter to remain in business; and

{5) Not advertise or promote the
manufacturer's equipment or material
that the laboratory inspects and tasts
under this subchapter.

8 159.010-5 Independem: laboratory: Appll-
cation for accepiance.

(z) Each application for acceptance
ol a laboratory must contain ths {ol-
lowing:

(1) The name and addreas of the lub-
oratory, its subsidiaries, and its divi-
sions.

(2) The name, title, address. and
principal business activity of each of
the Iaboratory’s officers and directors,
and the name, address, and principal
buainess activity of each person, com-
pany, or corporation that owns at least
3-percent interest in the laboratory or
in a company or corporstion that con-
trols the laboratory.

(3) A liat of the equipment or mate-
risl that the liboratory would inspect
or test, or both, under this subchapter.

(4) A deacription of the laboratory'’s
experience and its qualifications ior
conducting the inspections and tests
required in the applicable subpart.

(3) A description of the apparatus
and facilities available to the labor~to-
ry for conducting those inspect.ons
and texts.

(8) I'he qualificxtions of personnel
who are to perform, superviase, or wit-
ness thoge (napections and tests.

(7) A description of the laboratory's
instrument calibration program.
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(8) A statement, signed by the chief
officer of the laboratory or the chief
officer's representative, that an offi-
cial representat.ve of the Coast Guard
is allowed access to the facility to
verify the information submitted in
the application, or to withess tests.

§159.010~7 Independent laboratory:
Standards for listing.

(a) To be licted as an independent
laboratory under an applicable sub-
part, a iaboratry must—

(1) Meet & 15%.010-3;

(%) Have g test plan that is accepted
by the Commandant under § 158.010-
11{aJ; and

(3) Agree to perform or supervise ap-
proval or producticn inspections or
tests under that subpart upoa requess
from a manufacturer, however a labo-
ratory may limit the area it serves,

§ 158.010-9 Independent laboratory: Appli-
cation for listing.

(a8) A laboratory that wants to be
listed {n one or more applicsbie sub-
parts must submit to the Commandant
en appiication that contains the infor-
mation required by § 159.010-5, and
thsat includes—

(1) The subparts under which it
waats to be listed;

(2) Its test plens; and .

{3) & statera:  of any limitations o:
tite availability of the laborateory’s
service.

§1:5.0:i0-11 Indepencest laborstory: Lic
. in sebpard,

(a) 75 .'m the applicaticn, the Com-
muad- ¢ determixies whether or not
tae latoratovy o ots § 158.010-7. If it
maeels ¢nese suandards, the laboratcry
is added to tlie list in the applicabie
su art. If it does nolt meet these
st. Jards. the Tomraandant informs
the iaboratory of t':e reasons wh.y it is
nat add A Lo the list.

§ ¥02.0is-14 Contracting inspectic . 'd
tests or transferrals to another o ge
tory or pzcson.

(a) No independent labora .y may
contract or transfer to Raol = Jerson
or laboratory the po.i' "4 e or 3u-
pervision of inspectioar ox tests, or
both, “:iquired under an applicable
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subp..rt for which it .3 accepted or
listea unless-~

(1) A request in writing regarding
the contract or transfer is submitted
to the Commandant before the corm-
tract is executed or the transfer is
completed; and

(2) The Commandant notifies the
laboratory in writing that the contract
or the transfer is allowed.

4 159.000-17 Application and test plans:
Changes.

{a) f any of the information submit-
ted under § 159.010-5(a) or § 159.010-
9(a) changes, & notification in writing
of each change must be submitted *c
the Commundant within 39 days after
the change has occurred.

(b) If an independent laboratory
wants to change its test plan, the pro-
posed changes mist be submitted to
the Commandant. The Commandant
notifies the laboratory if the chnged
test 1lan is accepted. If the changed
test plan is not accepted, the Comuman-
dant informs the laboratory of the
reasons why the changed test plan is
not accepted.

£ 159.010-19 Termination of acceptance or
listing of an independent lahorsatory.

(a) The acceptance or listing of a
.Aroratory terminates if the laborato-
Ty—

(1: Requests termination; or

(2) Is no longer in business,

(b) The ancceptance c¢f a laboratory
may be terminated by the Comman-
dant {f the laboratory—

(1) Falla to periorm or supervise an
inapection or test, or both, as required
in an applicabic subpa: «

(2) Changes its test plan without
Coast (juard acceptance;

(Z) Attests to the lack of errors,
omissions, or false statement of an ap-
proval test report that contains errcrs,
omissions, or false statements;

(4) Does not meet § 159.010-3(a);

(3) Does not coniply with § 158.010-
17{a); or

16) Unleas sllowed by the Comman-
dvnt, contracts or transfers the per-
formance or supervision of required
inspections or te:sts, or both, to an-
other laboratory or person.
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(c) A laboratory is removed fromn the
list published in an applicable subpart
if the laboratory—

(1) Is no longer accepted by the
Commandant; or

{2) Unreasonably refuses a request
from a manufacturer to perform or su-
pervise an approval or production in-
spection or test.

§159.010-21 Termination of acceptance or
listing: Procedure.

(a) Whenever evidence is recejved
that ‘here exists a basis for termina-
tion of acceptance or listing of an in-
dependesut laboratory under § 159.010-
19 (b) or (c), the Commandant notifies
the laboratory of the specific reasons
for considering termination. IZ the de-
ticiency could materially affect tire va-
lidity of the approval issued under an
applicable subpart, the Commandant
may immediately suspend the accept-
ance of the laboratory and may direct
the holder of the certificate of approv-
al t0 cease claiming that the i{tems
tested or inspected by the laboratory
are Coast Guard approved, pending a
final decision: in tiie matter The Com-
mandant muy direct an wivestigation
into the may'.2r.

(b) Within 30 days after receipt of
notice of the basis for considering ter-
mination, the laboratory may provide
the Commandant evidence or argu-
ments why eacceptance or lisiing
should continue. After consideration
of all available material on the matter,
the Commandant informs the labora-
tory, in writing, of thia decision. Any
person holding a certificate of approv-
al affected by the decision is also noti-
fied of the decision.

PART 160—LIFESAVING EQUIPIAENT

Subpurt 160.001-—Life Proservers, General

Bec.

160.001-1 Incorporstion by reference.

180.001-2 Generqa! characteristics of life
preservers.

130.001-3 General provisions for approval
of life preservers.

Subpert 160.00"—Li{e Prouervers, Kepek,
Aduit and Chiid (Jacket Typa), Models 3 and §

180.002-1 Incorporailon by reference.
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Part 160

Sec.

