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1. This sta”dardization handbookwas developedby the Departmentof Defensewith
the assistanceof the militarydepartments, federalagencies, a“d industry.

2. This publicationwas approvedon 1 September1976 for printingand inclusion
in the militarystandardizationhandbookseries.

3. This documentsupplermatsdepartmentalmamals , directive?,.militaxystandards,
etc., and providesbasic an”dfundamentali“formation o“ radioactivecomraodities. It
Contaim listingsof radioactivecommodities,Conversiontables and charts, and should
providevaluable informationand guidanceto personnelresponsiblefor the packaging,
handling,labeling,and transportationof radioactiveconmmdities.
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4. Beneficialcomments (recommendations,additions,deletiom) a“d a“y pertinent
data which may be of use in improvingthis documentshouldbe addressedto:
OefenseElectronicsSupplyCenter, ATTW: Oirector,Directorateof E?gimering
Sta”dardizatio”,OESC-E,Oayton,OH 45444,by using the self-addressedStandardization
OocumentImprovementProposal (OD Form 1426) appearingat the end of this documentor
by letter.
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Posswoso

The use of radioactivematerialsin the manufactureof certaincoannodiki?shas intro-
duced a potentialhazard within the Deprtment of Defense supplysystem. Therefore,
all personnelshouldbe constantlyaware of the potentialdangersand of the need fOT
observingextreme cautionwhile handlingthese commodities. It is important,.therefore,
that each radioactiveconnnoditybe properlypackaged,identified,and labeled.

The currentstatus of the private segmentof the nuclear industryin the U.S.A.’is such
that the vast majority of the currentshipmentsof radioactivematerialsinvolvessmall
or intermediatequantitiesof materiali“ relativelysmall packages. The external
radiologicalhazard resultingfrom small radioactivecommoditiesis usually insigni-
ficant. However, if the connnodityis broken or damaged,the hazard is increasedby
release of the enclosedradioactivematerial h internalradiationhazard existswhen
radioactivematerialsenter the body througheating,drinking,inhalation,or an open
wound. Any of these media for inteznalradiationare made possiblewhen a radioactive
cormnodityis broken.

Since the beginningof the relativelyyoung atomic energy industry,i.e., about three
decades,there has been an excellentrecord of safety in the transportationof milliOns
of packagesof radioactivematerials. Recent estimatesindicatethat currentshipments
involveapproximatelyS00,000packages of radioactivematerialsper year in the U.S.A.
Thus far, based on best availableinformation,there have been no known deaths or seri-
ous injuriesto the public or to the transp.artatio”industrypersonnelas a resultOf
the radioactivenature of any radioactivematerial shipment. This fact can generally
be attributedto the close attentionwhich has been given by the shippersto the proper
packagingof radioactivematerials,and to the effectivenessof the safety standards
and regulationsapplicableto their transportation.

In spite of the excellentpast record of safety,the term radioactiveunfortunatey
conveysto the averageperson an extremelyconfusingaura of personal concern. The
memoq of the devastatingdestructionand violentdeathswhich were the aftermathof
the use of the atomic bomb near :he end of World War 11 is stl11 vary vivid in the
minds of many. The more recent confusionregardingthe effectsof nuclearpower plants
on the environmentand the ecologyhave also added to this aura of concern. This cOn-
cern, however,has proven to be completelyunwarranted8s relatednot only to the Safe
uses of nuclear energy in industxy,but also to the safe transportationof radioactive
materials. l%e record of safety in transportationof these materialsclearly exceeds
that for any ether type of regulatedhazardouscomodity.
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1. M

This handbookprovidesgeneral informationfor shippers,carriers,:and handlers
of radioactivecommoditiesfor use and storage,and for shipmentby any mode of tran-
sportation,to insure that such materialsare properlypackaged,packed, marked, and
labeled,when offered for storageor shipment. llese instructions,in general,apply
to radioactiveconnnoditiesusual1y encounteredin GP 59.

2. ~

lhis handbookdoes not replace officialFederal regulations(CFRS), laws,,or
militaryrekwlation. It implementsand provides guidancein determiningthe require-
ments of the pertinentregulations,militarystandards,specificationsand manuals which
provide the marking and labelingrequirementsfor identificationin use, storageand
transportationof radioactivecommodities,their packages and shippingcontainers. It
is intendedto provide, in simple, conciseand convenientform, factualdata to
familiarizepersonneland agenciesconcernedwith operationaland logisticalproblems
involvingradioactivecommodities.

2.1 Application. The military departmentsare presently utilizingradioisotopesin
UMIIYapplications.includingthOse within ~d without the jurisdictiOnOf the Nuclear
RegulatoryCommission. Many conm!oditiesemploy such radioisotopesas Cobalt 60,,
Cesium 137, Strontium90, etc., and includeelectrontubes, spark gaps,’switches,light
sources, luminousmarkers, and nuclearbatteries.

2.2 Precautions. The amount of radioactivematerial‘inmany commoditiesis such
that no significantexternalradiationhazard is presentwhen handled individuallY or
in SIM11 nuubers. However,extremelylargequantitiesof r+ioactive commoditiesmay
present an externalhazard and breakageof one or more wi11 definitelypresent a pOtOn-
tial internalhazard to personnelworking in and around the area in which the breakage
occurs. Therefore,needless exposureto any radiation,no matter how slight, should
be avoided.

Materialsthat emit alpha and beta particlesand gamma rays may be absorbedand
depositedwithin the body. These particles and rays act as damagingagents that““injure
or destroyblood-formingorgans and other tissue. Their removal is limitedby the rate
of excretionof the elementsfrom the body and the natural radioactivedecay of the
element. In severe cases, clinicalevidenceof injurymay be apparent in a few weeks;
in less severe cases, evidencemay not appear for years. Internalradiationeffects
as a result of broken radioactivetubes ma possible in the latter category. It is,
therefore,necessarythat the instructions,procedures,and precautionscontained
herein be observedif the hazards involvedare’to be reduced to a minimum.

3. INCLUSIONS

This handbookprovides tables that list the known commoditiescontainingradi-
oactivematerials,includingthe isotopes,the quantity in microcuries,and the manu-
facturersof these comnwdities. This handbookhas summarizedin the tables the
marking and labeling (whererequired)requirementsfor radioactivecommoditiesfor
transportationby:

a.
b.
c.
d.
e.
f.

Rai1
Highway carrier

(Title49 CFR 174)
(Title49 CFR 177)

Water carrier (Title49 CFR 176)
Mai1 [Title39 CFR 124)

,.

Aircraft (Title49 CFR 17S)
Aircraft (military) (DSAM4145.3,AFM 71-4, ‘IM38-250,

NAVSUPPUB50S, and MCO P 4030.19)

1
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4. ARSANGSHSNT

4.1 Co osition. This handbookpresentsgeneralinformationand technicalinforma-
~tion in sect ons pertainingto the technicaland operationalcharacteristicsof radio-

activecommodities. The sectionsare:

SectionA RadioisotopesBy TransportGroup
SectionB ActivityNass Relationship- SpecificActivityNicrocuries

~er Gram ConversionFactors
SectionC and D Prbvide listingby part number sequenceandNSN sequenceof ;

commoditiesknown to containradioactivematerial. Some
commoditiesare listedfor referenceonly since the
specificactivityis less than 0.002 microcurieper gram.
This data, includingisotopesand quantities,has been
providedvoluntarilyby the manufacturerslisted. These
commoditieshave been classifiedin accordancewith the “

data includedin this table and the markingand labeling
requirementsindexed.

4.2 Avpendix. The appendixprovidesgeneralinformationand proceduresfor
radiationmmitoring, personnelprotection,decontamination,and dispositionof radio-
logicalcommodities. DoD personnelshouldbe in a position to detemine if shippers
and carriershave conformedto the requirementsspecifiedin this handbookand other
applicabledirectives.

s: REFERENC5!D~NTS

S.1 ne folItiingdocumentsform a part of this handbookto the extent specified
herein.

STANDARDSAND SPECIFICATIONS
OB

MILITARY,

.MIL-STO-14S8 RadioactiveMaterials: Marking and Labelingof Items,
Packagesand ShippingContainersfor Identificationin
Use, Storage and Transportation

MIL-E-75 ElectronTubes, Packagingof, GeneralSpecificationfor
MIL-B-1 ElectronTubes, GeneralSpecificationfor

,, MIL-HDSK-7S8 SpecialHandlingData/Certificationfor shipmentvia
tdiIitaryAircraft

JDINT MILITARY

DSm 4145.3,AFM 71-4, 11138-250,NAVSUPPUB505, MCO P 4030.19
PackagingaridN8ndlingof DangerousMaterialsfor Transportationby Military
Aircraft.

OSAM4145.8, AS 700-64,NAVSUPPUBS012 AFM 67-8, t.KOP 4400.105
RadioactiveCommoditiesin the 00D Supply System

DSAR 4i45.24,AR 40-14 Control and RecordingProceduresfor Occupational
Exposureto IonizingRadiation

CODE OF FEDERALR13GuUTIONS(See 7.2 and table I)

,.. .,,

“u
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6. DEFINITIONS

●“

For purposes of this handbook,the followingdefinitionsand abbreviations
shall apply:

6.1 Activity. lhe number of nuclear transformations(disintegrations)occurringin
a given mass of radioactivematerialper unit time. (See Curie.)

6.2 Alpha particle. Gne of the ‘threeprimary forms of radioactiveemissionsfrom
radioactiveatoms. A chargedparticle emitted from the nucleus of an atom having a
mass and charge equal in magnitudeof a helium nucleus (2 protons + 2 neutrons). Alpha
particleshave very littlepenetratingability and thereforeare chiefly internal
radiationhazards. They travel very short distancesin air and are shieldedvery
easily.

6.3 Atom. The smallest (or ultimate)particle of an elementwhich is capableof
entering= a chemicalreaction. Every atom consistsof a positivelychargedcentral
nucleus,which carriesnearly all the -S of the atoni;wrrounded by a “tier of
negativelychargedelectrons,so that the whole system is electricallyneutral (see
nucleus).

“., .

6.4 Atomic mass. The mass of a neutral atom of a mxlide, utually e~ressed in
terms of “atomicmass units.!! The %tomic mass unit!! s one-twelfththe mass of one

Ineutral atom of carbon-12;equivalentto 1.6604x 10-2 gm. (Symbol:u).

6.5 Atomic number. l%e number of protons in the nucleus of a neutral atom of a
nuclide. The ‘Effectiveatomic number,,is calc”le.tedfrom the compositionand atomic
numbers of a compoundor mixture. An element of this atomicnumber would interactwith
photons in the same way as the compoundor mixture. (Symbol:Z).

6“’”1=%== me weightedmean of the masses of the newral atoms of ,an
element expresse m atomxc mass units.

6.6 Beta particles. Dne of three primary forms of radioactiveem.issio@”from
radioactiveatoms. Sets particlesare negativelychargedparticlesemitted from the
nucleus of an atom and have a mass and charge equal to that of an electron. They travel’
greaterdistance?,in air than alpha particles,have an intermediatepenetratingability,
but sti11 are relativelyeasily shielded.

6.7 Byproductmaterial. Any radioactivematerial (exceptspecialnuclear material)
yielded in or made radioactiveby ,exposureto the radiationincidentto the process of
producingor utiIizingspecialnuclear❑aterial (10 CFR 20).

6.8 QF& The approvedcitationof the Code of Federa]Re@ations. E_le:
49 CFR 389 refers to Title 49 Section 389 of the Code of Federal Regulations.

6.9 Curie. The specialunit of activity. One cwie eqwsls 3.700 x 1010 ““clear
transforiiiis per second. (AbbreviatedCi.) Severalfractionsof the curie are in
common usage.

Nicrocurie: One-udllicmthof a .wrie (3.7x 104 disintegration per sec.),
AbbreviateduCi.

MilIiCurie: One-thousandthof a curie (3.7x 1,07disintegrationsper second),
AbbreviateduCi.

Picocurie: one-millionthof a ❑icrocurie (3.7 x 10‘2 disintegrationsper
second or 2.22 disintegrateions per minute). AbbreviatedpCi; replacesthe term UPC.

3
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6.10 DectlY;radioactive. Disintegrationof the nucleus of an unstablenuclide,due
to the spontaneousemissionfTOM the atomicnuclei of either alpha or beta particles,
son!atimesaccompaniedby gacm!aradiation. (Seehalf-life,radioactivity.)

,.,, ~ m, q“a”tIty of radiationabsorbed,per unit of mass, by
the body or any port on of the body. Several units of dose are in currentuse.
Definitionsof units used in this handbookare specifiedin 6.11.1 and 6.11.2.
(Also,see expsure.)

6.11.1 ~ A measure of t~ dose of anY ionizingr~iation to body tissues in
terms of the energy absorbedper mit mass of the tissue. One rad is the dose cor-
respondingto the absorptionof 100 ergs per gram of tissue (10 CFR 20). Also defined
as the unit of absorbeddose equal to 0.01 Joules/kgin any medium.

6.11.2 & A measure of the dose of any ionizingradiationto body tissues in
term of its estimatedbiologicaleffect, relativeto a dose of one roentgen (R) of
X-rays. (Cmemillirem (mrem). 0.001 rem.) The relationof the rem to other dose
units dependsupon the biologicaleffect under considerationand upon the conditions
of irradiation. For the purpose of this handbook,any of the followingis considered
to be equivalentto a dose of one rem (10 CFR 20):

a. A dose of 1 R due to X - or gamma radiation;
b. A dose of 1 rad due to X -, gamma, or beta radiation;
c. A dose of O.1 rad due to neutrcnrsor high energy protons;
d. A dose of O.OS rad due to particlesheavier than protons and with

.. ... .., sufficientenergy to reach the lens of the eye.

6.12 Oose rate. .4sa generalrule, the amount of radiationto which an individual
would be exposedor which would be absorbedper unit of time. It is usually expressed
as roentgens;.rads, or re- per h~r or in ~ltiPles OT su~ltiPles of these ~its,
such ai a mi1l:roontgens per hour. The dose rate is conmmnlyused to indicatethe
level of’radioactivity in a contaminatedarea.

6.13 ~. The Departmentof Transportation.

6.14 Electrontubes. Electrontubes include spark gap tubes,power tubes, gas
tubes,pickup tubes, radiationdetectiontubes, and *Y other completelysealed tube
that is desi,~edto conductor controlelectricalcurrents (see 10 CFR 30).

A term used to denote an additionalfabricationtechniqueoften
‘“” ~used in preparationo radxstlonsources,wherein the basic material is physicallY

pla~.tdiiithinsealed,high physicalinteKritYCaPSUIESOr envel~es to prOvide furrher
assurance.that in the event a package b~~s ~d the caPsule escapes,there yOvld be
littlepossibilityof 8 spread of particulatecontaminationC49 CFR 173),

6.16 Exclusiveuse. Exclusiveuse (alsoreferredto as sole use or full load as
used in lAW” regulations)means any shipment (49 CFR 173):

a. From”a single consignorhaving the exclusiveure of a transportvehicle
or of an aircraft,or of a hold or compart~nt of an inland watercraft,
or of a hold, compartment,or defineddeck area of a seagoingvessel; and

b: “‘Forwhich ’811initial,intermediate,and final loadingand tmloadingi.5
carriedout by or under the directionof the consignor,consieee, or
his designatedagent.

6.17 ixbosure: A m6Mure of the ionizationproduced in air by X or gamma radiation.
It is the sum of the electricalchargeson +11 ions of one SiK? p~duced inair when all
electrons’liberatedby photons in a volume element of air are completelystopped in
air, dividedby the mws of the ?ir in t.h.eVOIU= element. me sPecia!‘it ‘f ‘~?sure
is the roentgen.

.,..

,, ,,. .,,
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6.18 Fissile. Of a nuclide, capableof undergoingfissionby interactionwith 51OW
neutrons.

6.18.1 Fission,nuclear. A nuclear transformationcharacterizedby the splitting
of a nucleus into at least two other nuclei and the release of a relativelylarge
amount of energy.

6.18.2 Fissionproducts. Elementsor compoundsresultingfrom fission.—

6.18.3 Fissionyield. The percentageof fissionsleadingto a particularnuclide.

6.18.4 Fissionable. Of a nuclide, capable of undergoingfissionby any process.

6.19 Fissile radioactivematerial. This term refers to plutmtium-238,plut@~-Z39,
plutonium-241,uraniom-233, or uranium-235,or any material containingaoy of these
materials (see 11.3.7.1for exclusions),(see 11.3.9):

a. Uranium-235. Exists only in combinationwith various percentage?of
uraniom-234and uranium-23B. Fissile radioactivematerial as applied
to ur8nium-235refers to the amount actuallycontainedin the total
quantityof uraniu!being transported.

b. Itadioactivematerial. ?layconsist of a mixture of fissile and nonfissile
radioouclides.

(1) Fissile radioactivematerialsrefers to the amount of materials
(see 2 belcwl or my combinationthereof actually containedin
the mixture.”

(2) Radioactivityof tbe mixture consistsof the total activityof bbth
the fissiIe and nonfissile radionucIides.

6.19.1 Fissileradioactivematerial classes. Pissile radioactivematerialpackage
are classifiedaccordingto tbe controlsneeded to provide nuclear criticalitysafety
during transportationas follows (see 11.3.9):

a. Fis?ileClass 1. Packageswhich may be transportedin unIimitednumbers
and in any arrangement,and which requireno nuclear criticality
safety controlsduring transportation. For purposes of nuclear
criticalitysafety control,a transportindex is not assignedto
PissileClass I packages. However, the externalradiationlevelsU18Y
require a tzkaosportindex number,

b. Fissile Class II. Packageswhich may be treasportedtogether in any
arrangementbut i“ numbers“hich do mat exceed an aggregatetransport
index of SO. For purposes of nuclear criticalitysafety control,
individualpackagesmay have a transportindex of not less than 0.1
and not more than 10. However, the externalradiationlevelsmay
requirea higher transportIndex number but not to exceed 10. Such
shipmats requireno nuclear criticalitysafety controlby the shipper
during transportation.

c. FissileClass 111. Shipmentsof packages which,do not wet the rWire-
mants of Fissile Class I or II and which are controlledto provide
nuclear criticalitysafety in transportationby special arrangements
between the shipperand the carrier.

6.20 Gamma rays. One of the three priuaxy forms of radioactiveemissionsfrom
radioactiveatoms. Gamma rays are not particulate (ss opposed to alpha end beta
particles)but are short wave length electromagneticradiationsfrom the nucleus Of
radioactiveatoms. Exe@ for their origin (the nucleus of the atom rather than the
outer shell) they are identicalin characteristicsto X-rays. G- rays are the most
penetratingform of radiationand travel greet distancesin air. They requireheavy
shieldingmaterialssuch as lead to attenuatethe radiation.

9-
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6,21 Half-life. The tiw requiredfor the activityof a given radioactivespecies

to decreaseto half of its initialvalue due to radioactivedecay. The half-lifeis
a characteristicprop6ztyof each radioactivespeciesand is independentof its amount
or condition. The biologicalhalf-lifeof a given isotopeis the time in which the
qumttity in the body wi11 decreaseto half as a result of both radioactivedecay and
biologicalelimination.

6.22 Isotopes. Fin’msof tbe same elementhaving identicalcbeudcalpropertiesbm
differingin their atomicmasses (due to differentnumbers of neutrons in their respec-
tive nuclei]and in their nuclear~properties,e.g., radioactive,fission,etc.

6.2S Large quantityradioactivematerials. A quantityof radioactivematerials,in
which the aggregateradioactivityexceeds: (See 11.3.8.3and 11.3.7.4.)

a. TransportGroups 1 and 11 radionuclides: 20 curies.
b. TransportGroups 111 and IV radionuclides: 200 curies.
c. TransportGroup V radionuclides: 5,000 curies.
d. TransportGroups VI and VII radionuclides: 50,000 curies.
e. Special form materials: 5,000 curies.

6.24 Licensedmaterial [10 CFR 20). Sourcematerial,specialnuclearmaterial,or
bnroduce materialreceived,possessed,used, or transferredunder a generalor specific
licenseissuedby the NSC.

6.25 License. A licenseissued under 10 CFR 30, 40,.or 70. “Licensee<’means the
holder of such a license.

6.26 LOW Specific activityradioactivematerial. Radioactivematerialin which the
activity.is essentiallyu,iformlydistributed. This U@UM =IY Of the fOllOwing:
(See 11.3.8.)

a,

b.

c.

d.

e.

Ur~ium or thorium ores and physicalor chemicalconcentrationof those
ores.

Unirradiatednatural or depleteduranium or unirradiatednatural
thorium.

Tritiun oxide in eqqeous~olutions,provided the concentrationdoes not
exceed 5.o millicuriesper milliliter.

Radioactivematerial in which the activityis uniformlydistributedin

-<

.

which the estimatedaverage concentrati& pe; graind~es not.exceed:
(1) 0.0001millicuriesof TransportGroup I radionuclides.
(2) 0.003 millicuriesof TransportGroup 11 radionuclides.
(3) 0.3 millicuriesof TransportGroups 111 and IV radionuclides.
Item externallycontaminatedwith radioactive~terial provided such
radioactivemateii81is not readilydispersibleand the swface con-
tamination(whenaveragedover an area of one squaremeter) does mm
exceed:

“(1) 0.0001tillicurie (220,000disintegrationsper minute)per square
centimeterof TransportGroup I radionuclides.

(2) 0.001 millicurie (2,200,000disintegrationsper minute)per square
centimeterof other radion”clides.

6.27 ~ A measureof the quantityof matter. ‘lhematerialequivalentof energy.
Mass and enermv are differentform of the sane thine. Oifferentfrom weirht in that
it neitherin~reasesnor decreaseswith gravitationa~force.

.-

6.2S Microcurie(IICi).A one-millionth(10-6)part of a curie. (See curie.)
(

6.29 Millirem,udlliroentgen(MS). A one-thousandth(10-3)part of a rem or
“’:,

roentgen.Iseedose 6nd roentgen).

6
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6.3o Normal form radioactivematerials. Those materialswhich do not nwet the
requirementsof specialform radioactivematerials. Normal form radioactivematerials
are groupedinto transportgroups (see sectionA), (49 CFR 3B9).

6.31 ~ Nuclear RegulatoryCommission(formerly: AEC. Atomic EnergyCommission).

6.32 Nucleus (or atomicnucleus). The small, central,positivelychnrgedregionof
m atom which carriesessentialIY all the mass. Except for the nuclew of ordinary
(light)hydrogen,which is a singleproton, all atomicnuclei containboth proton?and
neutrons. The number of protons determinesthe total positive charge,or atomic
number; this is the same for all the atomicnuclei of a given chemicalelement. The
total number of neutronsand protons, calledthe mass number, is closelyrelated to.the
mass of the atom. The nuclei of isotopesof a given elementcontainthe same number of
protons,but differentnumbers of neutrons. TheY thus have the same atomicnumber,and
so are the same element,but they have differentmass nunbers (endmasses). ‘fh.tUuClOaT
properties,e.g., radioactivity,fission,neutron capture,etc., of an isotopeof a
given element are determinedby both tbe number of neutronsand the nuber Of Pr0t0n5
(see atom, isotope).

6.33 Nuclide: A speciesof atom characterizedby the constitutionof its nUCleU9.
The nuclear constitutionis specifiedby the number of protons (Z),num~r of neutrons
(N), and energy content;or, alternatively,by the atomicnumber [Z),mass number
A . (N + Z), and atomic mass. To be regardedas a distinctnuclide, the atom nm.$tbe
capableof existingfor a measurabletime. l’hus,nuclear isomersare separatenuclides,
whereas promptlydecayingexcitednuclear states and unstableintermediatesin nuclear
reactionsare not so considered.

6.34 NSN NationalStock Number.- (FormerlyFSN. FederalStock Number,)

6.3S Person (10 CFR 20, 30). Any individual,corporation,partnership,firm,
association,trust, estate,public or private institution,grcq, Governmentagency
other than the NRC, any State, any foreigngovernmentor nation or any politicalsub-
divisionof any such govermmnt or nation, or other entity;and any lesal successor,
representative,agent, or agency of the foregoing.

6.36 Radiation. The emissionand propagationof energy throughspace or through
a medium in tie form of waves. This includesthe following: Alpha rays, beta rays,
gamma rays, X-rays,neutrons,high-speedelectrons,high-speedinfr~red,or ultrUViolOt
light.

‘“37===?= The spontaneousdisintegrationof unstablenucleiwith the
resultlngenussiono nuclear radiation (see curie for units of measurements).

a. Artificialradioactivity. w made radioactivityproducedby particle
bombardmentor electromagneticirradiation,as opposedto natural
radioactivity.

b. Inducedradioactivityy. Radioactivityproduced in a substanceafter
bombardmentwith neutronsor other particles. The resultingactivity
is ,,naturalradioactivity!!if formedby nuclearreactionsOCCU-ing
in nature, and Artificial radioactivity!!if the reactionsare caused
by man.

c. Natural radioactivity. The propertyof radioactivityexhibited,bymore
then fifty naturallyoccurringradioisotopes.

7
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6.3B Radioactivematerial. Radioactivematerial is any material,or combination

of materials,which spontaneouslyemits ionizingradiation. For the purposesof trans.
portation,materialsin which the estimatedspecificactivityis not greater than
0.002 microcuriesper gram of material,and in which the radioactivity(see specific
activity)is essentiallY uniformlydistributed,are not consideredto be radioactive
materials(see 49.CPR 173.389).

NOTE: Radioactivematerials,as refrencedabove, includenatural
elemtntssuch as radium and accelerator-producedradioisotopes
whether or not subject to licensingcontrolby the NRC.

6.39 Radioactive(commodity)device. Radioactive(commodity)device (see
11,S.10.2b) means any manufacturedarticlesuch as an insr.rument,clock, electronic

-,

tube or 8pparatus,or similardevice having radioactivematerial (otherthan liquid)
in a nondispersibloform as a componentpart.

6.40 Rad. rem. See dose and exposure.

6.’41 Radioisotwe and radionuclide.

..
For the purpose of transportation,these items

nre synonymouswith radioactivematerials.

6,42 Radiotoxicity. A term used to denote the relativehazardsof the various
radionuclides,that is, their internalradioactiveeffectwithin the body.

6.43 Roentgen [R). A unit of radiationexposure. One mentgen is the e~osure of
X- or gamma radiationsuch that the associatedcorpuscularemissionper kilogramof
air producesiq,air, ions carry 2.58 x 10-4 coulombsof electricalcharge of either
sign. (Seeexposure.)

6.44 Small quantityradioactivematerials. A quantityof radioactivitywhich does
not excee~ Small quantitiesand certainradioactive
devicesas specifiedin 11,3.10.2are exempt from specificationpackaging,mnrki”g
and labelingrequirements,but sti11 are subjectto certainrequirements,such &
shippingpaper requirements.

e-.
6.45 Sourcematerial (10 CPR 20). Uranium or thorium,or any combinationthereof,

in any physicalor cheticalform; m’ ores which containby weight one-twentiethof one
percent (O.05%] or more of (a) uranium, (b) thoriumor (c) any combinationthereof.
Sourcematerialdoes not includespecialnuclearmaterial (see 10 CFR 40). -,

6.46 Suecialfono radioactivematerials. Radioactivematerialswhich, if released
from a package,present some radiationhazard,but littlehazard’,due to radiotoxicity
and possibilityof contamination, To qw,lifyas a specialfom material,the radic.-
activematerialmust eitherbe in massivesolid form or encapsulated(see 11.3.7’for
a discussionof radioactivematerial in special fomm). Plutonium,uranium 233,
uraniumenrichedin the isotope 233 or in the isotope 235, and any other materialwhich
the NRC determinesto be specialnuclearmaterial,but does not include sourcematerial
(ace 10 CFR 70).

6.47 ~ecific activity. Specificactivity (S.A.) is the rate of decay of the
radioactiveelementor isotopeexpressedin curiesper gram or microcuriesper gram
of the radioactiveelegent. specificactivityis a natural constantfor each radio-
activeelementwhether the amount involvedin the radio-activematerial is a micro-
gram or 1,000 grams. For specificactivityconstantsof particularradioisotopes.
See sectionS, table B-1 cc.lunmV2,to determinewhether the isotopeof interest
exceeds0,002 vCi/gm and therefore,falls within the classificationof radioactive
msterial. .

.“;
6.48 Transport3row. Any one of seven moups into which normal form radio-

nuclidesare classifiedaccordingto their radiotoxicitysnd their relativepotential
hazar@ in transportation(seesectionA), (49CFR 173).

“*
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6.49 Transportindex number [see 11.3,9.1]. The numberplaced on a peckage to
designatethe degree of controlto be exorcisedin the transportationcycle. To assign
a transportindex number,a packageof radioactivematerialsshall be essignedthe
higher (larger)number, roundedup to the next higher tenth,wha,ndeterminedby one of
the followingmethods:

a. The highestradiationdose rate in ❑illiremsper hour, at three feet
from any accessibleexternalsurfaceof the package.

b. For FissileClass II packagesonly, the transportindex number is
calculatedby ~ividingthe number ‘SO!!by the number of similarpackages
which may be transportedtogetheron a singleaircraft.

6.S0 Type A packaging. Packagingwhich is designedin accordsncowith the general
packagingrequirementsof 49 CFR 173.24and 173.393and which is adequateto preVent
the loss or dispersalof the radioactivecontentsand to retain the efficiencyof its
radiationshieldingpropertiesif the package is subjectedto the test prescribedin
49 CFR 173.398 (b) (Normalconditionsof transport)(see 11:3.3).

6.51 Type A quantityradioactivematerial. That materialwhich may be transported
in Type A packaging (see49 CFR 173.389), (11.3.5).

6.52 Type 8 packaging. Packagingwhich meets the standardsfor Type A packaging,
and in ad~ition,meets the standardsfor the hypotheticalaccidentconditionsof
transpot as prescribedin Part 49 CFR 173.398 (c), (see 49 CFR 173.398) (see 11.3.4).

6.53 Ty_peB quantityradioactivematerial. That materialwhich may be transported
in Type B packaging (see 49 CFR 173.398), 1.3.5).

6.54 ~restricted area. tfnyarea access to which is not controlledby the licensee
for purposesof protectionof individualsfrom exposureto radiationand radioactive
materials,and any area used for residentialquarters.

7. REGuLATORYORGANIZATIONSWO RECULATIDNS

7.1 ORGANIZATIONS

7.1.1 Departmentof Transportation(007). Under the Departmentof Transportation
Act of 1966, the u..S. Departmentof Transportation(DOT)has regulatoryresponsibility
for safety in the transportationof radioactivematerinlsby all modes of transportin
interstateor foreigncommerce [rail,road, air, water), 8nd by all means (truck,hus,
auto, ocean vessel, airplane,river barge, railcar,etc.), exceptpostal shipments.
Postal shipmentscome under the jurisdictionof the U.S. Postal Service,formerly
known as the Posz Office Department. Shipmentsnot in interstateor foreigncommerce
are subjectTO controlby a state agency in most cases.

7.1.1.1 MaterialsTransportation~ (MrBl. The MaterialsTransportation
Bureauwas establishedon July 7, 1975,as a line organizationelementreportingto
the Secretaryof Transportationand having responsibilityfor those hazardousmaterials
and pipelinesafety operationalfunctiuaspreviouslyaddignedto the Office of the
Secretaryand certainnew responsibilitiesvested in the Secretaryby the Hazaxxlous
MaterialsTransportationAct (TitleI of the TransportationSafetyAct of 1974.,
Public Law 93-633). The MY8 wil1 be responsiblefor operationalfunctionsrelating
to regulationsand exemptions;functionsof an intermodalnature; and, compliance
functionspertainingto packagingmanufacturersand, in certaininstances,shippers.
The k?7Bwi11 consistof the Office of HazardousMaterialOperations(Olft@, and the
Office of PipelineSafetyOperations.

9
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m
7.1.2 InterstateCommerceCpn!mission(ICC). The InterstateCounnerceCommission J

(ICC)formerlyhad the jurisdictionover both the safetyand economicaspectsof the
transportof radioactivematerialsby land,hut the jurisdictionover safetywas
transferredto the Departmentof Transportationwhen DOT was formed in Apri1, 1967.
The ICC (for land shipments)and the Civi1 AeronauticsBoard (forair shipments)sti11
exercisejurisdictionover the economicaspectsof radioactivematerialstransport
throughthe issuanceof operationauthoritiesto carriersand control of shipping
costs (freightrates).

The Bureauof Explosives(B of E) of the Associationof ,knericanRailroads
was for many years the principaltechnicaladvisorto the ICC. The B of E no longer
is directlyinvolvedin the developmentor administrationof the U. S. radioactive
materialssafety regulatoryprogram.

.

7.1.3 Nuclear RegulatoryCommission(NRC), The NuclearRegulatoryCcmnnissicmhas
responsibilityfor ssfety in the possessionand use, includingtransport,of byproduct,
sourceand specialnuclearmaterials. Except for certainsmall quantitiesand specific
productsfor which the possessionand use are,exempted,a licenseis requiredfrom the
NuclearRegulatoryCommission (NRC)for possessionand use of such materials. The NRC

..-

has established,in 10 CPR 71, requirementswhich must he met for licenseesto deliver
licensedmaterialto a carrier for transportif fissile materialor large radioactive
SOUZ’C-are involved. (Rulemaking is pendingwhich will revise these requirementsto
includeType B quantitiesof radioactivematerialas well as largequantities.) i%e
NRC also =Sists and advisesDLYCin the.establishmentof nationalsafety standardsand
in the reviewand evaluationof packagingdesigns.

