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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

December 1977
Docket No. PR-71, 73 (40FR23768)

TO RECIPIENTS OF THE TRANSPORTATION
FINAL ENVIRONMENTAL STATEMENT (NUREG-0170)

Enclosed for your information is a final environmental statement dealing
with the transportation of radioactive material by air and other modes.
The document has been prepared in support of the Nuclear Regulatory
Commission's advanced notice of rule making proceeding published in the
Federal Register on June 2, 1975 (40FR23768), a copy of which is enclosed
for your use.

Pursuant to the National Environmental Policy Act of 1969 and the
Commission's regulations in 10 CFR Part 51 "l icensing and Regulatory
Policy and Procedures for Environmental Protection," the Commission's
Office of Standards Development issued a draft environmental statement
on Transportation in March, 1976. After consideration of the 28 letters
of comment received from the public and from Federal, State and local
agencies, a final environmental statement on the Transportation of
Radioactive Materiai by Air and Other Modes has been issued and
designated NUREG-0170.

Taking into account the conclusions of the final environmental state-
ment, public comments received on the proceeding, and other information,
the Nuclear Regulatory Commission will consider the disposition of the
rule making proceeding announced on June 2, 1975. Persons with views
on the content or conclusions of the final environmental statement
which may be helpful to the Commission in its deliberation should file
such comments by March 15, 1978, with the U. S. Nuclear Regulatory
Commission, Washington, D. C. 20555, Attention: Director, Office of
Standards Development. If sufficient need for clarification of the
final environmental statement becomes apparent, the Office of Standards
Development will consider holding one or more public meetings for this

purpose.
Robert B. Minogue, D;zector
Office of Standards Development
Enclosures:
1. Advanced Notice of Rule Making
Proceeding

2. Final Environmental Statement
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” - LA N o, [10 CFR Parts 71 and 73)

R . . .. o=+ T .i |  RADIOACTIVE MATERIAL -
. . -, B re 7 Tl Packaging and Transportation by A
YT el T < s ~ _ - . Following iis organization under the
‘ Aot -~ = . Energy Reorganization Act of 1974 (Pub- . _

‘ e . ’ . s s - 9. 7= lc Law 93-438), the Nuclear Regulatory
) . B} o * - Commission (NRC) has stated its Inten- -
L. tion of reviewing those of its regulations -
- - - .« s . _s-- -. =ndpracedures pertaining to the licens-
- “. B e - ing and regulation of nuclear facilities
) . N R and materials which were originally

. - <R ' ; ‘ - . <spromulgated by the Atomic Energy
U LT Tl o Commission, with & view to considering

: - ot L oL £, %7 that eflort, the NRC Is initiating » rule

= s ey et e .- » . proceeding ¢ air
N P . T P N -transportation of radioactive materials,
AN " . . T . e oo inel packaging, with a view to the

o er F » - possible amendment of its regulations in

& . . N P e e ==« * <10 CFR Parts 71 and 79, adopted pursu-

4 AR , ant to the Atomic Energy Act of 1954, as

oo - . amended The NRC considers the re-

o st St e g Jated metropolitan
. . R o LT T > The Department of Transportation
frseen . s . - PR a= + »(DOT) has overlapping jurisdiction over
[ [N L PR - .t e 4§ - - va At W .
- - . B P § - .oy T eEw ot g e e -
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safelty in packaging

by alr of radicactive materials under the
Transportation of Explosives and Other
Dangerous Materials Act (18 USC, 831-
835) and the Transportation Bafety Act
of 1974 (Pub, L. 93-833, 83 Btat. 2158),
and the FPederal Aviation Administration
has similar overlapping jurisdiction un-
der the Federal Aviation Act 0f 1958 (49
U.B C. 1421-1430, 1472(b) ), It is expected
that the expertise of these agencies will
be utilized in the subject rule making
proceeding.