160.002-2 Size and models.

160.002-3 Materials.

160.002-4 Construction.

160.002-5 Sampling, tests, and inspectiona.
160.002-6 Marking.

160.002-7 Procedure for approval.

Subper 160.005—Life Preservers, Fibrous
Gless, Adult end Chiid (Jesket Type),
Models 52 and 56

160.005~-1 Incorporaiion by reference.
160.005-2 Size and model.

160.005-3 Materials.

160.005-4 Construction.

160.005-5 Sampling, tesis, and inspections.
160.005-6 Marking.

180.005-7 Procedure for approval.

Subpart 160.006—Lile Praservers; Regsiring
ond Clesning

130.098-1 Applicable specifications.

160.008-2 Rapairing.

160.008-4 Clesning life preserver envelopes
or covers.

160.008-5 Clesiiing life preservers (where
buoyancy fillers are not removed from
envelope covers during cleaning proc-
ex8).

Svhpart 160.010—Buveyvent Appurciue fer
Merchant Vesssls

180.010-1 Incorporations by refe.ence.

160.610-2 Definitions.

1680.010-3 General requirements for buoy-
ant apparatus.

160.010-4 Buoyant apparatus with plastic
{oam buoyancy.

180.010-8 Capacity of buoyant apparatus.

130.610-7 Methods of sampling, inspections
and tosts.

160.010-8 Nameplats and marking.
160.010-2 Procedure for adproval.
160.0106-10 Independent laboratory.

160.011-1 Applicable achedules.
180.011-2 Types.

180.011-3 Resquirements.
130.011-4 Inspections and teats.
160.051-5 Marking.

160.011-8 Procedure for approval.

Subpert 160.012—{Resarved)

Subpart 160.013-~NHaichets (Lifeboet ard
Ularaft) for Marchant Vessehs

160.013-1 Applicable soucification and
plan.
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Underwriters Laboratories Inc., founded in 1834, is chartered as 2 not-for-profit organization without
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the examination and testing of devices, systems and materials to determine thair ralation to hazards to {ife
and praperty.

. A complste description of the organization, purposes, and methods of Underwriters Laboratories Inc.
s ; is given in a separate pamphlet entitied “TESTING FOR PUBLIC SAFETY.”

5 ] The names of manufacturers who have demonstrated an abifity to produce products meeting UL
o requirements are published annuaiiy in the foliowing Product Directories.

! Building Materials Genersl information From Elsctrical Construction
. Fira Protection Equipment Materials ard i{azardous Location Equipment
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A Catalog of UL Standards for Safaty with costs and ordering information is also avaiiabie from this
office.
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FOREWORD

A, This Standard contains basic requirements for products covered by
Underwriters Laboratories Inc. (UL) under its Follow-Up Service for this
category within the limitations giver: below and in the Scope section of this
Standard. These requirements are based upon sound engineering principles.
rescarch, records of tests and field experience, and an appreciation of the
problems of manufacture, installation, and use derived from consultation
with and information obtained from manufacturers, users, inspection
authoritics, and others having specialized experience. They are subject to
revision as further experience and investigation may show is necessary or
desirable,

B. The observance of the requirements of this Standard by a manu-
facturer 1s onc of the conditions of the continued coverage of the
manufacturer’s product.

C. A product which complies with the text of this Standard will not
necessarily be judged to comply with the Standard if, when examined and
tested, it is found to have other features which impair the level of safety
contemplated by these requirements.

D. A product employing matenals or having forms of construction
differing from those detailed in the requirements of this Standard may be
examined and tested according to the intent of the requirements and, if
found to be substantially equivalent, may be judged to comply with the
Standard.

E. UL, in performing its functions in accordance with its objectives,
does not assume or undertake to discharge any responsibility of the
manufacturer or any other party. The opi.ions and findings of UL represent
its professional judgment given with due consideration to the necessary
limitations of practical operation and state of the art at the time the
Standard is processed. UL shall not be responsible to anyone for the use of
or reliance upon this Standard by anyone. UL shall not incur any obligation
or Kability for damages, including consequential damages, arising out of or in
connection with the use, interpretation of, or reliance upon this Standard.

F. Many tests required by the Standards of UL are inherently hazardous
and adequate safeguards for personnel and property shall be employed in
conducting such tests.

DECEMBER 26, 1984
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GENERAL
1. Scope

1.1 These requirements cover flame arresters for use
in op u vent pipes, flame arresters for use with vent
valves, and combination flame arrest :r-vent valves,
all intended for use on vents of storage tanks for
petroleum oil and gasoline.

1.2 The flame arresters covered by these re-
quirements are intended (o prevent the propagation
of flame through the flame arrester into the storage
tank.

1.3 A flame arrester is investigated for the instalia-
tion for which it is designed, with respect to any of
the followis that is intended:

A. Conncction in a vent line at a specified max-
imum distance from the open end of the pipe, or

B. Opcning directly to the atmosphere through a
specific weatherhood, or

C. Usc with a specific vent valve.
~. Units of Mcasurcment

7 1 If a value for measurement is followed by a value
in othuer units in parentheses, the second value may
be only appriximate. The first stated value is the
requirement.

3. Instructions

3.1 Printed instructions shall be provided with each
flame arrester. The instructions shall include the
following:

A. The intended method of installation.

B. The designation of the vent valve to be used if
(1) the {lame arrester is intended to be used with
a specific vent vaive, and (2) the vent valve i1s ~ot
part of the tlame arrester.

CONSTRUCTION
4, Materials

4.1 A device shall be of metal resistant to corrosion
under conditions of use.

4.2 The casing or housing shall be of cast iron, cast
aluminum, or the cquivalent,

4.3 Gaskets such as those made of animal or
vegetable fibers shall not be used in the construction
or assembly of the device.

5. Casings

5.1 The casing or housing shall withstand the in-
ternal pressure resulting from explosions without
damage. See paragraphs 8.1—8.12.

5.2 Flat joints in a device and a flat surface to be
mounted to the intended tank shall be machined to
provide an arithmeticsl average roughness of not more
than 250 microinches in accordance with the Stan-
dard for Surface Texture, ANSI B46.1—1978, and
shali provide for a joint having a meial-to-metal width
ot not ! ss than 1/4 inch (6.4 mm).

6. Provisions for Connection

6.1 A device shall have provision for flanged or
threaded connection to standard pipe.

6.2 Pipe threads shall be in accordance with the
Standard for General Purpose Pipe Threads (Inch)
ANSI/ASME B1.20.1—1983.