7.1.3.1 Agreementstates. Several stateshave enteredinto formal agreementswith
the NRC wherebythe regulatoryauthorityover byproduct,source and less thsm critical
quantitiesof specialnuclearmaterialhas been transferredto the states from the NRC.
fiese %@re6mani statasnvhave adonteduniformrelations nertaininrto intrastate.. —.—......- –.
trmtspotiatiotiof radioactivemat~rialswhich re.@ire the shipperto conform.tothe
packaging,labeling,and marking req”irenw”tsof the U.S. Departmentof Transportation o
to tbe same extentas if the transportationwere suhject to the mles and regulations

d
of that agency,.

7.1.4 InternationalAtomic BnerZY AEency (IAEA). The internationalstandards,as
promulgatedby IASA are includedin th~ revised editionof Y%tfetySeriesNo. 6,
Regulationsfor the Safe Transportof RadioactiveMaterials,’1and have now been
acceptedand adopted eitherwholly or in part by ❑ost nations as a standardfor both
nationalen”dinternaticmalregulations. The Office of HazardousMaterialsOperations
(oHI@),and the Nuclear RegulatoryCo@mission(NRC)are currentlydevelopingpmosed
changesto the USA regulationsin 49 CFR 100-199and 10 CFR 71 in order to maintain
compatibilityof domesticand internationalstandards.

7.1,4.1 Applicationof IASA TransportRegulations. ConcurrentlY with the,issuance
of RevisedSafetySeriesNo. 6, the M&4’ has also issued a companiondocumententitled
~*AdvisoryMaterialfor the Applicationof the IASA WanspOrt Regulations.f.afetY
SeriesNo. 37,1’STI/PUB/324. The intentof the IASA Regulationsis to define in
generalwhat his to be achievedin terms of regulatoryperformance,the new advisory.,
documentis intendedto assistin determining*vhow,Vto achievesuch performance. III,
order that this advisoxydocumentwould adequatelyreflectthe most currentdevelop-
Irmntg’in proceduresaqd techniques,the IASA has stated its intentionto review it,
if necessaw, by a panel of expertsat intervalsof every two to three years. The first
such,ravi,ew,was conductedby an IASA Panel in December1974. Based on the decisiom
of the Panel and the currentreview being carriedcmt, the first revisionof Safety
SeriesNo. 37 shouldbe availablein 1976.

7.1.S” 1nte1718ti0n81Air TransportAssociation(IATA). The regulationsof IATA are
essentiallyidenticalto the IASA regulationsreferencedabove.

I

I
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6’

7.2 FEDESALREGuLATIONS

7.2.1 Principalregulations, The principalregulationspertainingto the use and
transportof radioactivematerialsand commoditiesare summarizedin table 1. The
regulationsof the United States of America are publishedprimarilyby three agencies--
the U.S. Departmentof Transportation,Nuclear Regulatoryand the U.S. Postal Service.
Ills Hm.dbookis concernedprimarilY with those regulationsof the U.S. 00p8TtmEnt
of Transportation,as publishedin TitIe 49, Code of FederalRegulations,Parts 100
through 199. Persons involvedas actual shippers,package designers,or carriers,are
advisedto procure a copy of these regulations(allin one boundvolume),which are
republishedeach year as of January 1, by the Superintendentof Documents~ U. S. G0V0171-
ment PrintingOffice,Washington,D. C. 20402. Changes to DOT regulations,in the form
of amendmentsor noticesof proposedrule making are publishedin the daily Pederal
Register,as issuedby the MaterialsTransportationBureau (ktrB).bother means.Of
keeping abreastof changeswould be to request in writing to be placed on the mailing
list maintainedby the D~ (MTB),Office of HazardousMaterialsD@erations(OH1.0),
Washington,D.C. 20590.

7.2.2 Revokedfederal relations. DOT regulationswere also publishedby the
FederalAviationAdministrationin Title 14, CFR,103,and by the U. S. Coast Guard in
Title 46, CFR, 146-149. The U.S. Coast Guard regulations,althoughusing different
paragraphand sectionnumbers,were essentiallyidenticalwith those as piblishedin
Title 49, with the exceptionof some additionalspecificrequirementspeculiar to ship-
ments by water. The regulationsof the FederalAviationAdministrationas codifiedin
Title 14, CFR, Part 103, in additionto specifyingcertainair carrierrequirements,
had the principaleffect of making referenceto the Title 49 standardsfor the packaging
requirements. The hazardousmaterialsregulationsof these egencies (14 CPR 103 and
46 CFR 146.01-146.28and 146.30)were revoked effectiveJuly 1, 1976, and consolidated
with DOT!s hazardousmaterialregulationsin 49 CFR.

TABLS 1. Sources of federalregulations.

Title 49 Transportation
(Departmentof Transportation*s Hazardous?.!aterialsRegulations,
Parts 100-189 (formerlycalled the ICC Regulations)).

Main Headings

49 CPR 102 - Rulemakingprocedures
49 CFR 107 - Exemptionprocedures
49 CFR 171 - General Information,Regulationsand definitions
49 CFR 172 - HazardousMaterialsTable and Hazardous

MaterialsCommunicationsRegulations
49 CFR 173 - ShjppersGeneralRequirementsfor Shipmentand

packaging
49 CFR 174 - Carriageby rail
49 CFR 175 - Carriageby aircraft
49 CPR 176 - Carriageby vessel
49 CFR 177 - Carriageby public highway
49 CFR 178 - ShippingContainerSpecifications.

Title 46 Shipping
46 CFR 146 - Transportationor Stowageof Explosives
or Other DangerousArticles or Substancesand
CombustibleLiquidsAboard Vessels
(Revoked1 July 1976) See 49 CFR 176

11
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TABLE 1. Sources of federalregulations- Continued.

Titlo 39 United States Postal Service
39 CFR 123 - NonmailableMatter

Publication 6 - RadioactiveMatter
(PostalRegulationsfor Transportof Radioactiveflatterare
publishedin U.S. Postal Service Publication6, April 1971
und in the U.S. Postal Nanual.)

Title 29 Labor
29 CFII1910.!)6- OccupationalSafety and Health Standards

(IonizingRadiation)

Title’14 Aeronauticsand Space
14 CFR 103 - Transportationof OangerousArticles and

MagnetizedNaterials (Revoked1 July 1976)
See 49 CFR 175

‘ritle10 Energy
10 CPR 20 - Standardsfor ProtectionAgainstRadiation
10 CFR 30 - Rules of GeneralApplicabilityto Licensingof

ByproductMaterial
10 CFR 31 - General Licensesfor ByproductMaterial
10 CPR 32 - Specific Licensesof Broad Scope for.certainitem

containingSyproductMaterial
,. 10 CFR 40 - Licensingof Source Material

10 CFR 70 - SpecialNuclearMaterial
10 CPR 71 - Packagingof RadioactiveMaterialsfor Transport

and Transportationof Radioactive-Mterial Under
CertainConditions

7.3 Other sourcesof regulationsand tariffs*. Other agenciesor organizations
which publish regulationsor tariffson the transportationof radioactivematerials
are as follows:

. . .:

a,

b.

*c.

●d.

*e.

*f.

IIIATAReStri~tedArticlesRegulations,7,- InternationalAir Transport

Association(lATA). Geneva,Switzerland.
llReg~lati,y”sfor tbe Safe Transportationof RadioactiveMaterials;”

RevisedSafety Series U6 - InternationalAtomic EnergyAgency (IAEA).
Vienna.Austria.
IIofficialAir TransportRestrictedArticles.Tariff,! - Airline Publishers,

Inc., Washington,D.C.
“R.M. Grazianoh Tariff,tf- HazardousMaterialsRegulationsof the
Departmentof Transportation,IncludingSpecificationsfor Shipping
Containers,’1- Bureau of Explosives,Associationof AmericanRailroads,
Washington,D.C.
*nDangerousArticlesTariff,!,- Departmentof TransportationRegulations”

?or GoverningTransportationof HazardousMaterialsby Motor, Rail, and
Water, IncludingSpecificationsfor ShippingContainers,- American
TruckingAssociations.Inc.
MR.M, Gr&i~o, s Tariff,,,O.jpartme”tof TransportationRegulationsfor

tioverningthe Transportationor Storageof Explosivesor Other Oangerous
Articlesor Substancesand CombustibleLiquidson Board Vessels.

●CAUTION: A tariff shouldnot be construedto be an officialregulationper se.
~ is merely a publicationby some originatingassociation,
which reprintscertainFederal regulations,showing the applicationand ~~~
acceptanceof those regulationsby the.carrierswho participatein the tariff.
As such, tariffsarebindimz only on the orzcnization1s or associationmeu,b&-.
carriers.

. 0
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8, LICENSINGREQUIREtWfTS

8.1 The NuclearRegulatory Commission (NRC). The NRC under the Energy Reorganiza-
tion Act of 1974 has the responsihility for safety in the possOSSiOn,u3e, and.tr8tMpOrt
of byproducts,source and special nuclearmaterials. A licenseis required from the
NRC for possessionand use of such materials,except for certain specificproducts
and small quantities,which are exempt from these requirements. The requirementsfOr
licensinghave been establishedin 10 CFR (See table I). The regulationsestablish
standardsfor protectionagainst radiationhazards arisingout of activitiesunder
licensesissued by the Nuclear RegulatoryCmmissicm and are issuedpursuant to the
Atomic Energy Act of 1954 and apply to 811 persons who receive,possess,.use or transfer
byproductmaterial,sowce material,or specialnuclearmaterialunder a general.o?
specific license issued by the Commissionpursuant to the regulationsin 10 CPR 30,
40,‘or70. (See 7.1.3.1,AgreementStates.)

8.1.1 Types of licensesand requirements. The NRC regulationsprovides for’two
types of licenses: General and specific. General licensesare effectivewithoutthe
filing of applicationswith the NRC or the issuanceof licensingdocumentto a ptirti-
cular person. A general licenseprovides for the possessionof certain limited
quantitiesof radioactivematerials. The generallylicensedmaterial and quantities
are includedin 10 cFR 30, 31, 40, and 70. Specific licensesare those for which an
applicationmust be submittedto NRC, and are issued to a named person.

8.1.1.1 Specific licenseand requirements. The general requirementsfor approval
of an applicationare that the applicanthas (1)proposed a use authorizedby the NRC
Regulations;(2) equipmentand facilitiesadequateto protect health and minimizedanger
to life or property;and (3) the applicantis qualifiedby trainingand experiencesto
use the material for the proposeduse in such a manner as to protect health and mini:
ti~e danger to life or property; (4) TIN applicantsatisfiesany special requirements
containedin 10 CFR 32-36. These are ratherbroad requirementsaod not specificfor
any particulartype of program.

8.1.1.2 General requirements(10 CFR 30). In accordancewith recommendationsof
the FederalRadiationCouncil,approvedby the President,persons engagedin 8ctiViti0S
under licensesissued by the Nuclear RegulatoryCommissionpursuant to “theAtomic
Energy Act of 1954, as amended, should,in addition to complyingwith the requirements
set forth by NRC, make every reasonableeffort to maintain radiationexposures,and
releasesof radioactivematerialsin effluentsto unrestrictedareas as far below the
limits specifiedin IO CFR 20 as practicable. The term “as far below the limits
specifiedin this part as practicable(rmeans as low as is practicablyachievabletaking
into account the state of technologyand the economicsof improvementsin relationto
benefits to the public health and safety and in relationto the utilization of atOmiC
energy in the public interest.

8.1.2 Exemptionsto NRC licensingrequirements(10 CPR 50). The NRC my, upon

applicationof any interestedperson or upon its own initiative,grant such exemptions
from the requirementsof 10 CFR 31-36 as it determinesare authorizedby law and will
not endanger life or property or the common defense and securityand are othenvisein
the public interest (see 10 CFR 30).

8.1.2.1 Exempt commodities(item) (electrontubes). MY Person iS exempt from the
licensingrequirementsof 10 CPR 20, 30-36, and 81 to the extent that such person
receives,possesses,uses, transfers,owns or acquireselectrontubes, and provided
that each tube does not containmore than one of the specifiedquantitiesof radio-
active material (exceptfor persons who apply or incorporatebyproductmaterial to or
into, or import for sale or distribution):

a. 150 mi1Iicuriesof tritium (1H3)per microwavereceiverprotectortube
(TR,ATR, PTR, TRL, etc.) or 10 millicuriesof triti~ per any other
electrontube (see 6.14).
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b. ~~“1miirocurieof cobalt 60 c27 Co60)

c. 5 microcuiiesof nickel 63 (28 tii63)

d. 30 microcuriesof krypton85 (36 Kr85)

e. 5 microcuriesof c.asium137 (55 Cs137)

f. 30 ❑icrocuriesof promethium147 (61 Fm147)

!4. And,provided further,that the levelsof radiationfrom each electrontube
containingbyproductmaterialdo not exceed 1 miIliradper hour at 1 centi-
meter from any surfacewhen me6suredthrough7 mil~igrtunsper square centimeter
of absorber.

8.1.2.2 Exeumt carriersand per%- Common nod contractcarriers,freightfor-
warders,warehousemenand the U. S. Postal Serviceare exempt from thelicensing require”-
ments of 10 CFR 30, 31-36, and 81 to the extent they transportor store radioactive
(byproduct)materialin the regularcourse of carriagefor another or storageincident
thereto.

8.1.2.3 EXemot concentrations. Any person is exempt from the Iicemi”g require-
ments of 10 CFR 31-36, and 81 to the extent that such person re”ceives,pOssesses.
usas, transfers,owns or squiresproducts or materialscontainingbyproductmaterial
in concentrationsnot in excess of those listed,table A-1, column II and III of this
handbook. (Exceptas otherwiseprovided in 10 CFR 30).

8.1.2.4 Exewt quantities. Any person is exempt from the licensingrequirements
of 10 CFR 30-34 and 81 to the extent that such persons receives,possesses,transfers,
uses, owns, or squiresbyproductmaterial in individualquantitieswhich does not
exceedthe limitsin ScheduleB of 10 CPR 30 (see table A-1, columnIV, “Exempt
quantities”,of this handbook). Certain exceptionsto the above exemptionare listed
in 10 CFR 30).

8,1.2:5 “B%empt radiationmeasuringinstruments. Ioriizingradiationmeasuring
instrumentscontaininga source or byproductmaterial for intentilcalibrationor
standardizationwhich does not exceed the limitsin ScheduleB of 10 CFR 30.71 (See
table A-1, column IV, “Bxemptquantitie~,*rof this handkok) are exempt frOm the

licensingrequirementsof 10 CFR 20, 30-36 and 81.

Nc7TS: Do not confuseexempt commodities,exempt quantities,and exe~t
concentrationswith radioactivematerialthat”does not require
a license from the NRC. (See 8.1.3 of this handbook.)

8.1.3 Unlicensedradioactivematerial (10 CFR 20). The use of radioactivematerial
or other sourcesof r8di8ti0nnOt licensedby the NRC is not subject to the NRCregula-
tions. However,it is the purpose of the NRC regulationsto control the possession,
“se, a“d transferof licensedmaterialby any licenseein such manner that exposureto
such materialand to radiationfrom such material,when added to exposuresto un-
licensedradioactivematerialand to other unlicensedsourcesof radiationin the
possemibn of tbe licensee,and to radiationtherefrom,does not exceed the standardsof
radiationprotectionprescribedin the NRC regulations (alsosee 8.1.1.2of this
handbook).

8.2 Service licensesand authorizations. Certainradioactivematerial is not
1icensedby the NRC aridtherefore,not subjectto the NRC regulations. In such cases,
a service licenseor authorizationshal1 be obtained. Service authorizations or
licensesare controlledin much the same manner as Nuclear Reg. Commissionlicensure,
the riuthorizationservingthe same purpose as the license;with various DoD agency and
single,bi, or,tri- MilitaryServicedirectivesbeing used as regulations(see
DSAM 414S.8,‘AR 700-64;.NAVSUPINST 4000.34,W 67-8, KO P4400.105).

.
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be
8.2.1 Applicationsfor licenses.
forwardedfrom the apulicantonly-.

directives:

a. Oefense SumlY Aflency.

Applicationsfor licensesor authorizationsWi11
throughthe channelsprescribedin the following

DSAR 4145.23,Licensingand Control of Radio-
Active M;te;ial;.

b. Departmentof the Army. A5 700-52,Licensingand Control of Sourcesof
IonizingRadiation.

c. Departmentof the Navy. NAVMSD P-5055,Radiation,-lealthProtection
Manual.

d. Departmentof the Air Force, AFR 160-124,RadioisotopeLicensesand’
Permits.

e. Marine Corps. Marine Corps Order P4400.19,,Marine Corps Supply Manual,
Volume 1.

NOTE: Applicationsfor authorizationfor use of radioisotopesthat are
not controlledby the Nuclear RegulatoryConnnissionwi11 not be
prepared on Commissionforms.

9. SPECIALRSQUIRShZNTS

9.1 Guidelinesfor shippersand carriersof radioactivematerials. This guide is
primarilyintendedto serve as an aid in reviewingthe marking, labeling;packaging,
and transportationrequirementsand proceduresof the CFRS shown in table 1. The.use
and storage requirementsof 10 CFR will be discussedin the generalrequirementssec-
tion, and appendix 1. Shippersand carriersof radioactivematerialsare legally
obligatedto complywith the applicableDOT regulations,includingthose thatmight not
be listedherein. ~ regulationsare usuallyminimum requirements;state and local
requirementsare frequently more stringent. Therefore,it is iqortant that shipping
and carrierpersonnelbe familiarwith all applicableregulations. (See generalre-
quirements.) A brief resume of some of the more importantrequirementsare listed
under 9.1.1 and 9.1.2.

9.1.1 Shippersrequirements. Personnelinvolvedwith shippingradioactivematerial
shouldbe ?amiliarwith Dcrrradioactivematerialsdefinitions,and have availab.lefor
reference,the marking, labeling,and packagingregulationsfor these.materials. (Also
see 11.3.13.)

9.1.1.1 Shipperspersonnel. The shipperstechnical,packagingand related shipping
personnelshall be capableof performingthe followingminimum requirementswhen
shippingradioactivematerial:

a. Shall determinethe proper DOT classification,shippingname, class,
label, a“d assure that outsidepackages are properly labeledand
marked (see 10.2 and 11.3.11)

b. Shal1 determineand assure that the proper authorizedDCfTC0nt8inerS
and closuresare being used for the quantitiesand chemicalcharac-
teristicsof each radioactivematerialbeing shipped,end that no
leaks are evident (see 11.3.7 and 11.3.S).

c. Shall assure that the shippingdocumentsinclude the proper 00T
shippingname, class, signed certificate,proper count and weight.
Do not use abbreviationsfor requiredentries (see 10.2.1).

d. Shall assure that the carrierIs driver is ‘a”arethat the shipment
containsa radioactivematerial. Give the driver the proper ODT
shippingname, class,quantity,and prepare eny specificinstructions
needed to handle transportationemergenciesinvolvingthe radioactive
materialbeing shipped.

e. Shall apply the same checkingproceduresusedin originatinga ship-
ment, when repackagingor breaking-downshipmentsreceived fram
others for furtherdistribution. Do not assume that the original
shipmentswere correct.

1s
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f. Shal1 not tender non-compatiblematerialsin the same shipment. When
non-compatibleshipmentsare tenderedto the same carrier,assure
that the carrierrecognizesthe situation. Check the loadingand
storage charts.

g: Wltenradioactivematerialsare loadedby shi~er personnel,assure that
a carrierrepresentativehas an opportunityto approvethe placement,
securingand blockingthe materialbefore sealing the load,when
seals are required.

h. Shall not permit a carrierto transportthe shipmentunless placards
are properlydisplayed,when placards are required (see 11.3.12)

9.1.2 Carriersrequirements. Personnelinvolvedwith the transportationof radio-
activematerialshould have a broad knowledgeof the radioactivematerial regulations
involvingprqter WC shippingnames, classes,packagingrequirements,compatibility,
labeling,markingrequirements,placarding,and shippingdocuments. The following
requiretnmtsshal1 be implementedby the carrierand carrierpersonnel (see 11.3.14):

a.

b.

c,

$.

e.

● f.

Determineand maintain a list of shippersof radioactivematerials,
includingclasses,quantities,type of materials,and any special
problem associatedwith the material.

The dispatcheror traffic departmentshall be kept informedrelativeto
radioactiveMaterialsto be receivedor picked-upfrom the shippers.

Work with the shippersconcerningshippingrequirements,and act as
liaisonwith the shipperwhen discrepanciesare discovered.

Ascertainthat the drivershave been informed (writtenor verbal)when
they are scheduledto pick-up radioactivematerials. The drivers sbal1
have adequateplacards and means of securingthe radioactivematerial.

The driversshould have specificinstructionsfor use when radioactive
material incidentsoccur and when suspect shipmentsare encountered.

~intain a current list of sourcesof help .?ndinfO~atiOn tO be wed
when contaminationsand other radioactivematerial emergenciesoccur.

9.1.2.1 Road, delivery,and pick-up drivers. The followingrequirementsare in
additionto those listedunder 9.1.2 above:

a. Shall have in his possession,availablefor immediateuse, proper
shippingpapers coveringall radioactivematerialsloaded on his
vehiile=

b..,Shall inspectall radioactivematerial shipmentsprior to loading,and
be able to recognizediscrepanciesin shippingdocuments,packaging,
labeling,and compatibility~

c. Shall refuse to accept radioactivematerialshipmentsfrom shippersor
interlinecarriersunless in compliancewith prescribedregulations.
(Shippersmust certifythat articlesare properlypackaged and in
compliancewith the ~ regulations). Do not accept leakingor
da~ged containers.

d. Shall assure that radioactivematerial containerswill not be damaged
bv other freiEhtor the vehicle,and that it is properly blocked and
s’ecuredin th; vehicle before movement.

e. Shall understandand executethe’proper proceduresfor decontamination,
in case of accidentor indicentinvolvingradioactivematerials.
R6port al1 discrepanciesand irregularitiesobservedduring the trip

.

.’

..!

(see 10.4).
f.” shal1 be,capableof reportingfull details concerningany radioactive

materialaccidentor incidentincludingdetailed informationas to
cause, containerdamage, specificcont~ineridentificationand cor-
rective action taken (see 9.3).

g. Sbal1 understandtheir responsibilitiesas to attendancerequirements
when transportinga hazardousmaterial.

I
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9.1.2.2 Traffic and freightpersonnel.
to those listedunder 9.1.2 above.:

a,

b.

c.

d.

e.

f.

K.

h.
i.

j.

The followingrequirementsare in addition

Shall check al1 radioactivematerialagainstthe shippingdocupents.
Flag all improperdocumentsand questionableradioactivematerial
shipmentsfor ~erification. Do riotprepare bil1s or process suspect
shipmentsunti1 all discrepanciesare resolved (see 10,2.1).

Shall refuse to accept radioactivematerial freight from shippersor
interlinecarriersif the shippingdocumentsare improperlyprepared,
or cannot be reconciledwith the freightinvolved. Do not acct@
leaking,damaged,or othenviseimpropercontainers.

Shall assure that the Special Permit number is includedon the freight
bill, if the radioactivematerial is moving under a DOT Special
Permit. If the DOT SpecialPermit includesany carrier conditions,
the shippermust give the carriera copy of that Special Permit.

Shall assure that all requiredinformationis includedon freight
bills. Special emergencyinstructionssuppliedby the shippershall
also be includedon the freightbil1. Do not abbreviate.

Shall inspect radioactivematerial freightfor leakageor damage each
time it is handled. When damaged containersare discovered- isolate
and make certainthey are not moved until they are in proper condi-
tion for further transportation, Make certain that al1 container
informationis obtained for use in preparingthe requiredreport to
the Departmentof Transportation. (NOTS- In some instancesan
inmediatetelephonenotificationto DOT is also required.)

A.sure that qualifiedpersonnelsupervisesany decontaminationor
m

disposaloperation,should they be required (seeAppendix 1),
Shall assure that radioactivematerialwil1 not be damaled’by other

freightor the vehicle and that it is properlyblockei and”secured
before closing the vehicle.

Shal1 not load noncompatiblematerialsin the same vehicle.
Shall assure that proper placards are placed on vehicleswhen required
and that placards are removed or coveredwhen not required (see
11.3.14.b).

Shal1 be familiarwith, and have availablefor reference,provisionsof
49 CFR Part 177, Subpart B, titled ,,Loadingand Unloading!!and’:
SubpartC, titled !,Loadingand StorageChart of Hazardo~ Materials.!!

9.2 Indicatorsof hazardousmterials shipmentviolations(see 11.3.1S), This par-
tial checklistis i“temdedto be used in checkingshipmentsof radioactivecommodi-
ties or materialswhich are shippedby carrierss“bject to DU2 regulations. (NOTS: OPT
Special Permitsmay permit deviationsfrom the normal packagingregulations.) ~ical
violationsinvolvesthe following:

9.2.1 Shippingpapers.

a. No proper shippingname or classification.
b. Proper shippingname or classificationabbreviated.
c. Lack of wording 1% Label Required,,on shipmentsexempt‘frcinspecifica-

tion packaging,marking, and labeling,
d. No special permit mnnber on shipmentsmoving under DGT specialpermit.
e. Color of label used in lieu of classification.

9.2.2 Marking of containers.

a. No commoditydescriptionon containernot of !Ioxemptr!size (conmodity
descriptionper shippingnsme in Title 49 CFR 172.101)..

b. No specialpermit number on containershippedunder OPT specialpermit,
c. No name and address of consigneeon packagewhich exceeds ,Iexemptilsize,
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9.2.3 Labeling.

a. No label on containerof hazardousmaterialswhich exceeds“exempt”size.
b. Label on containernot compatiblewith classificationon shippingpapers.
c. Surface labelon containersdestinedfor air’shipment.
d. Less than two RadioactiveMaterialLabels on container,other than

“smallquantities.“
,. ,.

9.2.4 Containers.

a, steel:

(1) Labeledcontainerswith no DOT specificationmarking,
are illeflible.

(2] Labeledco~tainersthat are dented, rusted,corroded,
repairs sealedwith tape, putty, or screws.

(3) Labeledreused containersmarked ‘iNRC”- [Lnokfor old date of manu-

or the markings

or tempora~

. .
factureand evidenceof reuse such as dents, rust and paint
layers).

(4) Labeledreused containersmarked WWCtt and 17-C, 17-E and 17-Hwith
nn Teconditioner1s marking.

b. Corrugatedfiber board:

“‘(1)Labeledbox with no DOT specificationmarkingwheh inside containers
are largerthan “exempt”size.

(2) Labeledbox with DJT specificationmarking constructedof less than
175 lb. test singlewallfiber board (checkboxmaker1s certificate).

(3) Labeledbox with DCfCspecificationmarkingwhich is poorly construc-
ted (i.e., gaps and uneven closures,seams and joints separating).

(4) Water damaged boxes.
(S) ItQroperlyclnsedboxes (i.e., masking tape, scotch tape, string).

9.3 Hazardousmaterialsincidentreporting. Hazardousmaterialstransportation
incidentshave resultedin injuries,~ropertydamage, and highly unfavorablepublicity
to the transportationindustry. Much Of this could have been avoidedor minimizedhad
the causesof previousincidents”been identifiedand appropriatepreventativemeasures
taken. In 1971a nationwideintermodalsystem for the reportingof hazardousmaterials
incidentswas establishedto provide the Departmentof Transportationwith the factual
data necessaryto complywith the HazardousMaterialsTransportationControlAct of
1970.

9.3.1 Regulationsrequiringincidentreports. The regulationsrequiringreporting
nf hazardous❑aterialsincidentsduring transportationare containedin the Code of
FederalRegulations,viz:

a.

b.

c.

Title 49, Parts 100 to 199 (Governingthe tr=sPOrt of hazardOus
materialsby highway,rail, water, and air).

“171.15 Inmeiiiatenotice of certainhazardousmaterialsincidents
171.16DeCalled hazardousmaterialsincidentreports
Title 49, Part 175 [Governingthe transportof hazardousmaterialsby
aircraft)

17S.45 Repnrtingcertaindangerousarticle incidents
.Title49, Part 176 (Coveringthe trtisportof hazardousmaterialsby
water vessel

176.48Situat%onrequiringrtport

-,

9

9
1s

Downloaded from http://www.everyspec.com



#

MIL:HDBK-600

--

.,

.s”

9.3.2 Reportingsystem. This system is two-foldin that an immediatetelephone
notice is requiredunder certainconditionsand a detailedwritten report is required
whenever there is any unintentionalreleaseof a hazardousmaterialduring transport.
tion or temporarystoragerelated to transportation.,,,..AIIytime there is an uninten-
tional release of hazardouswterials, the carrierm~,t submit a report MI FOTM
DOT F 5800.1within 15 days from the date of the incident. Mhile carxiersare ,zequired
to report,any interestedparty may report. In order to includeall pertinentinforma-
tion, other reportingparties are encouragedto also utilizethis form. Generally,
most of this requiredinformationis avaiIable at the time of the incident,but since
leakingand damagedcontainersare destroyedand spills are cleanedup, sonitinvestiga-
tion is often necessaryin order to obtain all of the facts,,,~ch of this inform,
tion is also requiredby carriersfor other purposes: insurnti records,damage claims,
etc. In view of this, carriersmay find it to their advantageto ~ncorporatereporting
requirementsinto standardcompanyprc,ctd”res,therebymaking the needed details for
the reportmore readily avaiIable and enablingthe companyto ❑ore easily complywith
the reportingregulations.

10. GENERAL REQUIREMENTS

10.1 Identificationfor transportation. For transportationpurposes,radioutive
materialor commodityhas been defim?d as any material emittingionizingradiationwith
a specificactivitygreaterthan 0.002 microcurieper gram (PCi/gm). This Computation
involvesvariableswhich leads to inconsisteiitYesilt; among individualsmaking the
computations. Therefore,section B has been providedto establishuniformmicrocurie
per gram conversionfactorsfor the isotopesreferencedherein.

NOTE: Radioactivematerialas defined above includesnAturalelementssuch
as radium and accelerator-producedradioisotopes.

10.2 Harking and labeling. Commoditiesand their containerscontainingradioactive
materialsare dividedinto groups accordingto the degree of hazard associatedwith
their handling,storage,and transportation(seesection A). These commoditiesihal1
be marked and labeledas specifiedherein and by the applicablereferenceddocuments.
The markingsshall be placed on the radioactivecomnodityitself and on each surrounding
containerso that the presenceof the radioactivematerialcan be readilyrecognized
and located. Wlere it is impracticalto mark the radioactivematerial enclosureitSOlf
because of small size, the markingmay be placed on an appropriatepermanenttag
attachedto the enclosure,or an alternatemethod as specifiedby the applicableCOm-
modity specifications(see 11.3.11).

10.2.1 Prohibitedlabeling. No person shall offer for transportationand no car-
rier shal1 transporta package or containerbearing any wrking or labelwhich by its
color, design,or shape could be confusedor conflictwith a labelprescribedby DOT
(49CFR 172.400).

10.2.2 Additionalmarkingrequirements. Additionalmarkingson packages containing
radioactive~ms (see 11.3,11and 49 CPR 172).

a. Each package of radioactivematerialsin excess of SO kilograms [110
pounds)must have its gross weight plainly and durablymarked on the
outside of the package.

b. Each package of radioactivemuterialswhich conformsto the requirements
for Type A or TYPe B packagingmust be plainly and dmably marked on
the outsideof the package in lettersat least 13 miIlimeters
(l/2-inch)high, with the words TYPE A’!or ‘TYPE B!ias appropriate.
A packagingwhich is not in compliancewith,these requirementsmust
not be so marked. Each package.of radioactivematerialsdestined
for export shipmentmust also be marked ,,USA,,in conjunctionwith the
specificationmarking,specialpermit, or other package certificate
identification(see 173.393).
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10.2.3,ShiuoingPapers (49 CFR 172.200). Each shipperofferingfor transportation
a radioactivecommodityor materialsubjectto DOT regulationsshal1 describe same
on the shippingpaper by the proper shippingname (49 CFR 172.101) and by the.Pre-
scribedclassificationR.A.M. The total quantityby weight, volume,or as otherwise
appropriateshal1 be shown. When applicable,includethe exemptionnotation “OOT-E”
follmvedby the assignedexemptionnumber. The shippingpapers shal1 also include;

a. The name of each radioisotopein the radioactivematerial (listedin
sectionA herein). Abbreviationsare authorized.

b.. A descriptionof the physicaland chemicalform if the material
is not in specialform.

c. The activityof the radioactivematerialin each package in units of
curies or submultibles thereof. Abbreviationsare authorized.

d. The type of label appliedto the package: i.e., radioactivewhite - 1,
radioactiveyellow - II, radioactiveyellow - II1.

e. Were the re@ations exempt the connnodity,package, or containerfrom
labeling,the exemptionmust be indicatedby the words “No Label
Required”innnediately followingthe descriptionon the shippingpaper.

f. The transportindex assignedto each package or containerbearing the
radioactiveye]low - 11 or III labels.

g. For transportationof fissile radioactivematerials,the following
criteriashal1 aDPIY:

(1)

(2)

,,(3)

(4)

If the packag~”o; containeris “exempt”,the words “Fissile Exempt”
shall be included (see 11.3.7.1),or

If not exempt,the fissileclass of each package or containershall
be included (see definitions),and

Por a FissileClass III shipment,the followingstatementshall be
added:

IWming . Fissileclass 111 Shipment. Do nOt Load MOre

Than ● ** Packagesper Vehicle. In Loading and Storage areas,
Keep at Least 20 Feet (6 Meters) from Other PackagesBearing
RadioactiveLabels.!’

