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INTRODUCTION

The design of shielding for ?°2Cf relates to both the fast
neutrons from spontaneous fission of the *°2Cf and the primary
gamma rays emitted by the fission products. Interactions of fast
neutrons with shielding materials usually produce low-energy
neutrons {eventually thermal neutrons) which in turn interact with

shielding materials to provide additional (secondary) gamma radi-
ation.

Selection of appropriate shielding materials depends upon the
type of radiation to be shielded. For example, low-mass .and hydro-
genous materials such as water, polyethylene, and paraffin are used
for shielding fast neutrons; heavy metals such as lead and iron are
used for shielding gamma rays. For 2°2Cf, the shielding of thermal
neutrons is not a significant problem.

In this report a method to estimate size and weight for shields
composed of ordinary concrete {03),* water, paraffin, polyethylene,
and "Benelex"** is described. Studies to determine estimates for
other shielding materials including lithium are in progress. The
effect of '°B addition on the secondary gamma dose rate is also
included. The method described in this report is intended only as
a convenient means of estimating shield requirements and is not
intended to be a manual for final shield design.

A glossary of nuclear terms and excerpts from DOT regulations
on radioactive materials are given for prospective 2°2Cf users
who have little acquaintance with nuclear terminology or nuclear
radiation effects and regulations,

* Along with a number of minor constituents, ordinary concrete
(03) has the following approximate composition (in g/cm®):
0.58 Ca, .02H, .026 Fe, 1.12 oxygen, 0.34 Si and 0.12 carbon.
Its shielding capabilities are perhaps the average for shield-
ing concretes.,

** "Benelex" is a trademark of the Masonite Corp. and is comprised
chiefly of cellulose fibers and lignin. ''Benelex -70", for
example, contains 6.5% hydrogen, 48.2% carbon, and 45,3% oxygen.



USE OF SHIELDING ESTIMATES

Calculations presented here can be used to estimate thicknesses
for either single component shields or multicomponent shields and
weights for single component shields. Generally, multicomponent
shields are desirable for minimum size and weight (Figure 1).

Outer Gamma
Shield Neutron Shield

{(Moderator)

Inner Gamma
Shield

Source Cavity

FIG. 1 MULTICOMPONENT CALIFORNIUM SHIELD

In the following examples, a 5-ug 252¢f source is surrounded

by 20 inches of paraffin, The total dose rate is calculated for
a paraffin shield (Example 1), for a paraffin shield with an iron
shield {Examples 2-4), and for a paraffin shield with boron and an
iron shield (Example 5).

Single Component Shields

Total dose at the surface of a shield material may be deter-
mined by adding the neutron dose rate (Figure 2) and the total
gamma dose rate (Figure 3) at a common desired shield thickness
and then multiplying this sum by the *°2Cf source weight.
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Shield Weight, pounds
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constitute less than 1% of the total neutron dose rate.

Figure 7 shows the effect of boron on the relative capture
gamma dose in a water shield. Relative capture gamma dose also
decreases with boron addition in other hydrogen-containing shields.
Calculations show shield size and weight can be markedly reduced
by adding boron, especially for large 232¢f sources. The total
dose rate in Examples 3 and 5 decreases 35% with boron-10 addition.

Exampie 5

Source: 5 pug Z32c¢

Shield: 1/2 inch of iron, 20 inches of paraffin with
2 mg/cc boron-10 added

Dose rate per ug 2°%Cf in mrem/hr

Neutron .010 (from Figure 2)

Primary gamma

(.12 x .75) .090 (from Figures 5 and 6)
Secondary -

(.08 x .19) .015 (from Figures 3,6 and 7)
TOTAL . 115

Total dose rate: 5 x ,115 = 0.58

- 19 <
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APPENDIX B
NUCLEAR TERMS

Excerpts from

Wuclear Terms, a Brief Glossary®

absorber

alpha particle

background
radiation

barn

beta particle

biological shield

cross section

Any material that absorbs or diminishes the intensity
of ionizing RADIATION. Neutron absorbers, like bo-
ron, hafnium, and cadmium, are used in control rods
for reactors. Concrete and steel absorb gamma rays
and neutrons in reactor shields, A thin sheet of paper
or metal will absorb or attenuate alpha particles and
all except the most energetic beta particles.