Background of present regulations.
Pollowing a prohibition againet ship-
ment of radicactive material by mall in
1938 to protect unexposed fllm, safety
regulations for shipping radioactive
material were adopted by the Interstate
Commerce Commission in 1948, Those
regulations were based on a report of &
Natlonal Academy of Sciences-National
Rerearch Council Subcommitiee on
Transportation of Radioactive Material.
The basic principles refiected in those
regulations were reviewed and adopted,
with minor modifications and some
elaboration, by the International Atomic
Energy Agency (IAEA) In 1961 and re-
flected in recommended International
Standards for the Safe Transport of
Radioactive Material. In 1964, on the
basis of shipping experience up to that
date and an analysis of transportation
accidents prepared by the United King-
dom Atomic Energy Authority, the JAEA
issued revised transport regulations in-
corporating specific accident damage test
standards which were incorporated into
the NRC (then AEC) and DOT (then
within the jurisdiction of the ICC) regu-
lations by 1968. Except for changes in the
regulations to deal with specific problems
(eg, leak testing of packages contain-
ing liquids, prompt pickup and monitor-
ing of packages, restrictions on ship-"
ments of plutont on air-

and transportation-
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regulations in Title 49 of the Code of
Pederal Regulations and FAA regula-
tions In 14 CFR Part 103 cover labeling
and conditions for shipment and car-
riage as well as certaln packaging. NRC
regulations exempt carriers from thelr
application in view of the controls exer-
cised over carriers by DOT and its com-
ponent parts, including FAA.

Por the purpose of developing and
implementing consistent, comprehensive
and effective regulations for the safe
transport of radioactive material and to
avoid duplication, the DOT (then ICC)
and the AEC (NRC's predecessor) en-
tered Into & Memorandum of Under-
standing in 1968 which was superseded
by a revised Memorandum of Under-
standing signed on March 22, 1973. Un-
der the revised memorandum, the AEC
tnow NRC) develops performance
standards for package designs and re-
views package desicns for Type B® fissile

physical protection (security) of strategle
quantities of speclal nuclear material, In-
cluding plutonium, in 10 CFR Part 73, are
specjfic as to the mode of transport.

s Container designs required to meet ac-
cident conditlons are evaluated under cure
rent regul against the ! g accle
dent test conditions in sequence: 30-foot
free drop of the container in the most dam-
aging position obto a flat, essentially une
ylelding surface, 40-inch drop onto a steel
bar to test the abllity to withstand puncture,
30-minute Ore test at 1475° P and 3-foot
water immersion test for eight hours The
puncturs test and the drop test are engl-
neering qualification tests. Tha test condl-
tions were chosen to provide reproducible

:;.(t, ropenm‘ n&d c]:‘m. procedures), : laboratory e‘o:dluom representative of uv::.
e salety regulations have remained es-  transportatiol
“nume,‘"h. same since that time, example, & 30-foot drop onto an unylelding
The safety standards for tra ta SUnce Droduces e o e ey
tion, as set forth in NRC's requlation IN' seay \noasand fect outo. taryers such as
10 CFR Part 71 and DOT regulations in  1ang, water, or even city strests which would
maln considerations: ‘(1) Brotertian of Becauee of ihe conseratista of moet designs
: 0 5
the public from external radiation and Packages, when subjected to tests involving
(2) assurance that the contents are un- free fall from much greater heighis than
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and large quantity packages. The DOT
develops safety standards governing
handling and storage of all radioactive
material packsges while in possession of
a common, contract or private carrier,
as well as standards for Type A pack-
ages! DOT requires AEC (now NRC)
approval prior to use of all Type B, fis-
sile and large quantity package designs.
DOT is the National Competent Author-
ity with respect to foreign shipments
under the JAEA transport standards.
JAEA Certificates of Competent Author-
ity are issued by DOT with technical as-
sistance provided by NRC &s requested.

Re-evaluation of_ present regulations.
Consistent with the considerations ex-
pressed in the first paragraph of this no-
tice, the NRC has decided that its regu-
lations governing air transportation of
radiosctive material, including packag-
ing, should be re-evaluated from the
standpoint of radiological health safety
and prevention of diversion and sabo-
tage »s well, In connection with this re-
evaluation, the NRC has instructed its
staff to. commence preparation of a
generic envir tal i t statement
on the air transportation of radioactive
materials, including packaging and re-
lated ground transportation. The state-
ment will be directed at air transporta-
tion. However other transportation
modes—Jland and water transport—will
be considered in light of the requirement
of the National! Environmental Policy
Act of 1969 (NEPA) that the relative
costs and benefits of alternatives to cer.
tain prcposed Federal actions be fully
considered. It Is anticipated that the
draft generie environmental impact
statement will be available by the time
that any proposed changes to the regu-
lations eventuating from this rule mak-
ing proceeding are published for
comment in the Febraar RacisTEr. While
the generic impact statement is in prep-
aration, impact statements or impact
appraisals for individual NRC licensing
actions related to the transportation of
radioactive materials, such as import -
censes for significant quantities of plu-
tonium and other special nuclesr mate-
rial, will be prepared as required by
NEPA and 10 CFR Part 51.