[Asterisksto be replacedby the appropriatenumber)
Por FissileClass III shipmentby water, add the followingstate-
ment to the statementin g.[3) above:

,,For shipmentby “ater, only’one FissiIe ClasS 111 shiPnent

is‘permittedin a hold.!!
h. Transportationby air. Itlena hazardousmaterial is offered for

,trnnsportationby air and the regulationsprohibitsits transporta-
tion by passenger-carryingaircrate,the descriptiondescribedabove.
must be followedby the words “Cargo-onlyaircraft,“ (see 11.6.6).

_ When the ~ regulationsprohibit a hazardousmaterialNOTS:
aboard a cargo-onlyaircraft,this mterial is also Pro-
hibited aboard a passenger-carryingaircraft.

j, Transportationby rail. When a hazardousmaterial is offered for
transportationby rail, the descriptiondescribedmust also include
the notation “Placarded”followedby the name of the requiredplacard,
and the requiredplacard endorsement(see figure 10,and 49 CFR 174).

k. Package(s) approvedby the U. S. Energy Research ad Development
Administration(ERDA)or the U. S. Nuclear RegulatoryCommission
(USNRC)requiresa notation of the package identificationmarking
(see 11.3.6.2).

1. Export shipmentsor shipmentsin foreignmade package(s)require a.
notationof the package identificationmarking (see 11.3.6.3c.).

10.2,3.1 Shippertscertification(49 CPR 172). Each shipper offeringfor trans-
portationa radioactivecommodityor material subjectto DOT regulationsshalI include
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the followingcertificationon the shippingpaper containingthe description: (Per
transportationby air, the alternatestatementmay be used)

,,Thisis to certify that the above-namedmaterialsare properly‘classified.
described,packaged,marked and labeledand are in proper conditionfor
transportation accordingto the applicableregulationsof the Departmentof
Transportation.9’

Alternatestatementfor transportationby air
‘!1”hereby certifythat the contentsof this consignmentare fuliy and
accuratelydescribedabove by proper shippingname and are classified,
Packed, marked and labeled,and in proper conditionfor Carriageby air
according to the applicablenationalgovernmentalregulations.’!

a. For passengerand cargo aircraft,add the followingstatementto the
precedingstatement (see 11.6):

‘This shipmentis within the limitationsprescribed for passengeraircraft/
~‘.ckrgo-.@y aircraft.” (deletenonapplicable)

b. Shippingpapers for air shipmentsmust be made out in duplicateand the
.shipper1s certificatemust be executedon both copies.

c. The shippermay also add the words: 11***a“d to the IATA Restricted
ArticlesRegulations.‘t

d. Shipper certificationis not required for shipmentsto be transportedby
~.the shipper except for shipmentswhich are to be reshippedor transferred
from o“e carrierto another,or for bulk shipmentsin cargo treks s~plied
by the carrier.

10.3 Transportationrequirements. Radioactivematerialsor conarmditiesmay be
offered to carriers for transportationby rai1, highway or water, provided the
materialsor commoditiesare properlypackaged,describedand certifiedas specified
herein and in 49 CFR 100-189.

10.3.1 united States Governmentshipments.

a.

b.

Shipmentsor radioactivematerialsoffered by or consignedto the Oapart-
❑ents of the Army, Navy, and Air Force of the United States Government,
must be packed, includinglimitationsof weight in accordancewith
the regulationsin 49 CFR 100-189,or in containersof equal or
greater strengthand efficiencyas requiredby their regulations.

Shipmentsof radioactivematerials,made by or under the directionor
supervisionof the U. S. Nuclear Rezulaton’Commissionor the Dnart -
me;t of Defense,and which are esco;tedby”personnelspeciallyd&
signatedby or under the.authorityof those agencies,for the purpose
of national security,are exempt from the regulationsin
49 CFR 100-189.

10.4 Contaminationcontrol (49 CFR 173.397).

a. Removable (non-fixed)radioactivecont~ination is consideredsignificant
if the level of contamination,when averagedover any area of 300
square centimetersof any part of the package surface,exceeds,any of
the limitsspecifiedin table II.

,,
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TABLE II. Radioactivematerialcontaminationlimits.

m

!,s1~lFIc~!! RE~vABLE CiJ~~lNATION IS DEFINED

AS ‘HLATWWICN, AS MSASUREOBY WIPE TEST, EXCEEDS

For al1 materialsexcept uraniumor thorium:

2. For natural]or depleteduranium and,natural
thorium:

Alpha 10‘4 vCi/Cm2 (22odis/min/Cm2)

Beta-Gamna10
-3

uCi/Cm2 (22oodis/min/Cm2)

In assessingthe surface contaminantion of a package, a sufficient
qumber of measurementsmust be taken in the most appropriate
locationsso as to yield a representativeassessmentof the
contaminationsituation. The average amount of removable (non-
fixed)radioactivecontaminationmay be determinedby wiping
the externalsurface of the package with an absorbentmaterial,
using moderatepressure,and then measuringthe activityon the
wipins material. If the measuredactivityper square centi-
meter does not exceed 10 percent of the levelsprescribed
above, it WY be assumedthat those levelshave not been exceeded.

,Other measurementmethods of equal or greaterefficiencymay also
be utilized.

b. When radioactivemsterialspackagesare consignedas exclusiveuse, as
definedherein,removable (nonfixed) radioactivecontaminantion may not
exceed 10 timts that as specifiedin paragrapha. of this section.

c. Each transportvehicle used for transportingradioactivematerialsas
exclusiveuse, as.definedherein,must be surveyedwith appropriate
radiationdetectioninstrumentsafter each use. A vehiclemay not be
returned,to serviceuntil the ratiationdose rate at any accessible
surface is 0.5 mllliremper hour or less, and there is no significant
removableradioactivesurfacecontamination,as defined in paragrapha.
of this section.

11. DETAIL REQUIRSMSNTS

Ii.1 Arrangement. The requirementsfor marking, labeling,and packagingof
radioactivemsterialsand commoditiesare enumeratedherein accordingto the require-
❑ents of the applicablereferenceddocumentslistedbelow.

.a,
b.
c,
d.
e.
f.

use and storage (MIL-STO-145B)(See 11.2)
Transportationby rail or highwaycarrier (49 CFR 174 or 176) (See 11.3)
Transportationby water carrier (49 CPR 176) (See 11.4)
Transportationby mai1 (39 CFR) (See 11.5)
Transportationby aircraft (49 CFR 175) (See 11.6)
Transportationby militaryaircraft (AFN 71-4, OSAM 414S.3,
I?438-25o,NAVSUPPUS505, MCO P-4030.19)(see 11.7)
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11.2 Use and storage label. Any commodityor item containingradioactivematerial
in excess of the values listed in table 111 shall be marked and labeledas illustrated
by figure 6. This requirement(figure6, and table 111), was establishedby
MIL-STD-1458.

NOTE: Commoditiesrequiringradioactivelabelingand marking shall be ns
specified. Where physicalsize preclude<printing all requireddata,
on the commodityitself,the standardradiationsymbol (see figure 1-4)
and tbe words ‘!accountabilitytt,where requiredmay be adopted.

.,.

TABLE II1. Radioactivityrequirementsfor “se and storage label.

Radioisotope Microcuries

I Radioactivematerialsnot listedbelow
I

0.1
Americium241 0.01 “1
Plutonium239 0.01
Radium 226 0.01
Uranium 233, 234, and 235 0.01
Mixturesof alpha emittersof unknown composition 0.01

11.2.1 Shippingcontainerlabels (10 CFR 20). Each shippingcontainerof Iicensed
radioactivematerialshall bear a durable,clearlyvisible label identifyingthe radio-
active contents. The required label shal1 bear the radiationtaution symbol and the
words !’CAIYrION,RADIOACTIVEM4TSRIALiTor “DANGER,RADIOACTIVEMATERIAL!’(see figures
6 and 1-4). The label shall also includesufficientinformation(radiationlevels,
types of materials,estimatesof the activity,date of estimate,etc.) .tOpe~it indi-
vidualsusing, handling,or in the vicinitythereof to take proper precautionsto mini-
mize exposures (see 11.2.2 for exemptions).

11.2.2 Exempt shippingcontainers(10 CPR 20). Shippingcontainersare exempt
from the labelingrequirements.of 11.2.1,provided the followingconditionsare
satisfied:

a. The containerdoes not contain licensedradioactivematerial in excess
of the limits shown in table A-1, column IV, ,!Exemptquantities.”

b. Containersof naturaluranium or thoriumdo not containmore than
10 times the limitsshown in table A-1, colwrm IV.

c. Containersof licensedmaterialsin concentrationsnot greater than the
limitsshown in column 2, table 1, appendixB of 10 CFR 20.

d. Containersare attendedby an individualand precautionstaken to pre-
vent exposureof any individualto radiationor radioactivematerial
in excess of the limitsestablishedby the NRC.

e. Containersare in transportand packaged and labeledin accordance
with the regulationsof the Departmentof Transportation(OOT).

f. Containersavailableor accessibleto authorizedindividuals,
provided that the contentsare identifiedto such individualsby
a readilyavailablewritten record.

11.3 Transportationby rai1 or highway carrier (49 CPR 174 and 176). ,

11.3.1 Purpose. The purpose of this section is to sm!xnarizethe basic require-
ments of the Depart-nt of Transportation(MT) regulationsgoverningthe packaging
and shipmentof radioactivematerialsand commodities,and to provide guidancetoward
more easilY and correctlyapplyingthe regulationin actualpractice. The applicable
DOT regulationswi11 be stated for!nally and then paraphrasedwhere practicable.
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11.3.1.1 The best appzoachto using the relations. Perhapspersons that have
made shipmentsof radioactivematerialsmay feel like the person illustratedin
figure 1. The primary considerationfor the achievementof safety in tbe transportation
of radioactivematerialsis the use of proper packagingfor the specificradioactive
materialsto be transported. Listed below are three basic questionsthat a prospective
shipperor packagedesignermust addresshimself to, in determininghis packaging
requirements. These questionsare as follows:

(a) Mtat radioisotopeis being shipped? SectionA containsa listingof
over 2S0 specificradionuclidesplus certain ‘,groundrules,- for
dealingwith unlistedor unknown radionuclides,or with mixtures
of radionuclides.

(b) What quantityof the radionuclidesis being shimed? The packaging
requirementsrelativeto quantity are essentiallystructuredabout
the aggregatequantity in a package, in terms of curies,millicuries,
or microcuries.

(c) What is the form of the radioisotope?

(1) Is the material in special form?;,or
(2) Is it in normal form?

9“

FIGURE 1. What must I do to make a safe and legalshipment of
radi~ctive materisla?
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11.3.2 Transportgroups. Radionuclidesare listedin transportgroups 1 throughVII
accordingto their radiotoxicityand relativepotentialhazard in transportation,and
are categorizedas specifiedin sectionA of this handbook.

1I.3.3 Type A packaging. Type A packagingshall be designedin accordancewith the
generalpackagingrequirementsspecifiedin 11.3.6 [49 CFR 173.393), and shal1 be
adequateto prevent 10SS or dispersalof the radioactivecontentsand to retain the
efficiencyof its radiationshieldingpropertiesif the package is subjectedto the
defined !%ormalllconditionsof”transportspecifiedin 49 CFR 173,398 b.

11.3.3.1 Selectioncriteria. Figure 2 illustratestypicaltype A package schemes.
TypicalIy, as is seen, type A packagingin 49 CFR 178, includingcertain specificatiOn
steel drums, wooden boxes, fiberboardboxes, etc. Also, provided for is a purely
performance-basedDOT Spec. 7A, type A generalpackage, for which a shippermay make
his own assessmentof his particularpackage design against the performancerequire-
ments. The regulatoryframeworkthereforeprovides for the use of all type A packaging
without specificregulatoryapprovalsof the package designs,eithervia the use of the
variousprescribedspecificationcontainersor the DOT 8pec. 7A perfonna,ncespe,CifiCa-
tion. Additionally,foreign-madetype A packages are acceptableinternationally,
provided they are so marked as type A, without specificapprovalby the competent
nationalauthorityof either country.

11.3.4 Type 8 packaging, Type 8 packagingshall meet all requirements“fortype A
packaging,and the standardsfor hypotheticalaccidentconditionsof transportationas
prescribedin 49 CFR 173.398c.

11.5.4.1 Selectioncriteria. Figure 3 i]lustratestype 8 packaging. Except fOr a
limitednumber of specificationt~e 8 packaging (i.e., DDT-6M),all type 8 package
designs requireprior approvalof the DOT. ~is involvespackagingwhich must be
designedto withstand,in additionto the generalpackagingrequirementsand the
performancestandardsfor normal conditionsof transport,certainserious accident
damage test conditionswith resultantlimitedloss of shieldingcapabilityand essen-
tiallyno 10ss of containment. The performancecriteriawhich the package designer
must use to assess type B packagingagainstthese empiricallyestablishedaccident
damage test conditionsof the transportare prescribedin 49 CFR 173.398c. and include
the following:

a. A 30 foot free drop onto an unyieldingsurface.
b. A puncture test which is a free drop over 40 inches,ontoa six inch

diametersteel pin.
c. Thermal exposureat 1475eF. for 30 minutes.
d. Water immersion for 8 hours (for fi.ssile materialspackagingonly).

11.3.4.2 Larpe quantitypacka ing. !!’arg~q~antities,!of radioactivematerialare

defined as those quantitieswhich involvegreater than type 8 quantities. The ❑ost
commonmaterialsinvolvedas largequantitiesare the high-curieirradiatorsourcesand
irradiatedfuel materials. Packagingrequirementsfor large sourcesinvolve all of the
tYPe B packagingrequire~ts plus other provisionsfor such things as decay heat dis-
sipation, potentialleakageof contaminatedheat transfermedium, heeviershieldingand
the like,which in some cases,may involvea requirementfor certain administrative
controlspeculiar to the specificpackage design during shipment. The MaterialS @rO
additional1y controlled by the packagingstandardsas proctulgated by the U. S.Wuclear
Re~latory Commimion in in CPU 71.

11.3.4.3 Small quantities,devices,and low-specificactivityI!J8terialS.See
,,Exemptions,,11.3.10 (49 CFR 173.391and 173.392).
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11.3.5 Type A and tne B quantities. The quantitiesof radioactivematerialswhich
can be shippedin type A or type B packagingare listedin table IV. The aggregate
radioactivityfor each tme shal1 not exceed the limits specified. Note here the
extreme importanceof the special form group. For normal form materials,note that the
increasingtransportgroup numbers range from group 1, which includesthe highly
radiotoxicalpha emitters,such as plutonium,americium,and radium, to the less radio-
toxic,higher transportgroupswhich have a higher allowableaggregatequantityper
package. As indicatedin a footnoteto this table, a largequantity of radioactive
mato,rialwould be anY quantity which exceedsthe specifiedtype B q~ntitY limit.

TABL3 IV, Type A and type B quantit

r

Transportgroup Type A quantity (curies)

1
11
111
IV
v

VI and VII
8pecialform

0.001
0.05
3
20
20

1,000
20 ~1

5 by transportgroup.

Type B quantity (curies)~

20
20
200
200

5,000
50,000
5,000

Y ~ntitie~ exceedingtype B are classifiedas “large quantities”
(largeradioactivesources).

~ Except the limit is 2 curies for Californium-2S2.

11.3.6 Generalbackagingrequirements. Unless othewi$e specified,al1 shipments
of radioactivematerialsor commoditiesshall be packaged as prescribedin
49 CPR 173.391through 173.396,and shal1 meet all of the followingrequirements:

a. The exteriorof each package or containermust incorporatea feature
such as a seal, which is not readilybreakableand while intact wil1
be evidencethat the package or containerhas not been opened.

b. The sinallest outside dimensionof any exterioror containermust be
four inches or greater.

c. Radioactivematerialmust be packaged in packagingwhich has been de-
signed to maintain shieldingefficiencyand leak tightnessto assure
that there wi11 be no releaseof radioactivematerial under normal
transportationconditions. If necessary,additionalsuitable inside
packagingmust be used. Each package or exteriorcontainermust
be capableof meeting the standardsfor type A packagingas specified
in 49 CPR 173.398and 173,24.

d. Internalbracing or cushioning,where used, must be adequateto assure
that, under typical.transportationconditions,the distance from the
inner containeror radioactivenuterialto the outside“all of the
package remainswithin tbe design limits and the radiationdose rate
OXt.trnalto the package does not exceed the transportindex “umber
shown on the label. Inner shield closuresmust be positivelysecured
to prevent loss of the contents.

e. The packagingmust be designed,constructed,and loaded,so that during
transport:

(1) The heat generatedwithin the package because of the radioactive
materialspresentwi11 not, at any time during transportation
affect the efficiencyof the package under normal transportation
conditions.

.

,.,....<
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(2) TIIetemperatureof the accessiblesurfacesof the package,when
fully loaded,will not exceed 122°F in the shade assuqingstill
air at ambienttemperature. 1f the package is transportedin a
transportvehicle consignedfor the sole use of the consignor,
the maximum accessibleexternalsurfacetemperature,shal1 be
180eF.

f. Liquid radioactivematerialin type A quantitiesmust be packed in (or
within) a leak-resistantand corrosion-resistantinner containment
vessel. In addition:
(1) The packagingmust be adequateto prevent loss or dispersalof

the radioactivecontentsfrom the inner containmentvessel if
the packagewere subjectedto the 9 meter (3o-foot) drop test
prescribedin 49 CFR 173.398c. (2) i.; and either

(2) Enough absorbentmaterialpust be provided to absorb at least
twice the volume of radioactive1iquid contents. The absorbent
materialmay be locatedoutside the radiationshield only when
it can be shown that, if the radioactiveliquidcontentswere
taken up by the absorbentmaterial,the resultant.dose rate at
the surface of the packagewould not exceed 1,000mi1lirem
per hour; or

(3) A seconda~ leak-resistanta“d corrosion-resistantcontainment
vesseimust be provided to retain the radioactivecontents
under the normal conditionsof transportas prescribedin
49 CFR 173.398b., assumingthe failureof the inner primary
containmentvessel.

k?. There must be no significantremovableradioactivesurfacecontamination
on the exteriorof the package (see 10,4,49CFR 173.397).

h. Packagesconsignedfor export are also subject to the regultitions of
the foreigngovernmentsinvolvedi“ the shipment (see 49 CFR 173,8,
173.9 and 173.393b).

i. The shippershall determine,by examinationor test, priOr.tO ?hiPment,.
that the package is proper for the contents,the packagingis
unimparedand meets the specifieddesign and constructioncriteria
(see 9.1.1 “shippersrequirements!!).

j. Except for shipmen$sdescribedin paragraphk., al1 radioactive
materials-t be packaged in suitablepackaging (shielded,if
necessary)so that at any time during the normal conditionsincident
to trar.sportation the radiationdose rate does not exceed 200 millirem
per hour at any point on the externalsurfaceof the package and the
transportindex dm.s mt exceed 10.

k. Packagesforwhich the radiationdose rate exceeds the limitsspecified
in paragraphj of this section,b“t does not exceed at any time
during transportationany of the limitsspecifiedin Table V of this
sectionmay be transportedin a transportvehiclewhich has been
consignedas exclusiveuse (exceptaircraft), Specificinstructions
fo= maintenanceof the exclusive“se (soleuse) shipmentcontrols
must be providedby the shipper to the carrier. Such instructions
must be includedwith the shippingpaper information.

11.3.6.1 Control of radiationduring transport[transportindex). The regulations
prescribethat the maximumpermissibledose rate at contactwith the accessible
exteriorsurfaceof any package of radioactivematerialsofferedfor transportshall
not exceed 200 mR/br, or 10 mR/hr at 3 feet (this lattervalue,beingequal to the
cutximum‘TransportIndex!!). Higher dose rates are also prescribed,which are alIowable
provided that l%o]e use,!of the transportvehicle is assuredby the shipper. The
radiationlevel limitationsare wuonarizedin table V. To controlthe radiation
levelsof accumulation of multiplemmbers of packagesonce in the transportation
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environment,the regulationsrequirethat carriersshall maintain certainprescribed
separationdistancesbetween radioactivematerialspackages and other area; which are
continuousIy occupiedby persons or photographicfilm. these separationdistmces
relate the storagetime against the ‘TransportIndexitwhich was definedpreviously
as the dose rate in mt’em/hrat three feet from the accessibleexteriorsurfaceof the
package, No’package offered for transport(in other than sole-usevehicles)may have
a transportindex exceeding10. The establishmentof this maximum transportindex
;~l~O is based on considerationsfor preventionof ‘Ifoggingf!of !!fast,,photographic

‘lhetotal transportindex of any aggregatenumber of packages in any single
transportvehicle (otherthan an exclusiveuse vehicle)or storage locationmay not
exceed 50. The regulationsprovide graded tables of stowagedistancesindex. l’hese
tablesare found in the carrier sectionsof (49CFR 174.586 (h) and 177.842 (b),
46 CPR 146.19-33,and 14 CFR 103.23 (a)).

TA8LE v, Radioactivematerials- maximum radiationlevel limitations
Jsee 49 CFR 173.393(i)and (j)_.

Radiationlevel (dose)rate at any point on externalsurface of any
package of R.A.M.may not excead:

A. 200 milliremper hour
8. 10 miliirem per hour at three feet (transportindex may not

exceed 10),

Unless the packagesare consignedto a“%ole usetfor ‘*exclusiveUSetv
closed transportvehicle (exceptaircraft)then the _imum radia-
tion levelsmay be:

A, 1000 milliremper hour at 3 feet from externalpackage
surface.

8. 200 milliremper hour at externalsurfaceof the vehicle.
c. 10 milliremper hour at 2 meters (6 feet) from the vertical

planes projected by the outer lateralsurface of the car
or vehicle;’or if the load is transportedin an open
trmwport vehicle,at any point 2 meters (six feet) from
the verticalplanes projectedfrom the outer edges of the
vehicle.

D. 2 milliremper hour in any position of the vehicle which is
occupiedby a person.

11.3.6.2 U. S. NuclearRegulatoay Commissionapprovedpackages;standardrequire-
ments and con~itions. In addition to the applicablerequirementsof uSNRC approval
and 49 CPR 170-189,each shipper of a package containingradioactivematerial,which
has been approvedby the USNRC in accordancewith 49 CFR 173.394,173.395,
173.396(b)C2), (c)(2), 173.396(b)(4),or 173.396(c)(3),shall mmPIY with the
following:

s. Sefo’rethe first shipmentin a package approved.lbythe Nuclear
RegulatoryCommissionfor use by anotherperson, each shippershal1
resisterin”writingwith the NRC Divisionof MsterialsLicensing,
his name and address,the name of the person to whom the U8NRC
approvalwas issued,and the approvalnumber assignedto the
package. Each shipper shall have a copy of the NRC approvaland
the documtntrefereedto in the approvalin bis possession. Each
shipmmt must be made in compliancewith the terms and conditions
of the approval;

b. The outsideof each package must be durablyand legiblymarked‘with
the package identificationmarking indicatedin the USNRC approval;

.

0
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c. Each shippingpaper relatedto the shipmentof this package ~ust bear

a notation of the package identificationmarking indicatedin the
USNRC approval;

d. Before the first export.shipmentof the package,the shippershall
submit a COPY of the applicablecompetentauthoritycertificate
apPIYinKto that package design to the competentnational authority
of each countryinto or throughwhich the package wi11 be trans-
ported, unless a copy has already been furnishedto this party by
anotherperson, (Detailedrequirementsfor the issuancearid
contentof competentauthoritycertificatesare provided in ~r-
ginal C-6 of the IAEA “Regulationsfor the Safe Transportof
RadioactiveNaterials,Safety SeriesNo. 6, 1967 edition,,”herein-
after referredto as the “IAEA Regulations.” A list Of the
national conipetentauthoritiesof each country is published
annuallyby the lASA.);

e. Each package of fissileradioactivematerialmust be mnrked with the
numericalvalue for the transportindex if the:~shipmemtis fisaile
class II. Any vehicle limitationindicatedin the UBNRC approval
applies if the shipmentis fissileclass 113; and

f. For a fissile class III shipmentthe statementprescribedin
49 CFR 173.427(a)(s)(v) must be includedwith the shippingpapers,

11.3.6.3 Internationalshipmentsand foreign-madepackages;standardrewiremnts
and conditions. In additionto the other applicablerequirementsof 49 CFR 170-189.
each shipper of .apackage containingradioactivematerial,for which a forOign
competentauthoritycertificatehas been issued and revalidatedpursuant tO the MSA
regulationsand 49 CFR 173.394(b)(4), 173,394CC)(3), 173.395(b)(3), 173.396(c)(3),
173.396(b)[5), or 173.396(c)(4),also shall complywith the fOllOWing:

a. Before the first shipmentof the package, each shipper”shal1 rOliiStOr
in writinghis identityand type of package with the Office of
HazardousMaterialsOperations,U. S, Departmnt of.Transportation,
Washington,DC 20590, furnishinga copy of the foreigncertificate
or revalidationthereofwhich is applicableto that package,unless
a copy has alreadybeen ftxnishedby anotherperson;

b. The outsideof each packagemust be durably and legibly❑arked with
the competentauthorityidentificationqarking indicatedon the
certificateof revalidation;

c. Each shippingpaper related to the shipmentof the package MIMt bear
a notationof the package identificationmarking indicatedin the
certificateof revalidation;

d. Before the first export shipmentof the package, the shippershal1
furnish a copy of the applicablecompetentauthoritycertificate

aPPIYinKtO that package design and any requiredrevalidation,to
the competentnationalauthorityof each countty throughor into
which the package wi11 be transported,unless a copy has already
been furnishedby anotherperson;

e. the applicablecompetentauthoritycertificatesneed not accompany
the packages to which they relate. However, the shippershal1
SUPPIY them to the carrierupon request;and

f. For a fissile class III shipment,the statementprescribedin
49 CFR 173.427(a)(5)(v) must be includedwith the shippingpapers.

g. The designatedcompetentauthorityin the USA responsiblefor
administeringthe requirements(MarginalC-6) of the International
Atomic EnergyAgencyts (USA) ,!Regulationsfor the Safe Transport
of RadioactiveMaterials,,1Safety‘SeriesNo. 6; Office of Hazardous
MaterialsOperations,Departmentof Transportation,Washington,
OC 20590
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h. Any r&quest for a competentauthoritycertificaterequiredby the IA3A
regulation must be submittedin writing to the address given in

.paragraph g. of this section, This request should be in duplicate
and must cmttainal1 the informationrequiredby the applicablesub-
sectionof MarginalC-6 of the IASA regulations. Unless there is
good reason for priority treatment,each requestwill be con.
sideredin the order in which it is received. To permit timely
consideration,requestsshould be submittedat least 45 days prior
to the requestedeffectivedate.

11.3.7 Specialform radioactivematerial. What is meant by “specialfond! radio-
activematerial? As illustratedin figure 4, we see that !Ispecialford! materialsare
definedas-materials,which, if releasedfrom a package,might present a hazard due to
direct,externalradiation,but due to their high physical integrity,would present
very littIe hazard, if any, due to radiotoxicityas a result of spread of contamina-
tion. This high physical integritycould be the result of inherentproperty of the
material,such as its being in massive,solid form or an acquired characteristicsuch
as encapsulationas a sealed source. Note e,word of caution at this point: The OOT
Specification2R containmentis not necessarilysynonymouswith Wpecial form.” In
other words, each specific0~ Specification2R encapsulationmust be evaluatedagainst
the %pecial fond! perfcmmancecriteriaas prescribedin the regulations[49 CFR
173.S98 (a))in just the same fashionas any other prospective%pecial ford! material.
This determination,however, is left to the responsibilityof the shipper or package
designer,as appropriate,and is not made by the OUT [exceptwhere requiredfor export).
Recognizingthat %pecial ford! materialsare not very likelyto get %cattered around”
in the eient of package failure,the regulationsallow substantiallylargerquantities
of such materialsto be placed in given packaging, than if the materialswere M
%ozmal ford.

11.3.7.1 Bxemuted fissilematerial. The follwing fissileradioactivematerials
(exemptedfrom subparagraphe. below) are consideredas a special form for packaging
pU2’pOSOS: (See 49 CFR 173.396.)

a. Not mre than 1S grams of fissilematerial,
b. Thoriwn,or uranium containingnot more than 0.72 percent by weight

of fissilematerial.
c. Uranium compoundsother than metal (for exanple,UP4, UF6, or uranium

oxide in bulk fomn, not pelleted or fabricatedinto shapes),and
aqueoussolutionsof uranium in which the total amount of uranium
-233 and plutoniumpresent dtws not exceed 1.0 percent by weight of
the uranium -233 content,and the total fissilecontentdoes not
exceed 1.00 percent by weight of the total uranium content.

d.. Homogeneoushydrogenoussolutions (or mixtures)containingnot more
than:

(1) 500 grams of any fissilomaterial,provided the atomic ratio of
hydrogen to fissilematerial is greater than 7,600;or

(2) 800 grams of uranium -235, if the atomic ratio of hydrogen to
fissile material is greater than S,200, and the content of
other fissilematerial is not more than 1.0 percentby weight
of the total uranium -235 content;or

(3) 500 gxams of uranium -233 and uranium -235, if the atomic ratio
of hydrogento fissilematerial is greater than S,200, and the
content of plutoniumis not more than 1.0 percent by weight of
the total uraniw -233 and uranium -235 content.

e. A package containingless than 3.50grams of fissilematerial, if there
is not more than 5 grams of fissilematerial in any cubic foot with-
in the package.

o
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MY PRESENTA DIRECTRADIATIOMHAZAROIFREIEASEOFROMPACKA6E,

BUTlITT1[HAZABODUETO COHTAMIWATIOH

“SPECIALFORM”R,A.M.MAY BE “MATURA1”CHARACTERISTIC,
I.E.,MASSIVES0110METAL,On “ACIIUIREO”THBOUNI
H16HIHTE6RITYENCAPSUIATIOii

MASSIVE DOT SPEC ZR*
SOLID METAL (49 CRF 176.34)

1
HIGH INTEGRITY ENCAPSULATION
AS A SEALED SOURCE

WV iKLO

STAINLESSSTEEL
OUTER CAPSULE

R OAPOULC

WCLD8

* SPEC.2R CONTAINMENT DOES NOT AUTOMATICALLY QUALIFY AS
“SPECIAL FORM’’ SPECIFIC EVALUATION IS NECESSARY
AGAINST 173.39S(A)

FIGURE 4. Specialformradioactive 3nateriaL
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11.3.7.2 ‘Q_peA quantities. In additionto the
(see 11.3.6),Type A quantitiesmust be packagedas

generalpackagingrequirements
follows:

a. Specification7A, TyQe A generalpackaging (49 CFR 178.350). Each
shipper of Specification7.4packagingmust maintain on file for at
least one year after the latestshipment,and be prepared to provide
the 00T a completecertificationand supportingsafety amalysis
demonstratingthat the constructionmethods,packagingdesign, and
materialsof constructionare in compliancewith the 00T specifica-
tion.

h. Specification55, metal encasedshieldedcontainer (49 CFR 178.250).
Use of existingcontainersauthorized, Constructionnot authorized
after March 31, 197S.

hy Typ B packagingauthorizedby WT.
:: Foreign-madepackagingwhich hear the marking ‘TYPE A.q~

11.3.7.3 Type B quantities. Must be packed as follows (alsosee 11.3.4):

a. Metal packaging (drum),NT Specification6M. Authorizedonly for
solid or gaseousmaterialswhich will not decomposeat temperatures
Up to 250”F.

b. Metal-encasedshieldedcontainer,DOT specification55. Authorized
for not more than 300 curiesper container (domesticsshipments
only). Use of existingcontainersauthorized. Constructionnot
authorizedafter March 31, 1975.

C. DOT SP 4888.
d. D(7T5P 5426.
e: DOT SP.S447.
f. OUT SP 5637.

!: M % ::%:
“i. 00’7SP 589o. 0

11.3.7.4 Large quantitiesof radioactivematerial in special form. Nust be packed
in metal packaging (d-), 00T Specjification6M. Radioactivethermal decay energy
mat not exceed 10 watts. Any other type S packagingwhich meet the pertinentrequire-
ments for largequantitiesof radioactivematerialsin the U. S. Nuclear Regulatory
commission[10 CPR 71).

11.3.8 Radioactivematerialsin normal form and low specificactivity (seetable IX).
Figure S illustrates“normal form” radioactivematerialswhich do not qualify as special
form,as specifiedin 11.3.7. Normal form radioactivematerialsare classifiedinto
one of the seven transportgroup specifiedin SectionA of this handbook.

11.3.8.1
in 11.3.7.2

11.3.8.2

11.3,8,3
a9 follows:

Type A quantities. ~st be packed in specificationcontainersas specified
(alsosee 11.3.3):

tie B qumtities. ShdI.1be packagedas follows (alsosee 11.3.4):

a. Specification55 (See 11.3.7.3b.)
b. Metal packaging (drum), COT Specification6M. Authorizedonly for

solid or gaseousmaterialswhich wi11 not decomposeat temperatures
up to 2SO”F.

c. @y other type 8 packagingfor which DO’chas issued a certificateof
compliance.

