AUTHENTICATED
U.S. GOVERNMENT
INFORMATION

GPO

§178.276
C CONSTANT VALUE TABLE
k C

1.00 0.607
1.02 0.611
1.04 0.615
1.06 0.620
1.08 0.624
1.10 0.628
1.12 0.633
1.14 0.637
1.16 0.641
1.18 0.645
1.20 0.649
1.22 0.652
1.24 0.656
1.26 0.660
1.28 0.664
1.30 0.667
1.32 0.671
1.34 0.674
1.36 0.678
1.38 0.681
1.40 0.685
1.42 0.688
1.44 0.691
1.46 0.695
1.48 0.698
1.50 0.701
1.52 0.704
1.54 0.707
1.56 0.710
1.58 0.713
1.60 0.716
1.62 0.719
1.64 0.722
1.66 0.725
1.68 0.728
1.70 0.731
2.00 0.770
2.20 0.793

(ii) As an alternative to the formula
in paragraph (i)(2)(i)(A) of this section,
relief devices for shells used for trans-
porting liquids may be sized in accord-
ance with the table in paragraph
(1)(2)(iii) of this section. The table in
paragraph (i)(2)(iii) of this section as-
sumes an insulation value of F =1 and
must be adjusted accordingly when the
shell is insulated. Other values used in
determining the table in paragraph
(1)(2)(iii) of this section are: L = 334.94
kJ/kg; M = 86.7; T = 3% °K; Z = 1; and
C = 0.607.

(iii) Minimum emergency vent capac-
ity, Q, in cubic meters of air per second
at 1 bar and 0 °C (273 °K) shown in the
following table:
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MINIMUM EMERGENCY VENT CAPACITY

[Q Values]
A Q A Q
Exposed area | (Cubic me- | Exposed area | (Cubic me-
(square me- ters of air (square me- ters of air

ters) per second) ters) per second)

2 0.230 375 2.539

3 0.320 40 2.677

4 0.405 425 2.814

5 0.487 45 2.949

6 0.565 47.5 3.082

7 0.641 50 3.215

8 0.715 52.5 3.346

9 0.788 55 3.476

10 0.859 57.5 3.605

12 0.998 60 3.733

14 1.132 62.5 3.860

16 1.263 65 3.987

18 1.391 67.5 4112

20 1.517 70 4.236
225 1.670 75 4.483

25 1.821 80 4.726
27.5 1.969 85 4.967

30 2.115 90 5.206
325 2.258 95 5.442

35 2.400 100 5.676

(iv) Insulation systems, used for the
purpose of reducing venting capacity,
must be specifically approved by the
approval agency. In all cases, insula-
tion systems approved for this purpose
must—

(A) Remain effective at all tempera-
tures up to 649 °C (1200 °F); and

(B) Be jacketed with a material hav-
ing a melting point of 700 °C (1292 °F') or
greater.

(G) Approval, inspection and testing.
Approval procedures for UN portable
tanks are specified in §178.273. Inspec-
tion and testing requirements are spec-
ified in §180.605 of this subchapter.

[66 FR 33445, June 21, 2001, as amended at 68
FR 32414, May 30, 2003; 69 FR 76185, Dec. 20,
2004; 73 FR 57006, Oct. 1, 2008; 76 FR 3388, Jan.
19, 2011; 87 FR 44999, July 26, 2022]

§178.276 Requirements for the design,
construction, inspection and testing
of portable tanks intended for the
transportation of non-refrigerated
liquefied compressed gases.

(a) In addition to the requirements of
§178.274 applicable to UN portable
tanks, the following requirements
apply to UN portable tanks used for
non-refrigerated liquefied compressed
gases. In addition to the definitions in
§178.274, the following definitions
apply:

(1) Design pressure means the pressure
to be used in calculations required by
the ASME Code, Section VIII (IBR, see
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§171.7 of this subchapter). The design
pressure must be not less than the
highest of the following pressures:

(i) The maximum effective gauge
pressure allowed in the shell during
filling or discharge; or

(ii) The sum of:

(A) The maximum effective gauge
pressure to which the shell is designed
as defined in this paragraph under
“MAWP”’; and

(B) A head pressure determined on
the basis of the dynamic forces speci-
fied in paragraph (h) of this section,
but not less than 0.35 bar (35 kPa).

(2) Design reference temperature means
the temperature at which the vapor
pressure of the contents is determined
for the purpose of calculating the
MAWP. The value for each portable
tank type is as follows:

(i) Shell with a diameter of 1.5 meters
(4.9 ft.) or less: 65 °C (149 °F); or

(ii) Shell with a diameter of more
than 1.5 meters (4.9 ft.):

(A) Without insulation or sun shield:
60 °C (140 °F);

(B) With sun shield: 55 °C (131 °F); and

(C) With insulation: 50 °C (122 °F).