6.3 Flanges shall conform io the appropriate
American National Standard for Pipe Flanges and
Flanged Fittings covering the material from which they
are made.
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PERFORMANCE
7. Hydrostatic Tests

7.1 Except as noted in paragraph 7.2, a casing or
housing shall withstand a hydrostatic pressure of 250
pounds per square inch gauge (psig) (1725 kPa) for
1 minute without rupture or permanent distortion.

7.2 The casing or housing of a device intended to
open and vent directly to the utmosphere or through
not more than 7 feet (2.1 m) of open pipe shall with-
stand a hydrostatic pressure of 125 psig (860 kPa) for
I minute without rupture or permanent distortion.

7.3  The hydrostatic pressure is to be applied at a
rate of approximately 100 psig (690 kPa) per minute
until the required internal pressure is reached. Gaskets
or other means may be employed if necessary to pre-
vent leakage of water during application of pressure.

8. Explosion Tests

8.1 A device shall not permit the passage of sparks
or flame that will ignite the explosive mixture from
the outet (vent) end to the inlet (tank) end of the flume
arrester when subjected to a series of explosion tests
using gasoline vapor-air mixtures at an initial pressure
of one atmosphere. The series of tests shall be suffi-
cient to determine the effect of the most severe con-
divons of:

A. Pressure, and
B. Flame propagation.

8.2 As gasoline vapor-air mixtures that produce the
maximum explosion pressure may rot necessarily pro-
duce the maximum flame propagation effects, depen-
ding upon such factors as the construction of the
specific device, a series of at least 13 tests over the
flamsable range are required to cover items A and
B of paragraph 8.1.

8.3 The device is to be installed in a pipe line of the
diameter tor which it is designed. The pipe connected
to the inlet (tank end) is to be at least 5 feet (1.5 m)
long. The outlet of the device or test chamber (sce
paragraph 8.4), depending upon the intended use, is
to be connected to:

A. A vent line at the rnaximum intended distance
from the open end of the pipe; or

B. A 5-foot length of pipe, if it is intended to open
direcrly to the atmosphere; or

C. The intended vent valve.

8.4 A tlame arrester having multiple outlets intended
to vent directly to the atmosphere is to be installed
in @ test chamber of the smallest practical size that
will contain the device under test and permit the ex-
plosive mixture to surround completely all outlets. The
outlet of the chamber is to be connected to a 5-foot
(1.5-m1) length of pipe of the sarne diarneter as the inlet

pipe.

8.5 The test installation, including the axes »f the
inlet and outlet pipes, is to be inclined 3/4 inch per
foot (60 mm/m) from the horizontal with the inlet end
higher than the outlet end unless the flame arrester
is specifically designed for vertical use only, in which
case the flame arrester is to be tested in that positicn.

8.6 The open ends of the inlet and outlet pipes are
to be plugged with loosely fitting light weight material,
each plug having an opening for inlet or outlet of the
gasoline vapur-air mixture. Each end is to be closed
by a pipe flange with reduced opening for inlet and
outlet to the lines carrying the explosive mixture.
8.7 A device for recording peak explosion pressure
is to be connected in the iniet end and another in the
outlet end of the test installation. A spark plug is to
be provided in the outlet end for ignition of the
gasoline vapor-air mixture. In the test of a flame ar-
rester intended for installation between a vent valve
and the tank, the spark plug is to be located between
the valve and the flame arrester.

B-10
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GENERAL CONSTRUCTION
1. Scope 4. Materials

1.1 These requirements cover tlame arresters for use
in open vent pipes, flame arresters for use with vent
valves, and combination Hame arrester-vent valves,
all intended for use on vents of storage tanks for
petroleum cil and gasoline.

1.2 The flamc arresters covered by these re-
(uirements are intended to prevent the propagition
of flame through the tlame arrester into the storage
tar ;.

1.3 A flame arrester is investigated for the installa-
tion for which it is designed, with respect to any of
the following that is intended:

A. Connection in a vent line at a specified max-
imum distance from the open end of the pipe, or

B. Opening directly to the atmosphere through a
specific weatherhood, or

C. Use with a specific vent valve.
2. Units of Measurement

2.1 If a value for measurement is followed by a vaiue
in other units in parentheses, the second value may
be only approximate. The first stated value is the
requirement.

3. Instructions

3.1 Printed instructions shall be provided with each
flame arrester. The instructions shall include the
followiny:

A. The intended method of installation.

B. The designation of the vent valve to be used if
(1) the flame arrester is intended to be used with
a specific vent valve, and (2) the vent valve is not
part of the flame arrester.

4.1 A device shall be of metal resistant to corrosion
under conditions of use.

4.2 The casing or heusing shall be of cast iron, cast
aluminum, or the equivalent.

4.3 Gaskets such as those made of animal or
vegelable fibers shall not be used in the construction
ot assembly of the device.

5. Casings
5.1 The casing or housing shall withstand the in-
ternal pressure resulting from explosions without

damage. Sec paragraphs 8.1—8.12.

5.2 Flat joints in a device and a flat surface to be
mounted to the intended tank shall be machined to
provide an arithmetical average roughness of not inore
than 250 microinches in accordance with the Stan-
dard for Surface Texture, ANSI B46.1—1978, and
shall provide for a joint having a metal-to-metal width
of not less than 1/4 inch (6.4 mm).

6. Provisions for Connection

6.1 A device shall have provision for flunged or
threaded connection to standard pipe.

6.2 Pipe threads shall be in accordance with the
Standard for General Purpose Pipe Threads (Inch)
ANSI/ASME B1.20.1—1983.

6.3 Flanges shall confuin to the appropriace
American National Standard for Pipe Flanges and
Flanged Fittngs covering the material from which they
arc made.
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PERFORMANCE
7. Hydrostatic Tests

7.1  Except as noted in paragraph 7.2, a casing or
housing shall withstand a hydrostatic pressure of 250
pounds per square inch gauge (psig) (1725 kPa) for
1 minute without rupture or permanent distortion.

7.2 The casing or housing of a device intended to
open and vent directly to the atmosphere or through
not more than 7 feet (2.1 m) of open pipe shall with-
stand a hydrostatic pressure of 125 psig (860 kPa) for
I minute without rupture or permanent distortion.

7.3 The hydrostatic pressure is to be applied at a
rate of approximately 100 psig (690 kPa) per minute
until the required internal pressure is reached. Gaskets
or other means may be employed if necessary to pre-
vent leakage of water during application of pressure.