Large quantitiesof radioactivematerialsin normal form. Most be packed

a’; Metal packaging (drum),00T SpecificationM. Authorizedonly for
solid or gaseousmaterialswhich wil1 not decomposeat temperatures
up to 2SO”P. Radioactivethermaldecay energymust not exceed
10 watts.
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“!UMrlAl FORM” R.A.M.

IHCIUOISilHYMATERIALWHICH

(RAINOACTiVEMATER1A14L0.S.]

DOESHOT QUALIFYN “SPECIALFORM”.

MORMA1FORMMATERIALSARECIASSIFIEOIWTOEITIIE14OF
S[Y[MTRAHSPORTCROUPS.

.-

WASTE MATERIAL IN
PLASTIC SAG

LOW- MELTIN6 ,COMBUSTISLE
fRAN61BLE SOLID

POWDER ~oTQ;LA:sS OR PLASTIC

A

I

FIGURE 5. Normal form radioactivemateriaL

35

Downloaded from http://www.everyspec.com



MIL-HOBK.600 a
d.

b. Any other t~e B packagingwhich ❑eets the pertinentrequirementsfor
large quantitiesof radioactivematerialsin the regulationsof the
U. S. Nuclear RegulatoryCommission (10 CFR 71).

11.3.9 Pissileradioactivematerials. See 11.3.7.1 for exemptedfissilematerial.
In additionto considerationsfor the radioactivecontent,shippersof fissileradio-
activematerialmust also take into account certainother pickagingand shipmentrequire-
ments to ensure againstnuclear criticalitydue to the fissile (fissionable)nature of
the materials. The design of the packagingfor fissileradioactivematerial,the trans-
port index to be assigned (if I@sile Class II), and any specialproceduresfor packaging
are prescribedin 49 CFR 173.396 (see 11.3.6)and in 10 CFR 71. Each fissileradio-
activematerialspackage design (exceptfor the DU7 Spec. 6L and 6M) must be reviewed
and approvedby the USNRC prior to its first use. The packagingmust be such to ensure
againstnuclear criticality(an unplannednuclear chain reaction)under both normal and
accidentdamage test conditions,and to prevent loss of contentsof transport. For
purposesof control in transportation,f~ssile radioactivematerialpackages are
classifiedwith one of three groups, accordingto the degree of controlwhich must be
exercisedto assure nuclear criticalitysafety,as shown in table VI.
6.19,)

(See 6.lB and

TABLS VI. Fissile radioactivematerial classes.

SHIPMENTCONTROLSFOR FISSILERADIOACTIVENATERIALSPACKAGES

I 1. PissileClass I - Packagesmay be transportedin
unlimitednurbers [TransportIndex is based

I onlv on external &diati& levelsl.
,2 -- ~~~ _FissiieClass”II - Number of packages 1imitedby

aggregatemaxgmum of TransportIndex of 50
(:3 uiit rule). No single-packagemay exceeda
Transport Index of 10. TransportIndex wi11 have
been calculatedeither on criticalityor
externalradiationlevelbasis.

, 3 FissileClass III - Packageswhich do not meet the
rwuirements of FissileClasses 1 or 11. COn-

1 trnlled by special arrangementsbetween the
shipperand carrier. (See49 CFR 173.396 (g).)

o
d,

11.3.9.1 Trarisportindex system. The transportindex (TI) systemwith the separa-
tion tablescontrolsthe exposureof personnelhandling,transporting,or casuallY
exposed.to radiationfrom radioactivematerialpackages. The TI system has ,alsobeen
adaptedfor limitingaggregationsof packages containingfissileradioactivematerials
to awid assemblingin one locationan amount of fissilematerialwhich, under credible
conditions,wuuld support a chain reaction,i.e., “go critical.” As for radiation
levels,the shipperdeterminesin accordancewith the regulationsof the NRC (10CFR 71),
n TI (49 CFR 173.389 (i) (2))which is to be assignedto the fissilematerialpackage
(see6.4S). The shipper assignsto each package of fissilematerial the nuclear
safetyTI as calculatedor the radiationlevelTI (as describedearlier),“hicheveris
greater. The transportworker adds these radiationlevelT11s and by complyingwith
the T1 limitationin any one vehicle or location,liudtsthe amount of fissilematerial
in fissilematerialpackages.

..

36

Downloaded from http://www.everyspec.com



@

MIL-WOBK-600

TABLE VI1. Clarificationof classificationterminology. ,.

CAUTION - - - 00 NOT CONFUSE
‘lli3FOLLOWING:

TransportGroups I throughVII (6.47and SectionA

with:

Radioactivematerialspackage labels (11.3.11)

RADIOACTIVEWHITE - I
RADIOACTIVEYSLLOW - II
RADIOACTIVEYELLOW - 11I

or with:

FissileClasses I, II, or 111 (6.17and 11.3.9)

11.3.9.2 Type A quantities. FissileradioactivematerialscontainingnOt’more than

tYPe A qLUIntitieSof radionuclides,in either normal form or special form, must be
packed as follows:

a. Metal container (drum),DOT Specification6L. Authorizedcontents
shall be as specifiedin 11.3.9.3 (a).

b. Metal package (drum),DOT Specification6M. AuthorizedOnlY for
solid radioactivematerial as provided for in 11.3.9.S (b).

c. Any containerprovided for in 11.3.8,providedthe fol10W~n8” .,
conditionsare met:

(1) Not more than S00 grams of uranium -23S as Fissile Class 111,
or not more than 40 gram of uranium -23S as,Qissile.Class II
shipment,the transportindex to be assigned to each package
shall be 0.4 for each gram of uranium -233 above 1.5grams, up
to a maximum of 40 grams (transportindex of 10).

(2) Not more than 32o grams of plutonium-239 as plutonium-beryllium
neutron sources in special form. Total radioactivitycontent
must.not exceed 20 curies. The transportindex to be assigned
to each package shal1 be O.S for each 20 grams, or fraction
thereof,of fissileplutonium.

d. Any other type A or B packagingwhich meets the standardsfor
packagingfor fissileradioactivematerial in the NRC regulations
(10,CFR71), and for which DOT has issueda certificateof
compliance.

11.3.9.3 Type B quantities. Pissile radioactivematerialscontainingtype g
quantitiesof radion”clides,in either normal form or specialform, must‘bepackaged
as follows:

a, Metal container (drum),DOT Specification6L. Authorizedonly for
uranium-235,plutonium-239or 241, as metal, oxide, or compounds
which wil1 not decomposeet temperaturesup to 149eC (300”F.)

Radioactivethermaldecay energy output shal1 not exceed 5 watts.
Large quantityradioactivematerialsin normal form must be
packaged in one or more sealed a“d leak tight metal :ans or
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polyethylenebottles within the Specification2R containmentvessel.
The followingquantitiesof fissile radioactivematerialsare
authorizedunder the FissileClass II and III conditionslisted:

TABLS VIIIA. Maximum authorizedcontents.~/

Quantityin kilogram.
All ?ourcesof hydrogenwithin the inner containmentvessel must be considered
in determiningthe H/X ratio of inner containmentvessel.
Voluge not to exceed 3.6.1.
Plutoniumsolutionsare not authorized.

b. Metal package (drum),COT Specification&l. Authorizedonly for
solid radioactivematerialswhich wil1 not decomposeat tempera-
tures up to 2SO”P. Radioactivethermal decay energy output shall
not exceed 10 watts. Large quantity radioactivematerials in
normal form must be pickaged in one or more sealed and leak-tight
metal cans or polyethylenebottleswithin the Specification2R
containmentvessel.

11.S.9.4 Fissileclasses to containers. Classificationof FissileClass 1, 11, or
111 to containers(see table VI):

a. PissileClass I packages. The followingquantitiesof fissile
radioactivematerial are authorizedfor PissiIe Class I packages:
1.6 kilogramsuranium -23S; O.9 kilogramsof plutonium (because
of the 10-wattthermal decay heat limitation,the limit for
plutonium-238 is only 0.02 kilograms);and 0.5 kilogramsof
uranitno-233. The maximum ratio of hydrogen to fissile
material must not exceed three, aIl sources of hydrogenwithin the
Specification2R contaimnentvessel being considered.

b. FissileClass 11 and III packages. Quantitiesof fissile radioactive
material as shown in table VIIIB.are authorizedfor Fissile Class 11
and III packages. Wlen the table specifiesa maximum ratio of
hydrogen to fissilematerial,this refers only to the hydrogen
interspersedwith the fissile material.

(1) For FissileClass 11 packages,the minimum Transport Index
Number to be assignedis also shownin table VIIIB.

(2) For PissileClass III packages,the maximum number of similar
packagesper transportvehicle is shown. Fissile Class 111
shipmentsare also subjectto the restrictionsoutlined in
11.3.9.4 (c). For a uranium-233shipment,the maxi-
inside diameterof the inner containmentvessel must not
exceed 12 centirmters(4.75 inches). Where necessaty.a
tight fitting steel insert must be used to reduce a larger
diameter inner containmentvessel specifiedin (49 CFR
178.104-3(b)to the 12 centimeters(4.75 inches) limit.

1

... r
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c. FissileClass II packages shippedunder the exclusiveuse provisions
(49 CFP.173.393(j)]shallprovide for packageswith high radiation
dose rates. The transportindex number which is calculatedfor
nuclear criticalitycontrolpurposesmust not exceed 10 for any
singlepackage or a total of 50 for the full load, unless speci-
ficallY authorizedby the DOT for FissileClass III shipments.

(1] PissileClass II packagesmay be shippedwith a transport

index greaterthan 10, and’combinedwith other packages of
the samg or differentde5igns in a Fissile Class III ship.
ment, under the conditionsprescribedin paragraphd. of this
section,Provided:

(a) The transportindex which has been assignedin the
package approvalfor nuclear criticalitycontrol
purposesdoes not exceed 10 for any singlepackage;

(b) The total transportindex for nuclear criticality
controlpurposes for all packages in the shipment
does not exceed 100;

[c) l%e shipment,satisfiesthe provisionsof (49 CFR
173.393(j)) if any package has radiationdose rates
exceeding10 milliremper hour at 1 meter (three
feet) from any accessibleexternalsurfaceof the
package; and

(d) The shipmentwi11 not be transportedhy writer.

(2) Fissile Class III packages,which have been assigneda trans-
port index for nuclear criticalitycontrolpurposes in
accordancewith FissileClass 11 criteria,may be combined
with Class 11 criteria,may be combinedwith other Fissile
Class 111 packages of the same or differentdesign for
which a transportindex has been so assignedfor nuclear
criticalitycontrolpurposes,and may be combinedwith
Fissile Class 11 packages in a Pissile Class 111 shipment
under the conditionsprescribedin paragraphd. of this
section,provided:

(a] The transportindex which has been assignedin the
package approvalfor nuclear criticalitycontrol
purposes does not exceed SO for any singlepackage;

(b) The total transportindex for nuclear criticality
controlpurposes for all packages in the shipment
does “ot exceed 100;

(c) The shipmentsatisfiesthe provisionsof (49 CFR
173.393(j)) if any package has radiationdose rates
exceeding10 milliremper hour at 1 meter (three
feet) frcm any accessibleexternalsurfaceof the
package;and

(d) The shipmentwill not be transportedby water.

9

,.

1,

d. PissileClass 111 shipmentsmay be made only in accordancewith sub-
paragraph (1) or (2) of this paragraph,or in accordancewith
other proceduresauthorizedby the Department. The transport
controlsmust providenuclear criticalitysafety and shall be
carriedout by the shipperor carrier,as appropriate,to protect
against loading,transporting,or storingof that shipmenttogether
with other fissilematerial.
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(1)

(2)

Transportationin a transportvehicle assignedfor the sole
use of that consignor,with a specificrestrictionfor such
sole use to be provided in the specialarrangements,and with
instructionsto that effect issuedwith the shippingpapers;
or

Transportationunder escortby a person in a separatevehicle,
with the escorthaving the capability,equipment,authority,
and instructionsto provide administrativecontrol ad4quate
to assure compliancewith this paragruph.

11.3.10 Small quantitiesof radioactivemsterials,commodities,and low specific
activitymaterials (49 CFR 391 and 392). The transportgroup and special form package
limitsare also used as a basis for defi”i”Ethe packaieqwtity limitsfor smrtl1 or
Uexewt,,specificactivity~aterials,as iliustra~edi; table IX”. AS a ❑atter Of in-

interest,the %mall!!or exempt quantitiesand ,!radioactivedevice!!categoriesare
those which are allowablefor shipmentby U. S. Mai1 provided that certainother
limitationsare fulfilled (see 11.5). Note in table IX that the limitationsfor low
specificactivitymaterialsare based on comentration, i.e., specificactivity,
rather than on the aggregatequantityper package.

a. Exemptionfrom all labeling. No labeling,marking or,specified
packagingis requiredwhere the radioactivematerial (SAM)used
has an activity level within the limitsdefinedin 11.3.10.1.

h. Exemptionfrom 00T labeling.

(1) No Departmentof Transportation(DU1’)labeling,marking or
specifiedpacking is requiredwhere the radioactivityof devices
and their packagingis within the limitsdefined in 11.3.10.2.

(2) The WJse and Storage!!labels,figure 6, are requiredfor OQT
exempt shipmentswhen the R#Jlmaterialused exceedn’the limits
defined in 11.3.10.1. lle infonuationrequiredis indicated
on the figure6 label and is as follows:

(a) ABC lic.emsemmber and serviceorganizationif required
by section .9. (See 8.1.2 for exemptionfor electronic
tubes.)

(b) Name of radioactivematerial (SM)
(C) Activity Of RAN. See section B, table B-1.
(d) Manufacturinglot number. See MIL-STO-1458.

(3) Shippingpapers for DUT exempt shipmentsrequire the following
informationwhere the SAM material used exceeds the limits
defined in 11.3.10.1:

(a) The statement‘Wo Label Required!!(see 10.2,2 g.).
(b) Statementof certification(see 10.2.2h,).
(c) Name of radioisotope(see 10.2.2b.).
(d) Activityof radioisotope(see 10.2.2 c.).
(e) Proper name of RAN (see 11.3.13),
(f) Transportgroup (see 10.2.2 a.).

11.3.10.1 Non-radioactiven!sterial(minimumrequirements), Msterialsand commodi-
ties in which the calculatedspecificactivityis not greater.thao 0.002 microcuries
per gram of material (see sectionB), and in which the radioactivityis essentially
uniformlydistributed,are not consideredto be radioactivematerialsand marking and
labelingrequirementsare not applicable(49 CPR 173.3B9(e)).
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8

RADIOACTIVE MATERIAL

CONTROLLEO DISPOSAL REQUIREO

)SG LICENSE .-iitigiK.. SERVICE AUTHORIZATION--titiE-.-d

RADIOISOTOPE

(MICROCURIES, MILLICURIES, CURIES)

DATE DETERMINED
(MONTH, YaAR)

7’0’ ‘o”IF FOUND RETUHN TO NEAREST MILITARY ACTIVITY

SEE
107TE

J

-SEE
NOJE

No!rE8
L MdMicati~& tif@re*e ieautiortied -provided forhtie~plicable

commcdity suectficationand techntcaldata oackwe.
2.
3.
4,

::

1.
8.

Symbo~ wor-&, and background for “cauti&” to fie magenta or purple.

Background and “caution” to be yeikw.
Cross out the one that ie not applicable.

Cross out the two terms that are not auniicable.
AEC license number ie’ that ieeued to &ncy having logistical responsibility

by Atemic Energy Commission.

For an expianatkm d thisrequirement, see 8.2.

For an explanation of thie requirement, eee MIL-STD-1458.

FIGUIUY6. Use and storag e iabel.
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11.3.10.2 Exemptions. The followingradioactivematerialsand commoditiesshown
in table 1X are exempt from specificationpackaging,marking, and labelingand are
exempt from 11.3.6 (49 CFR 173.393), except for the name of contentsas requiredby
paragraph 11.3.13,and provided the followingconditionsare met:

a. Radioactivematerialsin normal form.

(1) The limitsin table IX for small or exempt quantitiesare !IOt
exceeded:

(2) The materialsare packaged in strong,tight shippingcontainers
such that there will be no leakageof radioactivematerials
under conditionsnormally incidentto transportation.

(3) The shippingcontainershal1 be such that the radiationdose
rate at any point on the externalsurfaceof the shipping
containerdoes not exceed 0.5 milliremper hour.

(4) There shal1 be no significantremovableradioactivesurface
contaminantion on the exteriorof the shippingcontainer.
(See 10.4.)

(5) The outsideof each inner containermust be marked “Radioactive.”
or “Radioactive- L&It’as appropriate.

TABLE IX. Activity limits for small quantities,devices,
and low specificactivitymaterials.

I Transport
group

@

r
11
111
IV

V, VI
VII

Special form
I

lTritiumoxide

(

I.E.!&-.

small
or exempt
quantities

0.01 mci
0.1 Mi
1 nCi
1 &i
1 mCi
2.5Ci

1 uCi

O.5 mCi/ml
(3 Ci/package
limit)

?.5 grams
(u-235)

RadioactiveCommodities(Oevices)
maximum 1

Per device

0.0001Ci
0.001 Ci
0.01 Ci
0.05 Ci
1 Ci
25 Ci

0.05 Ci

---

,,
---

antities

Per package

0 0.001 Ci
0.05 Ci
3 Ci
3 Ci
1 Ci

200 Ci

20 Ci

.-.

15 grams

Low specific
activity materials

0.0001mci/gm
0.005 mwgm
0.3 mci/p
0.3 mci/gm
..-
-..

---

-..

---

b. Radioactive~ties (devices): I%is includesmanufactured
articlessuch as in.stmts, clocks, electronictubes or apparatus,
or similardevices having radioactive~terials (Otherthan liquids)
in a nondispersiblefomi as a componentpart, are exempt from
specificationpackaging,marking, and labeling,provided the
followingconditionsare met. (49 CPR 173.391b) .

N~E: For radioactivegases, the requirement?forthe radioactive
material to be in a nondispersibleform does not apply.

(1) The limits in table IX for RadioactiveCommodities(devices)
are not exceeded.
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(2) Radioactivemaferialsare securelycontainedwithin the devices,or
are securelypackaged in strong,tight shippingcontainers,so that
there wi11 be no leakageof radioactivematerialsunder conditions
normal1y incidentto transportation,

(3) The radiationdose rate at four inches from any unpackageddevice
does not exceed 10 milliremper hour.

(4) ‘he radiationdose rate at any point on the externalsurface of the
package may not exceed 0.5 ❑i1liremper hour. However, for ex.
elusiveuse shipmentsonly, the radiationat the externalsurface
of the package or the item may exceed O.s mi1liremper hour, b“t
must not exceed 2 mi1liremper hour.

(5) There must be no”significantremovableradioactivesurfacecontamina-
tion on the exteriorof the shippingcontainer, (See 10.4. and
49 CPR 173.397).

(6) The outside of the inner containermust bear the marking,,Radioactive.17

c. Radioactivecommoditiescontaininguranium. A manufacturedarticle,other
than reactorfuel elements,in which the only radioactivematerialis
metallicnatural or depleteduranium or natural thoriumor al10YS thereof,
is exempt from DOT specificationpackaging,marking,and labeling,and is
eX@Jpt fTOm 11.3.6 (49 CFR 173,393) if the followingconditionsare met:

(1)

(zj

(3)

(4)’

The radiationdose rate at any point on the externalsurface of the
shippingcontainerdoes not exceed 0.5 ❑illiremper hour,

There shall be no significantradioactivesurfacecontaminationof
the exteriorof the package (see 10.4 or 49 CFR 173.397).

Tha total radioactivitycontentof each articlemust mt exceed
3 curies,

The outer surfaceof the uraniumor thoriumis enclosedin a non-
radioactive,sealed,❑etallic sheet.

11.3.11 Radioactivematerial label requirement. Each package or shippingcontainer
of radioactivematerial,Knless exemptedunder paragraph11.3.10.2 (49 CFR 173.391-
49 CPR 173.392)of this handbook,shall be labeledwith distinctivewarning labels
affixedto dppositesides of the package. The labelsare describedbelow and shown
in figures6 and 7. The labelsalert personshandlingpackagesthat the packagemay
requirespecialhandling, If the backgroundcolor of the label is all white, the
radiationis minimal and nothing specialis requiredfor that package. If, however,
the backgroundof the upper half of the label is yellow, a radiationlabe1 requiring
considerationmay exist at the outsideof the package and an indicationof what con.
tmls must bo exercisedfor that package is relatedto the transportindex ccmcept.
If the packagebears a yellow label,with three stripes,the rai1 or highwayvehicle
in which it is cairiedmust be placarded. Placardingis discussedin more detail in
paragraph11.3.12. The requirementsfor the use and storage label (figure6) are
specifiediunder,paragraph11.2. The requirementsfor the three DOT radioactive
materiallabels (figure7) shal1 be determinedby the transportindex or other
considerationsas “follows(sumnnarizedin table X). See 8.1.2.6for NRC requirements.

11.3.11.1 R8di08ctivewhite-I label (figure7). Each shippingcontainerO=
package not exceeding0.5 mi1liremper hour at any point cm the externalsurface of the
shippingcontainerend provided it does not containa largequantityof radioactive
material [seedefinitions), shall bear a radioactivewhite-I label. This label is not
authorizedfor PissileClasses II and III shippingcontainers.

11.3.11.2 Radioactiveyellow-IIlabel (figure7) Radioactiveyellow-11labels
shal1 be affixedto:

8. Each shippingcontaineror package measuringmore than O.s but not
exceedingSO milliremper hour at each point on the external
surface of the shippingcontainerand not exceeding1.0 nillirem
per hour at 3 feet from each point on the externalsurfaceof the’
shippingcontainer;or
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b. Each fissileclass II package or shippingcontainerfor which the transport
index does not exceed 1.0 at any time during transportation.

11.3.11.3 Radioactiveyellow-IIIlabel (figure7). Radioactiveyellow-IIIlabels
shall be used when either of the limits in 11.3.11.2 is exceeded. In addition,the
followingtypes of packages or shippingcontainersshall also bear this label:

a. Each Fissile Class III shippingcontainer.
b. Each package OT shippingcontainercontaininga large quantity.of

radioactivematerialas definedherein.
c. Each package or shippingcontainerbeing transportedunder a periit.

TABLE X. Radioactivematerial label requirements.

@P osure rate limits
At any point on
accessiblesurface

At 3 feet from
Label

of package
externalsurfaceof package

(millirem/hour)
(milli:an/hour)

!%4010ACTIVS-WHITEI“ o
!TtAoIoACTIVS-YELLOWll!l 0.:::0 1.0
WADIOAITIVE-YELLOW II111* >50 >1.0,

●Requiresvehicleplacarding .

(This label mandatoryfor any fissile Class III or largequarititypackage
regardlessof dose rate levels.)

11.3.11.4 Mixed hazardoutmaterials-.Radioactivematerialshaving Ot!er hazaid0u9
characteristicsmust also be labeledwith other labelsas requiredaccordingto the
hazards of the commodity. For example:

a. Packagescontainingthe solid nitratesof uran~um or thoriummust
bear both a “radioactive’!label and a !tyellmt”oxidizingmaterials
label.

b. Packages containingnitric acid solutionsof radioactivematerials
must bear both a !h-adioactivel!label and a !Iwhite”corrosiveacid
label.

11.3.11.5 Empty containerlabel. The “empty label”as illustratedin figure 8
shall be applied to shippingcontainerswhich have been emptiedand on which the old
labelshave not been removed,obliterated,or destroyed. They shall be so placed on
the shippingcontaineras to completelycover the old labels. Labels for empty con-
tainersmust be not less than 6 incheson each side, white in color, and printedin
lettersnot less than 1 inch high in black ink,

11.3.11.6 Placarding. TIIeshipperor carriermust apply,theapprqmiate placard to
the transportvehicle (railor highway) if a radioactivematerielpackage or container
on board bears a ~~RadioactiveYellow-III”label (figure7). The format fOr these
placards is illustratedin figures9 and 10. (See 9.1 and 49 CPR 172.SOO,)

11.3.12 Shipperrs labelingrequirements. ‘he folIwing shipper1s requirements
pertainingto labelsare in additim to specialrequirementslistedunder 9.1.1 herein:

a. Shippersmust furnishand attach the labelsprescribedfor their
packages. Labels shouldbe appliedto that part of the package
bearing consigmeeqs name and address. 1
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b.

,C,

d.

e.

f.

a.

.h.

i..

j.

Labelsmust not be appliedto packages containingarticleswhich
are not subjectto 49 CFR 170-189or are exemptedtherefrom.
(See 11.3.10.2.). However, this paragraphdoes not prohibit
the use of labels required on packages destined for
transportationby air (11.6.4)

Shippersmust not use labelswhich by their size, shape, and color,
may readilybe confusedwith the standqrdcaution labels
prescribedin this part.

Labelsmust conform to standardsas to size, printing,and color,
and sampleswill be furnished,on request,by the Bureau of
Explosives.

A combinationdiamond-shapedlabel-tagof proper size and color,
bearing on one side the shippinginformationand on the reverse
side the wording prescribedin this uart, will be uermitted.

The carrier’snam; &d stationeryform-ntier, or th; shipper!s
name and address,may be printed on the labels,in type not
largerthan 10 point, if placed within the blackline border and .*
in the upper or lower corner of the diamond.

Each package of radioactivematerial (exceptwhen exempted)
requiringa radioactive(whiteI, yellow II, or yellow III)
label shal1 be labeledwith two such labels,affixedto opposite
sides of the package. The method of determiningwhich label to
use is discussedin 11.3.11.

Labelswhich conform to the model prescribedin the regulationsof
tho InternationalAtomic Energy Agency, and which are similar in
appearanceto the labelsprescribedherein (althoughthe in-
scriptionson the labelsmay be in a foreign language)are
authorizedin place of the labelsprescribedherein for import
or export shipmentsonly.

A person who offers for transportationa package containinghazard-
ous material shal1 conspicuouslylabel it in compliancewith
the requirementsof 49 CFR 172. The applicableinformationas
required in any blank spaces on the label must be insertedby
legibleprinting,using a durable,waterproofmeans of marking.
Labels shouldbe applied to that part of the packagebearing the
consignee9s name and address.

The followingrequirementsapply to completionof the items of
informationin the blank spaces of the labels specifiedin this
section:

(1)

(2)

(3)

‘!Contentsqg.The name of the radionuclide,as taken fmm
the 1isting of radionuclidesin SectionA (symbolswhich
conformto establishedradiationpr.atecticmterminology
are authorized,i.e., Mo. Co, etc.). For mixtures of
radionuclides,the most restrictiveradionuclidescm the
basis of radiotoxicitynust be listed as space on the
label allows.

“Number of curies”. Units shal1 be expressedin appropriate
curie units, i.e., curies (Ci),millicuries (nCi)or
microcuries(!JCi)(abbreviationsare authorized). For a
fissilematerial,the weight in grams or kilogramsof
the fissileradioisotopemay al$o be inserted.

“Transportindext!. (See definitionsand SectionA.)

9’

9

I
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RADIOACTIVE-WHITE I RADIOACTIVE- YELLOW II

P. SF 413
b. SF 414

/

\,

\
\

\
\

><

/
/

\
\

\

‘\v/ RADIOACTIVE-YELLOW III* \v/
d A SF415

v

BACKGROUND -- WHITE
VERTICAL BAR--BRIGHT RED

UPPER HALF--BRIGHT YELLOW

LOWER HALF--WHITE
\ vERTICAL SARS..BRIQHT REO

/

\

\

\

\
UPPER HALF-- SRIGHT YELLOW

,.,,.,!,:...:.;.,,, LOWER HALF--WHITE,.,
‘v VERTICAL BARS--BRIGHT RED

LABEL REQUIREMEN’IS Alllabelsmust bcdiamOnd shaped4.00 tiches(101,6 mm)
longon each sidewithblack printing inside a black border at laast 3.50 fnches
(88. 9 mm) on each side.

* Vehicle placarding (rail orhtghway) raqulrament is kayed to this label.

NOTES:
L ~ebo&m~M dtieabWe Melswy Mprtibd MUe@%eti tie

countrycdorigin.
2. The UnitedNationshazard classnumker ‘V” must be blacf$apprctximated

.25 inch(6.4 nun) high.
3. The above descriked labels are mandatory for uae after January 1, 1975.

FIGURE 7. Radioactive materfal labels (UN class~.
l—
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9

,,
:1

EMPTY

417

Lnbele for empty cdainers must be not lees then 6.00 inches (152.4 mm) on each

side, white in color, and printed in letters not less then 1.06 inch (25.4 mm) high

in black ink.

FIGURE 6. EIIIDIv container label.
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11.3.13 Additionalshipper,s requirements. These requirementssumaarizethe
shipper1s requirementsspecifiedherein (see 9.1.1 and 11.3.11.6). After selecting
the proper packagingfor the specificcontents,and having consideredthe radiation
l.tvellimits,contaminationlimits,and the label requirements,the shipper must also
check for compliancewith the following:

a. Other package markings - The outsideof the package mst also be
marked with the appropriate specification number (see 49 CPR 173.24
(c) (i)) or special permit number, if applicable, and also with the
proper shippingname as shown in the coznnoditylist (see”49 CFR
172.101.The mast commonlyused proper shippingnhmes for radio-
active materialsare listed i“ table XI:

TABLE XI. Frincipalcomcoditydescriptions(Prover shipvingnnmesl
for radioactivematerials (R.A.M.] from 49 CPR 72.100).

Radioactivematerials,small quantities (see49 CFR 17S.391(8))

Radioactivedevices (see49 CFR 173.391(b))

Fissile radioactivematerials (see 49 CFR 173.396).

Radioactivematerials,low specific
activity (L.S.A.) (see 49 CFR 173.392)

Radioactivematerials,special‘form (see 49 CFR 173.394)

Radioactivematerials,N.0.S. (see49 CFR 173.395)

b. ShippingPapers - Certain essentialelmnentsof informationnust also
be includedon the shippingpaper description(MO IO.2.3). These
requirenmntsalso apply to packages containingsmall quantities
and radioactivecommodities(11.3.10.2) except that the notation
‘T/oLabel Rcquiredlimust be enteredi“ lieu of the t~e of label
applied.

..

c. ShiPueris certification@- ?lteshippingpapers must includes:certifi-
cate signed by the shipper,which reads as specifiedin paragraph
10.2.3.1.

Becurit seal - The outsideof each radioactivematerialspackage
‘“ -orate a featuresuch as a seal, which is not readily

breakableand which, wbile intact,wil1 be evidencetbnt the package
has not been illicitlyopened (49 CFR 173.393 (b)). For this
requirement,some ingeniutymay be called for on the part of the
package designer,especiallyon such packages as fiberboardcartons
and wooden boxes. The regulationsalso require that ~tinnershield
closuresmust be positivelyclosed to prevent loss of contents.!!
In connectionwith these requirements,the sorry experienceof the
past has proven that too often an attempthas been made by shippers
to utilize a padlock as both a securityseal and a closure
mechanism. Yost padlocks,however, are not even a go@d security
seal, let alone a closure device,because it is usually not pos-
sible with most types of padl~ to ascertainif they have been
illicitlyopened. Such combinationsas seriallynumbered lead
wire seals, in combinationwith such closuremechanismsas slotted
screw-inplugs, bolted flanges,and positive-actionshuttermech-
anisms are usually the best appr.aacbtowafi❑eeting the d~l
requirements.

S1
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‘f:

8.

h.

.,

Smallestdimension- The smallestoutsidedimensionof any radio-
active materialspackagemust be four inches or greater
(49 cPR 173.393 (C]).

Liquidpackagingprovisions [49CFR 173.393 (K)) - Liquid radio-
activematerialmust be packaged in or within a leak-resistantand
corrosion-resistantimer container. In addition, (1) the packaging
must be adequateto prevent loss or dispersalof the radioactive
contentsfrom the inner container,if the packagewere subjected
to the 30-foot,droptest prescribedin 49 CPR 173.398(c)(2)(i); or
(2) enough absorbentmaterialumst be providedto absorb at least
twice the volume of the radioactiveliquidcontents. The absorbent
materialmay be locatedoutsidethe radiationshield only if it
can be shown that if the radioactiveliquid contentswere taken up
by the absorbentmaterial the resultantdose rate at the surface
of the packagewould not exceed 1,000 udlliremper hom. care
shouldbe exercisedby the package designer to assure that the
positioningof the absorbentmaterial about the liquid-containing
vessel is such that the “absorberwill absorb” in the event of
leakage from the vessel.

Surfacetemperaturaof package - Maximum surface temperaturelimits
on packages,resultingfrom radioactivethermaldecay energy of the
contentsare prescribedin 49 CPR 173.393 (e). The limit is either
122”F.or in the case of full load or sole-useshipments, 180”F.

Quality assurancerequirements(49CFR 173.393(m) and (n)) - The
regulationsalso Drescribecertainauality assurancereauireme”ts
be?ore the first ihipmentof a radi&ctivi materialspa~kage and
before each shipmentof a package. With regard to packagesof
liquidscontainingin excess of type A quantity,destinedfor ship-
ment by air, an additionalrequirement(49 CFR 173.393(n)[7)) is
imposedsuch that the containmentsystem of each package offered
for shipmentmust be tested to assure that it wi11 remain leak-free
in s specifiedambientreducedatmosphere (0.5atmosphere).

