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Re:  Application for Emergency Exemption

Dear Mr. Jones:

Pursuant to the provisions of 49 CFR 107.105 and 107.117, and on behalf of Bowgen Fuel
Systems, Inc., of Springfield, Missouri, this is to request an emergency exemption from the
provisions of the Hazardous Materials Regulations (“HMR?”, 49 CFR Parts 171-180). The requested
exemption would authorize the manufacture, mark, sale and use of a motor vehicle (trailer) with
horizontally mounted and secured, manifolded, non-DOT specification fiber reinforced plastic hoop
wrapped cylinders for the transportation in commerce of compressed natural gas. The information
below is submitted in accordance with §§ 107.105 and 107.117.

1. Regulations From Which Relief Sought. 49 CFR §§ 173.302 and 173.302a, in that the use
of anon-DOT specification cylinder would be authorized for the transport of compressed natural gas
(CNG).

2. Applicant. HMT Associates, L.L.C., on behalf of Bowgen Fuel Systems, Inc. (“Bowgen”),
3392 South Bowgen Parkway, Springfield, Missouri 65807; contact: Mr. Len Bowgen, telephone:
(417) 887-4773. Please address any questions concerning this application to the undersigned at the
address and telephone number indicated in the letter head.
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3. Description of Proposal. The applicant requests that an emergency exemption be issued that
would permit the manufacture, mark, sale and use of a motor vehicle (trailer) with horizontally
mounted and secured, manifolded, non-DOT specification fiber reinforced plastic hoop wrapped
cylinders for the transportation in commerce of compressed natural gas. To provide for an
equivalent level of safety in transport, the applicant proposes that the conditions and limitations
outlined below be incorporated into the requested exemption.

Packaging Prescribed. 1t is proposed that the requested exemption prescribe use of a motor
vehicle (trailer) with horizontally mounted and secured, manifolded, non-DOT specification fiber
reinforced plastic hoop wrapped cylinders, and meeting the following requirements:

A. Cylinders. Cylinders authorized would be non-DOT specification fiber reinforced
plastic (FRP) hoop wrapped (HW) cylinders manufactured by Pressed Steel Tank Company,
Inc., of Milwaukee Wisconsin. Cylinders would be in full compliance with DOT FRP-2
Standard, Revision 1, dated January 4, 1987 (§ 178.BB, copy enclosed) as modified by
paragraph 7.a. of DOT-E 8965 (copy enclosed), except as follows:

1) § 178.BB-3 Inspection by whom and where. Inspections and verifications
would be as provided in § 178.BB-3 (which is not modified in DOT-E 8965), except
that chemical analyses of steel may be verified by the independent inspection agency
on the basis of ladle analysis provided by the Canadian manufacturer of the steel.

2) § 178.BB-6 Manufacture. Manufacture would be as provided in § 178.BB-6,
as modified by paragraph 7.a. of DOT-E 8965, except as follows (Note: Paragraph
references correspond to those in § 178.BB-6.):

(a) Liner. Liner without overwrap would be suitable for marked service
pressure of at least 47.7 percent of the service pressure marked on the
composite cylinder, and would be in full compliance with DOT 3AA
(§ 178.37) except as follows:

(D) The design would be required to be in compliance with
§ 178.37(a)(2);
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(2) * * *
3) The flattening test in § 178.37(j) would not be required.

(b) Composite cylinder. Autotfrettage by pressurization would not
exceed 125 percent of the prescribed minimum test pressure. [Remainder of
§ 178.BB-6(c) would be as prescribed in DOT-E 8965].

(d) Lot size. Lot size would be as prescribed in § 178.BB-6(d)(1) (which
is not modified in DOT-E 8965), except that (d)(1)(i) and (d)(2)(i) would
allow liners and cylinders, respectively, in the same lot to be of varying
lengths.

3) § 178.BB-11 Nondestructive tests. Nondestructive tests would be as
prescribed in § 178.BB-11 (which is not modified in DOT-E 8965), except that in
addition to the hydrostatic test prescribed in this section, each cylinder would be
subject to the following test (which may be identified as § 178.BB-11(b)):

“(b)  Ultrasonic test. The entire wall (i.e., 100 percent) of each
cylinder must be ultrasonically tested.”

4) § 178.BB-12 Destructive tests. Destructive tests would be as provided in
§ 178.BB-12, as modified by paragraph 7.a. of DOT-E 8965, except that in the burst
test (§ 178.BB-12(b), which is not modified in DOT-E 8965) the minimum
prescribed burst pressure would not be held for 60 seconds prior to increasing
pressure to failure.

5) § 178.BB-13 Acceptable results of tests. Acceptable results of tests would
be as provided in § 178.BB-13, as modified by paragraph 7.a. of DOT-E 8965, except
as follows (Note: Paragraph references correspond to those in § 178.BB-13.):
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(b) Physical test. Physical tests would be as prescribed in § 178.BB-13(b)
(as modified by DOT-E 8965), except that in addition to the tests prescribed

in this paragraph, the following test would be required (which may be
identified as § 178.BB-13(b){(4)):

“(4)  Charpy impact value at -40°F must be not less than 44 J/cm?.”

(c) Cycling test. The cycling tests would be as prescribed in § 178.BB-
13(c), as modified by DOT-E 8965, except that the phrase “10,000
pressurizations between approximately zero and service pressure” would be
replaced by the phrase “5,000 pressurizations between approximately zero
and 1.25 times the service pressure”.

(e) Ultrasonic test. A new paragraph (e¢) would be added to § 178.BB-13
to provide the acceptable results for the additional ultrasonic test, to read as
follows:

“(e¢) Ultrasonic test. In no case may the notch size of any
longitudinal defect exceed 0.015 inches deep by 0.75 inches long, or
for any transverse defect exceed 0.025 inches deep by 0.75 inches
long.l!

6) § 178.BB-15 Marking. Marking of cylinders would be as prescribed in
§ 178.BB-15, which is modified by DOT-E 8965 only by replacing the word
“aluminum” wherever it appears with the word “steel”, except that the DOT
exemption number would not be permanently marked on each cylinder.

7 § 178.BB-16 Inspector’s report. Inspector’s report would conform to the
report requirements in ANSI Standard NGV2-2000 (“Basic Requirements for
Compressed Natural Gas Vehicle Fuel Containers”).

8) § 178.BB-18 Design qualification tests. Design qualification tests would
be as provided in § 178.BB-18, as modified by paragraph 7.a. of DOT-E 8965, except
as follows (Note: Paragraph references correspond to those in § 178.BB-18.):
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(b) Design changes. Paragraph § 178.BB-18(b) (which is not modified
in DOT-E 8965) would apply except that in subparagraph (b)(2) the
allowable percent change in diameter would be “20 percent”.

(d) Pressure cycling tests. The pressure cycling tests would be as
prescribed in § 178.BB-18(d), as modified by DOT-E 8965, except that in
subparagraph (d)(2)(iv) the value “-60° F”” would be replaced by the value
“-40°F” and sub-paragraph (d)(1) would be revised to require:

“(1) Cycling test at ambient temperature. One
representative cylinder shall be cycle tested at ambient temperature
without showing evidence of distortion, deterioration or failure, as
follows: pressurize from approximately zero to 1.25 times service
pressure for 5,000 cycles; then pressurize from approximately zero to
service pressure for 13,000 cycles. After successfully passing this test
the cylinder must be pressurized (cycled) from approximately zero to
1.25 times service pressure until the cylinder fails. Failure must be
by leakage rather than burst, and the failure pressure must be
recorded.”

(e) Hydraulic burst test. The hydraulic burst test would be as prescribed
in § 178.BB-18(e), as modified by DOT-E 8965, except that in subparagraph
(e)(1) the words “this pressure to be held for 60 seconds’ would be removed.

NOTE: To illustrate the conditions and limitations proposed to be applicable to the
cylinders to be used under the requested exemption, a draft of the “Packaging”
section of the exemption (typically Paragraph 7.a. of the exemption) is enclosed for
your information and review. Comparison of this draft with the corresponding
paragraph 7.a. of DOT-E 8965 will facilitate identification of the relatively minor
differences between the cylinders authorized under that exemption and those for
which authorization for use is requested in this application. An electronic version of
the enclosed draft paragraph 7.a. of the exemption will be provided to you upon
request.
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B. Motor vehicle (trailer). Authorized cylinders would be horizontally mounted on a
motor vehicle (trailer), secured, manifolded together, and valves and pressure relief devices
protected, in conformance with all applicable requirements in § 173.301(g)(1) of the HMR.

C. Testing.  Authorized cylinders would be required to be reinspected and
hydrostatically retested in accordance with §§ 180.205 and 180.209 as required for DOT 3HT
cylinders, except that maximum requalification period is 5 years and that the rejection elastic
expansion criteria would not apply. Instead, permanent volumetric expansion would not be
permitted to exceed 5 percent of total volumetric expansion at test pressure. Marking of test
dates on cylinders would be as prescribed in paragraph 7.b. of DOT-E 8965.