{Symbol o (alpha)] A positively charged particle emit-
ted by certain radicactive materials. It is made up of
two neutrons and two protons bound together, hence
is identical with the nucleus of a helium atom, It is
the least penetrating of the three common types of
radiation (alpha, beta, gamma) emitted by radicactive
material, being stopped by a sheet of paper. It is not
dangerous to plants, animals or man untess the alpha-
emitting substance has entered the body.

The radiation in man’s natural environment, including
cosmic rays and radiation from the naturally radio-
active elements, both outside and inside the bodies of
men and animals, It is also called ratural radialion.
The term may also mean radiation that is unrelated
to a specific experiment.

[Symbol b] A unit area used in expressing the cross
sections of atoms, nuclei, electrons, and other par-

. ticles. One barn is equal to 1074 square centimeter.

[Symbotl 3 (beta)] An elementary particle emitted from
a nucleus during radioactive decay, with a single
electrical charge and a mass equal to Vg, that of a
proton. A negatively charged beta particle is iden-
tical to an eleciron. A positively charged beta par-
ticle is called a posilron. Beta radiation may cause
skin burns, and beta-emitters are harmful if they
enter the body. Beta particles are easily stopped by
a thin sheet of metal, however.

A mass of absorbing material placed around a reac-
tor or radicactive scurce,to reduce the radiation to
a level that is safe for human beings.

[Symbol o (sigma)] A measure of the probability that
a NUCLEAR REACTION will occur. Usually measured
in barns, it is the apparent {or effective) area pre-
sented by a farge! nucleus (or particle) to an on-
coming particle or other nuclear radiation, such as
a photon of gamma radiation,



inelastic scattering

intermediate
(epithermal) neutron

ionization

ionization chamber

ionizing radiation

irradiation

lethal dose

licensed material

maximum permissible
concentration (MPC)

maximum permissible
dose (MPD)

{maximum permissible
exposure)

mean free path

(See scaitering.)

A neutron having energy greater than that of a ther-
mal neutron but less than that of a fast neutron. The
range is generally considered to be between about 0.5
and 100,000 electron volts.

The process of adding one or more electrons to, or
removing one or more electrons from, atoms or
molecules, thereby creating jons. High temperatures,
electrical discharges, or nuclear radiations cancauge
ionization.

An instrument that detects and measures ionizing ra-
diation by measuring the electrical current that flows
when radiation ionizes gas in a chamber, making the
gas a conductor of the electricity.

Any radiation displacing electrons from atoms or
molecules, thereby producing ions. Examples: alpha,
beta, gamma radiation, short-wave ultraviclet light.
Ionizing radiation may produce severe skin or tissue
damage.

Exposure o radiation, as in a nuclear reactor,

A dose of fonizing radiation sufficient to cause death.
Median lethal dose {MLD or LD-50) is the dase re-
quired to kill within a specified period of time {usu-
ally 30 days}) half of the individuzals in a large group
of organisms similarly exposed. The LD-50/30 for
man is about 400 —450 roentgens.

Source matervial, special nuclear material, or by-
product material received, possessed, used or trans-
ferred under a general or special license issued by
the Atomic Energy Commission or a state.

The amount of radioactive material in air, water, or
food which might be expected to result in a maximum
permissible dose to persons consuming them at a
standard rate of intake. An obsolescent term.

That dose of ionizing radiation established by com-
petent authorities as an amount below which there
is no reasonable expectation of rigk to human health,
and which at the same time is somewhat below the
lowest level at which a definite hazard is believed to
exist. An cbsolescent term. (See radiation protection

guide.)
The average distance traveled by a particle, atom, or

molecule between collisions or interactions.
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radiation source

relative biological
effectiveness (RBE)

rem

rep

roentgen

scattering

spontaneous fission

thermal islow:
neutron

Usually 2 man-made, sealed source of radicactivity
used in teletherapy, radiography, as a power source
for batteries, or in various types of industrial gauges.
Machines such as accelerators, and radioisotopic
generators and natural radionuclides may also be
considered as sources,

A factor used to compare the biological effectiveness
of different types of ionizing vradialion. It is the in-
verse ratio of the amount of absorbed radiation, re-
quired to produce a given effect, to a standard (or

reference) radiation required to produce the same
effect.