9
11,.3.14Carrier requirementsin handlingof radioactivematerialspackgges. up to

this point, this handbook has been conternedprincipallywith the regulatoryrequire-
ments applicableto the shipper,‘orin some cases indirect]y to the package designer.
The reason for this is simple. Most of the regulatoryrequirementsfor the assurance
of safetyare throughproper packaging. It follows,therefore,that the majorityof
these requirementswill be ones which must be met by the
carrierresponsibilitiesin transportof radioactivemat
(=, 2 herein.)

a. Certificateion by shipper - CArriersmay not accept for transportany
packagesof radioactivematerialswhich have not been properly
certifiedby the shipperpursuantto 49 CFR 173.204. This certi-
ficate is reliedupon by the carrier,as evidencethat the pack-
aging is in accordancewith the regulatoryrequirements. In the
case of air shipments,one signed copy of the shipper1s certificate
must accompanythe shipment,with the originatingair carrier
retaininga second copy.

b. Placarding- The carriermmt a~ly the appropriateplacard to the
transportvehicle (railor highway)if any RM packageon board
bears a “RadioactiveYellcw - 111” label. The format for these
ulacards is suecifiedunder Dar.%?rauh11.3.11.6.

c. St-wagecontrol-by maximum tra~spo% index (see 11.3.6.1)-
The carriermust 8ssure that the total transportindex does not
exceed 50 for any group of ‘Vellow-labeled”packages in a single
transportvehicle or storage location,and furtherhe must assure
that such groups of yellcw-labeledpackages are kept separatedfrom
undevelcpd film shipmentsand areas continuouslY occupiedby

@
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persons, in accordancewith a table of storagetime vs. the graded
total transportindex.

d. Reportingof incidents (see 9.3),- The carriermust assure that the
shipperand the DOT are mxified in the event of fire, accident,
breakage,or suspectedradioactivecontaminationiwolvi”g shipment
of RAM and also that vehicles,areas, or equipmentin which RAM

~Y have spilled.are not Placed in serviceagain unti1 they have
been surveyedand decontaminated.

The reportingrquirenemt cited above is “ot necessarilya means of
receivingtechnicalassistancein radiologicalmonitoringin the
event of a transportationincident, To obtain such assistance
-Y PersOn ==Y call qOn the se~ices of the IRAp (Interagency
RadiologicalAssistancePlan). The map of regionalcoordiriating
offices and telephonenumbers for radiologicalassistanceand
geographicalareas of responsibilityis availablefrom the DOT.
Since its inception,over 10 years ago, the IRAP has served to
assistmany persons in obtai”i”gtechnicalguidancein copingwith
radiationemergencies. The lSAP organizationworks closelywith
other state, Federal,klilitary,and regionalgroups in integrating
the technicalcapabilitiesof those ~oups.

e., Shippingpapers (lb.2.3) . Carriersw-t p&pan and carry with the
ship=ts the appropriateshippingpapers based on the information
derived from the shipper1s shippingpapers. For water shipments,
a DamzerousCarEo Manifestand storageDlan is also rewired.

f. Notific~tionto pilot (foraircraftsh&&ts] see 11,6.i - The
aircraftoperatormust notify the pilot in commandof the aircraft
of the nti, type of label, quantity, and locationof any
,Ihazardo”smaterial,v such as radioactiveLU8t0ri81Spackages. me
cargo load manifestmust be conspicwusly marked to indicatethe
presence of such packages (49 CFR 175,39.

11.3.15 Discussionof more frequentlynoted discrepanciesin radioactivemsterials
shi ents. This discussionis intendedto serve as an aid to both shippersand ce.r-
&iiing than more aware of the nature of the more frequentlyob5ewed items of
noncompliancein radioactivematerialsshipments. Such items are generallyeitherof
a safety relatednature, i.e., improperpackaging,excessiveradiationor contamination,
or an administrativenature, i.e., impropershippingpaper description,illegible
labels,etc.

a, BY shippers. ,!,

(1) Excessiveradiationlevels (49 CFR 173.389(i))- Fortunately,
this item is not noted freauently. It does. however,rank
along with improperpackaging,ai the mow serious type of
shipperviolationof the safety requirementsfortransportation
of radioactivematerials. Excessiveradiationlevelson
packagesof radioactivemnterialsare generallythe resultof
either of two causes:

a. An excessivequantityof material iri‘thepackage relative
to the shieldingcapabilityof the package design;or

b. A failure to properly securea shieldedclosuremechanism,
a faulty closuremechanism,etc.

For !rspecialform” radioactivesourcesthe hazard then
becomes one of excessiveradfitionlevels. For dis-
persible,non-’’specialfond! radioactivematerials,the
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hazard may then be due to both excessiveradiationand
possibledispersalof loose contamination. In some
cases, it has been noted that suppliersof radioisotopes
of very short half-lifewill place into their packages
at the time of loadingmore than the total quantity
allowed for shipmentwith the view that at the time of
actual shipment,the radiationlevelswill be within the
limits,due to radioactivedecay. Such a practicecan.
of course, result in a violationif the package is offered
for shipmenttoo soon, with tbe radiationlevel not
having decayed to the point of being within the limits.

(2) Improperpackaging- This, of course,is also a most serious
safety item and is closelyrelatedto the excessiveradiation
level in that an improperpackagemay be one which does not
incorporatesufficientthicknessof shieldingfor the quantity
of material involved. Improperpackagingalso maY result
from not using a containeras authorizedin the regulationsor
under a Da SpecialPermit.

Even when an approvedpackage is utilized,however, if it is not
in its proper conditionas requiredby its design, safetymay
be affeeted. Good quality controlpracticesby shippersof
radioactivematerialsare paramount. A relevantrequirement
of 49 CFR 173.22reads as follows:

“... the shipper shall be responsibleto determinethat ship-
ments of hazardousmaterialsare made in containerswhich....
have been made, assembledwith all their parts or fittings
in their proper place, and marked in accordancewith appli-
cable specifications...“

I

● ’
‘d

On some types of packages, i.e., steel drums, hinged lid boxes,
etc., provisionfor a securityseal is fairly simple. On many
other types, i.e., wooden boxes, fiberboardcartons,much
n-me thoughtand ingenuityin designingof a seal to meet the
requirementswil1 be necessary. The use of padlocks as a
securityseal may not, in all cases, be appropriatesince
~oy tYPes of padlocksmay be illicitlyopened and closed again
without knowledgeof the consignee.

(3) Improperlabels - Incorrectlabelingof radioactivematerials
packages is a common deficiency. The most frequenterror is
‘Ioverlabeling,’!i.e., the use of a yellow-III labelwhere a
white-I or yellow-IIlabel would have been adequate. When
done too often, such “overlabeling”can cause a loss in the
distinctionwhich is intendedto be impliedby the graded
series of the three labelswhich are used to indicatethe
degree of control the package requires.

~4) 1lle&ible/incorrectlabel notations- This item should speak for
itself, Needless to say, shippersshould exercisecare to
insert legible.durable entrieson the labels. These entries
Cal1 for noting the ‘tcontents,‘qhumber of curies,‘lSand
!itransportindex.1! In future rule making, more precise
guidance is planned on this aspect. In the meantime,the entry
of %. o.s.1*for %ot othemise specified!,under ‘<contents,,‘
is totally inappropriate. The name of the isotopemust be
entered,as taken from the list of radionuclidesin
49 CPR 172.101. Also, care shouldbe taken.to clearlyindicate
in the Wnnber of curiesl(entry whether the quantity iS in-. ,
terms of CUTiOS,Inillicuriesor MicroCuries. Finally,the
,,transportindex must be roundedup to the next highest tenth o
as prescribedin 49 CFR 173.3s9(i).

d
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6
(5) Improperor incompleteshippingpaper description- .Thebasic

requirementsfor the shippingpaper descriptionare pre-
scribed in 49 CFR 172.200 [see 10.2.2). The first entry

(6)

: ,.

on the shipperrsbill of lading should always be the applicable
,,propershipping“meII aS taken from the commoditylist in

49 CFR 172.101. Any other descriptionor infoztnationnot
inconsistenttherewithmay follow. However, there are at
present only eight differentproper shippingnames for radio-
active materialsin the commoditylist. The six most commonlY
used are listed in table XI. The appropriateone of these
must be used. Care should be exercisedto properly enter the
other informationw requiredby 49 CFR 172.200).’ In the
shipper’scertification,care should furtherbe exercised.to
add the notationthat the shipmentmeets the requirementsfor
passenger-carrying,aircraft,when applicable.

Inadequateprovision for liquid contents - The rewlati?ns’
prescribecertainadditionalpackagingrequirementsfor liquid
radioactivematerials. As requiredby 49 CFR 173.393(g),these
are basicallyeither of two options, i.e., a “performance”
requirementwherein the package must withstanda 30-footdrop
test without loss of liquid contents,or absorbentmaterial
must be used to absorb the liquid contentsin event of break-
age of the primary liquid container.

In meeting the overallprovision,if the liquidabsorbentqJtiOn
is not utilized,the shipper is then responsibleto properly
evaluatethe liquid l!contaminantsystem!’of his specific
packagingagainst the “performance”requirementwtion. Such
shipper should be prepared to demonstratethe method in which
he has determinedthat his packagingccmqlieswith this
requirement,

b. By carriers:

(1) Acceptanceof consignments without shiuuer’scertification- Each
of the carrierrej?ulations(49 CFR 172.204, 176.27)prescribe
a requirementthai shipmentsof regulatedhazardoustiterials
may not be acceptedby a carrierunless accompaniedby the

aPPr~riate certificationby tbe shipper that the packages
have been packaged,marked, and labeledin accordancewith
the regulations. This certificationmust be signed by the
shipper and it is his legal representationto the carrier
that the safety requirementsof the shipmentare in order.
Needless to say, carriersmust refuse acc6@mce of hazardous
materialsshiumentswhich are tenderedto them without this
certification-.

(2) Pailure to Drepareprmer shippingpaper description- Each of
the carrier rcv?ulations[49 CFR 172.200,176,24) reauirethat
carrier1s mani~ests,waybi1Is, etc., carry the appropriate
proper shippingneme and an indicationof the t~e of label
appliedOr the notation “no label applied,4!when applicable,
In many cases, carriersin preparinstheir shippinspapers,
do not properly transposethese essentialitems of information
from the shipper’spapers.
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(3) Acceptanceof radioactivematerialsconsignments exceedingthe
SO transportindexmaximumper vehicle - In many cases car-
riers either do not appear to be aware of this limitationor
fail to follow it. Concurrentwith this requirement,each
Of the carrierregulationscontaina table which prescribes
certain stowagedistancesand in certain cases stowagetimes
for accumulationsof radioactivematerialspackages,based on
the total transportindex. These stcuagecontrolsare intended
to provide the necessarysegregationdistanceof packages from
areas occupiedby persons or photographicfiIn. fi increased
effort is needed by carriersto more completelytrain and. .
educatetheir personnelin this requirement.

(4) Qailure to Placard transportvehicles - For any rai1 or highway
vehicle transDortin~anv auantityof radioactivematerials
packagesbearing th~ ra~i~active”yellow-III label,the carrier
is requiredto displaythe appropriatee placard (49CFR 172.203
(49 CFR 172.203(j). Intentionalfailure to placard vehicles
so as to avoid certainbridge, turnpike,tunnel or other
travel restrictionsis a very serious offense.

11.4 Transportationby water carrier [49 CFR 176). The regulationsand require-
ments for transportationof radioactivematerialsand commoditiesby water carrierare
in general identicalto the requirementsspecifiedherein,with the followingadditions
or exceptions: (Thesewere formerlyincludedin 46 CFR 146.19,but were revoked
effectiveJuly 1, 1976.)

11.4.1 Shippingpapers. Shippingpaper requirementsfor shipmentsby water are
almost identicalto the requirementsfor shipmentsby rai1 or highway (see 10.2.3).
The regulationsare divided into requirementsfor domesticshipments,export shipments,
and importshipments. The two significantdifferencesare as follows: First, for
other than domesticshipments,when the proper shippingname of a hazardousmaterial
is an ‘T4.o.S.” (NotOtherwiseSpecified)entry in the list of hazardousmaterials
(49 CFR 172.10), this descriptionmust be qualifiedby the “chemicaln~e Of the cOm-
modity” in parenthesis,e.g. “Corrosiveliquid,n.o.s.“ (caPrYIYlchloride) SecOndly,
in connectionwith the entry (on the shippingdocuments)of each hazardousmaterial,
the descriptionis requiredto includethe kind and CO1OT of label applied to the
packagewhen the label is required.

11.4.2 Generalstowagerequirementsaboard vessels. The followingrequirementsfor
water carriersare in additionto those listedunder 11.3 for rail or highway
carrfers (49 CFR 176.700):

s. Packagesor containersbearing the radioactivewhite or radioactive
yellow labels shal1 be kept separatedfrom living accommodations
and from spaces that may be continuallyoccupiedby persons,except
those exclusivey reservedfor couriersspeciallyauthorizedto
accompanysuch shipments. Packagesbearing the radioactiveyellow
label shall be separatedfrom persons and undevelopedphotographic
and radiographicfilms in accordancewith table XI1. (Mai1 bags
shall be assumed to containundevelopedfilm and separatedfrom
radioactivematerialsas for film.) The sum of the transportindexes
for theshipment is the arithmetictotal of the transportindexesof
of each package as stated on the label.
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b.

c.

d,

e.

f.

0.

h.

The number of packagesbearing the radioactive-yellow label shal1 be
so 1imited that the sum of the transportindexesdoes not exceed
200 in any one ship unless authorizedby the Commandant1 In addition
to complyingwith the segregationdistance in paragraph (a) of this
section, no single group of packages shal1 have a total Transport
Index of more than 50 and each such group shall be handled and
stowed not closer to any other group than 20 feet. The requirements
of this paragraphdo not apply to low specificactivitymaterials
as defined in a compact stack nor need they apply in case of a full
load where the consignorhas the exclusiveuse of the whole.vesse1,
providingthat the transportindexesof Fissile,Class II packages
aboard the vessel do not exceed 50.

Packagesof radioactivematerialswhich are significant‘heatsources
shal1 not be overstowedwith any other cargo. If stowedbelow docks,
the hold or compartmentin “hich stowed must be ventilated.

For radioactivematerialsshipnmntsrequiringsupplementaryoperational
procedures,the package shall be stowed i“ an accessiblelocation
and the necessaryoperationalinstructionsfurnishedto the vesse]qs
master.

FissileClass III shipmentsshall be separatedby at least 20 feet
from other packagesbearing radioactive-yellow labelsduring
handlingand stowage.

All containersof radioactivematerialsshal1 be carriedby the handles
when handles are provided.

When !lOnDeck in open!!stowage is permittedfor any substarices’by
DOT regulations, it shall apply only to the substanceswhen
packaged in authorizeal,waterproofpackaging.

No person shall remainunnecessarilyin a hold or compartmentor in
the immediatevicinityof a deck cargo space containingradioectivo
materials. The shippershal1 furnishthe carrierwith such informa-
tion and equipmentas is necessary for the protection.Ofthe
carrier1s employees,stevedores,or other persons engagedin the
handling of such cargo. In no instanceshall WY person who must
necessarilyremain in a hold, compartment,or deck cargo space
containingrai”oactivematerialbe exposedto a total of more than
100 millirem in any 7-day period. Providedfurther,that a maximum
whole body dose of 500 milliremper year is not exceeded. Tho
radiationlevel in any space or area on board continuous1y occupied
by passengers,crew, or shipmentsof animalsshall not exceed 0.5
milliremper hour at a“y time dining transportsticm.

11.4.3 ~egazion from other cargoes.

a. Radioactivematerialsshal1 not be stowed in the same hold or compart-
ment with Class A, Class B, or Class C explosives,flan’nnablegases,
flamnableliquids,oxidizionmaterials, flammable solids,corrosive
liquids,or cotton.

b. Radioactivematerialsshall be stowed away from (i.e., with inter-
vening cargo or ship,s structure)ncmflanunablegases and foodstuff.

c. RadioactivematerialsshalI be separatedfrom mail and undeveloped
films in accordancewith 11.4.2.a.

11.4.4 Care followingleakageor shiftingof radioactivematerials.

a. In case of fire, collision,or breakage involvingshipmentsof radio-
activematerials,other than the materialsof low 3peCifiC 8CtiVitY,
the package or materialshall be segregatedfrOm unnecessav cOntact
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with personnel. In case of obvious leakage,or if the inside con- 4
tainer appears to have been,damaged,the section (hold,deck area,
or compartmem) containingthis cargo must be isolatedas much as
Dossible.and care shouldbe taken to urevent radioactivematerial
;z’omenteringthe body throughcontactt”inhalation,or ingesticm.
No person shall be allowed to handle the materialor to remain in
the vicinityuntil qualifiedpersonnelare present to supervise. In
any incidentin which radioactivematerialsare involvedin fires or
are damaged,the shipperand theDistrict Commande=of the U,?,.
Coast Guard, or his authorizedrepresentativeas prescribedby(see 9.3.1)
49 CFR 171.1S,of this chapter,having supervisionover the port or
place where the vessel is locatedor bound, shall be notified
immediately.

(b) Holds and compartmentsused for the transportof low activitymaterials
as full loads or in whichleakage of radioactivematerialshas occur-
red because of fire, collisionor breakage,shall not be used for
other goods until decontaminatedas specified,in 10.4 and Appendix 1
of this handbook.

11.5 Transportationby the United StatesPostal Service (39 CFR 124.2eand Publica-

%%%dities by parcel post or mail carrierare in general identicalto and ..”form to
The regulationsand requirementsfor transportationof radioactivematerials

the requirements49 CPR and 11.3 herein,under the conditionsof 11.5.1and 11.S.2.

11.5.1 Nonn!nilablematter. Any package of radioactivematter bearing any of the
Departmentof Transportation’sRadioactivewhite-I,Radioactiveyellow-11,or
Radioactiveyellov-111labels (see 11.3.11)or which containsquantitiesof radio-
activematerial in excessof those authorizedunder 11.3.10is nonmailable. These
labelsare illustratedin figure 7.

11.5.2 Mailablematter. Authorizedmailableradioactivematerialsincludeonly
tho$ewhich are classifiedas “small quantities”of radioactivematerialsor radio-
activedevices,as prescribedin 49 CPR 173.391. These authorizedmaterials,the
mnxlmumquantitiesmailable,and the conditionsunder which they may be mailed are
describedin table.IXand 11.3.10.2herein.

o
‘J

NOTE: RadioactiveCommoditiesshall not be entered into the U. S. Postal
System exceptwhen approvedby the cognizanttransportationofficer
of the specifiecshippingactivity.

11.6 Transportationby aircraft (49 CFR 17S). The regulationsand requirementfor
transportationof radioactivematerials8nd commoditiesby aircraftare, in general
identicalto and ConfoIm to the requirementsspecifiedherein for highway or rail carrier,
with the follqwingadditionsor exceptions:

11.6,1 EXCaPtlOnS. These regulationsdo not apply to the following:

a. Shipmentsof radioactivematerialsvia cargo-onlyaircraft,made by or
under the directionor supervisionof the U. S. Atomic Energy Com-
missionor the Departmentof Defense,which are escortedby personne’i’

“’”especiallydesignatetiby or under the authorityof that Commissionof
Departmentfor the purpose of nationalsecurity.

b: Shipmentsof radioactivematerialsthat meet those requirementsin
49 CPR 173.391 (see 11.3.10)that exempt therefrompackaging,marking,
findlabelingrequirementsfor shipmentby rail. (Note: This exception
is not valid,after tday3, 1977.)

C. ‘Humanbeings and animals implantedwith ❑edical devices (heartpacemaker,
etc) that containradioactivematerial.

,.

‘,. .
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11.6.2 Certificationand shippingPaper requirements.

a. No shippermay offer, and no person operatingan aircraftmay’knowingly
accept,any hazardousmaterial for shipmentin an aircraftunless
there is accompanyingthe shipmentz clear and visiblestatementthat
the shipmentcomplieswith the requirementsof 49 CFR 172 (see 10.2.3)
and (11.3.14). In the case of shipmentsin paSsenger-CarpYingair-
craft, the shipper shall also state that the shipmentcomplieswith the
requirements49 CFR 172 for carryinghazardousmaterials (see 11.6.6)
in passenger-carryingaircraft. The shipper or his authorizedagent
shall sign the statementor stamp it with a facim.ileof his signature.
The person operatingan aircraftmay rely on the shipperts’statement
as prima facie evidencethat the shipmentcomplieswith the require-
ments of DOT.

b. The shipper shall execute the’requiredcertificatesin “dup.lic~te.One
simed COUY accompaniesthe shiDmentand the originating’air carrier
re~ains the other-signedcopy. -

c. For the purposes of this Handbook,a passenger-carryingaircraftis an
aircraftthat camies any person other than a crewmember,Company
employee,an authorizedrepresentativeof the UniteJ States, or a
person accompanyingthe shipment.

11.6,3 Notificationof pilot in ccmunand.WleneverarticlessubjectTO the.provi-
sions of 49 CFR 175 are carried in an aircraft,the operatorof the aircraft shall
inform the pilot in command,before takeoff,in writing, of the shippingname and the
classificationof each hazardousmaterial as prescribedin 49 CFR 172.11,the quantity
in terms of weight,volume or as otherwiseappropriate,and the locationof the
hazardousmaterialsin the aircraft. The person marking the cargo-loadmanifestshall
mark it conspicuouslyto indicatethe hazardousmaterials (see 11.3.14),and the
resultsof the inspectionsrequiredby 49 CFR 17S(b), 17S.700.

11.6.4 Labelingrequirements. Except as.othenviseprovided the shippershall label
each hazardousmaterial that is acceptablefor transportationin air commerce,with the
aPPmPriate label requiredby 11.3.11herein, even though that article isexeupt from
from those labelingrequirementsbecause of quantity and packing limitations(See
11.3.10.2). Label with “Cargo-aircraftonly” label where required. ,

11.6.5 Quantity limitations. No person may c.a~ryaboard an aircrafta number of
packages of radioactivematerialsthat make the total transportindex number (deter-
mined by adding togetherthe transportindex numbers shown on the labeIs of the indi-
vidual packages)more than 50.

11.6.6 Passenger-carryingaircraft. No person shall carry (or offer for trans-
portation) any radioactiveitem in a passenger-carryingaircraft (see 11.6.2.c) unless
there is a signedprinted certificate stating that the radioactivematerialsinvolved
are intendedfor use in, or incidentto; research,or medical diagnosisor treatment,
so long as such materialsas prepared for and during transportationdo not pose an
unreasonablehazard to health and safety and meets the requirementsof 49 CPR 17S.

11.6.7 Cargo-onlyaircraft. No person shall carry any radioactiveitem in a cargO-
only aircraftexcept those items permittedon passenger-carryingaircraftunder
11.6.6above and except items that:

a. Are specifiedin 49 CFR 172 (see 11.3) as acceptablefor shipmentby
rail express.

b. Do not exceed the maximumquantityfor each outside conteinerspecified I
in 49 CFR 172 for rail.

c. Are packaged,marked,’and labeledas specifiedin 49 CFR 173 (11.3)
herein for shipmentby rail.

d. For the purposes of this part, a cargo-onlyaircraftis any aircraft
that is not a passenger-aircraft.
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11.6.8 ~ecial requirementsfor radioactivematerialsand commodities. No person
may place any packageof radioactivematerialsbearing “radioactiveyellow-11”01
,IpadioactiveyeIIOW-IIIq8labelsin aircraftcloser than the distancesshown in table
X111 to a space (or dividingpartitionbetweenspaces)which may be continuously
occupiedby people, or shipmentsof animals,or closer than the distancesshown in
table XIII to any package containingundevelopedfilm (if so marked). If more than
one of thesepackagesis present, the distanceshall be computedfrom table X111 on
the basis of the total transportindex numbers shown on the labelsof the individual
packages in the aircraft.

TABLE X111. Radioactivecargo items - Temporarystoragerequirements.

Total transportindex

None ------
0.1 to 1.0- - -
l.ltos. o- - -
5.1 to 10.0 - -
10.1 to 20.0 - -
20,1 t0,,30.o - -
30.1 to 40.0 - -

.40.1 to 50.0 - -

-

Minimum separationdistancesin feet
to nearestundevelopedfilm for

o 0 0 0 0
1 2 3 4 s
3 4 6 8 11
4 6 9 11 15
5 B 12 16 22
7 10 15 20 29
8 11 17 22 33
9 12 19 24 36

0
1
2
3
4
5
6
7

11.6.9 Specialrequirementsfor fissileclass 111 radioactivematerials. No person
may carry aboardany aircraftany package of fissileclass 111 radioactivematerial
(as definedherein),except as follows:

a. On a cargo-onlyaircraftwhich has been assignedfor the sole use of
the consignorfor the specificshipmentof fissileradioactive
material. Instructionsfor such sole use rimstbe provided for in
specialarrangementsbetween the consignorand carrier,with instruc-
tions to that effect issuedwith shippingpapers; or

b. On any aircrafton which there are no other packages of radioactive
material requiredto bear one of the Radioactive” labels described
in 11.3.11herein. Specificarrangementsmust be effectedbetween
the shipper and carrier,with instruction to that effect issued
with the shippingpapers; or

c. In accordancewith any other procedurespecificallyapprovedby the
00T.

I

11.7 Requirementsfor transportationof radioactivecommoditiesby milita~
aircraft (OSAN4145.3,APM 71-4, T?J38-250,NAVSUP PUB 505, hKO P 4030.19) The
regulationsand requirementsfor marking and labelingof radioactivematerialsand
coummditiesfor,transportationby.militaryaircraftshal1, in general, conform to the
requirementsof 49 CFR 175 (see 11.6), with the followingadditionalrequirements.
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11,7.1 Transportindex number. (Seedefinitionsand 11.3.9.1.)’ Unless otherwise
exemptedby 11.3.10.2herein, the total transportindex number of radioactivepackages
shipped in a single shipmentmust be noted on al1 copies of the shippingdocument.
~D ~om I~~& I ?rDODsingle Line Item Release/ReceiptDocmnent”,and signed cOPies ‘f
DD Fom 13L17-z;,!SpecialHandlingData/Certification!!.

11.7.2 Special handling-datacertificationform. Unless otherwiseexemptedby
11.3.10.2herein, DD Form 1387-2 shall be preparedas shown below for each exempt
radioactiveitem listedherein (seeMIL-HDBK-7S8).

SPECIALHANDLINGDATAICERTIFICATION PARA 13-4 PAQE 13-5
. . . . . ..rroro. .0. ,... ..’4... .0.”.,,.. .,.., 0, ,,..! .,, . . . . . . . . . ,.0,, ,,, !,”,

t RADIOJU2TIVEOEVICES
..!.”,

*
,s, !. .,,0. ,OOT CLASS- RAM
b DOT LABEL- EXEMPT N/A i

.. . . .. . ,..,”...,... SHI?PIWCERTIP1CATIOM,?“,.,.,...”?,,,,“.,,,..<!*..,.“,!“.p..,.,..,“ ,,,. ,1,, w.”, .,. c..,. ?,, d... i
.,,*, b, “am .“d . . ,.. M.,, ..,,.,, .* m pp., .0”.
d,,,. ” ,0, ,,..,, -,.,,.”,. “,t*d.,#. .(,,;

~ ..*P.M . . ..4342I . ..71.....,..,8,.
. . . . . . . !“.,,.,., . . . MC. ..,,,, !0

D .~.,c,...’*,*.....*~•=.,.’.~=o
.“,,. .,, T.”,,. ., . ...0. ,, H

PROFERTIES~-CONTAINSRAM INNON-DISPERSIBLE
FORM.

S/H: HANOLE SXIREFULLYTO AVOID BREAKAGE. IF
OAMME IS SUBPECTEO CHECK FOR RAOIATION ANO
HANOLE ACOOROINQLY,

L/S 9P 18 NOTE 5
s!..., ”., ..,,

D ton” 1317.2. ! . . . .. ““ “’”a’ 0“”%?::’.%’ w.”.:: .“”
* II

u

.

*SHIPPERMUST ENTER APPROPRIATEoATA IN BLOCKS INOICATEOl/lTH ASTERISK.
This label Is applicablevdmn shippingmanufacturedarticlessuch as fn-
strumsnts,Clocks, ElectronicTubes or”Apparatus,or other slnl)ardevlce~,
havtng RADIOACTIVEmaterials (otherthan IIquld) in a nondlspor51blcform
as a ccmponentpart. The outsideof each inner and extcrlorccotalnermust
be marked l$RAOIOACTIVE41.

FIGURE 11. SpecialhtbdlimZ data/certificaticm form.

I

1
1

I

I

I

I
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Custodians:
tinny - EL
Navy - YD
Air Porte - 85

Review ftCtivitieS:
Army - AV, BA
Navy - AS, K, EC, SA
Air Force - 03

User activities:
Army - MS, SM
Navy - CG, W, OS
Air Force - 80

Preparingactivity:
DSA - ES

(ProjectMISC 0A05)
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SECTIONA

SectionA. 2’hissection contains radioisotope(radionuclide)data for markingand
labelingradioactivem8terialsor coumioditiesfor transportation,use, and storage in
accordancewith the requirementsof the 00T (49 CSR 173:390)and the NSC (10 CPS 20
and 10 CFR 30).

A-1 Tran.?mortgroup re.auiremente.Radioactivematerialsor commoditiesthat are
not exempt from specificationpackaging,marking,and labelingrequirementsunder the
conditionsof 11.3.10.2,shall includethe appropriatetransportgroup when presented
for transportation.

A-1.1 Applicability. The tramport 8roups shown in table A-1 are applicableto tbe
followingmodes of transportation:

(1) Rail carrier

(2) Highwaycarrier

(3) Water carrier

(4) Mail carrier

(5) Air carrier

(6) Air carrier (military)

(Title49 CFR 174) (See 11.3)

(Title49 CPS 177) (See11,3)

(Title49 CYR 176) (See 11.4)

(Title39 CPS and Pub. No, 6) @i21.5)

(Title49 CTR 195) (See 11.6)

(DSAM4145.3,AFM 71-4,
TM38-250, NAVSUYPVS505,
and MCO P 4030.19) (See11.7)

A-2 Classificationby transPortPXO”DS of radioisotopes. Radioisotope.aare Meted
in transportgroups I throughV21 accordingto their radiotoxicityand relative
potentialhazard in transportation.

A-2.1 Transportgroup 1. This group.ie the most h.azardoun.by CadioiaotopenOt
listed in the table A-1, and which has an atomic number of 82 or over, ehall be
assignedthis group,providedthe radioactivehalf-life is 10 years or leas.

A-2.2 Transportf!rcw II. Any radioisotopenot listed in the tableA-1, and which
has an atomicnumber from 1 to 81, shall be assignedthis group,providedthe radio-
active half-lifeis between 1,000 days nnd 10 years.

A-2.3 Transportzrouu III. &Iy radioisotopenot listedin the table A-1 and which.
has:

(1) A. atomicnumber from 1 to 81, shall be assignedthis group providedtbe
radioactivehalf-life is O to 1,000 days or over 10 years; or

(2) An atomic n.rher of 82 or over, shall be assignedthis group providedthe
radioactivehalf-lifeis over 10 years.

A-2.4 Transport$’,roups2V, V. and VI. No unlistedradioisotopeshall’be assigned
to these Sroups.

A-2.5 TransDortgroup VII. This group is the least hazardoua. No unlistedradio-
isotopeshall be assignedthis group.

,

I

A-1
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S2CTIONA

A-2. 6 ‘hanncmrt Krcw for a mixture of radioiaotooes. To determinethe tranaport
group for a mixture of radioisotopesthe followfnsshall apply:

(1) If the identityand respectiveactivityof each radioisotopeis known, the
permissibleactivityof each radioisotopeshall be such that the sum, for all groups
present,of the ratio between the total activity for each group to the permissible
activity,for each group will not be gr-ter than unitY.

(2) If the sroups of the radf.ieotopeaare known but the amount in each group can-
not ba reasonablydetermined,tbe mixture shall be assignedto the most restrictive
Sroup present.

(3) If the identityof all or some of tbe radioisotopescannot be reasonably
determined,each of those unidentifiedradioisotopesshall be consideredas belongins
to the mst restrictiveSro”p which cannotbe positivelyexcluded.

(4) .~xturea consistingof a single radioactivedecay chain where the radio-
isotope are in the naturallyoccurringproportionsshall be considered+s consisting
of a single radioisotope. The sroup and activityshall be that of the first member
presentin the chain, exm.pt if a radioieotopa“x” has a half-lifeIonser than that
of the firat member and an activitygreater.than that of any other mepber incl.dins
the first at any time durins transportation;in that case, the transportgroup of the
isotope“x” and the activityof the mixture shall be the maxinnnnactivityof that
isotope“x” during transportation.

A-3 Unlistedradioisotope or byproductmaterial (concentration). For beta andlor
gacma mittins byproductmaterialnot listed in table A-1 with half-liveslese than
3 years---The column II value hall be 1 x 10-10, and the column III value shall be
1 X 10-6. (Alsosee S.1.2.3herein.)

A-4 Unlistedradioieotopem(exewt .wantities). Any radioisotope’not listed in
colunm IV ofitableA-1 shall be assignedthe follcwingvalues. (Also eee 8.1.2 herein.)

(1) Any alp~ emittingradioisotopeor mixtures of alpha emittersof unknown
COIDPOSition,the coluum IV value is-----O.01.