Operational Controls and Special Provisions. It is proposed that the following Operational

Controls and Special Provisions be incorporated into the requested exemption:

4.

A. Cylinders permitted under the exemption would no longer be authorized for use 15
years from the date of manufacture of the cylinder.

B. In accordance with the provisions of § 173.22a(b), persons would be authorized to
use the packaging authorized by this exemption for the transportation of the hazardous
material specified in paragraph 4, below, only in conformance with the terms of the requested
exemption.

C. A current copy of the exemption would be required to be maintained at each facility
where the package is offered or reoffered for transportation.

D. A current copy of the exemption would be required to be carried on each motor
vehicle transporting hazardous materials under the terms of the exemption.

Hazardous Material to be Transported. It is requested that the following hazardous

material be authorized for transport under the terms of the exemption:
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Hazardous materials description Hazard Identi- Packing

-- proper shipping name Class/ fication Group
Division | number

Methane, compressed, or Natural gas, compressed, 2.1 UN 1971 N/A

(with high methane content)

5. Transport Modes. Authorization is sought for transportation by motor vehicle only. No
modal-specific safety control measures (in addition to those proposed above) are considered
necessary.

6. Duration of Exemption. It is requested that this exemption be issued for a renewable, two
year period.

7. Justification for Exemption and Level of Safety. For the reasons offered below, the
applicant submits that the exemption requested herein is justified in that the provisions proposed
above will achieve an appropriate level of safety in the transport of the hazardous material
concerned, and one which is commensurate with the level of safety provided in the transport of CNG
in the similar cylinders authorized under DOT-E §965.

Background information and nature of the existing emergency. The trailers for which
exemption is requested are used by natural gas utility companies to ensure service is maintained to
residential customers, small subdivisions, pipelines, businesses and master metered complexes
during gas line repairs. When a service interruption is anticipated due to the need to shut down and
repair a gas distribution line, one of these trailers is spotted and connected to the distribution line
below the point at which the repair is to be made. The gas from the trailer is then used to supply the
customers until the necessary line repair is effected and normal service through the distribution line
restored. Approximately 14 trailers have been delivered to various gas utility companies by Bowgen
to be used for this purpose.

The composite cylinders to be used on the trailers concerned were purchased from Pressed
Steel Tank Company, Inc., of Milwaukee, Wisconsin - the manufacturer of the cylinders. Atthe time
of purchase, Bowgen did not recognize that - while the cylinders conform to ANSI Standard NGV 2-
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2000 and are authorized under National Highway Traffic Safety Administration’s (NHTSA)
standards for use as fuel tanks on CNG-powered vehicles - the cylinders were not, necessarily,
authorized for use in the transport of CNG “in commerce”. In an effort to ascertain whether the
cylinders concerned could be used for this purpose, Bowgen contacted the cylinder manufacturer and
based on an exchange of information between a PST employee (no longer with that company) and
Bowgen late last year, Bowgen had understood that the cylinders concerned were authorized for use
in the transport of CNG in commerce pursuant to the provisions of DOT-E 8965. However, Bowgen
subsequently was advised that the cylinders were not covered by that exemption, or otherwise
authorized for use in the transport of CNG in commerce by the HMR. Bowgen subsequently
informed its customers that purchased trailers fitted with the cylinders concerned to remove the
trailers from service until further notice.

In light of the foregoing, Bowgen respectfully requests that this application for exemption
be processed on an emergency basis in order to allow the trailers concerned to be returned to service
as soon as possible.

Level of safety achieved. For the reasons offered below, the applicant believes that the
requested exemption will afford the necessary level of safety in the transport of the hazardous
materials concerned.

Proposed packagings. The packaging for which authorization for use is requested in this
application is a motor vehicle (trailer) with horizontally mounted and secured, manifolded, non-DOT
specification fiber reinforced plastic hoop wrapped cylinders. As proposed in this application, the
non-DOT specification cylinders would be mounted on the motor vehicles and manifolded in
accordance with the applicable requirements of § 173.301(g)(1) of the HMR.Y This being the case,
it is considered that the main technical and safety issues that may arise in connection with this
application relate to the design, construction, qualification and periodic requalification of the non-
DOT specification cylinders to be employed under the requested exemption.

As stated above, the cylinders concerned are manufactured by the Pressed Steel Tank
Company, Inc. (“PST”) of Milwaukee, Wisconsin. The cylinders fully conform to the requirements

1/ As amended by the Docket No. HM-220D final rule (see 57 FR 51626 and 68 FR 24653), this
paragraph now permits the manifolding of non-DOT specification cylinders.
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of ANSI Standard NGV2-2000 (“Basic Requirements for Compressed Natural Gas Vehicle Fuel
Containers”). Cylinders conforming to this standard are authorized by DOT’s National Highway
Traffic Safety Administration (NHTSA) for use as the fuel tanks on CNG-powered vehicles,
including on the busses used by many municipalities. Clearly, this is a very demanding environment
in that the cylinders are exposed to extreme environmental conditions, many (perhaps more than
once daily) pressurization cycles over a period of many years, and the potential for mechanical
damage. Cylinders conforming to ANSINGV2-2000 have been used safely in this very rigorous and
demanding service for many years, and, although RSPA does not recognize this standard for
purposes of transportation of CNG in commerce, experience in the use of cylinders conforming to
this standard as fuel containers on CNG-powered vehicles demonstrates the safety afforded by such
cylinders in the transportation environment.

PST is the holder of DOT-E 8965, which authorizes the use of composite, non-DOT
cylinders (similar to those for which exemption is sought herein) for the transportation of CNG (and
other gases) in commerce. DOT-E 8965 requires that the composite cylinders authorized conform
to DOT FRP-2 Standard, Revision 1, dated January 4, 1987 (§ 178.BB), except as that standard is
modified by paragraph 7.a. of the exemption. By issuance of that exemption, RSPA, in effect, has
determined that the cylinders authorized under DOT-E 8965 ensure an equivalent level of safety in
the transport of CNG in commerce to that afforded under the regulations from which exemption is
granted. As stated above, the cylinders for which exemption is requested in this application - with
only relatively minor differences - also conform to DOT FRP-2 Standard, Revision 1, dated January
4, 1987 (§ 178.BB), as that standard is modified by paragraph 7.a. of DOT-E 8965. Indeed - and
apart from the minimum requirements of ANSI NGV2-2000 - the materials of construction,
construction techniques and design of the cylinders for which authorization for use is requested in
this application are not changed materially from those employed by PST in the manufacture of the
cylinders authorized under DOT-E 8965. For this reason, the applicant submits that the cylinders
for which exemption is requested herein, similarly, will ensure a level of safety in the transport of
CNG in commerce that is equivalent to that afforded under the regulations from which exemption
is requested.

To facilitate evaluation of the impact of the relatively minor differences between the
cylinders authorized under DOT-E 8965 and those for which exemption is requested, a draft of
paragraph 7.a. (“PACKAGING”) of the requested exemption - based on the conditions and
limitations proposed herein - has been prepared and is enclosed herewith. In comparing this draft
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paragraph to the corresponding paragraph 7.a. in DOT-E 8965, it is evident that many of the
differences are very minor and would not adversely impact the safety of the cylinders for which
exemption is requested as compared to the safety afforded by the cylinders authorized under DOT-E
8965. Indeed, some of the differences result in the application of more stringent requirements than
are imposed under DOT-E 8965. The following is offered in explanation of certain of the
differences between the cylinders for which exemption is requested and those authorized under
DOT-E 8965.

1) Inspection by whom and where. ANSI NGV2-2000 (to which the cylinders were
constructed) does not require chemical analyses of steels to be performed within the United
States. However, for the cylinders concerned, the DOT inspection agency verified the correct
material composition by use of the ladle analysis provided by the Canadian manufacturer of
the steel used in the liners. This procedure is considered adequate to ensure the necessary
control over the steel used in the liners.

2) Manufacture. The slight reduction in the suitable service pressure of the liner (i.e.,
47.7 percent, as compared to the 50 percent prescribed in DOT-E 8965) is so small as to not
materially affect safety in transport when viewed in the context of all other requirements
(including tests) that would be imposed on the cylinders. Unlike the liners authorized under
DOT-E 8965, the liners of the cylinders for which exemption is requested were not subjected
to the flattening test in § 178.37(j). However, additional requirements proposed herein -
including Charpy impact testing, full ultrasonic testing of walls, and more stringent cyclic
design qualification burst testing - are considered to more than compensate for this
difference and will ensure the necessary level of safety in the use of the cylinders for which
exemption is requested.