(3) Filling density means the average
mass of liquefied compressed gas per
liter of shell capacity (kg/l).

4) Maximum allowable working pres-
sure (MAWP) means a pressure that
must be not less than the highest of
the following pressures measured at
the top of the shell while in operating
position, but in no case less than 7 bar
(700 kPa):

(i) The maximum effective gauge
pressure allowed in the shell during
filling or discharge; or

(ii) The maximum effective gauge
pressure to which the shell is designed,
which must be:

(A) Not less than the pressure speci-
fied for each liquefied compressed gas
listed in the UN Portable Tank Table
for Liquefied Compressed Gases in
§173.313; and

(B) Not less than the sum of:

(I) The absolute vapor pressure (in
bar) of the liquefied compressed gas at
the design reference temperature
minus 1 bar; and

(2) The partial pressure (in bar) of air
or other gases in the ullage space
which is determined by the design ref-
erence temperature and the liquid
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phase expansion due to the increase of
the mean bulk temperature of t.—t; (t¢
= filling temperature, usually 15 °C, t, =
50 °C maximum mean bulk tempera-
ture).

(b) General design and construction re-
quirements. (1) Shells must be of seam-
less or welded steel construction, or
combination of both, and have a water
capacity greater than 450 liters (118.9
gallons). Shells must be designed, con-
structed, certified and stamped in ac-
cordance with the ASME Code, Section
VIII.

(2) Portable tanks must be postweld
heat-treated and radiographed as pre-
scribed in Section VIII of the ASME
Code, except that each portable tank
constructed in accordance with part
UHT of the ASME Code must be
postweld heat-treated. Where postweld
heat treatment is required, the port-
able tank must be treated as a unit
after completion of all the welds in
and/or to the shell and heads. The
method must be as prescribed in the
ASME Code. Welded attachments to
pads may be made after postweld heat
treatment is made. A portable tank
used for anhydrous ammonia must be
postweld heat-treated. The postweld
heat treatment must be as prescribed
in the ASME Code, but in no event at
less than 1050 °F tank metal tempera-
ture. Additionally, portable tanks con-
structed in accordance with part UHT
of the ASME Code must conform to the
following requirements:

(i) Welding procedure and welder per-
formance tests must be made annually
in accordance with Section IX of the
ASME Code. In addition to the essen-
tial variables named therein, the fol-
lowing must be considered to be essen-
tial variables: number of passes, thick-
ness of plate, heat input per pass, and
manufacturer’s identification of rod
and flux. The number of passes, thick-
ness of plate and heat input per pass
may not vary more than 25 percent
from the qualified procedure. Records
of the qualification must be retained
for at least 5 years by the portable
tank manufacturer or his designated
agent and, upon request, made avail-
able to a representative of the Depart-
ment of Transportation or the owner of
the tank.

131



§178.276

(ii) Impact tests must be made on a
lot basis. A lot is defined as 100 tons or
less of the same heat and having a
thickness variation no greater than
plus or minus 25 percent. The minimum
impact required for full-sized speci-
mens shall be 20 foot-pounds (or 10
foot-pounds for half-sized specimens) at
0 °F (—17.8 °F) Charpy V-Notch in both
the longitudinal and transverse direc-
tion. If the lot test does not pass this
requirement, individual plates may be
accepted if they individually meet this
impact requirement.

(3) When the shells intended for the
transportation of non-refrigerated lig-
uefied compressed gases are equipped
with thermal insulation, a device must
be provided to prevent any dangerous
pressure from developing in the insu-
lating layer in the event of a leak,
when the protective covering is closed
it must be gas tight. The thermal insu-
lation must not inhibit access to the
fittings and discharge devices. In addi-
tion, the thermal insulation systems
must satisfy the following require-
ments:

(i) consist of a shield covering not
less than the upper third, but not more
than the upper half of the surface of
the shell, and separated from the shell
by an air space of approximately 40 mm
(1.7 inches) across; or

(ii) consist of a complete cladding of
insulating materials. The insulation
must be of adequate thickness and con-
structed to prevent the ingress of mois-
ture and damage to the insulation. The
insulation and cladding must have a
thermal conductance of not more than
0.67 (W-m~-2-K—!) under normal condi-
tions of transportation.

