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Sr-90  Y-90

Zr-93 Nb-93m

Zr-97 Nb-97

Ru-106 Rh-106

Cs-137 Ba-137m

Ce-134 La-134

Ce-144 Pr-144

Ba-140 La-140

Bi-212 TI-208 (0.36), Po-212 (0.64)

Pb-210 Bi-210, Po-210

Pb-212 Bi-212, TI-208 (0.36), Po-212 (0.64)
Rn-220 Po-216

Rn-222 Po-218, Pb-214, Bi-214, Po-214
Ra-223 Rn-219, Po-215, Pb-211, Bi-211, TI-207
Ra-224
Ra-226
Ra-228
Th-226
Th-228
Th-229
Th-nat
Th-234 Pa-234m

U-230 Th-226, Ra-222, Rn-218, Po-214

Ac-228
Ra-222, Rn-218, Po-214
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Rn-220, Po-216, Pb-212, Bi-212, TI-208(0.36), Po-212 (0.64)
Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, P0-210

Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64)
Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209
Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64)

U-232 Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64)

U-235 Th-231
U-238 Th-234, Pa-234m

U-nat Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210

U-240 Np-240m
Np-237 Pa-233
Am-242 mAm-242
Am-243 Np-239
c[Reserved]

dThese values apply only to compounds of uranium that take the chemical form of UFs, UO,F, and UO,(NO3) in both normal

and accident conditions of transport.

eThese values apply only to compounds of uranium that take the chemical form of UOs, UF,4, UCl, and hexavalent compounds

in both normal and accident conditions of transport.

*These values apply to all compounds of uranium other than those specified in notes (d) and (e) of this table.

9These values apply to unirradiated uranium only.

[69 FR 3685, Jan. 26, 2004]

§173.441 Radiation level limitations
and exclusive use provisions.

(a) Except as provided in paragraph
(b) of this section, each package of
Class 7 (radioactive) materials offered
for transportation must be designed
and prepared for shipment, so that
under conditions normally incident to
transportation, the radiation level does
not exceed 2 mSv/hour (200 mrem/hour)
at any point on the external surface of
the package, and the transport index
does not exceed 10.

(b) A package which exceeds the radi-
ation level limits specified in para-
graph (a) of this section must be trans-
ported by exclusive use shipment, and
the radiation levels for such shipment
may not exceed the following during
transportation:

(1) 2 mSv/h (200 mrem/h) on the exter-
nal surface of the package unless the
following conditions are met, in which
case the limit is 10 mSv/h (1000 mrem/
h):

(i) The shipment is made in a closed
transport vehicle;

(ii) The package is secured within the
vehicle so that its position remains
fixed during transportation; and

(iii) There are no loading or unload-
ing operations between the beginning
and end of the transportation;

(2) 2 mSv/h (200 mrem/h) at any point
on the outer surfaces of the vehicle, in-
cluding the top and underside of the ve-
hicle; or in the case of a flat-bed style
vehicle, at any point on the vertical
planes projected from the outer edges
of the vehicle, on the upper surface of
the load or enclosure if used, and on
the lower external surface of the vehi-
cle;

(3) 0.1 mSv/h (10 mrem/h) at any point
2 m (6.6 feet) from the outer lateral
surfaces of the vehicle (excluding the
top and underside of the vehicle); or in
the case of a flat-bed style vehicle, at
any point 2 m (6.6 feet) from the
vertical planes projected by the outer
edges of the vehicle (excluding the top
and underside of the vehicle); and

(4) 0.02 mSv/h (2mrem/h) in any nor-
mally occupied space, except that this
provision does not apply to carriers if
they operate under the provisions of a
State or federally regulated radiation
protection program and if personnel
under their control who are in such an
occupied space wear radiation dosim-
etry devices.
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(c) For shipments made under the
provisions of paragraph (b) of this sec-
tion, the offeror shall provide specific
written instructions for maintenance
of the exclusive use shipment controls
to the carrier. The instructions must
be included with the shipping paper in-
formation. The instructions must be
sufficient so that, when followed, they
will cause the carrier to avoid actions
that will unnecessarily delay delivery
or unnecessarily result in increased ra-
diation levels or radiation exposures to
transport workers or members of the
general public.

(d) Conveyance limits on the sum of
package transport indices are as fol-
lows:

(1) Except for shipments by cargo air-
craft only or by seagoing vessel, the
sum of transport indices for a non-ex-
clusive use shipment may not exceed
50.

(2) Where a consignment is trans-
ported under exclusive use, there is no
limit on the sum of the transport indi-
ces aboard a single conveyance. The
conditions of paragraphs (b)(2), (b)(3),
(b)(4) and (¢) must be met.

(3) Provisions for shipments of Class
7 (radioactive) materials by air are de-
scribed in §§175.700-175.705 of this sub-
chapter.

(4) Provisions for shipment of Class 7
(radioactive) materials by vessel are
described in §§176.700-176.720 of this
subchapter.

(e) A package exceeding the max-
imum surface radiation level or max-
imum transport index prescribed in
paragraph (a) of this section may not
be transported by aircraft.

[Amdt. 173-244, 60 FR 50307, Sept. 28, 1995, as
amended at 63 FR 48568, Sept. 10, 1998; 66 FR
45380, Aug. 28, 2001; 69 FR 3691, Jan. 26, 2004]

§173.442 Thermal limitations.

A package of Class 7 (radioactive)
material must be designed, con-
structed, and loaded so that—

(a) The heat generated within the
package by the radioactive contents
will not, during conditions normally
incident to transport, affect the integ-
rity of the package; and

(b) The temperature of the accessible
external surfaces of the loaded package
will not, assuming still air in the shade

49 CFR Ch. | (10-1-05 Edition)

at an ambient temperature of 38 °C (100
°F), exceed either—

(1) 50 °C (122 °F') in other than an ex-
clusive use shipment; or

(2) 85 °C (185 °F) in an exclusive use
shipment.

§173.443 Contamination control.

(a) The level of non-fixed (removable)
radioactive contamination on the ex-
ternal surfaces of each package offered
for transport must be kept as low as
reasonable achievable. The level of
non-fixed radioactive contamination
may not exceed the limits set forth in
Table 9 and must be determined by ei-
ther:

(1) Wiping an area of 300 cm?2 of the
surface concerned with an absorbent
material, using moderate pressure, and
measuring the activity on the wiping
material. Sufficient measurements
must be taken in the most appropriate
locations to yield a representative as-
sessment of the non-fixed contamina-
tion levels. The amount of radioac-
tivity measured on any single wiping
material, divided by the surface area
wiped and divided by the efficiency of
the wipe procedure (the fraction of re-
movable contamination transferred
from the surface to the absorbent ma-
terial), may not exceed the limits set
forth in Table 9 at any time during
transport. For this purpose the actual
wipe efficiency may be used, or the
wipe efficiency may be assumed to be
0.10; or

(2) Alternatively, the level of non-
fixed radioactive contamination may
be determined by using other methods
of equal or greater efficiency.

Table 9 is as follows:

TABLE 9—NON-FIXED EXTERNAL RADIOACTIVE
CONTAMINATION LIMITS FOR PACKAGES

Maximum permissible lim-
its
Contaminant
5 uCi/ dpm/
Ba/em cm? cm?
1. Beta and gamma emitters
and low toxicity alpha emitters 4 10-4 220
2. All other alpha emitting radio-
nuclides .......cccovveeriiiniciiiinns 0.4 10— 22

(b) Except as provided in paragraph
(d) of this section, in the case of pack-
ages transported as exclusive use ship-
ments by rail or public highway only,
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