In addition, a minor difference would exist in the definition of “lot size” (see
proposed § 178.BB-6(d)) in that the requested exemption would allow cylinders of differing
lengths to be considered to be of the same lot. Provided that all other defining parameters
remain the same as prescribed in DOT-E 8965, allowing cylinders of slightly differing
lengths to be considered to be of the same lot would not appear to reduce the level of safety
achieved in the examination of representative cylinders from a “lot” as proposed to be
defined in the requested exemption.
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3) Nondestructive tests. Unlike the cylinders authorized under DOT-E 8965, the
cylinders for which exemption is requested would each be required to be subjected to 100
percent ultrasonic testing and be found free of disqualifying defects (see § 178.BB-11). This
additional test (as compared to DOT-E 8965) will further ensure that the cylinders for which
exemption is requested will afford the necessary level of safety in transport.

4) Acceptable test results. Unlike the cylinders authorized under DOT-E 8965, the steel
used in the liners of cylinders for which exemption is requested would be required to exhibit
a Charpy impact value at -40°F of not less than 44 J/cm? (see proposed § 178.BB-13(b)(4)).
This additional physical test (as compared to DOT-E 8965) will further ensure that the
cylinders for which exemption is requested will afford the necessary level of safety in

transport.

In the cycling test it is proposed that cylinders be subjected to 5000 cycles, but
pressurized to not less than 1.25 times the service pressure. While this is only half of the
cycles required under DOT-E 8965, the pressure to which the cylinders must be pressurized
is significantly higher. In light of the fact that cylinders in the service as described in this
exemption application would never be expected to see S000 pressure cycles within their
authorized maximum 15 year service life, the proposed cycling test is considered adequate
to ensure the necessary level of safety in the service for which authorization for use is
requested.

5) Marking. It is proposed in this application that cylinders be required to be marked
in the same manner as prescribed in DOT-E 8965 except that the DOT exemption number
would not be required to be marked. Since many of the cylinders concerned have already
been fabricated, it is not feasible at this time to permanently mark the DOT exemption
number. At the same time, however, all other relevant safety information would be marked
on the cylinders. Indeed, it is considered inappropriate to mark the exemption number on the
cylinders in that the exemption covers the motor vehicle in which the cylinders are installed
and not the individual cylinders themselves. Marking of the DOT exemption number on the
cylinders concerned may incorrectly imply that the cylinders are authorized for use
individually under the requested exemption - which would not be the case. The serial
number required to be marked on each cylinder should be sufficient to allow identification
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of cylinders as having been manufactured to the requirements imposed under the requested
exemption.

6) Inspector’s report. It is proposed in this application that the inspector’s report be
permitted to conform to the requirements of ANSI Standard NGV2-2000 (the basic standard
under which the cylinders were manufactured and inspected), rather than the specific form
prescribed in § 178.BB-16 of DOT FRP-2 (as required under DOT-E 8965). This is
considered to be acceptable in that the report will contain all essential information
prescribed in § 178.BB-16, although the exemption number would not appear and the
information would be presented in a different format. A representative example of the
NGV2-2000 inspector’s report prepared by the DOT-approved inspection agency for the
cylinders concerned will be provided upon request.

7) Design _qualification tests. The proposed ambient temperature cycling test (see
proposed § 178. BB(d)(1)) is significantly more stringent than the corresponding test required
under DOT-E 8965 in terms of both the total cycles required (18,000) and the pressure
required to be achieved (1.25 times service pressure for the first 5000 cycles). Moreover, the
test proposed herein, unlike the corresponding test authorized under DOT-E 8965, would
require cylinders to fail by leakage rather than bursting. This more stringent test (as
compared to DOT-E 8965) will further ensure that the cylinders for which exemption is
requested will afford the necessary level of safety in transport.

The proposed use of -40°F in place of the -60°F minimum temperature to be
achieved in the environmental cycling test is not considered to adversely affect the level of
safety that would be achieved under the requested exemption as compared to that established
by the corresponding test required under DOT-E 8965. The proposed -40°F temperature is
equal to or lower than the temperatures prescribed elsewhere in the HMR for purposes of
engineering design requirements for hazardous materials packagings - for example, in the
case of portable tanks authorized for the transport of gases - and is representative of the
lowest ambient temperatures encountered in the continental United States.

Proposed periodic testing and inspection. This application proposes that periodic inspection
and hydrostatic retesting of cylinders be performed in the same manner as is required under DOT-
E 8965 (see paragraph 7.b. of DOT-E 8965), except that the maximum requalification period
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prescribed would be five years. This slightly extended requalification period is considered
appropriate for the exemption requested for several reasons. First of all, because of the manner in
which the cylinders are manifolded, secured and protected within the motor vehicle as would be
required by the requested exemption, the possibility of mechanical damage (such as would be
expected in the handling of “loose” cylinders) is greatly reduced. Moreover, from the practical point
of view, it is difficult to remove the cylinders from the vehicle for requalification testing, and,
indeed, the uncharacteristically large size of the cylinders poses problems in terms of locating nearby
testing facilities with equipment capable of performing the required hydrostatic test. At the same
time, however, in the service for which use of the cylinders would be authorized under the requested
exemption it is unlikely that cylinders will be frequently refilled, so that pressure cycling will be low
as compared to cylinders used in other services. For all of these reasons, the proposed five year
maximum requalification period is considered sufficient to ensure safety in the transport and use of
the cylinders under the requested exemption.

Proposed Operational Controls and Special Provisions. The operational controls and special
provisions proposed herein for incorporation into the requested exemption are consistent with those
in DOT-E 8965, and in many other “manufacture, mark, sell and use” exemptions. Therefore, the
proposed operational controls and special provisions are considered appropriate for the requested
exemption.

Summary. For the foregoing reasons, the applicant submits that the proposed packaging
requirements and operational controls will provide a level of safety in transport equivalent to that
provided by the cylinders authorized under DOT-E 8965 - an exemption which has already been
determined by DOT to provide a level of safety at least equivalent to that afforded by the regulations
from which exemption is sought.

8. Request for Emergency Processing. Pursuant to 49 CFR 107.117(a)(2), the applicant
hereby requests this application be accorded emergency processing in order to prevent significant
economic loss that could not be prevented if the application were processed on a routine basis. This
loss would be borne by Bowgen, and would result from charges and costs passed on to Bowgen by
owners of the trailers due to their inability to utilize the trailers for their intended purposes.
Depending on the length of time the trailers remain out of service, these charges and costs could total
an estimated $ 500,000 or more. As a family-owned, relatively small business, these costs and
charges could materially affect Bowgen’s ability to continue to do business, and in the worst case
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could force Bowgen out of business leaving Bowgen’s approximately 10 workers without
employment.

Apart from the potential for serious economic loss, however, the applicant submits that it
would be in the public interest to process this application on an emergency basis. As explained
above, the trailers concerned are used to ensure that gas service is maintained to residential
customers, small subdivisions, pipelines, businesses and master metered complexes during gas
distribution line repairs. Without availability of these trailers, these customers will experience
service disruptions often lasting days, and sometimes weeks. Thus, the applicant believes it would
be in the public interest to process this application on an emergency basis in order to avoid these
service disruptions, and the attendant inconvenience to the affected public.

9. Conclusion. In conclusion, for the reasons outlined above the applicant submits that the
conditions and limitations proposed in this application for emergency exemption will achieve the
necessary level of safety in transport of the hazardous materials concerned. Moreover, for the
reasons offered in this application the applicant believes that processing the application on an
emergency basis is necessary to avoid significant economic loss to Bowgen, as well as inconvenience
to the general public arising from gas service interruptions that could be avoided if the trailers
concerned were operational. Accordingly, the applicant respectfully requests that the exemption
sought be issued at the earliest possible time.

Please contact the undersigned directly if you have questions concerning this request, or if
you require any additional information in order to process this application.

Sincerely,

I W=

E. A. Altemos

Enclosures: (1) DOT FRP Standard (§ 178.BB), Revision 1 (January 4, 1987)
(2)  DOT-E 8965, EIGHTH REVISION
3) Draft of Paragraph 7.a.. (“PACKAGING”) of Requested Exemption
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B8ASIC REOUIFBVENTS RR FRP TYPE 3W QOVROSITE CYL INDERS

§ 178.88 Fiber reinforced plastic (FFP) hoop wrapped ommgosiite (HR)
cylinders nade of definitely prescribed materials,

§ 178.8B-1 General.

Each cylinder must conformwith these basic requirarents and the
specific requirarents of the applicable exarption.

MAY-14-2003 15:06 RSPA/ARHMS

§ 178.8B-2 Type, size and service pressure.

Type 3W hoop-wrapped cylinder consisting of resin inpregnated
continuous filavent windings in the circunferential direction oniy over a
seaniess aluminum | iner made in accordance with § 178.88-6(a); not over 200
pounds water capacity; and service pressure at least 900 PSI but not greater

than 5000 PSI.
§ 178.88-3 tinspection by whan and where.