8. Explosion Tests

8.1 A device shall not permit the passage of sparks
or flame that will ignite the explosive mixture irom
the outlet {vent) end to the inlet (tank) end of the flame
arrester when subjected to a series of explosion tests
using gasoline vapor-air mixtures at an initial pressure
nf one atmosphere. The series of tests shall be sutfi-
cient to determine the eftect of the most severe con-
ditions of:

A. Pressure, and
B. Flame propagation.

8.2 As gasoline vapor-air mixtures that produce the
maximum explosion pressure may not necessarily pro-
duce the maximum flame propagation effects, depen-
ding upon such factors as the construction of the
specific device, a series of at least 13 tests over the
flammable range are requir~d to cover items A and
B of paragraph 8.1

8.3  The device is to be installed in a pipe line of the
diameter for which it is designed. The pipe connected
to the inlet (tank end) is to be at least 5 feet (1.5 m)
Jlong. The outlet of the device or test chamber (see
paragraph 8.4), depending upon the intended use, is
to be connected to:

A. A ventline at the maximum intended distance
from the open end of the pipe; or

B. A 5-foot length of pipe, it'itis intended to open
directly to the atmosphere; or

(. 'The intended vent valve.

8.4 A flame arrester having rultiple outlets intended
to vent direcly to the atmosphere is to be installed
in a test chamber of the smallest practical size that
will contain the device under test and permit the ex-
plusive mixture to surround completely all oudets. The
outlet of the chamber is to be connected to a 5-foot
(1.5-m) length of pipe of the same diameter as the inlet
pipe.

8.5 The test installation, including the axes ot the
inlet and outlet pipes, is to be inclined 3/4 inch per
tfoot (60 mm/m) from the horizontal with the inlet end
higher than the outlet end unless the flame arrester
is specifically designed for vertical use only, in which
case the flame arrester is to } ¢ tested in that position.

8.6 The open ends of the inlet and vutlet pipes are
to be plugged with loosely fitting light weight raaterial,
cach plug having an opening for inlet or outlet of the
gasoline vapor-air mixture. Each end 1s w0 be closed
by a pipe flange with reduced opening for inlet and
outlet to the lines carrying the explosive mixtare.

8.7 A device for recording peak explosion pressure
1s to be connected in the inlet end and another in the
outlet end ot the test installanon. A spark plug is to
be provided in the outlet end for ignition of the
gasoline vapor-air mixture. In the test of a flame ar-
rester intended for installation between a vent valve
and the tank, the spark plug is to be located between
the valve and the flame arrcster.

B-12
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8.8  The gasoline used in the tests is to be Naptha
‘R, a nonleaded petroleum distillate consisting essen-
tially of aliphatic hydrocarbon compounds and hav-
ing a specific gravity of 60—70 degrees AP@at 15.6°C
(60°F).

8.9 The expolsive gasoline vapor-air mixture is to
be prepared by auxiliary equipment capable of prepar-
ing and maintainmg predetermined concentrations
within the limits specified in paragraph 9.1.

8.10 The explosive mixture is to be introduced in-
to the test installation until the original air is entirely
displaced. Samples for determination of the concen-
tration of gasoline vapor in air are to be withdrawn
from the line supplying the vapor-air mixture and
from the outlet line or test chamber.

8.11 The pipe langes are to be removed from both
inlet and Lutlet pipes and the vapor-air mixture is to
be ignited in the outlet side of the test installation.

8.12 At the conclusion of each test, the installation
is to he purged of vesidual gases with a streama of air.

9. Continuous Flame Tests

9.1 A device shall resist for 1 hour without flushback
the flame of a continuously burning mixture of
gasoline vapor and air at a concentration of
1.90 + .05 percent by volume.

9.2 The tlame arrester is t0 be connected for the in-
stallation that it is intended:

A. Using the maximun length of pipe intended,
but not less than 5 feet (1.5 m);

B. Discharging directly to the atmosphere if intend-
ed for such use. A weatherhood, if provided, is to

be n nlace; or

C. Connected to the specific vent-vaive intended.

9.3 The gasoline vapor-air mixture mendoned in
paragraph 9.1 is to be introduced into the inlet (tank)
end of the test installation at the rate given in Table
9.1 and is to be burned at the outlet face of the
arrester.

TABLE 9.1
RATE OF FLOW OF GASOLINE VAPOR-AIR MIXTURE

Rate of Flow
Pipe Size ANS!
B38.10 Mominal

Cubic Foet Cublc Meter

inches per hour per hour
1 9 n.28
2 35 0.99
2-1i2 55 1.56
3 80 2,27
4 120 3.40
6 235 6.68
[ 408 11.59
10 718 ©20.28
12 1030 29.17

9.4 Samples of the vapor-air mixture are to be
withdrawn Irom the inlet side of the test installation
at intervals during the test and the concentration of
the mixture is to be determined.

9.5 The temperature of the casing of the flame ar-
rester is to be measured at intervals during the test,

9.6 The fluw of explosive mixture into the inlet is
to be stopped for 15 seconds every 1) minutc . after
initiation of the test. There shall be no flashback, as
determined visually, at any time during the test in-
cluding the 15 seconds following the sixth 10-minute
burning interval.

10. Flow Capacities

10.1 The flow capacity of a device shall be deter-
mined at the operating pressures (both positive and
negative) specified for it by the manutacturer.
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MARKING
11. Details

' . 11.1  Each flame arrester shall be marked with the
o following:

A. The manufacturer’s or private labeler’s name
or trademark.

B. The catalog designation, or equivalent.

C. The U.S A. pipe size in inches.

' : D. One or more of the following, as applicable:
|

" 1. The maximum length of pipe to be connected
! | to the vent end;

2. A statement that the flame arrester may open
directly to atmosphere;

3. The specitic type of vent valve with which the
| flame arrester has been tested.

i 11.2 'The marking specified in paragraph 11.1 shall
! be (1) on a permanently-attached metal nameplate,
' or (2) embossed, stamped or molded in the casing.

11.3  If a manufacturer produces or assembles flame
i arresters at more than one factory, each finished flame
arrester shall have a distinctive marking — which may
be in code — by means of which it may be identified
as the product of a pa icular factory.




APPENDIX C
FACTORY MUTUAL RESEARCH
Sample FM Approval Test Procedures for Flame Arresters
(TIC 6061)

IV. EXAMINATION AND TESTS

4.1 Applicable assembly and detail drawings with material
specifications were submitted for the flame arrester unit and these
are on file at Factory Mutual.

4.2 A series of flame arrester tests were made at the
manufacturer’s plant to determine that the construction would not
permit fiame propagation from the upper flame arrester screen
surface through the flame arrester bank assembly during a
continuous 30 wmin. burning period: and, except for the short
interruption to try for flashback, the flow of gas/air mixture was
continuous for the duration of the 30 min. burn test. Immediately
after the interruption for the flashback test, the flow of gas/air
nixture was restored and the combustion establlshed at the upper
flame resistor bank surface.