(Acronym for roentgen equivalent man.) The unit of
dose of any ionizing radiation which produces the
same biological effect as a unit of absorbed dose of
ordinary X rays. The RBE dose (in »ems) = RBE x
absorbed dose (in »ads). (Compare curie, roenigen.)

{Acronym for roentgen equivalent physical.) An obso-
lete unit of absorbed dose of any ionizing radiation,
with a2 magnitude of 93 ergs per gram. It has been
superseded by the rad.

[Abbreviation r] A unit of exposure to ionizing radia-
tion. It is that amount of gamma or X rays required
to produce ions carrying 1 electrostatic unit of elec-
trical charge {(either positive or negative) in 1 cubic
centimeter of dry air under standard conditions.
Named after Wilhelm Roentgen, German scientist
who discovered X rays in 1895. (Compare curie, rad,
rem.)

A process that changes a particle’s trajectory. Scat-
tering is caused by particle collisions with atoms,
nuclei, and other particles or by interactions with
fields of magnetic force. If the scattered particle’s
internal energy (as contrasted with its kinetic energy)
is unchanged by the collision, elastic scattering pre-
vails; if there is a change in the internal energy, the
process is called inelastic scattering.

Fission that occurs without an external stimulus, Sev-
eral heavy isotopes decay mainly in this manner; ex-
amples: californium-252 and californium-254. The
process ogccurs occasionally in all fissionable mate-
rials, including uranium-235.

A neutron in thermal equilibrium with its surrounding
medium. Thermal neutrons are those that have been
slowed down by a modevalor to an».avera.gé speed of
about 2200 meters per second (at room temperature)
from the much higher initial speeds they had when
expelled by fission. This velocity is similar to that of
gas molecules at ordinary temperatures. (Compare
fast neutron, intermediate neutron; see fission.)
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APPENDIX C

DOT REGULA

TIONS

Excerpts from

Tariff No. 23 - Hazardous Materials Regulations of

the Department of Transportation’

Gray areas apply specifically to californium.

173,389 Radicactive materials; definitions.
arts 170~-189:

{x) "Fissile radionctive material” means the following material:
Plutonium-238, plutoninm-239, plutonium-241, uraniun-233, or
uranium-235, or any material containing any of the foreguing
materials. Sec § 173.396 {a) for exclustons. Fissile radioactive
material Jmckxges are classified according to the contrels needed
to provide nuclear criticality safety during transportation as
follows:

(1) Fissile Class I. Packages which may be travsported in
unlimited pumbers and in any armogement, and which require no
pouclear criticality safety controls during transportation. For pur-
poses of nuclear criticality safety control, a transpert index is not
amsigned to Fissile Class T packagss. However, the external radis~
tion levels may require a transport index number,

(2) Fissile Class II. Packages which may be transported to-
gether in any arrangement but in numbers which do net exceed
an _aggm%ate sransport Index of 50. For purposes of nuclear criti-
cality safety control, individusl packages may have 4 transport
index of not less than 0.1 and not more than 10. However, the
external tadiation levels may vequire s higher transport index
onumber but not to exceed 10. Such shipments require no nuelear
eriticality safety control by the shipper during transportation.

(8) Fissile Clasg ITI. Shipments of packoges which do not meet,
the requirements of Fissile Clasa I or [T and whick are controlled 1o
provide nuclear criticality safety in transportation by special
arrangements between the shipper and the cartier.

Norx 1: Ursnium-235 exipts only in combination with various percentages of

ium-231 an durn-238, Fissile radioactive materisl” as applied to
uranium-235 refers to the amouat of uraninm-235 actually contaioed in the total
quantity of uranjum being tranaported.

Norz 2: Radioattive materinl may consist of mixturcs of fissile and nen-fisaile
madionuclides. “Fisile radioactive material” refern to the amount of plutobium-
238, ptutanium-238. plutonium-241, uranium-233, wranium-233, or any combi-
pation Lhereof actually contatned in the mnixture, The "radicactivity” of the
mirture consiaie of the total activity of both the Gasile nod nonfisgile radicnuclides.
All mictures contuinizg “Boeile material” shall be subject 1o § 173.396.

For the purpose
of

(b) “Large quantity radionctive materials’ means a quantity
the aggregate radicactivity of which exceeds that specified as
follows: ’

(1) Groups I or II {see paragrapk (h) of this section) radio-
nuclides: 20 curies.