Inspections and verifications qust be perfonmed by an independent
inspect ion agency approved inwriting by the Director for the Office of
Hazardous Materials Transportation (OMF)}, in accordance with 49 OR 173.300a.
Chamical analyses and tests must be made in the United States unless otherwise
a%roved inwriting by the Director for OWMF in accordance with 49 CFR
173.3000.

§ 178.88-4 Duties of the inspector.

{a) Detemmine that all materials conformwith the provisions of this
standard before releasing them for cylinder manufacture.

(b) Verify that aluminum liner conforrms with § 178.BB-6(a). Verify
that filarent and resin systan catponents confonme with the requirerents
specified in § 178.88-5.

{c) Prior to initial shiprent of any specific carposite cylinder
design, verify that the design qualification tests prescribed in § 178.B8-18
have been perfonred with acceptable results.

{d} Verify that each carpleted cy!inder confonms with aill requiravents
including marking.

le) Verify that winding process is proper to assure that corposite
material is uniform, of required thickness and pattern, and in accordance with
the camposite structure present in cylinders subjected to the design
qualification tests.
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(f) Witness all tests and pressurizations, obtain copies of all test
results and certifications; report voluretric capacity, penrenent expansion
and carpleted covposite cylinder waight.

{(g) Furnish corpleted inspector’s report (§ 178.8B8-16) to the maker of
the cylinder and upon request, to the purchaser. {(See § 178.88-17).

§ 178.88-5 Authorized material and identification of omterial.
(al  Aluminum iiner must be 6061 or 6351 allioy and T6 tarper.

(b} Filarent meterial must be comrercial Type-S or cawrercial Type-E
fiberglass. Filarents must be tested in accordance with ASTM D-2343-67 and
have minimum strand strength as folloas:

(1} Type-S Glass ---- 400,000 PSt,
{2} Type-E Glass ---- 200,000 PSI.

{c) Resin systanmust be epoxy or modified epoxy type. Resin systan
must be tested on sarpie coupons representative of the carposite over-wrap in
accordance with ASTM D-2344-67 for water boil shear test, and have a minimun
shear strength of 5,000 PS).

{d) Materials must be identified by a suitable method during
manufacture.

{(e) Mbterials must be of uniform quality. Materials with injurious
defects are not authorized.

§ 178.88-6 Menufacture.

(al Liner. Aluminun |iner without over-wrap ust be designed for
a service pressure of at least 50 percent of the service pressure marked on
the carposite cylinder, and must conformwith OOT 3AL specification (49 OR
178.46) except:

{1) Nonmarking is to be applied to the cylinder except as
specified in § 178.8B-15; and

{2} Mydrostatic test of any cyiinder prior to applying filarent
is not authorized.

(b} Carposite cylinder. The catposite cylinder must be mede fram
an aluninun liner circunferentially vwapped over the entire cylindrical
portion with resin inpregnated continuous filarent winding. Winding pattern
must be "hoop"” wrap applied under contralled tension to develop the design
corposite thickness. After winding is corplete, the carposite must be cured
by a control led tevperature profile, and auto-frettaged by pressurizing to not
less than 105 percent and not greater than 115 percent of the prescribed
minimum test pressure, No defect is acceptable that is |ikely to weaken the
finished cylinder appreciably.

2
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{c} WeIding or brazing. Welding or brazing for any purpose
whatsoever is prohibited.

(d} Lot size.

{1)  Liner lot size. A "liner iot” means a group of cylinders
successively produced in one (up to 10 hour) shift having the sare:

(i) size and configuration;
{1i) specified material of construction;
. {iii) process of manufacture and heat treatrent;
(iv} equiprent of menufacture and heat treatrent; and

(vl conditions of time, tevperature and atTosphere during
heat treauvrent.

(2} Camosite cylinder lot size. A "carposite cylinder lot”
means 3 group of ¢ylinders successively produced franqualified |iners,
having:

{i) the sare size and configuration;
(ii) the sare specified materials of construction;

(iii) the save process of menufacture to the save cylinder
specification; and

{iv) auto-frettaged under the sare conditions of time,
tgTperature and pressure.

(3} In no case may the "lot” size exceed 200 units; honever, any
unit processed for use in the required destructive tests need not be
counted as one of the 200, but must have been processed with the lot.

(e) Design qualification tests. Prior to initial shigrent of any
specific cylinder design, qualification tests as prescribed in § 178.B8-18
must have been perfonmed with satisfactory results.

§ 178.88-7 Wall thickness.

{a) Minimun thickness of the liner must be at least equal to the
minymum design thickness and be such that after auto-frettage, the covpressive
stress in the sidens!! of the liner at zero pressure wili not exceed 95
percent of the minimum yield strength of the aluninun as detemined in 49 CR
178.46-13 or 95 percent of the minimun design yield strength shoan in 3
178.8B-18(h). The maximum tensile stress of the liner at operating pressure
must not exceed 60 percent of its yield strength.

(b}  The maximum filarent stress at service pressure must not exceed 40

3



percent of the filarent stress at the virgin burst pressure of the ot tes
cylinder,

{c)} The end design must incorporate added materials to assure the -
stresses in the areas not supported by the hoop wrap are less than the
stresses found in the cylindrical portion,

(d) Stresses shail be camputed fran Carputer Code NASA (F-72124 .
"Carputer Program for the Analysis of Filarent Wound Reinfarced Wetal Shell
Pressure Vesseis” May 1966, or aother suitable analysis techniques.

§ 178.88-8 Qpenings.

(al QOpenings are pemmitted on the heads onily. Centeriine of openings
must coincide with the fongitudinal axis of the cylinder.

{b) Threads are required. Threads rmust be clean cut, even, without
checks and to gauge.

{(c) Tapered threads are not pemmitted.

{d) Any straight thread conforming with Nationai Gas Straight (NS)
thread standard is authorized. The thread nust conformwith the requirerents
of Federal Standard {FED-STD) H2B-1978. Other straight threads having at
least 6 engaged threads are authorized provided that the calculated shear
strength is at least 10 times the test pressure af the cylinder.

§ 178.8B-9 Thenmal treatvent.

The resin must be cured at the tavperature specified and by the process
set forth in the cylinder manufacturer’s specification and noted in the
Inspector’s report. Quring tavperature and process rmust correspond with that

applied to the cylinders subjected to the qualification tests. The curing
terperature must not exceed 350 ° F.

§ 178.88-10 Pressure reil ief devices and protection for waives, meilief
devices, arxi other connections.

Pressure relief devices and protection for vaives and other connections
rmust conformwith 49 OR 173.34(d) and 173.301(g), except that the adequacy of
;h%grgsgge( relief devices for each design may be verified in accordance with

.BB-18(g) .

§ 178.88-11 Nondestructive tests.

(a) Hydrostatic test.

(1) By water-jacket, operated SO as to obtain accurate data.
Pressure gauge must pemit reading to accuracy of 1 percent in the range
of 80 percent to 120 percent of test pressure. Expansion gauge rust
permit reading of total expansion to an accuracy of either 1 percent or
0.1 cubic centimeter.

4
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(2) The accuracy of the test equigrent must be maintained by
periodic recal ibration. Records must be maintained to verify that the
test equiprent is calibrated on a reguiar basis. A calibration cylinder
capable of verifying the equiprent accuracy for the material, size and
test pressure of the cylinders to be tested must be used for checking
the equiprent at the beginning of each day.

{3) Pressure must be naintained for 30 seconds and sufficiently
longer to insure carplete expansion. Any internal pressure applied
after auto-frettage and previous to the official test must not exceed 90
percent of the test pressure. If, due to failure of test apparatus, the
test pressure can not be meintained, the test may be repeated at a
pressure increased by 10 percent or 100 PSl, whichever is toner. Not
nore than 2 such repeated tests are pemmitted.

(4) Each cylinder must be tested to at least 5/3 times service
pressure. In no case may the test pressure exceed the auto-frettage
pressure.

§ 178.88-12 Destructive tests.

fa) Oycling test. One cylinder taken at randam out of each lot of
200 cyiinders or iess rmust be subjected to cyclic pressurization test by
hydrastatically pressurizing the cy!inder between approximately zero PS| and
the designated pressure at a rate not to exceed 4 cycles per minute. Adequate
recording instruventation rrust be provided if the equiprent is to be left
unattended for periods of time. All cylinders used in the cycle test rrust be
destroyed.

(b} Burst test. One cylinder taken at randam out of each lot of 200
cylinders aor less shall be hydrostatically pressurized to failure as folloas:
pressure shall be increased at a unifomn rate up to minimum prescribed burst
pressure; this pressure to be held for at least 60 seconds; then the pressure
shal! be further increased to failure. The rate of pressurization rust not
exceed 200 PSI per second. The cylinder cycle-tested in paragraph (b){1)
above may be used for this burst test.