4.2.1 The flame arrester assembly was installed at the
end of a 4 ft length of ¢t in. diameter pipe arranged vertically and
with a natural gas/air mixer installed at the bottom of the closure
plate. Sight glasses were installed in the vertical pipe, as well
as in the arrester lower body section so that visual evidence of
any flashback through the flame arrester bank could be confirmed
immediately.

4.2.2 Two fine wire gauge thermocouples were placed on
the metal surface of both the upper and lower arrester bank so that
these temperatures could be measured continuousiy by the use of a
Leeds & Northrup strip chart recorder having a temperature range of
0 to 2000°F (-18 to 1093°C).

4.2.3 Flowmeters were used along with appropriate
pressure gages in the air and natural gas supply lines to the
burner assembly. This allowed continuous reading of gas/air
mixtures by volume and pressure and enabled adjustments to be made
as desired in the fuel/air mixture supplied to the burner assembly.
The test was run indonrs and the ambient temperature was
approximately 68°F (20°C).

4.3 The following test results show that these various flame
arrester assemblies withstood 30 min. continuous burning test with
flashback occurring to the 4 in. thick bank when the fuel/air
mixture was momentarily interrupted. After each of these tests for
flashback, the flame was immediately re--established at the upper
grid surface. Various flow rates from 700 cfh to 1,200 cfh total
mixture flow w2re used during these tests. Fuel gas/air mixtures
were at or near stoichiometric (10/1). At the end of the 30 min.

c-1
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continuous burn test, the maximum temperature was recorded and
flashback attempted. Results are as follows:

4.4 Examination of each of the flame arrester assemblies
after the 30 min. continuous burn test indicated that each flame
arrester bank was intact with no bulging or seam openings observed;
discoloration of the bank material was noted and was expected. The
pin which secured the bank in the shell remained secure.

4.5 Since no flashback has been observed in any of these
tests, a 1/4 in. diameter hole was intentionally driiled through
the 6 in. diameter bank and then plugged with a length of rod of
the same diameter arranged such that it coculd easily be removed
during a fire exposure on the grid. This bank was then fire tested
and the temperatures iil Test No. 5 were duplicated in approximately
32 mnin. The lights in the room were extinguished and the rod
removed from the bank. Flashback occurred immediately, being seen
through the viewports and heard as a muffled explosion. This
proves the flame arrester bank was functioning properly when
intact; and when damaged, as was intentionally done for this test,
it is no longer safe as flashback was readily obtained.

4.6 The same 6 in. diameter aluminum flame bank was then
subjected to a duration fire test to see if it would melt out and
self-destruct. After 66 min. into the test the top of the flame
bank was observed to have deformed and was tending to plug the
bank. The gas/air mixture was cut off in an attempt to produce
flashback, however, none occurred. These data are shown as Test
No. 6 in paragraph 4.3.

4.7 The results of these tests and examination are
satisfactory.
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j | APPENDIX D
! INTERNATIONAL CO.IFERENCE ON SAFETY OF LIFE AT SEA (SOLAS)
- CHAPTER 1I-2 - REGULATION 59

Venting, purging, gas-freeing and ventilation

|
|

‘ | 1 Curgo tank venting
1

I.1  The venting systems of cargo tanks are to be entirely distinct from the
j air pipes of the other compartments of the ship. The arrangements and position
. of openings in the cargo tank deck from which emission of flamfmable vapours
L can occur shall be such as to minimize the possibility of flammable vapours
being admitted to enclosed spaces containing a source of ignition. or collecting
in the vicinity of deck machinery and equipment which may constitute an
ignition hazard. In accordance with this general principle the criteria in para-
graphs 1.2to 1.10 will apply.

1.2 The venting arrangements shall be so designed and operated as to ensure
\ that neither pressure nor vacuum in cargo tanks shall exceed design parameters -
I and be such as to provide for:

. .1 the flow of the small volumes of vapour, air or inert gas mixiures
caused b/ thermal variations in a cargo tank in all cases through
pressure/vacuum valves; and

| .2 the passage of large volumes of vapour. air or inert gas mixtures

during cargo loading and ballasting. or during discharging.

| 1.3.1 The venting arrangements in' each cargo tank may be independent
; or combined with other cargo tanks and may be incorporated into the inert
' gas piping.

| 1.3.2 Where the arrangements are combined with other cargo tanks either
o stop valves or other acceptable means shall be provided to isolate each cargo

i tank. Where stop valves are fitted. they shall be provided with locking arrange-
: ments which shall be under the control of the responsible ship’s officer. Any
i isolation must continue to permit the flow caused by thermal variations in
a cargo tank in accordance with paragraph 1.2.1.

P ' 1.4 The venting arrangements shall be connected to the top of each cargo
: tank and shall be self-draining to the cargo tanks under all normal conditions
of trim and list of the ship. Where it may a0t be possible to provide self-draining
lines permanent arrangements shall be provided to drain the vent lines to
a cargo tank.

1.5 The venting gystem shall be provided with devices to prevent the passage
of flame into the cargo tanks. The design, testing and locating of these devices
shall comply with the requirements established by the Administration which
shall contain at least the standards adopted by the Organization.*

* Reference is made to Standards for the Design. Testing and Locating of Devices to Prevent
' the Passage of Flume into Cargo Tanks in Oil Tankers adopted by the Maritime Safety Committee
at its forty-ninth session in April 1984 (MSC/Circ.373).
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fore and aft gangway if situated within 4m of the gangway and
. located not less than 10 m measured horizonta''y from the nearest
' air intakes and openings to enclosed spaces ¢~ taining a source of
P ignition and from deck machinery and equipm .1t which may consti-
' tute an ignition hazard:

|
-
-
o .6 Provision shall be made to guard against liquid rising in the venting
) svstem to a height which would exceed the design head of cargo tanks. This
- shall be accomplished by high-level alarms or overflow control systems or
| 4 other equivalent means. together with gauging devices and cargo tank filling
| procedures.
- d 1.7 Openings for pressure release required by paragraph 1.2.1 shall:
" .1 have as great a height as is practicable above the cargo tank deck
; to obtain maximum dispersal of flammable vapours but in no case
K less than 2 m above the cargo tank deck:
L .2 be arranged at the furthest distance practicable but not less than
4 Sm from the nearest air iritakes and openings to enclosed spaces
containing a source of ignition and from deck inachinery and equip-
» ment which may constitute ap ignition nazard.
R 1.8 Pressure/vacuum valves required by paragraph 1.2.1 may be provided
;o with a by-pass arrangement when they are locatad in a vent main or masthead
: riser. Where such an arrangement is provided there shall be suitabie indicators
' to show whether the by-pass is open or closed.
i 1.9 Vent outlets for cargo loading, discharging and ballasting required by
- paragraph 1.2.2 shall:
o .1.1 permit the free flow of vapour mixtures: or
b : . . .
! 4 1.2 permit the throttling of the discharge of the vapour mixtures to
] achieve a velocity of not less than 30 m/sec:
- .2 be so arranged that the vapour mixture is discharged vertically
| 4 upwards:
I.! : 3 where the method is by free flow of vapour mixtures. be such that
b the outlet shall be not less than 6 m above the cargo tank deck or
)
]
il