(c) Service equipment. (1) Each opening
with a diameter of more than 1.5 mm
(0.1 inch) in the shell of a portable
tank, except openings for pressure-re-
lief devices, inspection openings and
closed bleed holes, must be fitted with
at least three mutually independent
shut-off devices in series: the first
being an internal stop-valve, excess
flow valve, integral excess flow valve,
or excess flow feature (see §178.337-
1(g)), the second being an external
stop-valve and the third being a blank
flange, thread cap, plug or equivalent
tight liquid closure device.
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(2) When a portable tank is fitted
with an excess flow valve, the excess
flow valve must be so fitted that its
seating is inside the shell or inside a
welded flange or, when fitted exter-
nally, its mountings must be designed
so that in the event of impact it main-
tains its effectiveness. The excess flow
valves must be selected and fitted so as
to close automatically when the rated
flow, specified by the manufacturer, is
reached. Connections and accessories
leading to or from such a valve must
have a capacity for a flow more than
the excess flow valve’s rated flow.

(3) For filling and discharge openings
that are located below the liquid level,
the first shut-off device must be an in-
ternal stop-valve and the second must
be a stop-valve placed in an accessible
position on each discharge and filling
pipe.

(4) For filling and discharge openings
located below the liquid level of port-
able tanks intended for the transpor-
tation of flammable and/or toxic lique-
fied compressed gases, the internal
stop-valve must be a self-closing safety
device that fully closes automatically
during filling or discharge in the event
of fire engulfment. The device shall
fully close within 30 seconds of actu-
ation and the thermal means of closure
must actuate at a temperature of not
more than 121 °C (250 °F). Except for
portable tanks having a capacity less
than 1,000 liters (264.2 gallons), this de-
vice must be operable by remote con-
trol.

(5) In addition to filling, discharge
and gas pressure equalizing orifices,
shells may have openings in which
gauges, thermometers and manometers
can be fitted. Connections for such in-
struments must be made by suitable
welded nozzles or pockets and may not
be connected by screwed connections
through the shell.

(6) All portable tanks must be fitted
with manholes or other inspection
openings of suitable size to allow for
internal inspection and adequate ac-
cess for maintenance and repair of the
interior.

(T) Inlets and discharge outlets on chlo-
rine portable tanks. The inlet and dis-
charge outlets on portable tanks used
to transport chlorine must meet the re-
quirements of §178.337-1(c)(2) and must
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be fitted with an internal excess flow
valve. In addition to the internal ex-
cess flow valve, the inlet and discharge
outlets must be equipped with an ex-
ternal stop valve (angle valve). Excess
flow valves must conform to the stand-
ards of The Chlorine Institute, Inc.
(IBR, see §171.7 of this subchapter) as
follows:

(i) A valve conforming to Drawing
101-7, dated July 1993, must be installed
under each liquid angle valve.

(ii) A valve conforming to Drawing
106-6, dated July 1993, must be installed
under each gas angle valve. For port-
able tanks used to transport non-re-
frigerated liquefied gases.

(8) External fittings must be grouped
together as close as reasonably prac-
ticable. The following openings may be
installed at locations other than on the
top or end of the tank:

(i) The openings for liquid level gaug-
ing devices, pressure gauges, or for
safety devices, may be installed sepa-
rately at the other location or in the
side of the shell;

(ii) One plugged opening of 2-inch Na-
tional Pipe Thread or less provided for
maintenance purposes may be located
elsewhere;

(iii) An opening of 3-inch National
Pipe Size or less may be provided at
another location, when necessary, to
facilitate installation of condensing
coils.

(9) Filling and discharge connections
are not required to be grouped and may
be installed below the normal liquid
level of the tank if:

(i) The portable tank is permanently
mounted in a full framework for con-
tainerized transport;

(ii) For each portable tank design, a
prototype portable tank, meets the re-
quirements of parts 450 through 453 of
this title for compliance with the re-
quirements of Annex II of the Inter-
national Convention for Safe Con-
tainers; and

(iii) Each filling and discharge outlet
meets the requirements of paragraph
(c)(4) of this section.

(d) Bottom openings. Bottom openings
are prohibited on portable tanks when
the UN Portable Tank Table for Lique-
fied Compressed Gases in §173.313 of
this subchapter indicates that bottom
openings are not allowed. In this case,
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there may be no openings located
below the liquid level of the shell when
it is filled to its maximum permissible
filling limit.

(e) Pressure relief devices. (1) Portable
tanks must be provided with one or
more reclosing pressure relief devices.
The pressure relief devices must open
automatically at a pressure not less
than the MAWP and be fully open at a
pressure equal to 110% of the MAWP.
These devices must, after discharge,
close at a pressure not less than 10%
below the pressure at which discharge
starts and must remain closed at all
lower pressures. The pressure relief de-
vices must be of a type that will resist
dynamic forces including liquid surge.
A frangible disc may only be used in se-
ries with a reclosing pressure relief de-
vice.

(2) Pressure relief devices must be de-
signed to prevent the entry of foreign
matter, the leakage of gas and the de-
velopment of any dangerous excess
pressure.