(3) Groups IIT or IV radionuclides: 200 euries.

(3) Group V radionuclides: 5,000 curies.

{4) Groups VI or VII radionuckides: 50,000 curies.

(8} Special form material: 5,000 curies.

{€) “Low specific activity material” means any of the following:

(1) Uranium or thorium c.es and physical or chemical concen-
trates of those ores;

(2) Urirradiated natural or depleted uranium or unirradiated
patural thorium;

. {8) Tritium oxide in aqueous solutions. provided the concentra-
tion does not exceed & millicuries per milltliter;

(&) Material in which the activity is essentially uniformly dis-
tributed and in which the estimated average concentration per
pram of contents does not-exceed:

(i} 0.0001 miliicuries of Group I (see § F73.35% (h)) radic~
... puclides; or . i

i) 0.005 millicuries of Group II radionuclides; or

11} 0.3 millicuries of Groups IIT or TV radionuclides.

Nezie: Thia fucludes, but in nor limited to, materiala of low radiomctivity con-
santration aurh us Peaidues or sclutions from chemical pracessing; wastes such an

byilding rubbie, meisl, wood, and fabric scrap. glassware, paper and cardboard;
solld or Liquid piant waate, ajudges, and aabes,

(5) Objects of nonrzdioactive material externally contaminated
with radicactive material, provided that the radiosactive wuterial
is not readily dispersible and the surface conlamination when
averaged over dn area of 1 square meter, does not exceed C.0001
millicurie (220,000 disintezraticns per minute) per squars centi-
meter of Group I radionuclides or 0.801 millicurie (2,200,000 dis-
intelglsatiens per minute) per square centimeter of other radio-
nuclides.

29 -

(d) “Normal form rudioactive raterials” means those which
are not specisl form 12dioactive materials. Normal ferm radio-
active materials sre grouped into transport groups (see paragraph
(h) of this section).

(e) “Radioactive material” mesns any material or combination
of materials, which spoutaneously emits ionizing radiation, Ma-
terials in which the estiraated specific activity is not greater than
0.002 microcuries per gram of material, and in which the radio-
activity is essentially uniformiy disteibuted, sre not considered
to be radio active materials.

(f} “Femovable radicactive contamination” means radioactive
eontamination which ean be readily removed in measurable
quantities by wiping the contaminated surfase with an absorbent
material. The measurable quantities shall be considered as being
pot sigrificant if they do not exceed the limits specified in § 173.397.

(g) “Special form radicactive materialse’ means those which, if
released from & dpackage, might present some direct radiation
hazard but would present little bazard due to radiotoxicity and
little posaibility of contamination. This may be the remult of in-
hercat properties of the material (such as metals or alloys), or
acquired characteristics, as through encapsulation. The criteria
for determining whether a materin! meeta the definition of special
form are prescribed in § 173.398 (a).

(h) “Transport group” means any one of seven groupsinto which
normal form radionuclides are classified sccording to their radio-
toxicity and their relative potential hazard in transportation, and
as listed in § 173.390.

() “Transport index” means the number placed on & package
to designate the degree of control to be exercised by the carrier
during transportation. The transport index to be assigned to a
package of radioactive materials shall be determined by either
subparagraph (1) or (2) of this paragraph, whichever is larger.
The number expressing the transport index shall be rounded up te
the next highest tenth; e.g., 1.01 becomes 1.1.

(%) The highest radiation dose rate, in millirera per hour at
three feet from any sccessible external surface of the package; or

(2) Fot Fissile Ciass IT packages only, the transport index
nuniber calculated by dividing the number “50'" by ihe number
of similar packages which mai\: be transported together (see
§ 173.396), as defermined by the procedures preseribed in the
regulations of the U. S. Atomic Energy Commissicn, Title 10,
Code of Federal Regulations, Part 71.

) “Type A packaging” means packaging which is designed in
accordance with the genera! packaging requirements of §§ 173.24
and 173.393, and which is adequate to prevent the loss or dispersal
of the radioactive contents and to retain the. efficiency of its
radiation shielding properties if the package is subject to the tests
preseribed in § 173398 (b).