(2) Any radioisotopeother than alPha emittingradioisotopesor mixturesof beta
emftteis Of unknowncmposit ion, tha column IV ,valw .sballbe------------------o.1.

NOTE:‘.,@dioisotopeawithout entries or dashes in columns 11, III, and IV
of table A-1 were not listed in 10 CFS 20 and 10 CFS 30.

I

9
A-2
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Element
(AtomicNO.)

Actinium (89)

Americium (95)

Antimony (51)

ArKon (18)

Arsenic (33)

Astatine (85)

Barium (56)

Berkelium (97)

Beryllium(4)

Bismuth (83)

Bromine (35)

Cadmium (48)

calcium (20)

Californium(98

Carbon (6)

Cerium (58)

TABLE A-1. RADIOISOTOPEDATA

Radio-
isotopeAl

AC 227
AC 228

h 241
Am 243

Sb 122
Sb 124
Sb 125

A 37
A 41
A 41 ~f

ursompreased

Ar 73
Ar 74
Ar 76
Ar 77

At 211

Ba 131
Ba 133
Ba 140

Bk 249

Be 7

Bi 206
Bi 207
Bi 210
Bi 212

Br 82

Cd 109
Cd l15m
Cd 115

Ca 45
Ca 47

Cf 249
Cf 250
Cf 252

c 14

Ce 141
Ce 143
Ce 144

Olumn I
‘ransport
:roupgl

——

1
1

1
1

IV
111
111

VI
11
v

IV
IV
Iv
IV

111

IV
11
111

1

IV

IV
111
11
III

IV

IV
111
Iv

Iv
Iv

I
I
I

r?

IV
IV
111

—..
column II

Gas
concentration
Ucilmly

---
---
---

-3
1 x 10-7
4X1O

---

---
---
---
---

---

---

---

---
---
---
---

4 x 10-7

---
---
---

---
---

1 x 10+

---
---
---

———-
column III
Liquid and
Solid

concentration
!JCilml31

—.. .

3 x lo:~
2 x 10-3
1X1O

---
---

5 x 10::
5 x 10-4
2 x 10-4
8x1O

2 x 10-3

3X10-4

2X1O
-2

4 x 10-6
—-
---
---

3 x 10-3

-4
2 x 10-4
3 x 10-4
3X1O

9 x 10::
5X1O

8 x 10-3

9 x 10::
4 x 10-4
1X1O

.——
Columm Iv
Exempt

Quantities
!lCiAl

(.01)

100
10
10

100
10
10
100

10
10
10

1.0

10

10
10
100

“lo
10

100

100
100
1.0

. .

,

I

I

I

I

I
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MIL-IO)BK-600
SECTIONA

TASLS A-1. SADIOISOTUPEDATA - Continued

EIsment
(AtomicNo.)

)Sillrl(55)

hlorine (17)

:hromium.(24)

:obalt(27)

:OppOZ (29)

Curium (96)

DysprOsiii(66:

Brbium (68)

Europium (63)

.

1Sadio-
,sotope,&l

Cs 131

Cs 134!

Cs 134

Cs 135

CS 136

Cs 137

Cl 36

Cl 38

Cr 31

Co 56

co 57

.CoSsm

Co 58

Co 60

CU,”64

cm 242

Cm 243

Cm”244

Cm 24S

Cm 246’

Oy 154

Oy 165

Dy 166

Er 169

Er 171

P.u150

Eu 152m

>hmn I
ransport
roup~1

Iv

111

111

Iv

IV

111

111

IV

IV

111

Iv

Iv

IV

111

IV

I

~.

I .’

I

~.

111

Iv

IV.

IV

IV

III

Iv

A-4

J
Column II

GaB
,ncentration
Ilci/dy

----

---

---

IXlo
-7

---

..-

---

---

.-.

---

---

---

-..

Colmmn 111
Liquid and
Solid

oncentration
pci/m22/

2 x 10-*

6 X 10-2

9 x 10-5

4 x 10-3

2 x 10-2

5 x 10-3

1 x 10-5

5X1O
-4

3 x 10:3

4 x 10-3

4 x 10-4

9 x 10-4

,IX1O-3”

lumn Iv
,xempt
,antities
pci &l

1,000

100,

1.0

10

10

10

10

10

1,000

10

10

1.0

100

10

100

100

100

100
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TASLE A-1. 2AOIO180’MPEDATA - Continued

Element
(AtomicNo.)

Fluorine (9)

Gadolinium(64)

Gallium (31)

Germanium (32)

Gold (79)

Hafniuu!(72)

HOh@.ium(66)

hydrogen (1)

Iridium(49)

Iodine (53)

Sndio-
isotoee.~1

EU 152

Eu 1S4,

Eu 155

F18

Gd 153

Gd “159

Ga 67

Ga 72

Ge 71

Au 193

Au 194

A! 195

AU 196

Au 198

Au 199

Hf 181

Ho 166

H3

In 113.m

IiIl14m

In l15m

In 115

1 124

‘I 125

.1 126

I 129.

COIUIIUII
Transporl
Group,LI

111

II

Iv

IV

Iv

Iv

111

IV

IV

111.

III

III

IV

IV

Iv

IV

IV

see
tritium)

IV

,111

IV

Iv

111

III

III

III

COIUUUIII
Gas

:oncentration
Mcilml~1

.-.

---

2 x 10-6

-..

---

---

.-.

---

...

-..

..-

5 x 10-’3

---

---

3X 10-9

column 111
Liquid and
Solid

Contentration
Ucild ~f

6 X 10-4

2 x 10-3

8 x 10-3

2X1O
-3

8 x 10-4

4X1O
-4

2 x 10-2

2 x 10-3

5 x 10-4

2X 10-3

7 x 10-4 .

3 x 10-2

1 x 10-2

2 x 10-4

2X1O
-5

;olumnIV

~mt
quantities
Ilcig

1.0

1,0

10

1,000

10

,100.

10

100

100

100

.. 10

ioo

1,000

ioo

10

100

10

1.0

1.0

0.1

A-5
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MIL-NOBK-600
SECTIONA

T&.2 A-1. ~IoIsqP~ D~~ - continued

Blentnnt
(AtaqicNo.)

Iridiuq (77)

Iron (26) .

Krypton (36)

Lanthanum(57)

Lead (82)

Luteti~ (71)

Nagnesium (12)

Mang~ese (25;

.

,.

Wdlo-
iqocope.~.

I 131

I 132

1 133

1,134’

I 13s’ ,“

Ir 190

ir 192

lr 194

Be 3s

Fe S9

Kr 85rn

Xi Ssm
,%mcompressb

Kr’,E5
Kr 85

Yrnca~.ref?ed

*’”67’

rn&&%e%

L5140

Pb 203

Pb 210.

Pt.212

LU 172

Lu 177

M“28

m, 52

~ 54

k636

111

.lV

III

Iv

Iv

Iv ,

111

xv

IV

.IV

111

v

111
VI

II
v

Iv’

Iv

11

11

111

IV

111

lV

N

Iv

A-6

‘Cdlh 11
‘*8

C+ent ratio~
‘ycillrJq

.-

3’X1O-9

8.X 10-8

j x 10-8

2X I0-7°

-’.-

---

---

---

..-

J x 10-6

3 x 10-6

---

---

---

: ---

.-.

Col~ 111
Liquiq andsolid ,.!

:oqc~tratfo.u
pc~l+ if

2.x 10-5

6 .x ~Q-4

7 x 10-5

1 x 10-3

2 x 10-3

4 ‘x 10-4

3 x 10-4

~ ~ .lO-?

6 x 10-4

---

.-.

z x 10-4

4 x 10-3

1X1O
-3

3 x 10-4

1X1O
-3

1 x 10-3

COIUIW I?
E?%@!

Qu*t*ti$8
w+ w

. .

1.0

10

1.0

10

10

10

100

100

10

100

10

10

100

10

10

10

Downloaded from http://www.everyspec.com



co

—-

Elenient
(AtomicNO.)

tiercury(80)

UixedFission
Products

Molybdenum(42)

Neodymium(60)

Neptuniim(93)

Nickel (28)

Niobiwn
(Columbium)(41;

Osmium (76)

Palladium (46)

Phosphorus (15)

Platinum (78)

TABLE A-1. sAOIOISOTQPEDATA - Cont%nued

Hg 197m

Hg 197,,,

Hg 203

~.p

MO 99

,Nd 147

Nd 149

‘Np 237’

Np 239

Ni 56

Ni59.

Ni 63

‘Ni65 ;

I!b93L0

‘Nb 95

Nb 97

0s1s5

0s 191m

0s 191”

0s 193

Pd 103

Pd 109

P32

.Pt 191

Pt 193

Pt 193m

coltmn I
Transport
Group ~

IV

Iv, ,

Iv

11

Iv

IV

IV

1

1

III

IV

Iv

Iv

*V

IV

IV

IV

Iv

IV

IV

Iv

IV

Iv

Iv

IV

Iv

Column II
Gas

Concentrateio
Llcildy

-..

---

..-

-..

---

---

---

---

---

---

..-

---

-..

---

-..

---

---

I ---

column 111
Liquid and
Solsd

Concentration
Ucifml~1

2 x 10-3

2 x 10-3

2X1O
-4

2 x 10-3

6 X 10-4

3X1O
-3

1 x 10-3

1 x 10-3

9X1O
-3

7X1O
-4

3 x 10-2

2 x 10-3

6 X’10-4

3X 10-3

9 x 10-4

2 x 10-4

Ix?o
-3

1 x 10-2

A-7

MIL-NOSK-600
SECTIONA

column Iv
m-m ,
Quantities
Ilci&l

100

100

10

100

100

100

100

10

100

10

10

‘lo

10

100

100

100

100

100

10

100

100

100

I
I

I

I

!

I

1

,

I

,1

I

I
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MIL-NOBK-600
SECTION,A

‘2ASLEA-1. V.ADIOI*PE MTA - Centintied

Colum II
COhnnn 111

Element
column I Liquid and

column Iv

sA6i0- (%s Solid
!@opt

Tr~pOrt concentration concentrationGtomic NO.) isotope~ GrouP ~
Quantities

!lCilml ~1 Ilcil+ 21 Bci &l
,.

Pt”197m IV ... 1 x 10-* 100

Pt ‘197,, Iv 1X1O
-3--- ~~100

Uutonium (94) ‘hissy I

Pu 239 ~ I (0.01)

Pi 24o I

PU 241~ I

Pu 242 I

~olonium(84) Po 210 I 0.1

JOtassilun[19) K42 Iv --- 3 x io-3 10

K43. III

?raseodymiti[S9) Pr 142 “, Iv --- 3 x 10-4 100

,Pr143 IV .-. 5 x 10-4 100

Promethitim(61) b li7 Iv
-4--- 2 x 10, 10

Pm 149 IV --- 4 x 10-3 10

Protactinium“(91) Pa 230 I

,Pa 231. I

Pa 233 11
,’

Radium (S8) ~R8.223 11

Ra .224 II

R8 226’ 1. (0.01)

Ra ,228 I

Ridon (86) h 220 IV ,

‘in222 II

Rhenium (75) Re ‘i83 IV, --- 6 X 10-4

.R6iti6 IV --- 9 x 10-3 100

Re 187 Iv

R? 1SS “IV. ,--- ‘6X 10-4 100

.4-8

,(, ,

,,
i,, ,
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MIL-HDBK-600
SBCTIONA

TAELE A-1. RADIOIS~PE DATA - Continued

P,-,,

Element
(AtomicNo.)

hodium (45)

.ubidium(37)

:uthenium(44)

Vanarium(62)

$candium(21)

Selenium (34)

Silicone (14)

Silver (47)

Sodium [11)

Strontium (3S)

Radio-
isotoee.g

Re Natural

Rh 103M

Rh 105

Rb 86

Rb S7

Rb Natural

Ru 97

Ru 103

Ru 105

RU 106

Sm 145

,Sm147

.% 1s1

Sm 153

SC 46

.SC 47.

SC 48

Se 75

Si 31

Ag 105

.@ 11OM

Ag 111

Na 22

Na 24

ST 85m

kr 85

Sr 89

>lumn I.
ral-mport
?OUP21

IV

IV

Iv

IV

IV

Iv

“IV

IV

Iv

111

111

111

IV

IV

111

Iv

IV

Iv

Iv

Iv

III”

N,

111

Iv

IV

IV

111

A-9

.

Colum II
Cas

mice.ntration
pcilmz31

---

..-

---

---

-..

...

.-.

---

---

---

.-.

---.

---

---

---

---

---

.-.

..-

;olumm111
,iquidand
Solid

mcemtration
pcifd ~f

1 x 10-4

1X1O
-1

7 x 10-4

4 x 10-$

8 x 10-4”

1.X 10-4

1 x 10-3

B X 10:3

4 x 10-3

9 x 10-4

3 x 10-4

3X1O
-3

9X1O
-3

1 x 10-3

3 x 10-3

4X1O-3

2 x 10-4

lXIO
-4

1 x ‘1O-4

>luudlIv
hempt
,allt itiea
llci~1

100

100

10

10

100

10

10

1

10

100

io

100,.

10

10

100

10

1

100

10

10

1

‘\
.,..
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TASLE A-1. P+U3101SOTflPEDATA - Continued

Phmt3nt
(AtomicNo,)

Sulphur (1,6)

T.mtalw (73)

Technetium(43)

Telluriq (52}

Terbium (6S)

Thallium (S1)

Thorim (90)
.$.!,,,

Sndio-
iaotope,,&/,

.

Sr90.,.

Sr 91

Sr 92
-!:

s 35

Ta 1s2

Tc 96rn

Tc 96,,.,

Tc 97m

Tc 9,7

~,c9%

Tc 29

T6 12.5m....,

T?,12?m

To 127,!,

re:129m

~e ?29

Te 131rn

TO 132

~ ;6Q

i; 200

~~ ;;+

$: 202

~+ 204

~ 227

2% ;2s

p 230

‘q 231

Colunm II
column 111

column I Liquid,and
column IV

&s peiopt
?:a~!pmt,:.Conceritrat+n ~on~pration ;Quantities
GrpP,’q: : ~~<q+/+ y ‘ ...~c~,@ 3, ., ; “%;Ci‘q ‘.’

,-.,,., .?

~1 “’”,“ 0,.1

111 ‘ --- i 7 :,,10,-!: \ 10

Iv --- 7.x 10:? 10
.s?’.: 4.,:

Iv 9 x 1?-8’ 6 x 10-! 100
.:. .! ...!

111 ; --- .!; @ 10
‘, !-;

IV, , -’--
‘-l

1X1O

Iv --- 1 ~ m:? ;0
4,,

Iv 100.
......

Iv , Iclf,

ly.’ 100
:,,

~v {$

IV 2 x 10-: 10,.

Iv --- 6 x 10-! 10,.

Iv ,’ --- s x :0-? 100
,..

111 --- : x 10-! 10
!, ,!,

IV 100
,[.:!

1;1 --- 6 X 10-4 10
.:.,,

IV --- 3 x +0-! 10

l;! --- 4 x 10-f 10
,,

Iv --- 4 : 10-$ 100
,.,

;V --- ; x 10-! ;:0
,,, ,,

~y .-. 1 x 10-! ;00
,..

III --- 1 x 10-3,, 10

11
!.

1

;

I

A-10
. +.r

,.

/’
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MIL-HOBK-600
SECTIONA

TAELE A-1. SADIOISJYZOPEOATA - cofitin!ed

Column II
Column III

column I Liquid and
column Iv

Element l&dio- Gas Sdlid
Exempt

TrannpOrt KMIcentration co”c~tration(AtomicNo.) isotope,~
Quantities

GrouP LI tlcilmzy Ilcilmzy
Vci ~1

Th 232 111

Th 234 11

‘I%Natural 111 (loo)

Xulium (69) Tm 168 111

Tm 170 III ..- 5 x 10-4 10

TM 171 Iv .-. 5 x 10-3 10

9X1O
-4’

Pin (50] Sn 113 ‘Iv --- 10

Sn l17m 111

Sn 121 111

2X1O
-4

Sn 125 IV --- 10

rritium(1) H3 IV 5 x 10-6 3 x 10-’ 1,000

H3(aS8 vII
gas,as lumino~
paint, or
absorbed.on
solid material)‘

4.x 10
.3

I’ungsten(74) W 181 IV -.. 10

W’185 IV 10

w 1s7 Iv --- 7 x 10-4 100

Uranium (92) U,.230 II .

U 232 I

U 233 ~/ 11 (0.01)

u 234 11 (0.01)

U 235 if 111 (0.01)

U 236, 11

U 238 III

U‘Natural 111 (loo)

U Enriched 111

w

,*.,

A-l]

‘\\
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MIL-lfiBK;00
BECTIONA

Element
(AtomicNo.)

Vanadium(23)

....
...

Ytterbium(70)

Ytterium(39)

Zinc (30)”

Zirconium(40)

.,.

.,

TASLS A-1, SAllIOI~PE MTA - COutimued

sadiO-
isotope,y

U Depleted

V 48

v 49

Xe 125

Xe 131m

e l,31m ~
m“cnmprtissed

Xe 133

x0133’y
lulc0mptiss6d

Xe 135

Xe 135 “5/
@ncOmjres;ed

n 17s

Y 88

r 90

Y 91m

Y 91

Y“92

Y’93

Zn“65

Zn 69n

2n 69

Zr 93

Zr 95

Zr 97

Radioisotopes
not listed
abWe

Coltmm1
‘2ransp0r
Group~

III

Iv

111

III

111

w

111

VI

11

v

IV

111

N

111

III

Iv

IV

Iv

IV

Iv

IV

111

IV

see pal-a
A-2

Colum II
on.

Ctmce.ntratio
Ilcilmly

..-

4 x 10-6

3 x 10-’3

1 x 10-6

..-

. . .

-..

---

---

See para
A-3

cal- 111
Liquidand

Solid
Concantrat ion

Vclhz 3/

3 x 10”4,.

---

1 x 10-3

2 x 10-4

3XI0
-2

3 x 10-4

6 x 10-4

3 x 10-4

Ixlo
-3

7 x 10-4

2 x 10-2

6 X 10-4

2 x 10-4

See para
A-3

:olumnIV
Exempt
JJantitie6
llciAt

10

1,000

100

100

100

10

10

i00

100

10

100

1,000

10

10

10

5..para
A-4

z.

Atomicweightshownafterthe radioisotopesymbol.
I ~ Transportgroupsare basedupon 49 CFR 173.390(SeeparagraphA-2 herein).

N~E: Radioisotopeswithoutentriesor dashesin columns11, 111,and IV were not
listedin 10 Cm 20 or 10 CFR 30.

A-12

-. .—
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Footnotes:(Continued)

~/ Concentrationsare based upon 10 CFR 30, scheduleA. Colurm II values are given
for those materialsnormallyused as gasses. The column III unit is uCi/gm for
solids. (See 8.1.2 herein.)

~/ Exemptquantitiesare based upon appendixC of 10 CFR 20 and scheduleS of
10 CFR 30. Values in parenthesisapply to 10 CPR 20 only. (See 8.1.2 herein.)

>/ Uncompressedmeans at a pressurenot exceeding14.7psi (absolute).
~/ Fissile radioactivematerial.

I

m

1
!

.,:

.,~ - -
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&
$.,

.- . .

.slement
(AtomicNo.)

Americium(95

Carbon (6)

Cesicnn(55)

Cobalt (27)

Srypton (36)

Nickel (2S)

Promethium(6

Sadium (88)

Shenilno(75)

Strontium(38

Thorium(90)

Tritium (1)

Uraniwn(92)

TABLES-1. ‘22CB2?ICAL

I
P.adio-
isotope~

~ 241

c 14

C8 137

co 57

Co 60

Sr 85

Iii63

Pm 147

8a 226

Se 187

Sr 90

m 228

Th 232

E3

U 234

U 235

U 238

U (natura

u
(enriched

u
(depleted

‘#e
,Sadiatim g

A2pha and km

Beta (-)

BeCa,Gamma

calms

Beta (-),h

Beta (-),~

Beta (.)

Beta (-)

A2pk.s, Galm.a

Beta (-)

Sets (-)

Alpha, Oa!mna

A2pha,oauma

Alpha, Oamm.9

Beta (-)

A2pha, c-

AlPha, Camna

A2ph.9, -

Alpha, Gamma

A2pha, -

Alpha, Gmmla

X6 FUR SS2

111
Ralf-Life
(years)~

458

.’5,730

30

0.73

5.27

10.76

92

2.62

1,,602

10
4.3 x 10

28.1

1.91

L
1.41x 10”

1.41 x 101’

12.3
.,,,

2.47’xio5

7.1 x 108

4.51 x 109

4.51 x lop

99% u238+
<1% u235

u238 -
u235

-

n
!rm.gpor
:rc.up~

I

29

III

III

III

III

2V

III

I

IV

II

I

;

)
III

)
III

2P

H

III

III

III

III

III

B

v
Q&%(
(Uci)&

(0,01)

100

10

1.0

100

io

10

:0.01)

0.1

ioo) .

:;000
(0.01)~
Co.oi)

(0.01)

(loo)

.VI
specific
Activity
(!Acl/gm) y

3.24$,x106

4.46x 106

8.71X 107

8.48X 109.,

1.13 x 109

3.91x 108

6,17= 107

9.29X 106

9.88X 105

4.45x 10-2

1.41x 108

8.22X 108

1.09 x 10-1

1.09x 10-1

9;64x 109
,,
6.19 x 103

2.14

3.33x 10-1

3.33x 10-1

-1
>3.33x 10

~1.67 X 10-1

(a0sumAn8on,
Mlf-life
decay)

JI Atomicweightshownafterthe radioisotopesymbol.
~/ Data obtainedfmm RadiologicalHealthSandbook,U. S. Depart-t of Eealth,

Z&cation, and Welfare,PublicServicePublicationN. 2016,January1970.
Tranmort m’otmsare based umn 49CFS173.390 (SeesectionA hereinfor detailsin
deterkinin~tr;nsportgrcmp.~
=emet quantitiesare based.POU appendixC of 10 C3R 20, and Schedulei of 10 ClR+.30.
Valuesin parenthesisapplyto 10 CPF.20 only (sea8.1.2and tableA-1 herein).
For detailsin determiningspecificactivity(S.A.) cmatmts, see sectionB herein.

—- .-2
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SEC’fION’B- ACTIVI~ 3L4SSSBLATIONStCIP- SPECIFICACTIVIIY

B-1 Introduction. Tble’section contatm inatractions,inform+=. Ken?raldata, and
a tabLa of pertinentdata based on the radioisotopesused in the cmmnodit+es$ncluded
herein under secttcmC. Tbe ~th8!n8tica3fonnu2.tnand de?~vationaof the specific
activity (S.A.) in microculieper gram constants are also inc+xkd.

B-2 Requfrementa. Purs&t to the law, Title b9, Cc+e of F?@@ R@aC+OUs.
patt 173.359, he.~ dafine.d radioactive (for trancipartaticm) material to be WY qteri$l
in which tha specificactivity la 0.002 (or greste?)microcuriasper gr~ (see 6.38,
6.39 and B-3). Therefore,m.anufactureraof radi.act+ve cwmditi$s !S?! cO@Ywi$F
tbaee reqtiremantsand the additionalrequire.mentaofi-lIL-STP-145S.Tlii6’m@iEtp~,
that for each radioactivecommodity,the radioisoCwe used 8u6 the quantitY ~ ~9X?-
CWiaS sh.sllbe identified,unless otherwiseexempted (se= }1.3.10.2@f ,S.1.2.6).

NOTE: Do mt confusespecificactivity (uCi/gm)’t@thradioactivity(uCi). See def@l-
tiona,B-3 d B-4.

B-3 Specificactivitv (!JCi/m). Specificactivity (S.A.) is the rate of decay of the
radioactiveelementor isotopeexpreesedin curiesper grg or microcuriesper gr~ o!
the radioactiveelement. SpecificactivityIS a ~tural constantg?r each radioactive
elementwhether tbe amount involvedin the radioactiveTt@eria! f.?? IU2C;OSFWoz
1,000 ~ama. For spqcific.tctlvityconstantaof particv@r rgdlo+notopeasee tabl~ B-1
spacificactivitydata golurimVI to determine whether the isotopeof iut~est exceeds
O.OO2 uCi/~ and therefore,falls withip the clas6ificatio9O? r?d~%cttve ~terisl.

B-4 R&oactivitv of small radioactivecommodities(uCi).“In the ~se of ti$ctron
tubes, it la udully impractical to bea$!ure the,radioacti~ty:yithany degree of
precision for two reasw. 2%8 zadioiaotop$ is often su:rOuUd?d bY elec!*@W.
npacdm, and an .auvelo~,eucht~t the’’gmtrlc.~%~d%ati~ precludea r=l:f!ti?
calibrationof a’nmasur~ davice;@ the swuatt of redloleotopeiut30tloI@ly added
la tbe tube.ia often so,e%tr~ly SM1l that t~e put of radfi~@U’i6 difficultto
dlmcb~ froq tha normat&IWoui@ radlati~ t~t ~q;s in :he afmoepher?. Therefore,
the radioactivity for alectrm tubs and otber mrall commoditiesshall be deteen$$ by
a “calcu2.ttioqtechniquaio term of the qridloisotopea which’.@& brn~ @teu-
tionallya<dad.fs.,the ~tron tube to either increase + life or FO improve the
overalltube perfomce.

Radioactivity(uCi/tube),=Specificactivity (PCi/gm)times the!ct%l -S fi ~~~
ofthe radioa$tivwel~.u@ in the tube.

If the radioactiveel@nnt or isotope i? part of,a mtxtu?+ OF E cpe@c81 CO=PO~. xhe
mpecific-activity’?~r~- may be w&cd by + ~uw .CO~F=PC@nS co the f~?c?<~~
of the materi~ which @ radlcwtive s+nce SPkCiflCSCFl~$Y (S.~.j ig .e~r~s,~ Per
gram of radloact~yeelementrnther than the:c~o~.

,,, .
Swtral,a%&18? of the c8icuLationof specificactitity~ uLt~tely the radio-
sctitityin Ci/fube are included

;.,. t,

,,,..,,,,, :
,. .,,,,4,...

,,,

... . 52

,.

,,
...

. I

I

,,,:,

I
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“4

B-5 conwutationaof specificactivitY.:Th.6f@aific activit~ (S.A.) of E radiOisOtopQ
(disintegrationsper unit time)t(tmitmass), Is calculatedfrom the base equation:

~ LIZ
(

WHSIOI:N - number of radioactiveatb psi unit mi+ss,and T I@’ half-life.

This basic equationcam be tr~fo&d d6’fo120we: I

by definition: N -6.0225 x iOz3/atqicrn6ss (Avofmdia”s PrinC$Pai)

.Ci -“3.7 x;lO!Q.di8integrationa/aacmd,

S“bstituti~ : 0.69315M - 0.69315 X 6.0225X 1023 X
‘“A.--) TI/Z atdc-. 3.7i 10’”

,.. ,,

T3is equation in satiaf actory hen the hdlf-lif e of the faotow .la
expressedh seconds. If, hwever. the.bslf-life fs u#prtaeedin
other units (suchas mfmtea, hours, days, or years). a s+arate t3ma ~
conversion is required for each. .J$ Sufmtitutlng tbe amzwpriate
tfme conversion factora the follmdns five equatiow csn ti obtsined:

microcuriea/Sram or S .A. (T ~ in aecs) - 1.128 x iolg

CT +)( atmis msss

microcuriadgrem or s.A. (T \ in reins)- 1.8s0 x !10”
(T ~ )(atmnicmass)

❑imocurieslgram or S.A. (T ~ fn hzn) - 3.136 x 102s

(~%)( atomicmass)

UiiCrOCUriedm= Or S.A. (T ~ itl days),- 1.306 x 1014

@ % )(at~e’ ==@f

micr.curieafgrsmor S.A. (T ~ fxIYXS) - 3.578 x 10*1

(T k )(atmic mass)

(1),

(2)

(3)

(4)

(5)

NOTE: For a detaild ana2y8tedf’ tRs ak’ve conversionfA&m, me
sectionB-6. ‘TOobtafo radioactivity,see B-6 (23).

B-5.1 Applicability. The epecific activftle.sfor the tiotopasshown in table S-1 are
based on the above conversionfactors,usins th6 half-livesshown. Integermuon
numberswere used rather than actual masaea. A2so, the- specificactivitiesare for
pure forma of the isotopesonly.

B-6 Basic theom. ~. number of at- (dN) f.nany one radioactiveelement that will
disintegratein a small intervaldt is proportionalto the number of atcnw (N) pre@6nt
at the beginningof the tf,maperiod dt.

(1) -dN - l.t?dt

B-3
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~ fundamentallaw of naturewhich describesthe Tate of disintegrationor decay
OS a Zadio.activeelementis thereforeas foll~:

(2) - + = Mm

where X - a p~oportionnlityconstantfor
the part Icular radioactiveel~nt; often
called the decay or disinteurati.mconstant.

N . number of radioactiveatom ‘of ‘the cle-
mant at any time t

dn rate of disintegration(W ,pte Chw.qeOf N
- ~ - iIJnegativebecauseN ‘is~c~~inE ‘ith tine)

Fmarransinil equation (1) given:

(3) dN . -Adt
-ii

InteWat ing equation Q) gives:

,,,
.,

(4) lo N =-At + C

et t-O; N-No

Therefore,equation (4) can be rewritten:

lnNo=A(0)+C

or C = in NO
.’

Referring to equation (4) egain and replacinsC:

ln,?l- -At + In No

and In N - in No ? ‘it

(5) ~ .-at
lU No

natural Iosarithmicfo~ to base s

Rewriting” equation (5) t

~ .At. ~

(6) ‘or, i, - NO C- at =pOnential ‘Om

B-4

,’!,
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(0
,6

(7) or, Nt - No =- ‘t exponentialform

Def fnitions: where No - original number of radioactive atcms of the elmont
attime t-O.

N -

a-

t-

Nt . number of. rad~oactlveatcuasafter a given de-
cay time t

a proportioc+ty cmstant (decay constant) for a
given radioactive element

decay tima

Equations5, 6, and 7 are writtem tn termsof the natural logarithmto tho
base c( .s-2.7183),a fundamentalconstantwhich derives from other natural
phenomenaas wall as radioactivedecay.’

‘he time T requiredfor 1/2 the number of atoms to disintegrateis defined
es the half-lifeof the radioactiveelement or isotope.

A simplifiedexpressionfor the half-lifetfct8T cem thus be derived from I
equation (7) an follcwn:

Nt - No c-at

since Nt - 112 No In half-life time where t - T

1/2 No - No ~ -AT

0.5 - c -At

in 0.5 = ‘AT In 6

-.693 - -AT

AT - .693

NElf -lif e the of the particular radioactive
element.

Equivalent expressions based m cmmon logarithm to the base 10 are shti
for general information. Rowever, the ‘tie of natural logarithms resu2te in
a simpler and more useable e%presaim for Nt (equation(7) ccinpared to
equation (10) ).

Repeating equation (7) and taking the corkom logarithm (base 10):

Nt - No ~ -At

10U Nt - IOU No + log c ‘At

IOK Nt - log No . log (e’-At)

log F . -At lo~ s
No

I

I

B-5

\
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Since:

(9)

(lo)’

lox c - .4343 .

M ~‘t . -.4343kt comncm logarithmicform (base10)

or Nt = NO (10-04343AC), ,ccmon logs.rithticform (baseIn)

At the half-lifa tima! NT - 1/2 No due to half the atoms disinte8ratins

and t-T

Substitutingin equation (9):

10I3 * . -.I1343AT

log 112 = -.4343AT

10gl - log 2 - -.43431’2 ,..

0- ,3010 . -.4343iT

AT - .~
.4343

- .693

(11) ~ . .693
TIIisexpressionfor T (equation(11)) is the sane
result that was derived from the exponentialform
(equation(8)) usinc natural logarithms.

For radioactivedecay calculationsthe half-life is a more convenient pa-
rameterto u6e than the decay constant. The ram of diainte$%ationfrom
e.quatlon(2) can now’be expressedin terms of,the half-lifeT.

-:EAN

Substitutingfor k frtm equation (8)t

(12) 6N - & N rate of disinte8rntiop
-z .,.T, ,,

The decay rate for any radioactive‘a”batanceis referencedto he decay
rate of.,radiunhOne curie: of a radioactivesubstanceis that am.Jmt havfm
an activitvof 3.7 x 1010 dfaintesrationafaecond,the.disintegrationrat:
of radilml. “

Tharefora,“ “’

(13) 1.0 curi@ - 3.7 x 1010

(14) 1.(3UCi = 3,7 x 104

d~integrat20nslaecond

dislnttigiatlontaecond

,,

-,,

@“
.>,
!,

:,

,,:.

Accordiw to .Avogadro’s principle there are 6.02 x 102s atom in a gram-atom
or in a mans equivalentto the atomic weight expressed in grana. Therefore
the nwnbar of atuna in one gram is: r

*

,.
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(15) ~ - 6.02 X 1023
A

~.~

where A - atomicweight of’the radioactiveelement

Now the specificactivity (S.A) is the rate of decay of 008 gram of the ra-
dioactiveelementOF isotopeexpressedin curies or microcurles.