{c}] Physical test. Applies to aluminum liner only, |If carposite
cylinder is franOT 3AL stock, the OOT 3AL required tests may be used for
this test.

§ 178.88-13 Acceptable results of tests.

(a) Hydrostatic test.

(1)  The permanent voluretric expansion of the cylinder must not
exceed 5 percent of the total voluretric expansion at test pressure.

{2} All cylinders failing to pass the hydrostatic test mmust be
rejected.

{b) Physical test. Applies to aluninun liner only,

5
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(1) Elongation must be at least 14 percent; except that an
elongatiog of 10 percent is acceptabie when the authorized specimen size
is 24t x 6t.

(2) When the test results fail to aeet requirerents, the lot
rmust be rejected.

(3) A retest of a rejected lot is authorized if an improper test
was made due to the presence of a defect in the specimen or if the
equipgTent or procedure was fauity. The retest must be performred on
specimens taken fram the save cylinder liner.

(c} COyecling test.

(1)  Each test cylinder must withstand at least 10,000
pressurizations between approximately zero and service pressure fol loned
by at feast 30 pressurizations between zero and test pressure, without
evidence of distortion or failure.

{2) When the test cylinder fails to withstand the cycle test,
the lot represented nmust be rejected.

(d) Burst test.

(1) Burst pressure shall be at least 2-1/2 times the service
pressure and in no case !ess than the value necessary to meet the stress
criteria of § 178.8B-7{a). Failure must. initiate in the cy!inder
sidenall. Cylinders with marked service pressure not exceeding 2,200
PS! rrust regrain in one piece. Actual burst pressure must be recorded.

{2Z) When the test cylinder fails to withstand the minimum
prescribed burst pressure, the lot represented must be rejected.

§ 178.8B-14 Rejected |iners and cylinders.
{a) Physical test. Reheat treatrent of aluminum liners that failed

the physical test is authorized. Subsequent thereto, acceptable liners must
pass all prescribed tests.

(b) Hydrostatic test. Cylinders rejected by the hydrostatic test rust

not be placed in service.

{c) Oycle test. Cylinders of iots rejected by the cycle test must not

be placed in service.

(d) Burst test. Cylinders of lots rejected by the burst test must not

be placed in service.

§ 178.8B-15Marking.
(a) Each cylinder must be pemanently marked by a method other than

staping in the carposite wrap on the side near the end of the cylinder

6
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containing the valve outlet,
(b} Required markings are as folloas:

(1)  OOT-E ****-YYWY (where **** = Exevption nurber and YYYY =
service pressure in PSIG). .

{2) A serial nurber and an identifying syrboi (letters);
location of serial nutber to be just below ar imrediately following the
00T mark: location of syrbol to be just below or imrediately following
the serial nutber. The sytbol and serial nurber rmust be those of the
maker. Thae swrbol rmmust be registered with the Director for GWT;
duplications not authorized.

(3) The Inspector‘s official mark must be placed near the serial
nutber.

{4) Date of test (month and year).
(5) Exawples of cylinder marking:
OOT-E *#***.2000 or: OOT-E ****-2000-1234-XY-AB-3-81
1234-XY
AB
3-81
(c} Size of marks must be at least 1/4 inch high if space permits.
{d) Additional rrarkings are pemnitted in the carposite, or may be
stavped in low stress areas of the aluminum {iner, other than the sidenall,
provided the markings are not of a size and depth that will create hamful
stress concentrations.

{e) Retest dates may be stamed in low stress areas of the top head.
[Should be transferred to 49 CFR 173.34(e) at rulamaking.]

$178.88-16 Inspector’s report.

ta) The inspector must prepare g report that is clear, legible and in
accordance with the toliowing:

RECRT OF MINUFACTURE OF FIBER REINFORCED PLASTIC (FRP) IWHIOP
VIRAPPED CMFOSITE (V) ALMINM LINED QOVPRESSED GAS CYLINDER.
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(Place)
{Date}
{Exaryption nurtber)
Manufactured faor
Located at
Mnufactured by
Located at
Consigned to
Located at
Quantity Size inches outside diameter by ____ inches long
Marks placed on the of the cylinder are:
oor-E
Serial nurbers to inclusive.
Identifying sythol (Registered)
Inspector ‘s mark (Registered)
Test date(s)
Other marks (if any)

Each cgrposite cylinder was made by circurnferentially overwrapping a seaniess
aluninun liner with resin impregnated continuous filarent reinfarcarent.
Carposite overwrap vwas made by winding resin impregnated continuous filarent
over this liner in the circunferential direction only, follaned by curing the
resin at controlled tevperature. The !iner confonrs with § 178.88-6{a) for
unwrapped cylinders having a service pressure of ___PSIG. Confonrence of
the liner with § 178.8BB-6(al was verified by perfonrence of the prescribed
tests or by obtaining the report of the inspector perfommning the prescribed
tests.

Filarent and resin were certified by the marufacturer and identified by
package nutber. Strand strength of filarent was verified. Shear strength of
carposite was verified. After wrapping, corposite was cured per
menufacturers’s specification.

Prescribed auto-frettage and hydrostatic tests vere made in the presence of
the inspector. All cylinders accepted conformwith the specification
requirerents.

Tensile stress on the aluminum liner is calculated toc be ____ PSl at service
pressure. Filarent stress is calculated to be ___ PS| at service pressure.

| hereby certify that all of these cylinders proved satisfactory in every way
and conformwith the requirarents of OOT-E __; except as follions:

Exceptions taken to any reporting or testing requiravents of this exerption
are:
(Signed}

(inspector)

RBIO0FD GF GHEMICAL. ANALYSES OF MATERIAL ROR LINER

Place
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Date

Exgmption murber

Serial nurbers to inclusive,
Size inches outside diareter by inches long.

Made by Carpany .

For Carpany .
Mbteriat description .

NOTE: Any anission of analyses by heats, if authorized, must be accounted for
by notation herein reading "The prescribed certificate of the menufacturer of
material has been secured, found satisfactory, and placed on file.” or by
attaching a copy of the certificate.

Al igy Cylinders

Designation Represented Chemical analyses
{Serial Nos.) Others

Si Fe_Qu M My Cr Zn Ti_ Ea. Total Al

MVbterial was menufactured and mill analyses made by
Originals of the certified mill analyses reports are in files of the material

menufaciurer.,
{Signed)
( Inspector)
REIOFD OF AHYSICAL TESTS OF MATERIAL AR LINGRS.
Place
Date
Exarption Nusrber
Serial nurbers to inclusive.
Size inches outside diameter by inches long.
Mede by Carpany.
For ' Carpany.
Test specimen description
Cyiinders Yield Strength Tensile
Represented at 0.2 percent Strength
by Test. Offset {pounds (pounds per Elongation
t e rial r.square_inch).  square inch) (percent)
(Signed)

{Inspector)
AEFCAT OF QOVACBI TE ANALYSES

Place
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Date

Exenption nurber

MVaterials

Manufactured by Cagmany .

Far Covpany .
Nrrbered

Filarent specification and designation
Menufactured by

‘Menufacturing Inter - laninar
package nurber Tensile_stcength shear_strength

FESIN SYSTEM COWONENTS
MANUFACTURING BATUH NVBERS

_Resin Quring agﬂ; Accelerator
Batch nuvher_ Type_ Barch nurber Type Batch muvber_ Type

Signed

Inspector

REFCRT OF HYOROSTATIC TEST RR AP TYPE 3W OVLINDERS

Place

10
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Date
Exgvption nuther
Menufactured by
Located at

Menufactured for
Located at

Serial nutbers to inclusive.
Syrbo!|

Minimum prescribed test pressure psig.

Weight - pounds Hydrostatic test
{without valve}

Perma- Actual
Auto- Total nent Ratio test
frettage expan- expan- of PE pres-
Serial Carpo- Volure pressure sion sion to TE sure
ourber Liner site TYotal cu.in__ psig cy.in_cu.in__percent_psigq

LOT CYCLING AND BLRST TESTS

Serial er_of pressyri ions_ Burst
Type of Nutber of to service to test pressure
test cylinder pressyre pressure (psiga)
Cycling_
Virgin
_Burst

§ 178.88-17 Retention of inspector’s report.
The inspector’s report {§ 178.BB-16) must be retained for 15 years fragn
"
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the original test date on the cylinder by the maker and the inspector.
§ 178.88-18 Design qualification tests.

{a} General. Except as authorized in § 178.88-10(a}, qualification
tests as prescribed in this paragraph shal! have been perfonred on
representative cylinders of each specific design prior to any initial
shiprent. Al! cylinders used for design qualification tests must be
fabricated on the sare eguipTent and subjected to the save processes as is
used to produce cy!inders intended foar charging and shigrent. All tests rmust
be witnessed by an independent inspector. Test reparts must be kept on file
by the cyl inder maker and mede available to the independent inspector and the
OME upon request.