(k) *“Type B packaging” means packapging which mests the
standards f[(); Type A packaging, and, in addition, meets the stand-
ards for hypothetian aceidest conditions of transportation es
preseribed m § 173.385 (e).

@) “Type A quantity” and “Type B quantity” radicactive
materials means a quantity the aggregate radioactivity of which
does not exceed that specified as follows:

- - Type A Type B
Transport group quantity quantity
{ree § {'?3.389(&)) {in curies) | (in curies)
Y 0.001 20
i.. 0.05 20
i, £ 200
v, 20 200
V.. 20 5,000
Vi I.. 1,600 50,000
Special form......... 20 5,000




§173.390—§ 173.391

Traosport group

Etement! Radionuctide?

I|o[io|Iv| Vv |vi;va

Tellurfum {52),....... ...,

Terbium (65). .
Thalliun (81)..

M b4 e

Therium (B0)........c..c..

Thulium (69)..............

Tip ($0}....... e

Tritium (1), ......... .. B0 xR

H-3(asagas. asl . __|...[...]...[..:]..

luniinous paint, or
ahsotbed oo solid
materisl).

Tungsten T4}, oov. oo-

M MM M

| Xy

Xe133 T
(unermipreased)? 1. L], . .4, -f-..
Ytterbium GO ............. Yb-175. X
Yitriwo (30)...., . e ... X-38 -
Y80 X

I BN P

) Atomic number ahown in pareatheses.

¥ Uncompreased meann 4t & pressure not exceading 147 p.ai. (sheolute).
? Atomie weight shown after the rudionuclide symbel.

* Fissile radioactive materil.

(b) Any radionuclide not listed in the above table shall be as-
eigued to one of the groups in accordance with the following table:

Radivzctive hall-life

Radionuctide —_—
0-1.000 1006 days to Qvar
days 10 fyears 10 byears
Atomic number 1-81., .. .. Group 111 Group TI Group II{
Atomic number 82 and over. . Group [ Group [ Do

h{rﬁt I: No unlisted radiopuclids shall be assizned to Groups IV, ¥, VI
ar -

(c) For mixtures of radionuelides the following shall apply:

(1) If the identity and respective activity of each radionuclide
are known, the permissible activity of each radionuclide shall be
guch that the surm, for all groups present, of the ratio betweea the
total activity for each group to the permissible activity for each
grotg will not be greater than unity.

A (2) If the grours of the rudionuclides are known but t_he amount
i each group cannct be reasonably determined, the minture shall
be aseipned to the most restrictive group present.

{3) If the identity of all or soine of the radionuclides cannot be
reasonably determined, each of those unidentified radionuclides
ehall be considered as belonging to the most restrictive group
which cannnt be positively excluded,

(4) Mixtures consisting of a single radioactive decay chain
where the radionuclides are in the naturally eceurring proportions
shall be ccusidered as consisting of a single radiopuclide, The
group and activity shall be that of the first member present in the
chain, except if 2 radionuclide “x’ hag a half-life longer than that
first membar and an activity greater than that of any other mem-
ber including the first at any time during transportation; in that
ease, the transport group of the nuclide “x” and the activity of
the mixture shall be the maximum activity of that nuclide “x"
during transportation.

§ 173.391 Small quantities of radioactive materials and radio-
gctive devices. (a) Radioactive materials in pormal form not
exceeding 0.01 millicurie of Group I radionuclides; 0.1 millicurie
of Group IT radiozuclides; 1 millicurie of Groups III, IV, ¥, or VI
radionuclides; 25 curies of Group VII radionuclides; tritium oxide
in aqueous solutien with & conrceniration not exceeding 0.5 milli-
curies per milliliter and with a_total activily per package of not
more than 3 curies; or 1 millicurie of radicactive material in special
form; and not containing more than 15 grams of uranium-235 are
exempt from specification packaging, marking, and labeling, and
are exempt from the provisions of § 173.393, 1f the following con-
ditions are met:

(1) The materials are packaged in strong tight packages such
that there will be po leakage of radivactive materials under con-
ditlons normally incident to transportation.

(2) The package must be such that the radiation dosze rate at
any peint on the external surface of the package does not exceed
0.5 milliremn per hour.

(3) There must be no significant removable radioactive surface
contaminuation on the extérior of the package {see § 173.397).

(4) The outside of the inner container must bear the marking
“Radioactive.”