In order to aid the NRC in this re.
evaluation of existing regulations per-

likely 10 be released during either normal :“"::'n';_mm ‘;‘:‘f'u:“:;“‘:‘m‘:nm £
or accident conditions of tra rt or, te. & of which pass
if the container is not designed to with- (ne NRC quallfication tests have also been
stand accidents, that its contents are 50~ tested under extra severs conditlons such
limited tn quantity as to preclude' a as a 250-foot fres fall onto an essentially
significant radiation safety problem if- unyielding surface. Packages currently ape
released. These safety standards are ap- Proved fof butk shipment of plutonium oxide
and nitrate will survive h test condits

g}lcm:mmem;n.m Po:‘e'_: These extra severs mt:“;mlzo mo::.
the objective of providing an acceptable - raanaer ae alooctt SKhL oters” aame
:'el n':lt nfet%’toll;l mwolfmﬂdlo‘c; survive severs air accidents A description of
ve terial y A respec! these tests i set forth in S8C-DR-72 0307
to air shipments, it was conzidered that,” (Sept. 1973), "Speclal Tests for Plutonfum
taking into sccount the high integrity Sbipping Containers 6M, EPS795, and 1L-107,
of the packaging * and the low accident - & €opY of which s avatlable for pubdblic in.
Probability for alr transportation (no- PRETHON at the Commissions Fublic Docu-
men' treet .« Washington,

mars ihae 98 pent pr oo mien 52
. 1A Type B package is required for quane
;nl in & release of radioactive material . ;uu n ucmp:: n‘l‘zv m:l.lqlcurln qu\ID o
rom & package was small, - - M ,000-50.000 curies, depending upon the ra-
— ' AL T - dion Such k. arer d to be
11In contrast (o the safety de- goed to [Y]
scribed above, NRC's requirements for the well as normal conditions of transport.
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talning to rudioactive material tranc-
ported by air, interested persons are in-
vited to submit informatioh, comments
and suggestions with respect to those as.
pects of the above-referenced NRC
regulations. The NRC is particularly in.
ileresu.-d in receiving views on the follow«
ng:

1, Whether radioactive materials
should continue to be transported by
air, considering the nced for, and the
benefits derived from such transporta.
tion, the risks to public health and safe-
ty and the common defense and security
associated with such transportation, and
the relative risks and benefits of other
modes of transport.

¢ A TYpe A package Is required for Jeas than
Trpe B q of radicactive material
and is required to be designed to withstand
normal conditions of transport only.

2, 1075 -

[ ad
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2. Assuming & justifiable need for air
transportation of radioactive materials,
to what extent should safety require-
ments be based on:

(a) Accident probabllities;

() Packaging;

(¢) Procedural controls;

(d) Combinstions of the above?

3. What is the relative risk o.lktnm-

pared to other modes of transport, and
to other hazards faced by the public
which may or may not be the subject of

ta
expressed by interested persons would be
helpful to the NRC in re-evaluation of
1ts regulations relating to air transporta-
tion of radioactive materials and con-
sideration of possible changes to such
regulations

It should be noted that there are some
related issues which will be, or are pres-
ently, the subject of consideration In
other rule making proceedings and,
therefore, will not be included in this
proceeding They are:

1. security protection re-
quirements for strategic quantities of
special nuclear material that would ap-
:lw all modes of transport (3% FR

).