4 where the method is by high velocity discharge. be located at a
, height not less than 2m above the cargo tank deck and not less
L than 10 m measured horizontally from the nearest air intakes and
- openings to enclosed spaces containing a source of ignition and from
4 deck machinery and equipment which may constitute an ignition
! hazard. These outlets shall be provided with high velocity devices
of an approved type:

A .5 be designed on the basis of the maximum designed loading rate

multiplied by a factor of at least 1.25 to take account of gas evolution.

: in order to prevent the pressure in any cargo tank from exceeding

- the design pressure. The master shall be provided with information
‘




e

regarding the maximum permissible loading rate for each cargo tank
and in the case of combined venting svstems. for each group of
cargo tanks.

.10 In combination carriers. the arrangement to isolate slop tanks containing
oil or oil residues from other cargo tanks shall consist of blank flanges which
will remain in position at all times when cargoes other than liquid cargoes
referred to in regulation 5.1 are carried.

-

Cargo tank purging and/or gas-freeing

Arrangements for purging and/or gas-freeing shall be such as to minimize
the hazards due to the disp=rsal of flammable vapours in the atmosphere
and to lammable mixtures in a cargo tank. Accordingly:

.1 When the ship is provided with an inert gas svstem the cargo tanks
shall first be purged in accordance with the provisions of regulation
62.13 until the concentration of hydrocarben vapours in the carge
tanks has been reduced to less than 2 per cent by volume. Thereafter.
venting may be at the cargo tank deck level.

te

When the ship is not provided with an inert gas svstem. the operation .
shall be such that the flammable vapour is initially discharged:

19
—

through the vent outlets as specified in paragraph 1.9: or

iJd
9

with a vertical exit velocity of at least 20m/sec through outlets
at least 2m above the cargo tank deck level and which are protected
by suitable devices to prevent the passage of flame.

When the flammable vapour concentration in the outlet has been reduced
to 30 per cent of the lower flammable limit the discharge of the vapour mixture
may be at the cargo tank deck level.

3 Ventilation

3.1 Cargo pump-rooms shall be mechanically ventilated and discharges from
the exhaust fans shall be led to a safe place on the open deck. The ventilation
of these rooms shall have sufficient capacity to minimize the possibility of
accumulation of flammable vapours. The number of changes of air shall be
at least 20 per hour, based upon the gross volume of the space. The air ducts
shaii be arranged so that aii cf the space is effectively ventiiated. The ventiia-
tion shall be of the suction type using fans of the non-sparking tvpe.

3.2 The arrangement of ventilation inlets and outlets and other deckhouse
and superstructure boundary space openings shall be such as to complement
the provisions of paragraph 1. Such vents especially for machinery spaces
shall be situated as far aft as practicable. Due consideration in this regard
should be given when the ship is equipped to load or discharge at the stern.
Sources of ignition such as electrical equipment shall be so arranged as to
avoid an explosion hazard.
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IMO REVISED STANDARDS FOR THE DESIGN, TESTING AND LOCATING OF
DEVICES TO PREVENT THE PASSAGE COF FLAME INTO CARGO TANKS IN TANKERS
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- REVISED STANDARDS FOR THE DESIGN, TESTING AND LOCATING
‘ OF DEVICES TO PREVENT THE PASSAGE OF FLAME
| & INTG CARGO TANKS IN TANKERS
_J 1 It is reca'led that the Assembly, at its thirtaeath session, by
I‘I‘;’ resolution A.519(13) requested the Maritime Safety Commitiee to finalize
o
J‘DD and adopt the Standards for devices to prevent the passage of flame into
i é cargo tanks prior to the coming into force of the 1981 SOLAS amendments.
-
o
'Ei 2 The Maritime Safety Committee, at its forty-ninth session, adopted the
- standards which were attached to MSC/Circ.373,
)
2
" 3 The Maritime Safety Committee also agreed that the inert gas system is to
B}
i; be considered 23 an equivalent to devices to prevent the passage of flame into
: g cargo tanks only if vent outlets on ships fitted with inert gas systems are at
J"‘ least fitted with devices to prevent the passage of flame into cargo tanks,
Lo
! g but that these devices need not comply with the test requirmment for endurance
=
g burning. It was noted that in the Standards, emphasis is laid on ccmpliance

with test specifications rather than on constructiom. It is understood that,
in the case of a tanker fitted with an inert gas system, the provision of
flashback would suffice and a well-designad and fitted flame screen could meer
this criterion. In summary, if a fleme screen met the Standards, it would be

accepted.
4 The Maritime Safety Committee, at its fifty-fifch session, adopted
apendzents to MSC/Cirec.373 which are inc.rporated in ths revised Standards,

as set out in the annex.

5 Member Governments are invited to giva effact to thess Standards in

conjunction with the application of regulation II-1/59.1.5 of the 1974 SOLAS

Convention, ss amanded.
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4 1 INTRODULTION

| 1.1 Purpose
i o
! Tne 198{ and the 1983 amendments to the International Convention for

the Safety of Life at Sea, 1974 (SOLAS) include revised requirements for

fire safeuty measures for tankers. Regulation 11-2/59 of these amendwments

contains provisions concerning venting, purging, gus—-freeing and ventilation.

regulation 11-2/59.1.5 states:

"The venting tystem shall bz provided with devices to prevent the passage

of flame into the cargo tanks. The design, testing and locating of these

devices shall comply with the requiremsnts eszablished by the

pordey &

b gi Adainistration which shall contain at least the Standa is adojted by the

;f 2 Organization.” :

i“! i

P -

f!i g 1.2 Appiicstiou

1) 8

i - 1.2.1 These Stsndards are intended to cover the design, testing, locating

!' , ﬂ' and maintenance of "devices to prevent the passage of flase into cerge tanks”

i.J 1; (hereafter calied "devices”) of tankers and combination carriers carrying

5 ': ctude oil and petroleum products having a flashpoint of ©0°C (closed cup) or

E # ; less, and a Reid vapour pressure below atmespheric pressure and other products

! naving & similar fire hazard.