(b} Manufactured articles such as instruments, clocks, electronic
tubes or apparatus, or other similar devices, having radicactive
materials {other than liquids) in a nondispersible form as a com-
ponent part, are exempt from specification packaging, marking,
and labeling, and are exempt from the provisions of § 173.393, 1
the following conditions are met:

Norte 1: For radicactive gases, the requirement for the redionctive matarial
t0 be in & nondispersible form does not apply.

(1) Rudioactive materials are securely contained within the
devices, or are securely packaged in strong, tight packnges, so
that there will be mo leakage of radioactive materials under con-
ditions nrormally incident to trunsportation.

(2) The radiation dose rate at four inches from any unpackaged
device does not excecd 10 millirem per hour.,

(3) The radiation dose rate at any point on the external surface
of the outside container does not exceed 0.5 millirem per hour.
However, for carload or truckload lots only, the radiation at the
external surfnce of the package or the item may exceed 0.5 millirem
per hour, but must not exceed 2 millirem per hour.

{4) There must be nao sigrificant removable radicactive surface
contamivation an the exterior of the package (see § 173.397).

(8) The totzl radioactivity content of a package contsining
radioactive devices must not exceed the quantities shown in the
following tahle:

Quantity in ¢uries
Transport geoup —
Per Per
device package
0.0001 Q.c01
0.001 0.03
0.01 3
. 003 3
. .- 1 1
.. . .. 25 200
. 0.003 20

(6) No package may contzin more than 15 grams of fissile
material,

(¢} Mauufoctured articles, other than reactor fuel clements, io
which the sole radicactive material is natural or depleted urunium,
are exerpt from specification packaging, marking, and labeling
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§173.303—§ 173.395

() There rmust be no significant removable radicactive surface
contamination on the exterior of the package (see § 173.397).

(i} Except for shipments deseribed. in pamfraph (i) of this
section, all radioactive materials must be packaged in suitable
packaging (shielded, if necessary) so that at an{ time during the
pormal coaditions incident to transpertation the radiation dese
rate does not exceed 200 millirem per hour at any point on the
extec:;al émrfuce of the package, and the transport index does not
exc: 10.

(7) Packuges for which the radiation dose rate exceeds the limits
specified in paragraph (i) of this section, but does not exceed at
any time during transportation any of the limits specified in sub-
paragraphs (1) through (4) of this paragraph, mey be transported
in a transport vebicle (except siceraft) assigned for the sole use
of that consignor, and unloaded by the consignee from the trans-
port vehicle i which originally

(1) 1,000 millirem per hour at 3 feet from the external surface
of the package (closed transport vehicle only;;

{2) 200 millirera per hour at any point on the external surface
of the car or vehicte (closed transport vehicle only);

(3) 10 millirem per hour &t 6 feet from the external surface of
the car or vehicle; and

(£) 2 millirem per hour in any pormally occupied position in the
ear or vehicle, except that this provision does not apply to private
motor carriers,

(k) When radioactive materials are loaded by the shipper into
a transport vehicle nssigned for the sole use of that shipper, the
shipper must observe all applieabie requirements of Part 174, 175,
or 127, as appropriate.

() Packages consigned for export are also subject to the regu-
Lations of the foreign governments involved in the shipment. See
§§ 173.8 and 173.9.

§173.394 Radicactive material in special form. {a) Type A
quantities of special form radioactive materials must be packnged
as follows:

(1) Spec. 5B, 5D, 64, 6B, 6C, 8J, 6K, 6L, GM, 17C, 17H, 42B,
or 42C (5§ 178.82, 178.84, 178.97, 178.93, 175.09, 178,100, 178101,
578.103, 178.104, 178.107, 178.108, 178.115, and 178.118) metal

rums.

(3) Spec. 21C (§ 178.224) fiber drums.

(8) Spec. 14, 15A, 158, 15C, 15D, 194, or 198 (§§ 175.168,
178.169, 178.370, 178.171, 178.190, and 178.191) wooden boxes,

(4) Any Spec. 12 series (§§ 178.205 through 178.212) fiberboard
baxea, 200-pound test minimum, or Spec, 23F or 23H (§ 178.214 or
1 178.219) tiberbeard boxes,

. (&) Spec. 55 (§ 178.250) metal-encased shielded container. Addi-
tionally authorized for not more than 300 curies per package, for
domestic shipments only.