2. Requirements for advance notice of
shipments of strategic quantities of spe-
clal nuclear material (40 FR 15008).

3 Quality assurance requirements for
packages for all special nuclear material
(38 FR 35180).

¢ Radiation levels from radicactive
material transported in passenger alr-

t.
1If it subsequently appears that addi-
tional fssues should more properly be
treated in & separate proceeding, or pro-
ceedings, te notices to that ef-
foct will be published in the TEOERAL

Commission, Washington,

Attention: Docketing and Bervice Bec-
tion by August 1, 1975, Copies of com-
ments received may be examined in the
NRC Public Document Rgog: at 1717 H

views aa to NRC alr
tion of radioactive material
tn the Frormai Recmstsx. When the

avaflabllity {n the Pxo-
ERAL and opportunity for pub-
Nc comment afforded pursuant to NRC

the National

vironmental Policy Act of 1969 (10
CPFR Part 51). In sddition,
fnformstion on the sub of regulation
of transportation of
rials has been placed in the NRC Pubd-
He Document Room at 1717 H Street
NW. and at Its Jocal public document
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rooms throughout the nation. Coples of
such background information are avail-

Regulatory
D.C. 20555.

Interim evaluation. Recently there
have been several requests that atr ship-
ments of plutonium and other special
nuclear materials (and related ground
transportation of special nuclear mate-
rials tncidental thereto) be suspended
xamination of presently ap-
plicable regulations In assessing the ap-
propriateness of such action at this time,
the NRC has considered the following:

1. In more than 25 years of shipping
special nuclear material, including plu-
tonium, In civilian aircraft, there have
been no air accidents involving the ma-
terial

2 The experience in shipping thou-
sands of packages per year of all forms
of radioactive materials by all modes of
transport under existing NRC, DOT, and
FAA regulations has been very {avorable.

3 The requests that have been received
do not set forth any significant new in-
formation which would indicate that
present package or security requirements
are inadequate.

4. In view of the physical security
measures now required by 10 CFR Part
73, the protection provided against se-
were accidents by the high integrity
packaging required by NRC, DOT, and
FAA regulations (summarized supra),
the consistency of these requirements
with international standards, the low ac-
cident probability (suprs), and the fa-

the NRC, subject
comments to be received, that its cur-
rently effective regulations can continue
to be applicable during the period in
which this rule making proceeding s in

3 particularly, in light of
present information as to the safety and
pecurity of alr shipments of radiocactive
materisl, the Commission finds no sound
Dasis, for the reasons stated above, for
requiring the suspension of such ship-

ments.
Notwithstanding the foregoing, in view
of the concerns expressed and the fact
that requests have been received for the
of air ship
and other special nuclear materials, com-
ments are specifically invited on the mat-
ter of whether suspension or other Umi-
tations on the alr transportation of
plutonium and cther special nuclear ma-
terials are justified during the period
that the subject rule making proceeding
is being conducted. Views on this par-

Wi
PDocketing and Bervice Bection by July 3,
1075. The NRC will decide, after evalu-
ating the views and comments recelved,
whether a different course should be

pursued during the pendency of this rule
making proceeding and publish its con-
clusions in the Frozaal Ricistoa. Cur-
rently effective regulations ‘will continue
to be applied untll a decision on this mat-
ter is made.

As Indicated above, related specific is-
sues will be, or are presently, the subject
of consideration in other rule making
proceedings, and the NRC will continue
to take appropriate action, as justified by
the circumstances, to sssure that the
risk sssociated with the transportation
of radioactive materials remains small

Dated at Washington, D C. this 20th
day of May 1975.

For the Nuclear Regulatory Commis-
sion.
BauvuzlJ Cxnk,
Secretary of the Commission
PR Doc 75-14510 Filed 8-30-75,8"45 am]
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SUMMARY AND CONCLUSIONS T

This Final Environuental Statement was prepared by the staff of the Office of Standards
Development of the U S, Nuclear Regulatory Commission (NRC), Hashington. D.C. 20555 Mr.
Donald R Hopkins 1s the NRC Task Leader for this statement (telephone 301-443- 5910) LTl

-~ PO e v me

1. This action is administrative. ' e e ot .

2. This Final EnVironmental Statement has been prepared in connection with NRC reevalua-
tion of its present regulations governing air transportation of radioactive materials in order
to prov1de suff1c1ent analysis for determining the’ effectiveness ‘of "the present rules and of -
possible alternatives to these rules This statement is not associated with “any specific rule
change “at this time but will ‘be used as a partial ba51s for deternining the adequacy of ‘the:
present transportation regulations If a'rule change results from consideration of this state-
ment, a separate or supplementary enVironmental statement will be issued with respect to that
action : N cott T e