.s-

.,, ,
,3

“a

Therefore,

(16)
S.A. - p x

6.02 X 1023 ~ 1
A 3.7 x 101U

(SpecificActivity- llBec x atamsfgremx *=C - c.rice/Kra!nof ra-
dioactive elenmnt

(17)~A. -m , 6.02 X 1023 ~ 1 ~ ~06 - pcuries18ram
T A 3.7 x lofi of radioac-

tive element
(Specific
Activity)

Seducing the specificactivityequation (17) 8ives:

(18) S*A. . 1.13 x 1019 vC~~w=tof radioactive for T - half-life
TA in seconds

(19) ~.A. 1.S8 x 1017 uCi/Sramof radioactive T = half-life
TA elpt in minut08

(20) ~oA, . 3.14 x 1131SWlnrm of radioactive T - half-life
TA elemnt in hours

(21) s.~o - T A1.31 x 1019 ~cl/grem of radioactive T - half-life.
element in days

(22) ~.A. - T ~3.58 x 1011 PCi/Kram of radioactive T = half-life
element in years

To obtain the radioactivityin uCi/tube:

(23) Radioactivity - S.A. above in uC1/gm of radioactiveelementx
actw2 mass in Srems of the radiesctiveelement

(pCi/tube) used iu the tube

If the radioactive el..zmnt or isotope S.6 part of a mixture or a chemical
compound,the spacifIt-activityexpmndom may be reducedby an amount cor-
respondingto the fractAomof the cwtasid which is radioactivesince spec-
if{c activity (S.A.) is expressedper W- of radioactiveelementrather
than the compound.

Severalexamplesof the ca2cu2ationof opecificactivity and ultimately the
radioactivity in pCi/tubeare includedas follows:

EXAMPLES: RADIOACTIVECALCULATIONS*

A. For pure radioactiveelement

* See table B-1 - Hslf-life valuss of radioact ivs elements.

‘“----

B-7
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1. ~ Knm fnctora

T -4.3 x 1010 years

A - 187

gms of M 187 in tube

- 0.1

,Uain8equation (22):

S.A. - 3.58 x iOll; T in yearn
(~Ci/suO T A

~.~. - 3.58 X 1011
4.3 x 10’” x 187

SiA. - 0.0445PCi/smof Re1E7

From equation (23):

Sad$oactivity -
(vCi/tube)

Radioactivity -

Sadionctivity =

2. Ni63
-

Referencesvmbol

T = half-life

A - .gtc.@cweight of radio-
active element

S.A. - specificactivity-
rate of decay of,1
$ram of pure radio-
act ive element ex-
pressed. in @i/sin of
the pure radioactive
element

s.A. (wWsd of radioactiveele~nt x ~ of =diOac-
tive elementactually.uaedper,tube

0.0445 x 0.1 srain of I@187 wed in tube

0.00445w21ftubeof d 87

From vendor infmmation of

.(302PCi/mm2/pLatedside
computeuCi2evel/Tab:

yCi/Tab- .(M2Vcil=z x 3cm62x 2 plated
sid6m/Tah

- .012

. .

B-8

km..n factors

‘2- 92 years

A-63

1 Tab of Ni63 material
usedltube

Area of each side of Ni63
t.9b-3m

Hi63 is plated on both sides
of each tab

vendor information:’.002
uCilnm2/platedside’

!

@‘“

,,

.,-. .
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.

f-o

..!,,. ,,

Since 1 Tab is usedltubc, then:

(24) Radioactivity- .012uci/tube of Ni63

xow wing equation (22):
...
‘S. A,. - 3.58 X 1011;

!Jci/gnlof ‘2A
Ni63

s A. - 3.58 X 1011
92 X 63

T illyeal%
1

(25) S.A. - 61,770,000LICi/!@ of Ni63
Clsm of

Ni63 or 61.77 vci/gm of Ni63

nivide equation (24) -,012 uCi/tubeof Ni69 by equation (25)wber6 the apociffc
activity- 61,770,000PCi/.qmof N~63to calcu28te the grmr.s of N~63 in the tube:

RM6 of Ni63/tube=
.012uCi/tube
61,770,020PCi/grn NioJ

Therefore,

(26) ~ of Ni63 /tube - 1.94 x 10-10

Repeating equation (23) ~

sdioaetivity - SF.ecif ic activiti(MCi/SM)x @n of radioactive
(vCl/tube) ekmnt uoedltube

- 61 770,000 vCi/~’of,N163. X 1.94 X 1o-1o @n of
tNi 3 /tube .,

(27) Radioactivity- .012uCi/tubeof N163
ucftube

This result mot only shows thepcilavelltubebut aho verities-the ucttubs
value obtalned in equation (24) above. It also certifies that the calculated
P -Wt of Ni63 det&’mined fn equation (26) es 1.94 x 10_low of Ni63/tube
1s likewxse correct.

I%e mall amunt of N163 used/tube(1.94x 10-10 @es) is nearly infinitesimal
and when multipliedby tbe ,largesm.cific activityvalua for Ni63(61,770.000
uCi/gm of Ni63) gives an end product having an extremely2mI tadioactivfty
level of .012 (uCi/tube)

\— ..

B-9

, /’
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T - 5.26 yeara

A-do

w of Coso in tube * 2.64 X 10’10

Using equation (22) t

~ A. - 3058 X 1011 -Vci,mof ~060
,.

TA

_ 3.58 X 101! ,,,,.

5.26 (60)

S.A. - 1.137 x 109IICi)SIUof C06Q

F@dioaitivity. 1.137 x 109IICilsmof c060 x 2.64 x 10-1o SCM of Co601tube

Then:

(28) S.sdioactivlty- 0.30vCi/tubeof C060
vCiltube

4. For naveralDure radioactiveelements or isotopes

WIWI more than cm radioactiveelementor As.it~e i? pies%t in an elec-
tron tuba, then the radioactivityof each specie ie detskkotn?d (per Al
or A2 or A3 mtthod above.) md the radioactivity iestdts can then be
added to give the total radioactivityfor the ilecttiri tube.

n. For radioactivecuawounds

1. ‘illOriumtunP.8t16nwire (Thw)

Oliingequatiilrl (22) t

S.A. - 3.5S x 101l; k fn years
IIC1/WO T A

,

3.5s x 10$!
8“A” -.1.41 x Iofl X 232

S,A; = O.lIi94iICilsmthociim

s-lo

<,
Ialownfactors

Tp232 (r~~oactlve ~hocim ~g

the only radioactiveccnpound)

T - 1.41 x 101o<years
A - 232

1.Z? thoi~a in t~oria timgstei
(3!hW)tiirE

Wt.of TIAJtire used per tube -
0.1 gm

@ of Thitube - o.cinos
(see calculationof equation
(31))

.

!.
!:’

,$ .,$“::
.:.
“..’

;, .,:,.

1 ,,“
:,

*‘
.!

,,’,
,,.

~ ‘.

.J:
,.,,
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.

From equation (23):

Sndioactfvity = S.A. IIC1 x ~ thori~ actually used par tube
!JCftube w

- 0.1094 x 0.00105 (from equation (29) and equation (31) balm

(30) Radioactivity - 0.000115 pCi/tubeof Thorium

2. A2ternate approach for Bl, above

1 SM Of ~w vi= ~tains 1.2%~0z (ThOria)

1 sm of Thwvire contalnm 1 x .012 - .012 was Th02

Atomic veight of 2% - 232

Molecular weight of ~02 - 232 +“ 32 - 264

Tberef ore, ratio of Th to Th02 is:

* - 0“879
The specificactivity for thorium:
S.A. -0.1094 VCi/SM thorium (Tables-1)’

The spe.cific activity for th.aria:
S. A. -0.1094 IICi/SM (S.A. of Th) x 0.879 (ratio of Th toThOz)
S. A. - 0.0962 vCi/#o tboria

The S. A. for thoria allows quick cslc.u2atioo of the tube !JCi level for any % Of
thoriumin thorlatedtungstenwire. ~

Example:

1 5 of thOrim tunssten (ThW)wire contains 1.2% Th02 (thoria)
(31) Sndioactivity - (1.2%) (1 WD/WM‘rhW)x (0.0962LICi/WM thoria)

- 0.00115 I!ci/gm Thw
0.1 gn used per tube of ‘2hW ~

(32)F.ndfoactivity. (0.1SM ThW/tube) x (O. 0015 vCi/SM 2hW)

- 0.000115 uCI /tube

3. For eeveral radioactive compoundn in an electron tube

W%en more than one radioactive compound is present in an elECtrOn tube,
then the radioactivity of each compound is determined and the radio-
activity results can them be added to give the total radioactivityfor
the electrontube.
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c-1

c-2

c-3
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c-3 .1

C-3.1.1

c-3.2

c-3.2.1

SECTIONC RADIOACTIVE_DITIBS (cflODP59)
.,

,,

Introduction. This section containe a list of radioactive coumoditicsby part
or type number in alpha-numerfca2sequenceby F-qC. ~ Pertinent~rkins and
labelingrequirementshave been suumrize~ for each entry. Kf.ny of the COP
moditiesincludedin table C-1 are not currentlyin the Departmentof Defenee
SUPPIY system, but are included-forInformation~ fut.~ereference.

Inclusions. The data includedin table C-1 applies to commoditiesin Group 59.
!

Table C-1 fncludeseight columsof data which providesthe essentialdata fOr
propermarking and labelingfor each item listed. These data.cOlms are em
follows:

(1) Type or part number of the radioactivecomnodity
‘(2) Nationalstock numker of the radioactivecommodity
(3) Nanufact.rerof the rsdioaciivecommodity
(4) Quantitylnticrocuries of the radioisotope(see sectionB).’
(5) Radioisotope
(6) Use and storagelabel requirenmnts(see 11.2)
(7) DOT radioactivelabel r6quireI=nts(see 11.3.11).
(8) DOT transportgroup of the radioisotope(seesectionA) ‘

Req”ireuents. ‘l%emarkins and hbeling requirementsthat have been suumsrized
in COI-S 6, 7, amd S are constituentwith and in accOrd~e with the require- 1

ments of the standardBand regu2ationafor the modes of transportation,uae or
storageshcwn below:

(1)
(2)
(3)
(4)
(5)
(6)

(7)

Mfl freight,expressor baggage (Title49 CPR273.390) (me,21.3)
N2ghwaycarrier (Title49 CPR273.390)(SEd 11.3)
Water carrier (Title46cPR246.19-5) (Bee 11.4)
Mail carrier (Title39 CSp.sad Pub. No. 6) (sea11,5) ,
Air carrier (Title14 CFS103) (see11.6)
A2r carrier (military) (DSAM4145.3,APM 71-4,

27438-250,NAVSUPPUS505,
and 24C0P 4030.19) (ace11.7)

Use and storage (M2L-STD-145S)

Use and storagelabel (see fimme 6). The requirmnts for this label for each
listed cmumdity are shown in column6, and are in accordancewith
MIL-STD-145S, and applies to cmmoditles containing radioactive mterial in
excess of the values shown in table I (see 11.2). This labe2 in also
amlicable to shimdmz containers containing radioactive commoditiesthat. . ..-
are exempt from ~ (49 CS3t)Znbelingrequireme.nta.Emeve.r, the msrkins
and labelingrequirementsfor shippingcontainersare not includedin the
tablesherein.

Exem t shiwi us containers(10 CPR 20). See 11.2.2herein.

DOT radioactivelabels (sea fiuure 7). The requirementsfor these labels -O
in accordancewith Title 49 of the Code of FederalRegu2atiom (me 11.3),but
are also applicableto the other mndea of trenaportation shown above. Thus,
if the “radioactivewhite - I“ L.abe3was Ii@tedunder the DOT 2abal coluum of
table C-1, it m.uld also be requiredfor any or all other modes of trampOrta-
tion.

Exem tiona. Exempt commodities sha22 confozm to the requirementsof 11.3.10.2.

. .
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c-3.3 00T transport Smw (,gee secti.anA). The transpo~t grown sh~ in Co?m 8

of table C-1 tie been determinedin accordancewith the applicablestandard?
and federal lawn for the modee of transportation show under C-3. The
.Cranspoitgxoups for the listed cmmadities are applicableto all modes of
tramportacion.

c-4 non-radioactivec.amodities. Tables C-1 includesmany commoditiesthat are

not conslderadradioactive(see 6.38, 6.39, 6.44, and 6.47 herein). The
c-ditiea are includedfor informationand referenceoflY. men there is
no data shown in columns 6, 7, and 8 for marking and labelina,the listed
corxtedityin not consideredradioactive.
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APPENOIX 1

00IDSLINRS FOR RADIOLOGICALMONITORS

10. sCOPE

@ IO.1 This appendixdescribesthe proceduresfcm radiologicalmonitoringfor
personnelprotection,decontamination,storage;and dispositionof radioactive
commodities.

... 20. PURPOSE

20.1 The purposeof this appendixis to assure that all persomel who Work with
radioactivecotioditiesare completelyaware of the hazards,or potentialh&arda,
that are introducedfnto their working environmentby inclusionof radioactiveInat.irials
and of the applicabledirectivesand proceduresby which they my conduct theirwork
mf ely. Applicabledirectivesand safety procedures(e.g. controldocumentationand
standardoperatingprocedures)should be providedfor each radioactivecommoditycm
group mch as receiving,handling,warehousing,maintenanceand inspection. Each
individualshould receiveinstructionsin his specificoperationand all safety proce-
dures before being exposed to the potentialradiationhazards.

30. PERSONNPLPROTECTION I

30.1 Asvects of radiation. Radiationis eilent,unseen,and WIfelt; its presence 1

can be detectedonly by rnean8of instruments. Soresof the dmnsgingeffectsm the
human systemmy not developuntil after.QMnyyears of exposure. TIIerefore, radiation I

h,%zardscannotbe treatedlike some of the comnxt hazards. The lay mind c.msequmtly /,
may have developeda fear that in some cases is inordinate. In most cases, the matter
of accldmts is well threshedout; most accidentsare sudden and only predictableon
a probabilitybasis. OTIthe other band, many radiationirtj”riesare cumulativeand
gradual,and the hazard measurable,

30.2 Potentialradiationhazards. Potentialradiationhazardsdepend on the type
or radiationbeing emitted,e.g., alpha,beta, gamn, etc. (See fisure1-1 and
table B-1, column 11, for types of radiationsemitted for radioactivecommodities
includedherel”.)

30.2.1 AIPha radiation. Alpha radiationis not an externalhazard because it is ,,

not capable of penetratingthe skin; however,alpha radiationis a seriousinternal
hazard. Every precautionshouldbe taken to preventthe entry of alpha emitting
particlesinto the body by ingestion,inhalation,or open skin Wounds; inhalationbeing
by far the most serious.

30.2.2 Beta radiation. Beta emittingcontamination,within the conceptof this
handbook,is c.midered an internalhazard; i.e.
body before it can do appreciableham.

, the contaminationmat enter the
Contar@lnationWY gain entry into the body ,,

through the mouth, noee, or open wounds. If the contaminationie extrmely con-
centrated (on the order of 2000 rems/hr), physicalcontactwith the contaminatedsur-
face may prod.ceskin burns. The wearing of cotton gl.aveewill, in most cases, be
sufficientto nullify this hazard,

30.1.3 Gamma raw. G- rays present the greatestexternalhazard. They have M
mass, travelat the speed of light, and are highly penetrating,their effectiverange
dependingon their energy, The effect of air on gamma rays is m mall that it is not
practicalto measure the range,but ite penetratingpower is uieasmed in term of the
amcwnt of materialrequiredto reduce it to some fractionof its originalvaA.e. Gmn.s
rays can penetrateto an extremedepth in the body, destroyingtissuesand inflicting
seriousbwns q“lte rapidly. Therefore,gamma rays consitutea radiationhazard, for
the entirebody.

1-1
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BETA RADIATION
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STOPPEO

BY SEVERAL lNCt4ESOF LEAO

t+alssion Doicrlpfion Charge Appmx mnge Relative Relative Hazard

in air ponetmtion ic.ni2ati0n

Alpha c1 Hdium nucleus +2 4 inch ‘1 10;000 Internal

Beta Hlsh,vel~lty -1 ,, 15-20 feet ,100 100,. Internal

“deetrnn~~ ,.....:,,. ,,.,.....

OOma
7

Eleetmmognetic Nuotml ● 10,OOO 1 ExtemIIl
wave of energy

bDependent upon half-value thtckness

FIGURE 1-1. The penetratingpower ofradiaiion.
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30.3 Maximum permissibleexposurelevels. Based upon considerableexperienceby
many workers in the field of biologicaleffects of ionizingradiations,it’has been
determinedthat a. individualmay be safely exposed to certainmaximal dosages of
radiation, either intermittentlyor over a life span. In setting these dosage levels,
it is consideredimprobablethat the emulative exposurewill be sufficientto shorten
life, to increasethe incidenceof pathologicdieorders,or to impairvitalityand well
being. The permissibledosages given herein are for observanceduringpeacetfma
operationsat all fnstallatiorm dealtngwith ionizingradiationor radioactivemate-
rials. 2’heyare particularlydesigned for those constantlyand periodicallyexp.xed
to ionizingradiationin the course Of their routinework. The followingexpoeure
doses are maxi-; however,every effort should be made to minimize the exposureof
individualsto radiationas far below these standardsas practicable.

30.3.1 Equivalent‘doses. For the pwpose of this handbook,any one of’the
followingis consideredto be equivalentto a dose of one rem:

a. A dose of one roentgendue to X- or ganma radiation. “”

b. A dose of one rad due to X-, geauaa,or beta radiation.

c. A dose of 0.1 rad due to neutronsor high-energyProt~”.

30.3.2Exposureof individualsto radiatfonin rOStriCtd ara. . ~cePt as
provtdedin 30.5.2.1,no person shall possess,use, or transferlicensedm.eteria3in
nwh a manner as to cause any tidividualin a r“astrictedarea to receive, fn any ona
calendar quarter fr.mnradioactive r.aterfaland other sources of radiationin the
person’spossessionor control,a dose IIIexcess of the limits specifiedin the
follwing table (10 CYS 20):

Ram per calendar.warter

Whole body; head and trunk, active blood-formingorgans;lens of eyee;
or gonads ----- --------- --------- ------- 1114

Bands and foreamns;feet and ankles - - -’-”- - - - - - - - - - - - - 18 3/4’
Skinof whole body ---------------- ‘ --------- 7 112

30.3.2.1 BXWP tions. An individual2U a restrictedaree may be permittedto
receivea dose to the whole body grenter than those permittedunder 30,3.2provided:

a. During any calendarquarterthe dose to the whoie body shall not
exceed 3 rem; and

b. The dose to the whole body, when added to the accumubtive occupa-
tionaldose to the whole body, nbali not exceed 5 (N-18)rem
where W“ equals the individual’sage In yams at his last birthday;
and

c. Adequate recordsare maintainedof “past and currentexposureswhich
show that the additionof such a dose will not cause the individual
to exceed the amount authorized2m this subparagraph.

30.3.2.2 EXGOS”reof minors to radiation. NO person shall pe~t an individual
tithin a restrictedarea who is under 18 years of age to receivein any period of one
cal.indarquarter,a dose in excess of the following:

a.

b.

Y, ●

Radioactiveuaterialaand other sourcem- -10 percent of the limits
npecifled in 30.3.2abova.

Airborne rdioactiv. materinl - - - - - -Limits of ICCY2Z0,
(Theconcentrationmay be average appEUdiX B, tabie II.
over peri.xlanot greater than a
week.)

I

I

1

I

!

I

1
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30,3.3 E%poeureof individualsto airborneradioactivematerial. NO person shall”
posse~s,use, or transferradioactivematerialin such a manner as t. cause any
individualwithin a restrictedarea to be exposed to airborneradioactivematerial
in an averageconcentrationin excess of the limits specifiedin appendixB, table I
of 10 CPS 20. “Expose”means that the individualis present in an airborneconcen-
tration. No allowanceshaIl be made for protectiveclothingor equipment,or particle
size, exceptwhen authorizedby the NM. ‘2heliu,itsgiven in appendixB, table 1,
are for exposureto the concentrationsspecifiedfor 40 hours in any workweek of
7 consecutiveday~. In any such periodwhere the number of hours of exposureis less
than 40, the lim2tsspecifiedin the tablemay be increasedproportionately. In any
such periodwhere the number of houre of expoeureis greaterthan 40, the limits
specifiedin the table shall be decreasedproportionately.

30.3.4 Permissiblelevelsof radiationin unrestrictedareas. Except as authorized
by the USC, no ,personshall poaseaa,use or transferradioactive~terial in such a
manner as to create in any unrestrictedarea from radioactivematerialand other
aourceaof radiationin his possession:

a. Sadfation levelswhich, if an individualwas continuouslypresent in the
., area, could result in his recefvinga dose in excess of two millirems

in any one hour, Or 100 milliremsin any seven consecutivedays, or

b. Release to an unrestrictedarea radio8ccivematerialin concentrations
which exceed the limitsspecifled in appendixB, table II of
10 CPU 20, unless authorizedby the NRC.

30.3.5’Service/agencyradiationprotectionstandards. Wadf.ationprotection
standardsadoptedby the Departmentof Army (DA)and the Defense supplyAgency (DSA)
for the controlof occupationalexposuresto ionizingradiationare includedin:
AR 40-14,DSAR 4145.24“controland RecordingProceduresFor OccupationalS%posure
To Ionizing~diation.”

30.3.6 ~ation levels (SeeDSAM 4145.8,AS 700-64,
3JAVSVPINS2..34400, AFU 67-8, f4C0P44OO-105A).

30.3.6.1 Permonnel,equipment,and msterial, Contaminationof personnel,equip-
ment, and material.will be kept to the absoluteminimum. Wipe tests of surfacesof
material,containereand worktableswill not be allowedto indicateany appreciable
concentrationof alpha,beta, or gamma activity. Sadiationlevels causedby combined
beta-ganunswill not exceed twice the normal backgroimdlevel. Body surfaceswill be
decontaminatedwhen any detectableradioactivityis found and will be continueduntil
the acceptablelevels that have been establishedhy the installationor agency are
reached.

30.3.6.2 Air and water,- Unless otherwisespacified, the maximumpermissible
concentrationsof unkncwnradioisotopesin air and water are aa follows (expressedin
microcuriesper milliliter). (If the identityof the radioisotopeis known, refer to
Title 10, Code of PederalRegulations,Part 20):

W Beta and gamma emitters Alpha emitters

Air 0.2 x 10+ 0.2 x 10-’1

Water 10-7 0.4 x 10-7

md

30.3.7 :adioloxicalaafety committee. A,radiologicalsafety conmitteeshould be
establishedat each installationwhere personnelare engagedin work involvingregular
e.xpoaureto ionizingradiationor handlingradioactivematerials. The ccmnnittee
should includea iedicalofficer,radiologicalprotectionofficer,safetyofficer,and
other manbereas considerednecessaryby the commanderof the installationor activity.

e

1-4
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● 30.3.7.1 Responsibilities. The,radiologicalsafety committeewill aefie as staff
advisory council to the commandingofficer. As such, it will be responsiblefor the
establishmentand review of the general technicalpoliciesrelatingto radiation

?, o

hazard control.

a.

b.

c,

d.

The cmmittee should:

Meet quarterlyto review radiologicalsafety conditionsand to
recommendguidelinesto the radiologicalprotectionofficer.

Recommendsolutioneto unsolvedproblemsrelatingto radiationhazard
control.

Recoimnendchanges in the radiologicalsafetyprogram,when required.

Performother duties and functionerelativeto radiationsafety as
considerednecessaryz

30.3.7.2 Medical and radiologicalsafety officers. The medical and radiological”
safety officers should be the action agents for the radiologicalsafety ccnnnittee.
As such, they “ill be responsiblefor radiologicalpoliciesand proceduresrelativeto
personnel“ork safety and health protection. The officersshouldbe guidedby the
latest regulationsand establishedprocedurespertainingto radiation8afetY. These
officerswill:

a.

b.

c.

d.

e.

Indoctrinatepersonnelrelativeto the radiologicalsafetyprogram.

Act in a conmltant,and advisorycapacity;on radiationhazardcontrol,
to personnelworkingwith or planningto work with radioactive
materials.

Provide a persomel do.simetryservice,includingfilm badges,.

Designatepersonnelrequiredto wear dosimetricdevices.

Designatepersonnelthat will require periodicphysicalexamination.

40. PRECAUTIONARYMEASORES

40.1 Precaution. The followingprecautionsare in additionto those normally
observedby personnelengagedin regular storingand handlingof equipmentand com-
modities. Specialproblemsand specificinformationwith regard to handlingand diepo-
positionof radioactiveitems,not covered in this handbook,shouldbe referredto the
medical serviceor the radiologicalprotectionofficer.

40.1.1 Personnelrequirements.‘Radioisotopesa“d contaminatedmaterialwill be
monitoredand handledby authorizedpersonnelonly. Receiving,storing,and shipping
activitieswill have assignedat least two radiologicalmonitore (seesection50).
Monitorswill be selectedfrom persomnelaseignedto the areaa (preferablyinspection
per~onnel)and trained to accomplishthis function. Personnelselectedto handle
radioisotopesduring shipmentor storagewill be Indoctrinatedby qualifiedradio-
logicalmonitorsor by medica3 personnelon the prec,.gutfonarymeasureato be observed.
Pereonnelinvolvedi“ the actual use of radioisotopesmust have formal trainingin their
use,’in the prec.autio”arymeasures to be observed,or on-the-jobtrainingunder the
close supervisionof qualifiedpersonnel (suchas medical servicepezwonnel,radio-
logicalprotectionofficer, or a qualifiedradiologicalmonitor).

40.2 Personnelmonitoringecwiment. “Personnelmonitoringequipment”meansdevicee
designedto be “or” or carried,by an individualfor the purpose of measuringthe dose
received. Each installationor agency shall provideappropriatemonitoringequipment,
such as fIlm badges,pocket chambers,pocket dosimetera,or film rings (see seation 60),
to, and shall require the use of such equipmentby, all per~onnelworking,withradio-
activematerials,or enteringradiationareas as describedbelow.

1-5
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40.2.1 Individualsin restrictedareas. Each individualwho enters a restricted
area under mxh circumstancesthat the individualreceives,or is likely to receive,
a doee in any calendarquarterin exceseof 25 percentof the 8pplicablevalue specified
in 30.3.2herein.

40.2.1.1.Individualunder 18 years of age. Each individualunder 18 years of age
who entersa restrictedarm under euch circumstancesthat the individualreceives,
or is likely to receive,a dose in any calendarquarterin excess of 5 percent of the
applicablevalue specifiedin 30.3.2herein.

40.2.1.2 Radiationarea. “Radiationarea” means any area accessibleto personnel
where radiationexistsat such levels that a major portionof the body could receive
in any one hour a dose in excessof 5 millirem,or in any 5 consecutivedays, a dose
in excessof 100 millirem.

40.2.1.3 Hixh radiationarea. “Eigb radiationarea” means any area accessibleto
personnelwhere radiationexists at such levelsthat a major portionof the body could
receivein any one hour a dose in exceaa of 100 millirem. Each high radiationarea
shall be conspicuouslypoeted with signs or placardsae describedin Section 70.4.

40.2.1.4 Airborneradioactlvitvarea. See 70.4.2herein.

40,2.2 EntrP into a high radiationarea. Positivemeasures,such as locked or
guardedgates or doors, in additionto placards,shall be establishedto prevent
unauthc.rizidentry into high radiationareas, i.e., an area in which in individual
might receivea radiationdose equivalentto 100 milliroentgensin one hour. Entry
into a”high radiationarea, or exposureof a sourcewhich would make such a dose
possible,shall energizea conspicuousvisible or audiblealarm signal designedto
alert personnelpresent (eee 70.4.1).

40.3 Removal or radioactivematerial. Personnelwill not tamperwith or in any
way expose or remove an it= containingradioactivematerial from the unit package or
shippingcontainerunless requiredto do so in the performnnce of duty. Under no
conditionswill radioactiveitems be carried in the pockets of clothingworn by
personnel.

40.4 Accidentallybroken or damaged items. Should an item containingradioactive
materialbe accidentallybroken or its containerdamaged,direct contactvith the
radioactively-contaminateditem will be avoided. The radiologicalmonitor on duty,
the medical e,ervice,the supervisor,and other concernedpersonnelwill be notified
ime.diately. Z’hereupon,the followingrules and procedureswill be observed:

a. parsonnilhaving come,indirect contactwith broken or damaged radio-
active items or containersor radioactivelyccmtsmin.steditem will,
if possible,have other pereonnelnotify proper authorities;remove
self from the inmediatearea (buttill not migrate to other areas)
for subsequent nwnitoring and decontamination, if necessary, by
attending radiological twnitore.

;b. The immediate area will be roped off, wnitored, and decontmninated,if
neceenary (e- sections70 and 80).

c. Broken cm damaged item will be monitoredand safelypackngedunder
swveilla.ce of the radiological rmnitor and disposal made in
accordancewith instructionsin this handbook,or other applicable
Instructions(see section 90).

d. Radioactivelycontaminatedmaterial sbodd not be allowed to come in
contactwith the body at any tim. Rubber or plastic gloves ehould
be worn while handling broken items or de.magedcontainersof radio-
activematerial.

(
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f.

Mherence to good personnlhygienicpractices (suchas washing of
hands and face before eating and smoking)is mandatory.

Food or drink will not be brought into the contamir&tedarea, nor will
smokingbe permitted.

40.5 l’heft or 10SS. Strict accountingof radioactivecomudities and materialsis
mandatoryat all times. Theft and loss of radioactiveitems shall be reported
immediatelyto the radiologicalprotectionofficer,nedical officer,and other cogni-
zant personnel.

40.6 Fire departmentprovisions. ‘lliefire departmentwill be providedwith
storagelocationsof all radioactivematerials,so that proper precaution may be
observedin case of fire (eee80.5).

40.7 Protectiveclothing. Protectiveclothingshcmldbe availablefor use by
personnelat each installationor agencywhere radioactivematerialsor comedities
are handledor stored. The type clothingprovidedwill vary with the local Situations,
but may include:

a.

b.

c.

d.

e.

f.

Plastic or hard hat, or other head coveringas appropriate.

Safety glasses.

Suitablewashable,or disposableouter garments.

Appropriatefootwear.

Appropriategloves. ,

Self-containedrespirators.

40.7.1 Contaminatedclothing. Protectiveclothingwhich is contaminatedso thst
it emits a radiationlevel of 1.0 mS/hr or rare of beta-gawnm,or is contaminated
with any alpha, shall be decontaminatedor disposed (ace sectiongO).

40.8 Sadiolojticalaurveye. Fach installationor agency shall conduct eurveyaam
necessaryin order to complywith the requirementsof 10 CYS 20, and 29 CFS 1910.96
(see section 70). “Survey”means e. evaluationof the radiationhazarde incidentto
the production,use, release,disposal,or presenceof radioactivematerialor other
eourcesof radiationunder n specificset of conditions. When appropriate,suc,h
evaluationincludesa physicalsurvey of the locationof materialeand equipment,and
measurementsof tlieIevele of radiationor concentrationsof radioactiveuaterial
present.

40.9 Records and reportsof surveysand ea-wasura.Each installationor agency
shall prepare and maintainrecords shovingthe radiationexposuresof ail individuals
occupationallyexposedto ionizingradiationunder the conditionsof 40.2 herein.

These records shall be kept on fonus providedby NRC, or DD Form 1141 (seeAS 40-14,
DSAS 4145-24). Each installationor agency shall maintain recordsin the came units
as specifiedin 30.3.2 herein and appendixB to 10 CPR 20. Sach individualshall be
advised of his individualexposureon at least an annual baais.

----- ~..-.=..-=-.~,r-.
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50. PERSOhWfO, TSAININC,DUTIES,ANO SEQUISE24RNTS

50.1 Generalrequirements. All personnelinvolvedwith radioactivematerials,or
comnvdftiedshouldbe made aware of the hazards,or potentialhazardsof these
mterials. They shouldbe aware of the contentsof applicabledirectivesand
procedure relativeto this subject. Directivesand safetyproceduresshouldbe
preparedand distributedto involvedpersonnelfor each radioactivecommodityor group
of relate&commoditiesand for each particularoperationsuch as receiving,handling,
maintenance,inspection,etc. Involvedpersonnelshcwld receivetrainingand ,..

Lnstructionaprior to bein8 exposed or assignedto a work area that is involvedwith
radioactivematerialsor commodities.

50.2 Instructioncoursesfor radiologicalmonitors. Personnelassignedradio-
logicalmonitoringduties shouldbe providedtrainingin this assignedarea.
Personnelshouldhave receiveda ❑inimum of 40 hours of instructioncoveringthe sub-
jects outlinedbelow before being consideredqualifiedas a radiologicalmonitor.
This“instructionshall be providedby qualifled personnel. A suggestedoutline of the
radiologicalmonitor course is as follows:

Introductionto Sadiation- - - - - - - - -
Basic Nuclear Physics - - - - - - - - - -
Effectsof NuclearExplosions- - - - - - -
MedicalAspects -------- ------
DetectionEquipment (General)- - - - - - -
MonitoringPr.oced”res- - - - - - - - - - -
Deconrarnination- - - - - - - - - - - - - -
U6eof In.etruments------------
ExposureControl -------------
Reviewand Test -------- ------

‘TOTAL ---------------- -

2 hours
2 hcwrs
2 hours
2 howw
4 hours
6 hours
2 hours

10 hours
8 hours
2 hours

40 hours

50.2.1 AdditionaltrainlnRre.auirements.In additionto the generalsubject
matter listedabove, monitorsshall have on-the-job trainingto acquaint them with
the specificmaterialsand conditionsyith which theywill be concerned.