{6) Bpec. TA (§ 178.350) Type A general packege.

(7} Foreign-made packagings which bear the symbo! “Type A”
may be used for transportation of radioactive materials from the
int of entry in the Usited Stztes to their destination in the United
totes or through the United States en route to & point of destina-
tion outside of the United States.

(b)) Type B quantities of special form radioactive materials
must be packaged as follows:

(1} Bpec. 55 (§ 178.250) metal-encased shielded coniainer. Au-
thorized only for not more than 300 curies per package. Author-
ized for domestic shipments only (see also § 178.39¢ (a) (5).

(2) Spec. 6M (§ 178.304) metal packaging.

(3) Any Type B packaging specifically approved for such use
by the Departrent.

(c) Large quantities of radicactive materials in special form must
be packaged as follows:

(1) Spec. 63 (§ 178.104) metal packaging. Radinactive ther-
mai decay energy must not exceed 10 walts.

{2) Any Type B packaging which meets the standards in the
regulations of the IF 5. Atomic Energy Commission (Title 10,
Cole of Federal Regulations, Part 71), or the 1967 regulations of

_the International Atomic Energy Agency, and which has beea
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specifically anthorized for such use by the Department under
Part 170. 1n applving for Departmental authorization of pack-
eges for large quantities of radioactive materials to be used io
shipments by the U. 8. Atomiec Encrgy Commission, or one of its
contractors or licensees, a copy of the license emendment or other
aEprova! issued by that Commission will be accepted in place of
the package struetural integrity evaluation.

§172.355 Radioactive materiz] in normal form. (a) Type A
quantities of normal form radioactive materials must be packaged
s follows:

(1) Spec. 5B, 5D, 64, 88, 6, 6J, 615, 6L, 6M, 17C, 17H, 428,
or 42C {§§ 175.82, 178.84, 178.97, 17898, 17809, 178.100, 178.101,
178.103, 178.104, 178107, 178.108, 178.115, nnd 178.118) metal

drumns.
(2) Spee, 21C (§ 178.224) fiber drums.

(3) Spec, 14, 154, 1BB, 150, 15D, 194, or 198 (3§ 175.165,
178.168, 178.169, 178,170, 178.171, 178.190, and 175.191) wooden
boxes.

{4) Any Spec. 12 scries (§§ 178,205 through 178.212) fiberboard
boxes, 200-pound test minimum; or Spee. 23F or 23H (§ 178.214
or § 178.219) fiberboard boxes.

(6} Any Spec. 3or 4 series (§§ 178.36 through 178.44 or §§ 178.47
through 178.58) cylinders.

{6) Spec. 55 (§ 178.250) metal-encased shislded container.
(T} Spec. TA (§178.350) Type A general package.

(8) Foreign-made packagings which bear the symbol “Type A”
may be used for trunsportation of radicactive materials from their

int of entry in the United States to their destination iu the

nited States or theough the United States en route to a point of
destination outside of the United States.

(b) Type B qunntiAtics of radioactive materials in normal form
must be packaged as foliows:

(1) Spec. 6M (§ 178.104) metal packaging. Autharized only for
eolid or gaseous radioaciive materials which will not decompose at
tenperatures up te 250° F.

(2) Any Type B packaging specifically approved for such uze
by the Depariment.

(c) Large quantities of radioactive materials in normal form
must be prckaged as follows:

(1) Spec. 6M (§ 178.104) metal packaging. Authorized only for
solid or gasevus radieactive materials which will not decorupose at
temperatures up to 250° F. Radioactive thermal decay energy
must not exceed 10 watts.

(2) Any Type B packaging which meets the standards pre-
seribed in the regulations of the U. 8. Atemic Energy Cominission
{Title 10, Code of Federal Regulations, Part 71) or the 1967 regu-
lations of the International Atomic Eneriy Agency, and which kas
been specifically authorized for such use by the Department under
Part 170. In applying for Departinental authorization of package
for large quantities of radioactive materials to be used n ship-
meunts by the U, 8. Atomic Energy Commission, or one of its con-
traciors or licensees, a copy of the liconse amendment or other
approval issued by that Commission will be accepted in place of
the package structural integrity evaluation,