[t

P - cu
LI . e -
e - -~ -
PR e N

When NRC was beginning work on this environmental statement, consideration was given’
to covering all aspects of the env1ronmental inpact resulting from the transport of radiocactive
naterial by air. At the Federal level both the NRC and the’ Department of Transportation,
particularly the Federal Aviation Administration (FAA), are involved in’ regulating the safety -
of such transport Therefore, NRC proposed to the FAA that the statement be cosponsored by ~
both agencies and that both the shipper-packaging aspects and the carrier-transport aspects be*
covered In 2 neeting in early 1975, the FAA dec]ined to actively support the development of
such a statement As a result, the scope of the statement was linited to the shipper-packaging
aspects. The statement deals with the carrier-transport area only to ‘the extent necessary to"
determine the influence of the conditions of transport on the shipper-packaging area, e.g.s
exposures of personnel from packages of radioactive paterials’ under “normal” and accident

w1 -

IS EN g T, =0 U S S RUNEA Ao R R ETEEL :
conditions . * o ' 2 FERAL
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e m - e .,’.

Developuent of the statenent began uith consideration of transport of radioactive *
naterials by air. However, in order to examine the environmental iupact of alternatives, ‘other

nodes of transport were exanined again prinarily fron the standpoint of the effect such trans-"

port uould have on packaging as related to exposure of people under both nornal and accident

conditions. During the developnent of the statenent special interest arose in the’ alternative °

~
Pt

of transporting irradiated nuclear fuel by special trains. Sooe detail was added in the sec-) i

tion onr special trains but the statenent scope was not sufficiently broad to deal- thoroughly
with this subject. A separate statement on the use of special trains for transporting *{rradi- -
ated nuclear fuel has been issued by_the Interstate Co-nerce Connission (ICC) with NRC coopera-
tion. Sone of the same nethodology used in this generic statenent is used in the ICC study.
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As a result of the limitations on the scope of this generic statement, only limited
study of the conditions of transport, carrier controls, and routing has bee. uidertaken. For
example, no evaluation has been made of safety aspects of the vehicles or of items related to
carrier controls other than those directly affecting the shipper-packaging area.

Except.as noted, this statement, does not specifically consider facets unique to the
urban environment such as high. population densities, diurnal variation in population, con-
vergence of transportation routes, shielding effects of buildings. or the effect of local
meteorology on accident consequences. A separate study specific to such considerations is
being conducted and will result in a separate environmental statement specific to such an urban
environment. - ~

This statenent was started in May 1975 and was completed prior to President Carter s
April 7, 1977, message on nuclear power policy regarding deferral of comercial reprocessing and
recycling of plutonium. . Therefore, the 1985 projection of nuabers and types of nuclear fuel
cycle shipments and their environmental. i-pact that has been used in this study reflects the

potential development of, plutoniua recycle to the extent described in the NRC's generic environ~ ’

mental  statement on mixed oxide- fuel (GESMO). Since the analysis on non-fuel -cycle shipments ‘

remains valid, as does the analysis of all 1975 radioactive material shipments, this stateaent
is issued with the caveat that it does not reflect changes fn national energy policy origi-
nating with the President’s April 7, 1977, message.

t = i

Y oL “ ~

. Although this statenent has not been aodified to reflect the President's policy ’

message, it is the NRC staff's. jud@ent based on related analyses, that the results presented
as realistic in this statement would continue to be realistic and the ‘conclusions reached would
be essentially the same if changes were lade in accordance ui_th the President's nessage.

- ,
3 s xy -

ﬁ3. The environ-ental ilpact of radioactive laterial shipnents in al nodes of transport
under the regulations in effect as of June 30 1975 s su-arized as follovs. ’

1
WY st T i Wt LEvy T

a. . Radiation exposure of transport workers and of aeabers of the general’ public

along the transportation route occurs from the norlal peraissible radiation ‘emitted from pack-‘

ages in transport. More than half of the 9800 person-rem exposure resulting from 1975 ship.ents ’

was received by transport workers associated with the shipeents.* The renaining 4200 person-reas
was divided among- approxiaately ten percent of the u. S population.r None of these exposures

would produce short-term fatalities. On a statistical basis expected values for health effects
that may result from this exposure are 1.7 genetic effects ‘per year ‘and 1. 2 latent cancer "
fatalities distributed qver the 30 years folloving each year of transporting radioactive material
in_the United States at 1975 levels (Chapter 4, Section 4. 9) Hore than half of this effect-

results from the shipnent of aedical-use radioactive aaterials where the corresponding benefit
is generally accepted (Chapter 1, Table 1-2) Ce