(b} Design changes. For purposes of this standard, a design change

{1) any change in material;

{2) a 10 percent or greater change in diarveter or service
pressure; or

(3) a 30 percent or greater change in water capacity.
{(c) Test requirgrents. Each cylinder design or any design change

to an approved cyl inder design must be qualified by subjecting representative
cylinders to the tests prescribed in the following table:

CRIGINAL
DESICN DESIGN GHANGE
Diareter or
Materigl Service pressure Wiater capacity
Greater Greater
Type of 10 to 20 than 20 30 to 50 than 50
test Any percent percent percent percent
o change change __ change change change_
cling-
Arbient X X X X X X
Oycling-
Environ-
_mental X X X - X
Cycling-
Themal X X - X - X
Hydraulic
burst X X X X X X
Gunfire X X X X X X
Bontire X X X X X X

{d} Pressure cycling tests. All cycling tests shall be performed by
hydrostatically pressurizing the cylinder between approximately zero and

12
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designated pressure at a rate not in excess of 4 cycies per minute. Al!
cylinders used in cycle tests must be destroyed. Adequate recording
instrurtentaton rrust be provided if equiprent is to be left unattended for
periods of time.

(1) Cycling test at arbient tevperature. One representative
cylinder shall be cycle tested at arbient terperature without showing
evidence of distortion, deterioration or failure, as folloas:
pressurize fran approximately zero to service pressure for 10,000
cycles; then pressurize fran approximately zero to test pressure for 30
cycles. After successful ly passing this test the cylinder must be
pressurized to burst in accordance with paragraph (e}{1) of this section
and the burst pressure recorded.

(2) Bwiromental cycling test. One representative cylinder
free of any protective coating shall be cycle tested without showing
evidence of distortion, deterioration or failure as folloas. Any
cy!inder subjected to this cycling test must be destroyed.

(i) Condition the cylinder for 48 hours at zero pressure,
140 °F. or higher and 95 percent or greater relative humidity.

(ii) Pressurize fran zero to service pressure for 5,000
cycles at 140 ® F. or higher and 95 percent or greater refative
humidity.

(iii) Stabilize at zero pressure and grbient conditions.

(ivl] Then pressurize fomm zero to service pressure for
5,000 cycles at -GO ° F. or loner.

(vl Stabilize at zero pressure andd arbient tagrperature
conditions.

{vi} Then pressurize from zero to test pressure for 30
cycles at arbient tamperature.

{3) Themmal cycling test. One representative cylinder shall be
tested without showing evidence of distortion, deterioration or failure
as follons:

(i} Cycle test at arbient terperature by performing 10,000
pressurizations fram approximately zero to service pressure and 30
pressurizations fram zero to test pressure.

(i1} Then hydrostatical ly pressurize to service pressure;
and subrerge the pressurized cylinder in 200 ° F fluid, soak for
10 minutes; transfer and subrerge in -60 ° F fluid and soak for
10 minutes. Subject cylinder to 20 such cycles restricting the
transfer time to at least one minute but not more than 3 minutes.
The pressure in the cylinder may be controlled so that it does not
exceed test pressure nor less than maerked service pressure.

13
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(4)  After successful ly passing this test, the cylinder must be
pressurized to burst in accordance with paragraph (e)(1) of this section
and burst pressure recorded.

(e} Hydraulic burst test.

(1) One representative cylinder shall be hydrostatically
pressurized to failure as folloas: pressure shall be increased at a
uni form rate up to minimun prescribed burst pressure; this pressure to
be held for at least 60 seconds; then pressure will be further increased
to failure. The pressurization rate throughout the test must not exceed
200 psi per second.

(2) Burst pressure must be at least 2.5 times the marked service
pressure, and in no case less than the value necessary to rmeet the
stress criteria of § 178.8B-7(b). Failure must initiate in the
sidenall. Cyl}inders with marked service pressure not exceeding 2200 psi
must ragTain in one piece. Actual burst pressure must be recorded.

&

(é) ) Gunfire Test. Qe representative cy!inder charged with air or
nitrogen to service pressure shall be inpacted by a 0.30 caliber amor-
piercing projectile having a velocity of approximately 2800 feet per second.
The cylinder shall be positioned so that the projectile impact point is in the
cylinder sidenal! having hoop winding, at approximately 45 degree angle and
aimed to exit at the cylinder sidenali. Distance fran firing location to test
cylinder must not exceed 50 yards. Tested cylinder shail reveal no evidence
of fragrentation failure. Approximete size of entrance and exit openings must
be recorded.

3

{(f) ° Bonfire test. Test cylinders cust be fitted with pressure
relief devices in accordance with §178.88-10 ard charged with the intended
lading to the prescribed filling pressure or density., Charging with nitrogen
or air to service pressure is authorized only if cylinders are to be charged
only with non-liquefied gases. Fire for test shall be generated by kerosine-
soaked vwood, gasoline or JP-4 fuel. The (anest part of the ¢yl inder shall be
approximately 4 inches above the base of the fire when woof fire is used or
shai|l be approximately 4 inches above the |liquid surface if gasoline or JP-4
fuel is used. Test cylinder shall be exposed to fire until corpletely vented.
Time-pressure readings must be recorded at 30 second intervals fram start of
fire until venting is corpieted. Test results are not acceptabie if contents
vent from any location other than through a pressure relief device. After
successful ly passing the fire test, each cylinder must be pressurized to burst
and burst pressure recorded. Tests must be perfommed as follons:

{1} Vertical test. Place test cylinder in its upright
position and subject to total fire engulfrent but in no case shall the
flate be ailoned be alloned to inmpinge directly on any relief device.
Shielding of pressure relief devices with a metal plate mey be used but
is not a requirarent. For cylinders equipped with relief devices on
both ends, the bottan reilief devices must be shielided fram any flare

inpingarent.

14
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{2} Horizontal tests. Place test cylinder in its upright
position and subject the entire length to flare inpingarent except that
the flare must not be alloned to inmpinge directiy on any relief device.
Shielding of the pressure reiief devices with a metal plate may be used
but is not a requirearent.

{3)] Cylinders far liquified gas service. At least one
representative cylinder must be subjected to the horizontal test and two
to the vertical test.

(4) Cylinders for non-liquefied gas service anly. At least 2
cylinders must be subjected to the vertical test. Horizontal test is
nat requsred
A

Qumlification test results. A report of all tests for each

design qualification, describing test setup, procedure and results nust be
submitted to the CHW. This report must inctude at least the following basic
information on each cylinder design tested.

BASIC CYLINDER DESIGN INFORMATION

Dimension, material_and_pressure_data.

- -

(Exarption nurber) .......... ... ...,

Service pressure ............. 00 iiiiiin... PSIG

Auto-frettage pressure (Note 1) ............ N - [ ¢

TSt PIreSSUTE ... v.vtiirirenntnnesnn. eeer o ______ PSIG

Minimum prescribed burst pressure Ce e PSIG

Calculated burst pressure ......... Ve PSIG

MOIUTE i i et e cu. in.
Inside diaveter ........ ... ... .. ... .. ... inches

Qutside diareter of cylinder ............... inches

Liner meterial and tamper ...

Filarent material ...........

Resin material .............. 4

Total weight of cylinder ................... pounds
Weight of liner ...............covivvnians, pounds
Weight of carposite material ............... pounds
Minimumwall thickness of [iner (Q.Jal test cyl) inch
Minimum design wal! thickness of liner ......... inch
Yield strength of liner (Qual. test cyl) ....... pPSi
Minimum design yield strength of liner ......... psi
Nominal thickness of overwrap .................. inch
Minimumn strand strength of filavent ............ psi
Minimun shear strength of resin ................ pSi

Note 1. For each qualification test cylinder, the total and perranent

voluvetric expansion readings obtained in the auto-frettage pressurizations
rmust be recorded.

15
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DESIGN STRESSES AND LDAD DISTRIBUTION

STRESS LOAD
Directjon Digtribution_(psil Distribution (4 _
Pressure long, Circ. Liner  Qverwrap Liner  Qvenanrap
X . - .

Zero - X
X - - -

Service - X
X - - N

Test - X
Minimm ___X - - R

_Bursy - X

*Based on §178.8B8-7

16
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400 Seventh St., S.W.

U.S. Department 1
of Transportation Washington, D.C. 205380
Rmrrch and
Special Programs
Administration DOT-E 8965 MAR 8 2002
(EIGHTH REVISION)
IEXPIRATION DATE : February 29, 2004
(FOR RENEWAL, SEE 49 CFR § 107.109)
1. GRANTEE: Pressed Steel Tank Company, Inc.
Milwaukee, WI
2. PURPOSE AND LIMITATIONS:

a. This exemption authorizes the manufacture, mark, sale
and use of non-DOT specification fiber reinforced plastic,
hoop wrapped cylinder for use in the transportation of
Division 2.1 and 2.2 hazardous materials described in
paragraph 6 below. This exemption provides no relief from
any Hazardous Materials Regulation other than as
specifically stated herein.

b. The safety analyses performed in development of this
exemption only considered the hazards and risks associated
with transportation in commerce.