(3) A portable tank intended for the
transportation of certain liquefied
compressed gases identified in the UN
Portable Tank Table for Liquefied
Compressed Gases in §173.313 of this
subchapter must have a pressure relief
device which conforms to the require-
ments of this subchapter. Unless a
portable tank, in dedicated service, is
fitted with a relief device constructed
of materials compatible with the haz-
ardous material, the relief device must
be comprised of a frangible disc pre-
ceded by a reclosing device. The space
between the frangible disc and the de-
vice must be provided with a pressure
gauge or a suitable tell-tale indicator.
This arrangement must facilitate the
detection of disc rupture, pinholing or
leakage which could cause a malfunc-
tion of the pressure relief device. The
frangible disc must rupture at a nomi-
nal pressure 10% above the start-to-dis-
charge pressure of the relief device.

(4) In the case of portable tanks used
for more than one gas, the pressure re-
lief devices must open at a pressure in-
dicated in paragraph (e)(1) of this sec-
tion for the gas having the highest
maximum allowable pressure of the
gases allowed to be transported in the
portable tank.
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(f) Capacity of relief devices. The com-
bined delivery capacity of the relief de-
vices must be sufficient so that, in the
event of total fire engulfment, the
pressure inside the shell cannot exceed
120% of the MAWP. Reclosing relief de-
vices must be used to achieve the full
relief capacity prescribed. In the case
of portable tanks used for more than
gas, the combined delivery capacity of
the pressure relief devices must be
taken for the liquefied compressed gas
which requires the highest delivery ca-
pacity of the liquefied compressed
gases allowed to be transported in the
portable tank. The total required ca-
pacity of the relief devices must be de-
termined according to the require-
ments in §178.275(i). These require-
ments apply only to liquefied com-
pressed gases which have critical tem-
peratures well above the temperature
at the accumulating condition. For
gases that have critical temperatures
near or below the temperature at the
accumulating condition, the calcula-
tion of the pressure relief device deliv-
ery capacity must consider the addi-
tional thermodynamic properties of the
gas, for example see CGA S-1.2 (IBR,
see §171.7 of this subchapter).

[66 FR 33448, June 21, 2001, as amended at 68
FR 75748, 75752, Dec. 31, 2003; 69 FR 54046,
Sept. 7, 2004; 69 FR 76185, Dec. 20, 2004]

§178.277 Requirements for the design,
construction, inspection and testing
of portable tanks intended for the
transportation of refrigerated lique-
fied gases.

(a) In addition to the requirements of
§178.274 applicable to UN portable
tanks, the following requirements and
definitions apply to UN portable tanks
used for refrigerated liquefied gases:

Design pressure For the purpose of
this section the term ‘‘design pressure’”’
is consistent with the definition for de-
sign pressure in the ASME Code, Sec-
tion VIII (IBR, see §171.7 of this sub-
chapter).

Holding time is the time, as deter-
mined by testing, that will elapse from
loading until the pressure of the con-
tents, under equilibrium conditions,
reaches the lowest set pressure of the
pressure limiting device(s) (for exam-
ple, pressure control valve or pressure
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relief device). Holding time must be de-
termined as specified in §178.338-9.

Maximum allowable working pressure
(MAWP) means the maximum effective
gauge pressure permissible at the top
of the shell of a loaded portable tank in
its operating position including the
highest effective pressure during filling
and discharge;

Minimum design temperature means
the temperature which is used for the
design and construction of the shell
not higher than the lowest (coldest)
service temperature of the contents
during normal conditions of filling, dis-
charge and transportation.

Shell means the part of the portable
tank which retains the refrigerated liqg-
uefied gas intended for transport, in-
cluding openings and their closures,
but does not include service equipment
or external structural equipment.

Tank means a construction which
normally consists of either:

(1) A jacket and one or more inner
shells where the space between the
shell(s) and the jacket is exhausted of
air (vacuum insulation) and may incor-
porate a thermal insulation system; or

(2) A jacket and an inner shell with
an intermediate layer of solid ther-
mally insulating material (for exam-
ple, solid foam).

(b) General design and construction re-
quirements. (1) Portable tanks must be
of seamless or welded steel construc-
tion and have a water capacity of more
than 450 liters (118.9 gallons). Portable
tanks must be designed, constructed,
certified and stamped in accordance
with Section VIII of the ASME Code.

(2) Portable tanks must be postweld
heat treated and radiographed as pre-
scribed in Sections V and VIII of the
ASME Code except that each tank con-
structed in accordance with part UHT
in Section VIII of the ASME Code must
be postweld heat treated. Where
postweld heat treatment is required,
the tank must be treated as a unit
after completion of all the welds to the
shell and heads. The method must be as
prescribed in the ASME Code. Welded
attachments to pads may be made after
postweld heat treatment is made. The
postweld heat treatment must be as
prescribed in Section VIII of the ASME
Code, but in no event at less than 1,050
°F tank metal temperature.
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