-

.a’- - R - - -
N s [5-> h P S S i

~ b. \ Transportation accidents involving packages of radioactive “material present ‘po-
tential for radiological exposure ‘to transport workars “and to mesbers of the general public.
The expected values of the annual radiological imoact from such potential exposure are very

small, estimated to be about one latent cancer fatality and one genetic effect for two hundred

iv

<



years of shipping at 1975 rates (Chapter 5, Section 5.9). More than two-thirds of that impact
is attributable to nuclear fuel cycle and other industrial shipments (Chapter 1 Table 1-2).

c. Radiological impacts from export and import shipments were eva'luated separately
and were determined to be negligible compared to impacts from domestic shipments (Chapter 5,
Section 5.7). - -

d. The principal nonradiological impacts from the use of resources for packaging
materials’and from the use of, and accidents involving, a relatively smail number of dedicated
transport vehicles were found to be two injuries per year and less than one accidenta'l death
per four years (Chapter 5, Section 5.8). v

-

e. Examination of the consequences of a anor accident and assmed subsequent
release of radioactive material indicates that the potentia1 consequences are not severe for
most shipments of radioactive material (Chapter 5, Section 5.6). The consequences. are Timited
by one or more parameters: short half-life, - nondisperSibie form, Tow radiotoxicity. However,
in the unlikely event of a major release of plutonium or polonium in a dense'ly populated area,

a few individuals could suffer severe radiological consequences. One ear'ly fatality would be
expected,” and as many as 60 persons would be exposed to radiation dose 'leveis suffiCient to
produce cardiopulmonary -insufficiency and fatalities in some cases. The Jatent cancer fatal-
jties associated statistically with such a major release are estilated to be as lany as 150 “’
over a 30-year. period (Chapter 5, Section-5. 6).. Costs for land rec'lanation associated with ~
such an unlikely accident could range from 250 million to 800 -inion do'llars for 1975 ship-‘
ments and up to 1.2 billion dollars for 1985 shipments. The probabi'lity of such an event is
estimated to be no greater than 3 x 10 ° 9 per year for 1975 shipping rates (Chapter 5, Section
5.6); - It should be noted that, to obtain the .above, resu‘lt all ‘of the fo]loving conditions
would have to occur: - viooaige ot

== ; -+ (1) A low-probability, extra severe accident would have to involve a vehicle
carrying a bulk shipment of plutonium or polonim in an extreae-popuiation-density urban area.
There are presently about 20 large-quantity shiplents of po‘lonim per year, and one of plutoniu
(Chapter 5, Section 5.2.2); -: ~-- ‘

@ s ey s e BRI
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SRR .(2) . Dne or more of the packages of p’lutoniu or polonit- that are designed to
withstand severe accident conditions would have to be subjected to the highest of the forces -
developed in the accident so as to cause gross, fai]ure of the package and subsequent release of
a significant fraction of the radioactive contents fro- the package (Chapter 5 Section 5. 2 3);

sy oo <(3) The accident wou'ld have to create conditions in which p'lutonit- or polonium
released from the package would escape frol the vehicle in uhich it vas being transported ‘and
a significant amount of material would have to beco-e airborne in respirab’le form (Appendix A

Section A.4); o

A e

TR SN S St
- f - % s

N (4) The leteoro‘logica'l conditions at the tiu vould have to be such that’ the
plutonium or po'lonim remains airborne and 1s dispersed in a vay that significant m.-bers of
people would breathe the air contafning the material in high concentrations (Chapter 5 Section
5.3); and



(55 \ Hiti'gating» actions such as evacuation of persons from the area are not
taken.

4. Principal alternatives considered are the following:
a. Transportation mode shifts for various components of the industry (Chapter 6,
Section 6.2).

b. 6perational ‘constraints on transport vehicles to minimize accidents (Chapter 6,
Section 6.3). . .

c. Changes in packaging requirements to minimize release of radioactive materials
in an_ accident (Chapter 6, Section 6.4).

d. Changes in the physical properties of radioactive materials to minimize conse--
quences in the event of a release (Chapter 6, Section 6.4.1).