. r

4 1.2.2 01l tankars and combination carriere fitted with an inert gas system in

. accordance with regulation 62 shail be fitted with devices which compiy vwith

5 these Standacds, sxcapt that the tests spacified f{n 3.2.3 and 3.3.3.2 are not
required. Such Jdavices are only tu ba fitrted at openings unless they are

; tested in sccordance with 3.4.
: 1.2.3 Thesa Standards are intendad for devices protecting cergo tanks

.4 coateiaing crude oil, petroleua products and flamwable chemicals. Ian the case

. of the carriasge of chemicals, the tast media referred to in section 3 can be

54 used., However, devices for chemical tankers dedicated to the carriage of

products with MESG* less then 0.9 ma should be tested vwitn sppropriate media.

E-5
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o
S 1.2.4 Devices shall be tesied and located in sccordance with these Standards.
|

| 1.2.5 Devices are installed to protect:
'Rl

| .1 openings designed to relieve pressure or vacuum caused by thermal

! variations (regulation 1I-2/59,1.2.1):

.2 openings designed to relieve pressure or vacuum during cargo
loading, ballasting or during discharging (regulation I1I-2/59,1.2.2);

.3 outlets designed for gas-freeing as described in the proposed

regulation 11-2/59.2.2.3 (see appendix 1).

1.2.6 Devices shall not be capable of being bypassed or blocked open unless
they are tested in the bypassed or blocked open position in accordance with

section 3.

1.2.7 These Standavds do not include consideration of sources of ignition

such as lightning discharges since insufficient information is available to

formulate equipment recommendations. All cargo handling, tank cleaning and

ballasting operations shail be suspended on the spproach of an electrical

esundx3 luswuieron e poaﬁpo:dou @

S$LOrm.

LR X114

, 1.2.8 These Standards are not intended to deal with the possibility of
' ' the passage of flame from one cargo tank to another on :ankers with comwon

i veunting systens.

1.2.9Y Uhen outlet cpenings of gae-freeing systems on tankers not fitted with
iuert gas systems are required to be protected with devices, they shall comply

with these Standards axcept that the tasts specified in 3.2.3 and 3.3.3.2 are

not required.

1.2.10 Certain of the tests prescribed in section 3 of these Standards
are poteatially hazardous, but no attemptr ie made in this circular to specify

safety requirements for these tests.
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P 1.3 Definitions
x| For. the purpose of these Standards, the following definitions are
i‘ applicable.
L
|
o

1.3.1 “Flame arrester” is a device to prevent the passage of flame in
accordance with a specified performance standa 1ts flame-arresting element

- is based on the principle of quenching.

1.3.2 "Flswe screen” iz a device utilizing wire mesh to prevent the passage

4 ®
_ f o of unconfined flames, in accordance with a speciiied performance standard.
A
4 =
E{ 1.3.3 "Fleve speed” is the speed st which a flame propagates along a pipe or
- other systenm,
e
:‘. " :
-~ 1.3.4 "Flashback™ is the transwissioan of a flame¢ through a device.
) )
;.,f‘ 5 1.3.5 “tiigh velocity vent” is a device to prevent the passage of flame,
: ' 3 consisting of a mechanical valve vhich adjusts the opening available for flow
| [ ]
b 2 in accordance with the prassure at the inlet of the valve in such a way that
P
- ;p the efflux velocity cannot be less then 30 m/s.
i ! §
| .
- gg 1.3.6 "Pressure/vacuum valve' * {3 a device designed to wmaintain pressure and
5 z vacuuz in & closed container within preset limits.
i [ 4
| -
Py 2 STANDARDS
' .mq‘ .
. -l
: ; 2.1 Principles
P _
| ]
. 2,1.1 Depending on their service and location, devices are required to
protect against the propagation of:
i :
.1 moving flaames; and/or
}
< .2 atstionary flaoee from pre~uixed gases;
i
- after ignition of gases rasulting from any cause.
. “
* Frassure/vecuua valves are devices to prevent the passage of flame vhen

designed and tested in accordance with these Standards.
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2.1.2 When flammable gases from outlets ignite, the following four situations

; may occur: !
csed At low gas velocities, the flame may:
| .1 flashback; or

.2 stabilize itself as if the outlet were a burner.
.2 At high velocities, the flame may:

.l burn at a distance above the outlet; or

.2 be blown out.

2.1.3 In order to prevent the passage of flame into a cargo tank, devices

must be capable of performing one or more of the following fuactions:

.1 permitting the gas to pass through passages without flashback and

without ignition of the gases on the protected side when the device

is subjected to heating for a specified period;

esusdx3 Juswuisron e paoripo:dva ]

.2 waintaining ar efflux velocity in excess of the flame speed for the

LEXY1s

é : gas, irrespective of the geometric configuration of the device and
i i without the ignition of gases on the protected gide when the device
is subjected to heating for a specified period; and

;;l .3 preveanting an influx of flame when conditions of vacuum occur within

the cargo tanks.

2.2 anh;nicnl gesign standards

2.2.1 The casing or housing of devices shall meet similar standards of
strength, heat resiscance and corrosion resistance as the pipe to which they

are attached.

2.2.2 The design of devices shall allow for ease of inspection and removal of

internal elem2nts for replaceamznt, cleaning or repair.
E-8
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L
! i 2.2.3 All flat joints of the hosing shall be machined true and shall provide

for a joint having an adequate metal-to-metal contact,

ey T

! 2:2.4 Flame arrester elements shall fit in the housing in such a way that
X j flame cannot pass between the element and the nousing. f
ig Id
i o 2.2.5 The clear area through flame arresters shall be at least 1.5 times the
IJ cross—sectional area of the vent line.
o
} faﬁ 2.2.6 Resilient seals may be installed only if their design is such that if
E'jﬂ? the seals are partially or complet:rly damaged or burned, the device is still
!’fis capable of effectively preventing the passage of flame.
|2
! | é 2.2,7 Devices shail allow for efficient drainage of mcisture without
: ;; impairing tneir efficiency to prevent the passage of flame.
S
,1§ 2.2.8 The casing and element and gasket materials shell be capable of
!;? withstanding the nighest pressure and temperature to which the device may
,dﬁ be exposed under both normal and specified fire test conditions.
! ) 2.2.9 End-of-line devices shsll be so constructed 8s to direct the efflux
i'i3§ vertically upwards,
é"d 2.2.10 Fastenings essential to the operarion of the device, 1.e. screvs,
; g etc., shall be protected against loosening.
-
i ;' 2.2.11 Means shall be provided to check that any valve lifts easily without
o remainiug in the o)en positien.
i
J 2.2.12 Devices in which the flame arresting effect is achieved by the
! valve function and which are not equipped with the flame grrester elements
di (e.g. high velocity valves) must have a width of the contact area of the valve
i‘ seat of at least 5 mm.
1
_J 2,2.13 Devices shall be resistant to corrosion in accordance with 3.5.1.
- J 2.2.14 Elements, gaskets and seals shall be of material resis.ant to both

secavater and the cargoes carried.
E-9
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2.2.15 The casing or housing shall be capable of passing a hydrostatic

pressure test, as required in 3.5.2.