3. REGULATORY SYSTEM AFFECTED: 49 CFR Parts 106, 107 and 171-
180.

4. IONS _FR ED: 49 CFR §§ 173.302(a) and
175.3, except as specified herein.

5. BASIS: This exemption is based on the application of
Pressed Steel Tank Company dated February 21, 2002,
submitted in accordance with § 107.109 and additional
information dated Maxrch 7, 2002.

6. ZARD 9 CFR 72.10

Proper Shipping Name/ Hazard Identi- Packing
Hazardous Material Description Class/ fication Group
Division Number
Air, compressed 2.2 UN1002 N/A
Argon, compressed 2.2 UN1006 N/A
Helium, compressed 2.2 UN1046 N/A




MAR 82002

Continuation DOT-E 8965 (8th Rev.) Page 2
Proper Shipping Name/ Hazard Identi- | Packing
Hazardous Material Description Class/ fication Group
Division Number
Hydrogen, compressed 2.1 UN1049 N/A
Methane, compressed or Natural 2.1 UN1971 N/A
gas, compressed (with high
methane content)
Nitrogen, compressed 2.2 UN1066 N/A
Oxygen, compressed 2.2 UN1072 N/A
7. AFETY NTRQOL ES:

a. PACKAGING - Packaging prescribed is a non-DOT
specification fiber reinforced plastic (FRP) hoop wrapped
(HW) cylinder made in accordance with Pressed Steel Tank's
specification presented with their petition on file with the
Office of Hazardous Materials Exemptions and Approvals
(OHMEA), and in full compliance with DOT FRP-2 Standard (See
Appendix I)Revision 1 dated January 4, 1987 (§ 178.BB)
except as follows:

§ 178.BB.-2 Type size and service pressure. Type 3HW

cylinder consisting of resin impregnated continuous
filament windings in the circumferential direction only over
a seamless steel liner made in compliance with 178.BB-6(a);
not over 400 pounds water capacity; and service pressure at
least 900 PSI but not greater than 5000 PSI. The maximum
steel liner sidewall thickness must not exceed 0.500 inches.

§ 178.BB-4 Duties of Inspector.
(a) * * *

(b) Verify compliance of steel liner with

§ 178.BB-6(a). Verify compliance of filament and resin
system components with the requirements specified in

§ 178.BB-5.

* * *

§ 178.BB-5 PAuthorized materjal and identification of
material.

{(a) Liner material must be as prescribed in
§ 178.37(b).
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* * * * *

§ 178.BB-6 Manufacture.

(a) Liner. Liner without overwrap must be suitable for
a marked service pressure of at least 50 percent of the

" service pressure marked on the composite cylinder, and
must be in full compliance with DOT 3AA (§ 178.37)
except as follows:

(1) The design is required to be in compliance
with § 178.37(a) (2).

* * * * *

(b) Composite Cylinder. The composite cylinder must
be fabricated from a steel liner circumferentially
wrapped over the entire cylindrical portion with resin
impregnated continuous filament windings. Winding
pattern to be "hoop” wrap, applied under controlled
tension to develop the design composite thickness.
After winding is complete, the composite must be cured
by a controlled temperature profile, and autofrettaged
by pressurizing to not less than 105 and not greater
than 115 percent of the prescribed minimum test
pressure. No defect is acceptable that is likely to
weaken the finished cylinder appreciably.

* * * * *

§ 178.BB-7 Wall thickness.

(a) Minimum thickness of the liner must be at least
equal to the minimum design thickness (§ 178.BB-18 (h)})
and be such that after autofrettage, the compressive
stress in the sidewall of the liner at zero pressure
will not exceed 50 percent of the minimum yield
strength of the steel as determined in § 178.37 (k) or
50 percent of the minimum design yield strength shown
in § 178.BB~18 (h). The maximum tensile stress of the
liner at operating pressure may not exceed 60% of the
yield strength.

* * * * *

§ 178.BB-8 Qpenings.
(a) and (b) * * *
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Taper threads when used must comply with one of

the following:

(1) American Standard Pipe Thread (NPT) standard

must comply with the requirements of Federal

Standard H 28/7 (1978).

(2) National Gas Taper Thread (NGT) Standard must
comply with the requirements of Federal Standard H
28/7 and H 28/9 (1978).

§ 178.BB-12 Destructive tests.

(a)

Applies except change cycling rate to "10 cycles

per minute".

* * * * *

§ 178.BB-13 Acceptable results of tests.
(a) * * *
(b) Physical test. Applies to steel liner only.

(c)

(d)

(1) Elongation must be at least 20 percent for 2
inch gauge length or at least 10 percent in other

cases.
(2) L R R
(3) * k&

Cycling test.

(1) Each test cylinder must withstand at least
10,000 pressurizations between approximately zero
and service pressure, without evidence of
distortion or failure.

Burst test.

(1) Burst pressure must be at least 2-1/2 times
the service pressure and in no case less than the
value necessary to meet the stress criteria of

§ 178.8B-7(b) . Failure must initiate in the
cylinder sidewall. Cylinders with marked service
pressure not exceeding 2200 psi must remain in one
piece. Actual burst pressure must be recorded.

(2) * * *
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§ 178.BB-14, § 178.BB-15, and § 178.BB-16

Change "aluminum" to "steel” whenever the word aluminum
is found in these paragraphs.

* * * * *

§ 178.BB-18 Desiagn qualification tests.
{a) thru (c) * * *

(d&y ~* * * Except change cycling rate to "10
cycles per minute".

(1) and (2) * * *
(3) Not required,
(e) * * *
(1) * * *
(2) See § 178.BB-13(d) (1) of this exemption.

(f) Not required

* * * * *

b. TESTING -

Each cylinder must be reinspected and hydrostatically
retested every three years in accordance with § 173.34(e) as
prescribed for DOT 3HT cylinders, except that the rejection

elastic expansion criteria does not apply, permanent
volumetric expansion may not exceed 5 percent of total

volumetric expansion at test pressure and retest dates must
be imbedded in the epoxy coating in a permanent manner other
than stamping. Retest dates may be steel stamped on the
shoulder of the top head in accordance with

§ 178.BB-15(d) . Reheat treatment or repair of rejected
cylinders not authorized.

c. QPERATIONAL CONTROLS -~

Cylinders manufactured under this exemption are not
authorized for use 15 years from the date of manufacture.

8. SPECIAL PROVISIONS:

a. In accordance with the provisions of Paragraph (b) of

§ 173.22a, persons may use the packaging authorized by this
exemption for the transportation of the hazardous materials
specified in paragraph 6, only in conformance with the terms
of this exemption.
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b. A person who is not a holder of this exemption, but
receives a package covered by this exemption, may reoffer it
for transportation provided no modifications or changes are
made to the package and it is offered for transportation in
conformance with this exemption and the HMR.

c. A current copy of this exemption must be maintained at
each facility where the package is offered or reoffered for
transportation.

d. Each packaging manufactured under the authority of this

exemption must be marked with a registration svmbol

designated by the Office of Hazardous Materials Exemptions

and Approvals for a specific manufacturing facility.

e. A current copy of this exemption must be maintained at
each facility where the package is manufactured under this
exenption. It must be made available to a DOT
representative upon request.

f. Use of these cylinders for underwater breathing is not
authorized.

g. A cylinder which has been subjected to the action of
fire may not be returned to service.

h. The special filling provisions in § 173.302(c)are not
authorized.

i. Prototype cylinders to be used solely for design
qualification testing may be charged and shipped from the
filling facility to the test site, provided each cylinder is
in conformance with the provisions of this exemption except
for marking (§ 178.BB-~15) and design qualification testing
(S 178.BB-18).

j. Transportation of Division 2.1 materials (flammable
gases) by passenger-carrying aircraft is not authorized.

k. Transportation of Division 2.1 materials (flammable
gases) are not authorized aboard cargo vessel or cargo
aircraft unless specifically authorized in the Hazardous
Materials Table (§ 172.101).

MODES OF TRANSPORTATION AUTHORIZED: Motor vehicle, rail

freight, cargo vessel, cargo aircraft only, and passenger-
carrying aircraft (see paragraphs 8.j. and 8.k. for
restrictions).
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10.

11.

12.

MODAL REQUIREMENTS: MAR 8 2002

a. A current copy of this exemption must be carried aboard
each cargo vessel, aircraft or motor vehicle used to
transport packages covered by this exemption. The shipper
must furnish a current copy of this exemption to the air
carrier before or at the time the shipment is tendered.

b. Flammable Gases are not authorized to be transported
aboard passenger-carrying aircraft.