Prelininary analyses were made of a number of alternatives to the present regulations
and methods of transport. A few of the’ alternatives examined were found to be cost effective. -
However, the cost-effective alternatives dealing with changes in mode, of transport did not _
significantly reduce the radiological ilnpact~ the others must be analyzed further to determine.
whether their adoption would reduce the radiological impact-and achieve an impact level as low
as is reasonably achievable (Chapter 6) v ' i’ < .o . ’

v} : .yt

“¥3 .7 - ‘ - e $=
The alternative of reducing the amount’ of radioactive material- transported, efither
generally or selectively, was “not considered on’ the assumption that the benefits associated

with the use of presently transported materials outweigh the small risk of their transportation. .-

while future rul‘eoaking -ay depend in part for its -justification on the analysis and

conclusions of this stateoent no ruleoaking is proposed with its present issuance. The pri=:-,

ry function of this statement is to establish the NRC staff view of the environmental impact .:
of present transportation of radfoactive material and of the projected impact-in‘1385. This
statenent provides an overview of a nunber of alternatives to present transportation require-
lents and of the changes in ilpact produced by ‘those alternatives. While this overview serves
to lilit the nuu:ber of alternatives worthy of further consideration. any detailed study of
alternatives in support of rulenaking activities wi 11 be considered separately.

R B P
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... The alternatives considered in this statement are limited to those possible with
existing transportation systeos. Hhile it aight be possible to conceptualize new transpor-
tation systeos that light reduce environoental iapact it is’ considered unlikely that any could

+

be justified on a cost—benefit basis because of the present low risk.’ T
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5.. The folloving Federal State, and Tocal agencies commented on the Draft Environnental
Statement (NUREG-0034) made available in Harch "1976."" Their comments.” along with those from

o om . (et e =

otherparties are in AppendixJ. : ' - S TR T PR R

wie PP O, .-
s " il o ~ r'r%‘.A. - o
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Tennessee Valley Authority .

-Department of Health, Education, and Ve‘l fare . . ‘
Environmental Protection Agency . . ) X
‘Department of the Interior

federal Energy Administration . .. . -._ - NS e e,

paoce

. f.-- Energy Research and Development Admmstration t L N s
g. - Department of Transportation . - - . ; L vox
: ~h. -State of New Mexico - R o 1o ic
. 1. . State of New York . . coe s
J.-- State of Georgia L. .. Sl
- k... City of New York ", - : P s

6. A draft of this Final Environmenta) Statement was made available to the public in
February 1977 at the NRC Public Document Room in Washington, D.C., and at NRC's field offices
in King of-Prussia, Pennsylvania; Atlanta, Georgia; Glen Ellyn, Illinois; Arlington, Texas; and - -
Walnut Creek, California.. Public comments received on that draft are contained in Appendix K. . .

7. This Final Environmental Statement was made raveiiable to the public, to-the Council
on Environmental Quality, and to the above specified agencies in December 1977. . . . ceo-

8. On the basis of the analysis-and evaluation set.forth in this statement and ‘after‘
weighing the small adverse environmental impact resulting from transportation of radioactive
materials and the costs and benefits of the alternatives available for reducing or avoiding the

adverse environmental effects, the staff concludes that: . . -

popp

. . e - L e e PR .. .
+a. Maximum radiation exposure of 1nd1v1duals from norma'l transportation is generally

within recommended limits for members of the general, public (Chapter.3, Section 3.5). _There _

are transportation operations at a few locations where some transport workers receive.radiation,

exposures_in-excess of the recommended 1imits established for members of the general public.