e

2.2!16 in-iine devices shall be able to withstand, without damage or
permsnent deformation, the internal pressure resulting from detonation when

tested in accordance with secciom 3.4.
2.2.17 A flame arrester element shall be designed to ensure quality control
of manufacture to weet the characteristics of the prototype tested, in

accordance with these Standards.

2.3 Performance Standards

2.3.1 Devices shall be testad in accordance with 3.5 and thersafter shown to

aset the test requirements of 3.2 to 3.4, as appropriate.

2.3.2 Performance charactgristics, such as the flow rsates under both positive
and negative pressure, operating sensitivity, fiow resistance and velocity

shall be demonstrated by appropriate tasts.

2.3.3 Devices gshall be designed and constructad to minimize the effect of
fouling under normal operating conditions. Inetructions oc how to determine
wvhen cleaning is required and the method of cleaning shall be provided for

each device in the manufacturers' instruction manual.

2.3.4 Devices shall ba capable of operating in freezing conditions and if any
device is providad with heating arrangemsats so that its surface temperature
exceeds 85°C, tnen it shall bs tssted ar ths highest oparating temperature.
2.3.5 Devices based upon msintaining a minimum velocity shall be capable

of opening ia such a way that a velocity of 30 a/s is immediately initiated,
majataining an efflux velccity of at least 30 uw/s et all flow ratas and, vhen
the ges flow is intarrupted, be capable of clcsing in such a way that this
minimunm veloci:y is mainteined until the valve is fully closed.

2.4 Flana screens

2.4.1 Flawme screens shall be: E-10
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Vo

!

! .1 designed in such & manner that they cannot be inserted improperly in
: ‘ the opening;

|

; ; ' .2 securely fitted in openings &o that flames cannot circumvent the i
{og .

IQ ) screen; and

P

i .3 able to meet the requirements of these Standards, except that the

test specified in 3.2.3 need not be complied with,

2.5 Sizing, _ocation and installation of devices

2.5.1 For determining the size of devices to avoid inadmissible pressure or

vacuum in cargo tanks during loading or discharging, calculations of pressure

losses shall be carried out. Tne following paraweters shall be taken into

account:

.1 loading/discharge rgtes;

.2 gas evolution;

<3 pressure loss across devices, taking into account the resistance

coefficient;

“
117 gstiodxg JueWWEADD) 1@ pasnpoidey &

L .4 pressure loss in the vent piping system;

-

. D pressure at which the vent opens if a high velocity valve is usged;

! : and
! .6 density of the saturated vapour/air mixture.

2,5.2 Devices shiall be located at the cutlets to atmosphere unless tested and
spproved for in-line installation. Devices for in-line installation may not
be fitted at the outlets tov utmosphere unless they lLave also been tested and

approved for that posi:ion,

: 2.5.3 Except as may be peramitted in 1.,2.2, flame gcreens refexre. to in 2.4
X shall be fitted only et vacuum inlets through which vapours cannot be vented

to atmosphere. Flame screens shall be protected agsinst machanical damage.
kE-11
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2.5.4 Where end-of-line devices are fitted with cowls, weather hoods and
deflectors, etc., these attachments shall be fitted for the tests described
in 3.2,

.

3

4.5.5 Where detonation flame arresters are installed, as in~line devices
vinting to atmosphere, they should be located at a sufficient distance from
the open end uf the pipeline so as to preclude the possibility of a stationary

flaze resting on the arrester.

2.5.6 When venting to atmosphere is not performed through an end-of~line
device according to 2.5.4, or a detonation flawe arrester according to 2.5.5,
the in-line device has tuv be specifically tested with the inclusion of all
pipes, tees, bends, cowls, weather hoods, etc., which may be fitted between
the device and atmosphere. The testing shall consist of the flashback test of
3.2.2 and, if for the siven installation it is possible for a stationary fla;e
to rest on the device, the testing shall also include the eandurance burning

test of 3.2.3.

2.5.7 Means shall be provided to enable personnel to reach devices situated

more than 2 m above deck to facilitate wmaintenance, repsir and inspection.

3 TYPE TEST PROCEDURES

3.1 Principles

3.1.1 Tests shall be conducted by a laboratory acceptable to the

Administration.

3.1.2 Only one device shall be submitted f{or sach typs tast prograwmma.

Such a device shall have the iane dimensions and moet unfavoursble clearances

expected in tha productiocn model.

3.1.3 Tests dascribad in this section using gasoline vapours (a non-leadad
petroleua distillate consisting essentisily of alipharic hydrocarbon compcuads
with a boiling range approximating 65°C/75°C), technical hexane vapours, or
technical propsne, as appropriate, and referrad to in this section, are
suitable for all devices protecting tanks containing a flammable atmosphere
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of the cargoes referred to {n 1.2.1. This does not preclude the use of

gasoline vapours or technical hexane vapours for all tests referred to in

—L:,_

this sgection.

" .

(51

3.2 Test procedures for flame arresters located at openings
| to the atmosphere

3.2.1 The test rig shall consist of an apparatus producing an explosive

mixture, a small tank with a diaphragm, a flanged prototype of the fliame

d @ arrester, a pl i L/
, ’ plastic bag— and a firing Rource in three positions (see
I I :1£§: appendix 2).2/ Other test rigs way be used, provided the tests referred
: i‘ éi to iu this section are achieved to the satisfaction of the Administcation.
e
f *j éi 3.2.2 A flashback test shall be carried out as follows:
P »
[ _J g? od The tank, flame arrester assembly and the plastic baglj e«nveloping
i g the prototype flyme arrester shall be filled so that th;; volume
- | contains the mowst easily ignitable propane/air mixture.= The
l ' ."d i concentraticn of the mixture should be verified by appropriate
':i g‘ testing of the gas composition in the plastic 