COMPLIANCE: Failure by a person to comply with any of the
following may result in suspension or revocation of this
exemption and penalties prescribed by the Federal hazardous

materials transportation law, 49 U.S.C. 5101 et seq:

o All terms and conditions prescribed in this exemption
and the Hazardous Materials Requlations, Parts 171-180.

o Registration required by § 107.601 et _seg., when
applicable.

Each “*Hazmat employee”, as defined in § 171.8, who performs
a function subject to this exemption must receive training
on the requirements and conditions of this exemption in
addition to the training required by §§ 172.700 through
172.704.

No person may use or apply this exemption, including display
of its number, when the exemption has expired or is
otherwise no longer in effect.

EPORTIN 1 NTS: The carrier is required to report

any incident involving loss of packaging contents or
packaging failure to the Associate Administrator for

Hazardous Materials Safety (AARHMS) as soon as practicable.
(Sections 171.15 and 171.16 apply to any activity undertaken
under the authority of this exemption.) 1In addition, the
holder(s) of this exemption must also inform the AAHMS, in
writing, as soon as practicable of any incidents involving
the package and shipments made under this exemption.

Issued in Washington, D.C.

ot 47340 MAR 8 2002

Robert ¥. McGuire (DATE)
ﬁLﬂssociate Administrator for
Hazardous Materials Safety
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Address all inquiries to: Associate Administrator for Hazardous
Materials Safety, Research and Special Programs Administration,
Department of Transportation, Washington, D.C. 20590.
Attention: DHM-31.

Copies of this exemption may be obtained by accessing the
Hazardous Materials Safety Homepage at

http://hazmat.dot.qgov/exemptions Photo reproductions and legible

reductions of this exemption are permitted. Any alteration of
this exemption is prohibited.

PO: sln



Draft of Text of Paragraph 7.a. (“Packaging”) of Requested Exemption
Based on Requirements Proposed in
Bowgen Fuel Systems Emergency Exemption Application

SAFETY CONTROIL MEASURES:

a. PACKAGING - Packaging prescribed is a motor vehicle (trailer) with horizontally
mounted and secured, manifolded, non-DOT specification fibre reinforced plastic hoop
wrapped cylinders meeting the following requirements:

(1) Cylinders. Cylinders authorized are non-DOT specification fiber
reinforced plastic (FRP) hoop wrapped (HW) cylinders manufactured by Pressed
Steel Tank Company, Inc., of Milwaukee Wisconsin, and complying with DOT
FRP-2 Standard, Revision 1, dated January 4, 1987 (§ 178.BB) except as follows:

§ 178.BB-2  Type, size and service pressure. Type 3HW cylinder consisting of
resin impregnated continuous filament windings in the circumferential direction
only over a seamless steel liner made in compliance with 178.BB-6(a); not over
400 pounds water capacity; and service pressure at least 900 PSI but not greater
than 5000 PSI. The maximum steel liner sidewall thickness must not exceed
0.500 inches.

§ 178.BB-3  Inspection by whom and where. Inspections and verifications must
be performed by an independent inspection agency approved in writing by the
Associate Administrator for Hazardous Materials Regulation in accordance with
Subpart I of 49 CFR Part 107. Chemical analyses and tests must be made in the
United States, except that chemical analyses for steel manufactured in Canada
may be verified by the independent inspection agency on the basis of the
manufacturer’s ladle analysis.

§ 178.BB-4  Duties of Inspector.

(a) * * *



(b) Verify compliance of steel liner with § 178.BB-6(a). Verify
compliance of filament and resin system components with the
requirements specified in § 178.BB-5.

§ 178.BB-5 Authorized material and identification of material.

(a) Liner material must be as prescribed in § 178.37(b).

§ 178 BB-6 Manufacture.

(a) Liner. Liner without overwrap must be suitable for marked service
pressure of at least 47.7 percent of the service pressure marked on the
composite cylinder, and must be in full compliance with DOT 3AA

(§ 178.37) except as follows:

(O The design is required to be in compliance with
§ 178.37(a)(2).

3) The flattening test in § 178.37(j) is not required.

(b) Composite cylinder. The composite cylinder must be fabricated
from a steel liner circumferentially wrapped over the entire cylindrical
portion with resin impregnated continuous filament windings. Winding
pattern to be “hoop” wrap, applied under controlled tension to develop the
design composite thickness. After winding is complete, the composite
must be cured by a controlled temperature profile, and autofrettaged by
pressurizing to not less than 105 percent and not greater than 125 percent
of the prescribed minimum test pressure. No defect is acceptable that is
likely to weaken the finished cylinder appreciably.



(d) Lot size. Applies, except add “(other than length)” following “size
and configuration” wherever it appears.

§ 178.BB-7 Wall thickness.

(a) Minimum thickness of the liner must be at least equal to the
minimum design thickness (§ 178.BB-18(h)) and be such that after
autofrettage, the compressive stress in the sidewall of the liner at zero
pressure will not exceed 50 percent of the minimum yield strength of the
steel as determined in § 178.37(k) or 50 percent of the minimum design
yield strength shown in § 178.BB-18(h). The maximum tensile stress of
the liner at operating pressure may not exceed 60 percent of the yield
strength.

§ 178.BB-8  Openings.
(a) and (b) * * *
(c) Taper threads when used must comply with one of the following:

(D American Standard Pipe Thread (NPT) standard must
comply with the requirements of Federal Standard H 28/7 (1978)

2) National Gas Taper Thread (NGT) Standard must comply

with the requirements of Federal Standard H 28/7 and H 28/9
(1978).

§ 178.BB-11 Nondestructive tests.

(a) * * %



(b)

§ 178.BB-12

(@

(b)

§ 178.BB-13

(@

(b)

©)

Ultrasonic test. The entire wall (i.e., 100 percent) of each cylinder
must be ultrasonically tested.

Destructive tests.

Applies except change cycle rate to “10 cycles per minute”.

Applies except delete “this pressure to be held for 60 seconds”.

Acceptable results of tests.

Physical test. Applies to steel liner only.

@) Elongation must be at least 20 percent for 2 inch gauge
length or at least 10 percent in other cases.

(2) * * *
(3) * * *

4) Charpy impact value at -40°F must be not less than
44 Jfem?,

Cycling test.
(D Each test cylinder must withstand at least 5,000
pressurizations between approximately zero and 1.25 times the

service pressure, without evidence of distortion or failure.



(d Burst test.

) Burst pressure must be at least 2-1/2 times the service
pressure and in no case less than the value necessary to meet the
stress criteria of § 178.BB-7(b). Failure must initiate in the
cylinder sidewall. Cylinders with marked service pressure not
exceeding 2200 psi must remain in one piece. Actual burst
pressure must be recorded.

(e) Ultrasonic test. In no case may the notch size of any longitudinal

defect exceed 0.015 inches deep by 0.75 inches long, or for any transverse
defect exceed 0.025 inches deep by 0.75 inches long.

§ 178.BB-14 Rejected cylinders and liners. Change “aluminum” to “steel”
wherever the word aluminum is found in this paragraph.

§ 178.BB-15 Marking.
(a) % * %
(b) Applies, except the DOT exemption number is not required.
(C) * * *

(d) Applies, except change “aluminum” to “steel” where the word
aluminum is found in this paragraph.

(e) * * *

§ 178.BB-16 Inspector’s report. Inspector’s report must conform to the
requirements of ANSI Standard NGV2 - 2000 (“Basic Requirements for
Compressed natural gas Vehicle Fuel Containers”).



§ 178.BB-18 Design qualification tests.

(@

(b)

(c)

(d)

(©

(1) * * *

(2) a 20 percent or greater change in diameter or a 10 percent
or greater change in service pressure; or

(3) * % *

(1) Cycling test at ambient temperature. One representative
cylinder shall be cycle tested at ambient temperature without
showing evidence of distortion, deterioration or failure, as follows:
pressurize from approximately zero to 1.25 times service pressure
for 5,000 cycles; then pressurize from approximately zero to
service pressure for 13,000 cycles. After successfully passing this
test the cylinder must be pressurized (cycled) from approximately
zero to 1.25 times service pressure until the cylinder fails. Failure
must be by leakage rather than burst, and the failure pressure must
be recorded.

(2) Applies except change “-60° F” to “-40°F”
3) Not required.
Hydraulic burst test.

(1) Applies except delete “this pressure to be held for 60
seconds”.

2) See § 178.BB-13(d)(1) of this exemption.



® Not required.

(2) Motor vehicle (trailer). Authorized cylinders must be horizontally
mounted on a motor vehicle (trailer), secured, manifolded together, and valves
and pressure relief devices protected, in conformance with all applicable
requirements in § 173.301(g)(1).