50.2.2 Kefresherrequirements. Monitorshaving satisfiedthe trainingrequire~nts
shall receivea minimum of eight hours of refreshertrainingeach year thereafter. The
latest informationon the topics specifiedin 50.2 shall be reviewed.

50.3,.Duties of radiologicalmonitors. Radiologicalmonitors shall perform the
following:

a.

b.

c.

&nitor known or suspectedradioactiveand radioactivelycontaminated
material,completingand attachingthe appropriateradiologicalmarkers
and placards (eee 70.4) and notifyingproper authoritiesof radiation
levels’present.

Monitorradioactivestorageareas every 30 days or when new shipments
are placed in mch areas. Nhere the permissiblelevel of radioactivity
is being exceeded,the stocksof items where excessivelevelsare fomd
shmld be broken into smallerquantitiesor moved to other areas in
an attemptto reduce the radiationlevel to within the permissible
level. In the event tbe excessivelevel cannoc be reduced,request
immediateguidancefrom the radiologicalprotection officeror the
medical officer.

Monitorpersonnelassigned‘towork in areas where possibleradiation
expoeureexiets.
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d. Insurethat personnelworking such areas observenecessaryprecautionsand
adhere to applicableregulatio~ and directives. ,,, .

e. Provide guidanieand assist in the performanceof decontaminateion, and
disposaloperations,when required.

NO’E?,

The monitorsassigned to operatingunits are not
authorizedto change permissibleexposuredose
limitsor deviate from standardprecautionary
procedures. The radiologicalprotectionofficer
and the medicalzservicewill assist or advise the
radiologicalmonitorswhen necessary.

60. RADIOLOGICALMONITORINGEQUI=

60.1 Detectionmethods. RadiologicalI“strmnentsdetect the interactionof
radiationwith some type of matter. The,differentprinciplesof radiationdetection
are characterizedby the nature of the interactionof the radiationwith the detecting
or sensingelement. Severaltypes operateby virtue of the ionizationproduced in
them by the passageof charged particles. In other detectorm,excitationand sometimes
moleculardisassociationplay importantroles.

60.2 Radiologicalmonitoringsystems. Radiologicalnmnitoringsystemshave become
an integralpart of every programwhere radiationis a threat to health. These,ay~.tems
include instruments to measure exposure levels and devices to warn when permissible
levels are exceeded. Warning devices,such ae ringingbellm, flashinglights,clicking
sounds,and fluctuatingdials,may be attachedto monitoringImtrwne”ts to give notice
of the presenceof radiationsince radiaticmpenetratingthe body cauttesno pain end
one can be injuredseverlywithout realizingit. Physicalexaminationsand clinical
tests are another phase of monitoringto determinethe exposureswctalned,and the
amounts that are permissible.

60.3 F.adicinstrument. There are two distinctgroups of instrumentsemployedin
the detectionand measurementof ionizingradiation;those that measure total
accumulatedexposuredose, and those that measwe the instantaneousrate of exposure.
The first is referred to as a m.4SUREMENT(Dosim.sters)and the second as a RATE
FfS&SUSEkTNT(SurveyMeters). The two groupingsare called “radiac”inetrtuoents,
derived from the worde “radiation,detection,indicatorand cowutation”.

60.4 Dosimeters. Dosimetersare divided into several classeadependingon their
principle of operation. The more common classes are: photographicemulsion,scintil-
lationmedia, ionizationchamber,chemicaldecomposition,and radiophotoluminscent
media.

60.4.1 Film badge. The film badge worn on the outer clothingis the primary
dosi%tric device and the most connnonpersoanelradiationwnitor. It is used m8inlY
to detect X- or gamma-radiationand the more energeticbeta radiation;it m8y be used
also for neutrondetection. The typicalbadge consistsof a metal or plast+c jacket
with an identificationphoto or -plate insert. h index number is usually engraved
cm the back of the jacket or on the nameplate (see fisure1-2).

‘0
1-9

-,

_. .-.—. -.

Downloaded from http://www.everyspec.com



MIL-HOBK-600
APPSNDIX1

60.4.1.1 Film Pack. ‘he film pack may containone, two, or three films with
varying sensitivites. One film emulsion,for example,may measureup to 20 roentg.ens,
another up to 50 roentgens,and a third up to 600 roentgens. Each film is coded with
the index number. With the film badge shown i“ fig”re 1-2, this is dome by passing
X-radiationthroughthe perforatednumber at the base of the front filter (other
systems for coding films,however,may be used). The codingprocess is performedfor
identificationpurposes. After the film badge is worn for a period of time, usually
1 week, the film is developedto determinethe quantityof radiationreceivedby the
wearer of the badge. A dermitometer,which measures the densityof a photographic
image,determinesthe relativedensityon the film. This density is comparedwith
deneitiesof known qwintitiesof radiationof give” emergiesand is then converted
into appropriateunits.

60.4.2 Film badge service. Film badge service.for the Departmentof &my (DA)
and the Defense SupplyAgency (DSA)shall be providedas specifiedin AR 40-14,
DSAR 4145.24,and for other servicesactivitiesas specifiedby the directivesof
these activities.

60.5 Surveymeters. 2’heionizationchamber,proportionalcounter,and GeiSer-
Muellercounterare common portablemonitoringinstruments. (’2heymay also be used
in fixedapplications.) The essentialfeaturesof the three types are:

(1) A positiveand negativeelectrodeto attract negativea“d positive10M;
and

(2) An appropriategas or mixture of gases in .. ionizationchamber through
which the radiationmust pass; and

(3) An appliedvoltage to the chamber.

60.6 Recmmuendedmonitoringequipment. ~’e followingdosimetersand eurvey
inatryaentnare recommendedfor mc.nitoringpurposesat met activities. However.
since there are mnny variations,the actual equipmentrequiredat each installation
or agency shouldbe determinedby the responsibleserviceofficer(s).

TABLE 1-1. Reconmandedmonitoring.equipment.

I NSN I N.amnchture I F.mge I Purpose

I

6665-00-561-5787 P.adiacset AN/PDR-27 ( ) 0-500 m21/hr Gamma measuring,
beta-g- detection,
personnelmonitoring

6665-00:526-5336 Radiac eet AW/PDR-39 0-50 R/hr Gamna (high intensity),
area monitoring

\
6665-00-106-7554 Sadiac set AN/PDR-43E O-500 R/br Garmrameasuring,

beta-detecting

6665-00-581-2227 Radiac set PAC-2GA 0-100,000Cpm A2pha detection

*6665-00-526-7174 Radiacueter 0-200 mR/hr X- and g-
detecting

*6665-00-526-7169 P.ndiacdetector 0-200 ms X- and gamma
(dosimeter) detecting

*6665-00-52&-8230 Charger,radiac Dosimetercharging
detector

*2’heseItems to be used only if considerednecessary,bythe installationor agency.

NOTE
Film badgestill be obtainedthroughtbe medical service.

~.-

,..,.
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FIGURE 1-2. FilnYbadge.
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6n.6,I @lib..:!tionand certificationof instruments. A!l survey instrumentsshould
h. mainr.;,incd in :,scrviccahleconditionat all times,calibratedand certifiedhy
<IU:,Iicic.dPcr,<~r)l,elin q[,alified lah.r.tOriesat intervalsspecifiedby serviceor
AKcncy (1ircc.tivcs.

70. I?AuIOLOGICALMONITORINGTECtiVIQUESAJ40OPERATIONS

70.I titance of monitoring. The radiologicalprogram for personnelprotection
owl s:}fchandlingof radioactivematerialsmust be based o“ facts. Radiological
mo”itoring providesthe facts requiredby medical and safetypersonnelin case of
cmer~cncy,.orother operations. The informationprovidedby qualifiedradiological
monitors is the key to decisionson what to do and how to do it.

70.2 P.rDoseof monitoring. Radiologicalmonitoringis definedas the detection
Jmi mcas.rcme”tof radiation. With the informationgained throughmonitoringwe can:
(1) dotcrmi”eextmt and locationof radiation;(2)validatepredictionsabout
radiation;md (3) decide on a course of action.

70.3 Types of monitoring. There are two types of radiationmonitoring: personnel
a,]d:,Fe., PC&.n”,I tmxitoringis the use of instruments to determinethe exposure
recci.veclhy the individual. Area monitoringis the use of instrumentsto determine
the levelsof radiationin an area and to give alarm when permissiblelevelsare
CXcecdcd

70.3.1 Personnelmonitoring. There are two types of personnelmonitoringinstru-
mcnt.s:~,,instrumentsthat can be read directlyand instrumentsthat requiresupple-
nm”talprocessesor supplementalreadingsa“d are a measme of exposure-levelsover
~ Period of time (seesectiom 40 a“d f,o).

7[1.3.1.1 “I>crsonnel-monitoringprocedures. Proceduresfor personnelmonitoringare
:1sfollows:

● ’
a. Use the AN/PDR-27or equivalent. Attach the headphonesas this aI1ows

the monitor to,visuallyfollowand, thus better controlthe position
of the prpbe while monitoring. Tbe headphonealio =espondsmore
quickly.to changesin radiationlevelsthan the meter.

h. Check the operabilityof the instrument.

c. Place the probe i“ a lightplastic bag OT cover of light-weight
materialto prevent contamination. This is desirable,but not
mandatory.

d. Select a receptionlocation’for conductingthe monitoringoperation.
Precwtions shouldbe take” to prevent contaminationof the area.

c. Oeterminethe backgroundradiationlevelperiodicallyat the location
where the nxmitoringis to take place. If the meter indicationis
above 50 mR/hr with the probe shieldopen, find a better shielded
locationthat will bring the meter indicationbelow 30 mR/hr. This
might be done by selectinga differentlocation,cm by sweepingthe
area severaltimes to reducepossiblecontamination.

f. open the shield o“ the probe of the AN/PDR-27or equivalentand put on
the headphone.

d
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g. Place the probe about two inches from the personvsbody being careful
not to touch him. StaTtingat top of the head, move the prob. dcw,,-
ward on one side of the neck, collar, shoulder,axm, wrist, b:md,
underarm,armpit,side, leg, cuff, and shoe. Monitor the insidesOC
the legs and the other side of the body in the same fasbi.on. Mo”itor
the front and back of tbe body. Pay particularattentionto the fc,el,
seat, elbows,armpit,a“d hary or moist ai-eas(seefi.s,ure1-3)
Record the exposure (see40.9 herein).

h. Decontaminatepersonnelfound to be contaminated(see Section.W)

i. Monitor all personnelafter decontaminationto determine.that ~o.-
tami”ationhas bee” effectivelyremoved. Repeat decontaminateion
proceduresif required.

70.3.1.2 Monitoringradioactivecommodities. Personnelmo”itori”gprokedmcs arc
also applicablefor monitoringcommoditiesthat exhibit low intensities,or for colI-
taminationdetection.

70.3.2 Area monitorin~. Area monitoringis used to locate zones of radiation.IKI
contaminationand to determinethe dose rates in these zones. The monitorshal1:
(1) be advised by the radiologicalprotecticmofficerof the aliowabledose ratc~uncl
the importanceof the mission; (2) wear a protectivemask, gloves,head covering,and
sufficientclothingto cover tbe skin area when dusty conditionsprevai1; and (3) h$tvc
paper, pencil,maps, and contaminationsigns, if areas are to be marked.

70.3.2.1 Equipmentrequired. The folIowi”gequipmentwi11 be required:

a. AN/PDR-39or equivalent. If the dose rates are expectedto bc b<low
500 ndlfbr,also carry the AN/PDR-27or equivalent.

b. PAC-2CA or equivalentfor alpha detection.

c. Film badge and the appropriateself-readingdosimeter(seesection60)

70.3.2.2 Area monitoringprocedures. The proceduresfor area monitoringare as
follows:

a, Zero the dosimeterand place in a pocket to protect it from possibl.
contamination.

b. Check tbe operabilityof the AN/PDR-39and AN/PDR-27,if it is to [be
used.

c. rake readingsat about threefeet (belthigh) above tbc grmmd or
flool-.

d. Record the dose rate, the time and locaticmfo= each re:,ding.1f
readingsare taken within a vehicle,this should be noted in the
report.

e. Post markers,if requiredby the mission. The marker should facu
away from the Restrictedarea. Write the date, time, and dose
mte o“ the back of the marker (see 70.4)

f. Read the pocket dosimeterat frequentintervalsto determinewhen“to
depart the area

‘0
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FIGURE 1-3. Personnel monitoring.
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g. Remove outer clothingon return and check all personnelfor.contamina-.
tion. Decontaminate,if required (seesection 80)

h. Record the radiationexposureand report resultsof the survey
(see 40.9).

70.4 Area identification(cautionsigns, labels,signalsand controls.‘Appropriate
signs or placardsshall be conspicuouslyposted at each entranceto a radiationarea
or at intervalsof not less than 20 feet around the perimeterof an open area where
concentrateions of radioactive.materialsare located. The signs or placardscan be
constructedif preprintedones are not available (seefigure I-4) and shal1 bear.the
NuclearRegulatorycommission (NRC) standardradiationsymbol md the words as
appropriate:

CAUTION (or DANGER)

RADIATION AREA (or HIGH SADIATION ARSA or AIRBORNE RADIOACTIVITY ANEA
or RADIOACTIVEtd4TERIALS)

70.4.1 High radiationarea. Each high radiationarea shall be equippedwith ‘a
controldevicewhich shall either cause the level of the radiationto be reducedbelow
that at which an individwd might receive a dose of 100 nti1liremsin 1 hour upon entry
into the area or shall energizea conspicuouslyvisibleor audible alarm signal in
such a mannerthat the individualenteringand the guard or supervisorof the activity
are made aware of the entry. In the case of a high radiationarea establishedfor a
period of 30 days or less, such controldevice is not required,

70.4.2 Airborneradioactivityarea. Each airborneradioactivityshal1 be posted
~~ ~pecified in 70,4. ,,Airbone radioactivity,,as used in this section,means:,

a. .4nyroom, enclosure,or operatingarea in which airborneradioactive
materials,composedwholly or partly of radioactivematerialin
contractionexceedingthe limitsspecifiedin 10 CFR 20, appendixB,
table 1, or

b. AIIyroom enclosureor operatingarea in which airborneradioactive
material exist in concentrationswhich when averagedover the mmber
of hours in any week duringwhich individualsare in the area,
exceeds25 percent of the values specifiedin 10 CFR 20, appendixB,
table 1.

70.4.3 Additionalrequirements. Each room or area shall Lieposted as specifiedin
70.4 where radioactivematerial (excludingnatural uranium or thorium)is used or
stored in any amount exceeding10 times the quantityof such materialspecifiedin
table A-1, column IV herein, or in which naturaluranium or thorium is used or stored
in quantitiesexceeding100 times the quantityof such material specifiedin table A-1,
column IV herein.

70.4.4 Containerlabels. See 11.2.1herein.

80. DECONTAM1NATION

80.1 Cooperationrequirement. Closely alliedwith the problem of monitoring,
discussedin section70, is the problem of decontamination..ne twO are. in fact,
C1OS61Y linkedand cooperationbetween inonitorsand decontaminationpersonnel
(if different]is a basic requirementif wasted effort or unnecessaryhazard is to
be avoided.
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CAUTION
RADIATIONAREA

/“’’”

z’SYMBOL

EMBLEM

o

THE PROPORTIONS OF THIS EMBLEM ARE BASED UPON THE VALUE OF OHE UNIT,

ONE UNIT EQUALS THE OIAMETER OF THE CENTER CIRCLE OF THE SYMBOL,

THE EMBLEM IS TWELVE UNITS HIGH BY TWELVE UNITS WIDE.

THE SYMBOL IS CENTEREO IN THE LOWER TWO-THIRDS OF THE EMBLEM.

THE SYMBOL IS CONSTRUCTED OF THREE CONCENTRIC CIRCLES.

THE OUTER CIRCLES BEING OIVIDEO INTO SIX SECTORS, ALTERNATE SECTORS
COLORED.

THE CIRCLES HAVE RADII IN THE PROPORTIONS OF ONE TO ONE AND ONE-HALF
ANO ONE TO FIVE.

THE LETTERs ARE OF BLOCK TYPE, ONE UNIT HIGH, ANO CENTEREO IN THE UPPER
ONE-THIRD OF THE EMBLEM.

BACKGROUND COLOR OF THE EMBLEM IS YELLOW.

SYMBOL COLOR IS MAGENTA OR PURP1[ .

LETTERS ARE BLACK.

FIGURE 1-4. Standard radiation hazard warning emblem.

●
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80.2 Contaminationbehavior. Contaminationresult~when radioisotopesattach
themselvesto dust particlesor water droplets. It behavesphysicallylike a“y other
dirt or moisture. In fact, the phe”omemaof radioactiveccmtami”atio”is exnctl.ythe
same as getting ,,dirty,! except this dirt is radioactivea“d only small q.antitics
are requiredto produce a hazard.

80,3 Purposeof decontamination. The objectiveof radiologicaldeccmtaminationis
to reduce the contaminationto a“ acceptablelevelwith the leastpossibleexposureof
personnelto radiation. Radioactivitycannot be destroyedor neutralized,but in the
event of accident,the radiationhazard can be reducedor eliminatedby removing
radioactiveparticlesfrom a contaminatedsurfaceand safely disposingof them, by
coveringthe contaminatedsurfacewith shieldingmaterial, such as earth, or by
isolatingthe contaminatedobject and waiting for its radiationto decreasethrough
the process of “at”ral radioactivedecay.

80.4 Decontaminationprocedures. In the event of accidentsinvol”ingradioacti.vc
materials,irmnediatelynotify the radiologicalprotectionofficera“d thernedicil
serviceof tbe incident, The followingproceduresfor decontaminationwill’proceed
under their guidance:

NcTCE

All decontaminationpersonnelwill wear protective
gloves,and other protectiveapparatusas prescribed
by the radiologicalsafety officer and the medical
officer (see 40.7 herein).

a. Pick up the large fragmats with forcepsa“d place them i“ a meto1
shippingcontainer,NSN 8110-00-2S4-S715,or similar item ~or
subsequentdisposal, If forceps are not available,“se rubber’or
cotton gloves.

WA8N1NG

Do not stir up c@t as this may cmse the radioactive
materials@ permeatethe atmosphereand produce a“
airbornehazard.

b. Carefullyclean the area with an industrialtype vacuum cleanerequipped
with an exhaust filter. The exhaust streamwill be analyzedby the
medicalservice to insme that an airbornehazard is mt bci”g produced,
&on completion,the exhaustfilter and collectingbag will bc Pl:aced
in the containerwith the fragmentsfor s“bseq”entmonitoring.

c. Using a cloth dampenedwith water, wipe across the contaminntcd:Lre:I
making one swipe at a time. (Do not r“b the i-adioactiven,atcrinl
into the swface by the use of presswe or a back-and-forthmotion.J
The cloth “ill be folded in half after each swipe. Upon completion
or when it becomes too small, the cloth will be placed in the waste
containerwith the fragments.

d. Monitorthe area with a AN/PDR-27or eq”ivalem to detcrmim the effec-
tivenessof the decontaminationand to insurethat no contamination
has been spreadbeyond the breakagearea. If levelsor radiationarc
below 1.0 mR/hr, the area will be consideredclean and returnedto
normal“se. If the levelsor radiatim are above 1,0 mR/hr, repeat
the above proceduresas outlineduntil the radiationlevel presentis
acceptable.
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e. Al1 benches and floors in the decontaminationarea wil1 be monitored,and
decontaminatedif necessary, Rags and mops soaked i“ cleaningsolvent
wi11 generallydo a thoroughjob of cleaningbenches and floors The
rags and mops may be rinsed in cleaningsolvent to remove any comamim-
tio”

f. Personnelperformingthe decontamination,and their work clothingwi11 be
monitoredto determineif they have become contaminated(see 70.3.1).
If contaminationabove 1,000 countsper minute (CPM)or 1 mR/hr is
fomd on the clothing,the clothingwill be removedand all exposed
skin surfacesand underclotheswi11 be surveyed. If underclothesare
contaminanted above permissibleIeve1s, they wi11 be removedand the
person wi11 be requiredto take a shower. After showering,the person
wi11 be surveyedfor cantamination. Areas where radiationremains
will be washed until clean. The contaminatedclothingwill be placed
in a separatecontainerfor subsequentdecontamination.

g. The forceps,gloves,or Qther equipmentwhich have been used for decon-
taminationwill be monitored. If contaminated,the forcepsand other
equipmentmay be wiped with a damp cloth unti1 the contaminantshave
bee” removed. If the gloves are contaminated,they “i11 be placed in
the same containerwith the contaminatedclothingfor subsequentde-
ccmtaminationor disposal.

h. The waste containerwi11 then be monitoredfor externalcontamination
by use of wipe samples. If contaminated,a damp cloth will be used
to wipe off the contaminates. The cloth will then be placed in the
centairierand the centairierwi11 be sealed and marked for subsequent
disposal (seesection 90)

80.5 Fire control. Fire in any area where radioactivecommoditiesare handled or
storedwi11 be broughtunder controlby using establishedfire fightingprocedures,
md if possible,under direct guidanceof the fire protectionactivity.

80.5.1 Monitoringof fire-damagedarea. All fire damagedareas wi11 be monitored
imnwdiately after tbe fire is under controlto determinethe radiationlevelspresent,
and the necessityfor decontamination.Firefightingoperationmay disperseradio-
activematerialsinto areas that initiaIly were not a part of the incidentsite. The
drainageof liquidfrom firefightingoperationsshouldbe noted and avoidedby per-
sonnelunless they are wearing appropriateprotectiveclothing. Additionalmeasures
shouldbe taken as necessaryto cope with any resultinghazards.

BO.5.2 Isolationof fire-damagedarea. The area will be roped off and isolated
for decontamination,if required. ‘l’heropes wi11 be placed at positionswhere the
Ievelof radiationintensityis less than 1 miIIiroentgenper hour.

80.5.3 Monitoringof personneland equipment. Perscmneland equipment“i11 be
mmitored md decontaminated,if necessary,utilizingthe proceduresspecifiedin 80.4.

80.5.4 Additionalmonitoringand decontamination. Personneland equipmentwill be
returnedto the fire station for additionalmonitoring’and deccmtamination[showers.
etc), if required.

90. DIsPOSITION OF RADIOACTIVE MATERIALS

90.1 Ra.a.oactivewaste. Radioactivewaste will be disuosedof as indicatedin
individualNuclear RegulatoryCcxmnissicmIice”ses,
directives,and:

a. Oefeme supplyAgency. DSAR 414S.30,
Material.
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b. Departmentof the Army. .AR755-15,Disposalof UnwantedRadioactive
Material.

c. Departmentof the Navy. NAVMSD P5055,RadiationHealth Protection
Manual.

d. Departmentof the Air Force. T. 0. OO-11ON-2,RadioactiveWaste Oisposal.

e. Marine Corps. KO P4400.19, Marine Corps SupplyManual,Volume 1.

90.2 Provisionsfor disposal. Waste disposalwill be accomplishedby the instal-
lationsdivisionin accordancewith instructionsfrom the medical service. Disposal
by means of sewerswill be avoided,unless specificallyauthorizedby tbe medical
service. In such cases,where sewer disposalis authorizeal,necessarylaboratory
analysiswi11 be performedto determinethat the leve1 of activitydischargedis holow
the prescribedlimitsof the Nuclear RegulatoryCommission,and local and state
authorities. Samplesof waste water at va,riom locationsin the sewage system should
be CO1lectedby tbe medical service,and the radioactivitydeterminedto insurethat
compliancewith standardshas been met. Liquidwaste may be allowedto decay to
acceptablelevels (10microcuriesper milliliter)and disposedof as normal waste.
Alternatemethods of disposalwill be to: (1) disposeof the liquidafter it has
been dilutedto the acceptablelevel;or (2) meter the liquidinto normalwaste
disposalchannelsat a rate s“cb that the acceptablelevelsare not exceeded. For
additionalinformationof disposalof solid or liquidwaste, referenceshouldbe made
to 10 CFR 20 and to local and state laws pertinentto the subject.

90.3 Metal containerfor solid-radioactivewastes. The.followingmetal containers
will be used to ship or store solid-radioactivewastes. Activitieswill choose a
containerof the appropriatesize for the amount of solid radioactivewaste they
normally generate.

.U.
90.3.1 Warning labelsfor metal containers. Attach two radiationwarning labels

(seefigure 1-4) on oppositesides of the metal container. Place the containerin a
convenientlocation,where it is readilyaccessible;however,keep it at least 6 feet
away from work areas such as desks,work benches,etc.

90.3.2 Generatedwaste. Alwaysplace radioactivewaste in the metal container
as it is generated. Keep the containercoveredwith its lid.

NOTE

Oue to the high cost of radioactivewaste disposal,nonradio-
activewaste wil1 not be placed in these containers. However,
if radioactivewaste in the minimum size containermust be
disposedof, wadding may be used to fill the void (see90.3.4).

‘o
1-19

I

!

)

I

I

I

I

,

I

I

1

I

Downloaded from http://www.everyspec.com



MIL-HOHK-600

APPENDIx 1

90,.3,3 Periodicmonitoringof waste containers. The waste containerswill be
mo”ito’rtxlperiodicallyto determinethe intensitybuildup of the radioactivewaste
contents. Use an ANIPDR-27or equivalent. The radiationlevelsshouldnot exceed
200 mR/hr at the outsidesurface of the container,or 10 mR/hr at 3 feet from the
surface. If these levelsore exceeded,see 90.3.4 for instructions. When monitoring
the c,ont:,incr,wipe-sampleswill he take” also to detennim if there is a“y contamina-
tion of the “utsidcsin-face.Clnc-inchdiscs may be cut from filterpaper or.paper
10WCISand these discs “scd for the purpose of taking wipe-samples. Exteriorsurfaces
of containersshouldnot be contaminatedto levelsgreaterthan O.1 ndl/hrper 100 cm2
rrxnovahlchcta-gannnacontaminationby wipe-testor 50 d/m per 100 Cmz removablealpha
cent.amimtio”, If these limitsare exceeded,wipe containeroutside surfaceswith a
rag dampenedwith solvmt (suchas P-S-661)and place the rag inside the container;
rcpe:ttwipe-samplingprocedure. The wipe-samplesmay be read with the AN/POR-27,or
equivalent,to determinebeta-gammacontaminationand PAC-lS or PAC-2GAradiac meter
to determinethe amount of alpha contamination. Monitoringof radioactivewaste
disposalcontainerswill be accomplishedby assignedradiologicalmonitors,medical
servicepersonnel,or the radiologicalsafetyofficer.

90.3.4 W%en to seal the container. If an intensityof 200 mR/hr on the outside
surface“f the containeror 10 mR/h= at 3 feet from the sw’face is reachedbefore the
r.mtaineris full, pack the void with wadding and seal the container. This will apply
only to the minimum size cmtainer (1 c“ ft) When using containerslargerthan the
minimumsize and the limitsspecifiedabove are reachedbefore the containeris full,
the‘contri”tswi11 be tram.ferred to a smaller containerof appropriatesize but no
smaller,.th.n..the’1 cubic foot container.

90.3.5 Sealing the container, When the metal shippingcontaineris filledwith
radio:ictivcwaste, seal the container,insuringthat the rubber gasket is in place
to providean airtightseal, then pL?TfOITIthe following:

a, Monitorthe outside surfacesas outlinedin ’30.3.3.

“:-

0
b, ‘Thepreviouslyattachedradiationwarning labelswill be properlyfilled

o“t with the requiredinformationas specifiedby the label

9(1.3.6 Oisp”ositionof radioactivewaste container. Forward the radioactivewaste
containcrto the transportationofficerupon receivinginstructionsfrom authorized
offi.ials; Tl,,i~may be accomplishedby mtifying the installationsengineerto pick up
#nd deli”erthe container,or the containermay be deliveredby unit personnel,which-
ever is dmmncd appropriate.

90.3.7 Informationto be forwardedwith container. Forwardthe followinginforma-
tion to the .transportation officer along with the container:

Type of radioactivewaste - Tlis informationwill include the nomenclature,
part number,quantity(s)(if applicable), radioisotopeand total ratio
activityof the waste in microc”ries.

100.‘ RECEIVING

100~1 ,Notificationof “ser. Upon receipt of commoditiescontainingradioactive
material, the individualuser or appropriatestorageactivitywill be mtified im-
mediately,i“ order that preparation for storingand handling can be made. Procedures
for pickup, receipt,opening,monitoring,recording,and reportingradioactiveconrnodity
shipmentsF,:,.1 bc in accordancewith 10 CFR 80.
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100.2 Inspectionand identification. The containerswi11 be monitoredby a radio-
logicalmonitor or the medical service. The intensity of radiationon the external
surfacesof the containerwi11 be checked and noted m the required form which wi 11
be attached to the containerin a conspicuousplace. The detachablestub on the form
wi11 be filled i“ with the same data, detacheda“d forwardedto the medics1 ser.ice.
A yisu.alinspectionof the c,mtainerwill be made by the monitor to insure that the,
seals (whenappIicable)have not been broken or tamperedwith and that the container
has not been damagedin transit.

100.3 Forwardingcommodities. Properlypackagedand tagged radioactivecommodi-
ties will be forwardedimmediatelyto the using activityor the appropriatestorage

& area, whicheveris applicable.
,.
u.

100.4 Damagedshipments. In the event shipmentsare receiveddamagedwith seals
broken or tamperedwith, or with intensityreadingsabove NuclearRegulatoryConnnission
limitations,the containerwill be isolatedand the radiologicalprotectionofficerand

?: the medical servicecontactedto assist in determiningsubsequentaction. Possible
accidentalexposureswill be thoroughlyinvestigated.

100.5 Radioactivelycontaminateditems. When items found to be or known to be
contaminatedare deliveredto receivingperscmnel,the containerswill be monitored
and theinformationon the attachedlabelswill be verifiedor corrected. The intended
recipientand authorizedservicepersonnelwill be called’to determineaction to be
taken (see 80.4).

110. STORAGE

110.1 Properlypackaged,marked, and identified. Commoditiesproperlypack~ged,

‘o

marked and ide”tified shal1 be stored in accordancewith imtructions containedin this
handbook,and instructionsfrom the medical officeror radiologicalprotectionofficer
(see 70.4) Maximumpermissibleexposurewill be the sank as in 30.3.

110.2 Storageprecautions. Radioactivematerialsshall be stored or kept in such
a manner as to insure that the dose Fate therefromshall not exceed the appropriate
limitsspecifiedin this handbqok,or other applicabledirectives. Radioactive
materialsstored in a nonradiationarea shall be securedagainstunauthorizedremoval
from the place of storage.

110.3 Normal storageprovisions. Radioactiveitems can be kept in normal storage
providedthe intensityat 1 foot from the containerdoes “d exceed 1 mi1Iiroentgen
per hour (unlessotherwisedirectedby the inszallationor agency directives)and the
containersare properlymarked.

110.4 Storagerequirements. Radioactiveitems exhibitingintensitiesgreaterthan
1 mi1liroentgenper hour at 1 foot must be stored in marked areas, storerooms,or
buildings. The areas, storerooms, or buildingsmust be controlledto prevent entry of
unautho~izedPersonnel. The exteriorof eich such area shal1 be marked with the
appropriatewarning symbols. The area must be remonitoredevery 30 days. The reading
at 1 foot from the exteriorof the storagearea must not exceed 1 mi1liroentgenper
hour. 1f this level is exceeded,the radioactivematerialwi11 be rearrangedto bring
the radiationlevelwithin limits,or the size of the storage area increased.

WARNING

Fragileconnnodities wi11 not be stored loose in hexes or centainers,
as this increasesthe possibilityof breakageand subsequentcon-
taminationof storage facilities.

1-21 “1

,..,

Downloaded from http://www.everyspec.com



MIL-t[DBK-600
APPENDIX 1 ●

M’

110.5 Workroomrequirements. Rmdioactive materialsin a workroomor,~otherlocation
where persons are regularlyor frequentlypresentshall be enclosedin containersof
such thickness, material, and construction, or otherwise shieldedin such thickness,
material,and construction,or otherwise shielded in such manner, that no person will
hc exposedto radiationin amounts greaterthan those indicatedin section 30.3 of
this appendix.

110.6 Ventilationof vaults or storagerooms. Vaults or rooms used for storing
materialsthat may emit radioactivegases shall be suitablyventilatedin such a
reamer that the gases do not constitutea radiationhazard.

110.7 S’eco”darytray or catchment. Wken there is any possibilitythat chemical,
<!:$

r:,diatio”,or other actionmight weaken or rupturethe containerof radioactive
mnterialsufficientlY to cause leakagetherefrom,the containershall be providedwith -.

a suitablesecondarytray or catchmentadequateto retainthe entireamount of T,adio-
activematerial.

‘~

110.8 Identificationof materialand user. Each containerof radioactivematerial
in storage’shall, in additionto the standardradiation-hazardsymbol,be labeledin
such manner that the kind and quantityof material,the date of measurement,and the
name of the person responsiblefor the materialcan be easiIy and quickly determined.

110,9 Materialin excess of 1 curie. Storagecontainersfor radioactivematerial
in excess of 1 curie shall be designedto be resistantto fire and earthquakedamage,
and to maintainreasonabletemperatures. Containersshal1 be structurallysound over
the period of intendeduse with due regard to corrosion,radiation,and temperature
effectsthat maydevelop.

o
d
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