In most cases, these operations employ radiation safety.personnel to establish safe procedures

and to trai n and monitor, transport workers as though they were radlat'uon workers W e e

B LR ¢ T - e - o — .
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b. The average radiation dose -to the population at risk from norma1 transportauon
is a small fraction of the limits recommended .for members of the general public from all sources
of radiation.other than natural and medical,sources -((‘:hapter‘j,_;§eg:tior3,§.5) and is a small _ _
fraction of natural background dose (Chapter.3, Section 3.;). e )

I S O B LIS R T
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e . The_radiological .risk from acc1dents 'in transportat'aon 1s sma‘l'l amounting to,
about one-ha'lf percent of the noma'l transportatmn risk on an annua'l basw (Chapter 4 Sectmn =

4.9). LTV R VA S Y Cere 4? Lt s L Trge tevg P
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¢ ,.--d. For.the types and . numbers ,of radioactive natena'l shipments now being made or
projected for 1985,‘there is no_ substantial difference in environmenta'l impact from an' transs .
port as opposed to that of other transport modes (Chapter 4 Tab'les 4- 15 and 4-17 and Appendlx I, .
Table I-9).
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e. Based on the above conclusions, the NRC staff has determined that the environ-
mental impacts of normal transportation. of radioactive materfal. and the risks attendant to
accidents involving radioactive material shipments are sufficiently small to allow continued
shipments by all modes. Because transportation conducted under present regulations provides
adequate safety to the public, the staff concludes that no  immedfate changes to the regulations
are needed at this time. The staff has already upgraded its regulations on transportation
quality assurance while this environmental statement was being prepared and has begun studies
of transportation through urban areas and of emergency response to transportation accidents and
incidents. In addition, the staff fs continuing to study other aspects of transportation, such
as the accident resistance of packages and the physical/chemical form of the radioactive con-
tents, to maintain the present high level of safety.and to determine the cost-effectiveness of
changes that could further reduce transportation risk.

9. Based on considerations' related to security and safeguards for strategic special
nuclear materials’ (uranfum enriched to 20% or more §n the U-235 isotope, U-233, and plutonium),
spent fuel, and other radicactive materfals fn transit, the staff concludes that: '

a. " Existing physical” security requirements are’ adequate to protect at a minfmum
agafnst theft or sabotage of 'significant quantities of strategic specfal nuclear materials in
transit by a postulated threat consisting of an internal threat of one employee occupying any
position 'and an external threat of a determined violent assault by several well-armed,
well- trained persons "who might possess insfde knowledge or assistance. ;

Lonme ot = A e I IV U B

b. The level of protection provided by thése requirements reasonably ensures that
transportation of strategic special nuclear material does not endanger the public health and
safety’ or common defense ‘and secirity.” However, prudence-dictates that” safeguards policy be
subject to close and continulng review. ‘Thus, the NRC is conducting a public rulemaking pro-
ceeding to consfder upgraded interim requirements and longer-term upgrading actions. The

objective ‘of ‘the "forthcoming ‘rulemaking proceeding is to consider additional safeguards

measures to counter the hypothetical threats of ‘internal conspiracies among licensee employees

and determined violent“assaults that would be ‘more severe than those postulated in evaluating - ~

the adequacy of current safeguards.
- N O 1 11 R TR O T T T R O N LRt R AT ‘
~c. The use ‘of the' ERDA (now the Department’'of 'Enérgy (DOE)) “transport system is
not, at this time, considered to be necessary for the protection of significant quantities of
privately owned strategic special nuclear material because - the present level of transport
protection provided by the licensed industry is considered to be comparable to that presently
required by ERDA (DOE). “Similarly; the use of Department of Defense escorts is not presently

needed to protect domestic’shipments” against the postulated threat because the physical pro-

r

tection deemed necessary to defeat this threat can and is being provided by the private sector.
S d ShipEEnts"E? radioaétiue“mﬁterials”not'hoﬁ'coVered'by NRC' physical protection

requirenents. such as spent fuel’ (containing fission products “and”{rradiated specia1 huclear’
materfals) ‘and large-source nonfissfle radioisotopes ‘do not constitute’a threat to the public*

vi{i
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health and safety either because of their limited potential for misuse (due in part to the
hazardous radiation levels that preclude direct handling) or because of the protection afforded
by safety provisions, e.g., shipping containers.

Based on the above conclusions, the NRC staff has determined that the risks of suc-
cessful theft of a significant quantity of strategic special nuclear material or sabotage of
radioactive materials in transit resulting in a significant radiological release are suffi-
ciently small to constitute no major adverse impact on the environment.

10. The validity of the risk assessment has been seriously challenged within the NRC
staff. The challenge is with respect to the assessment of the overall level of accident risk
and the relative levels of risk of the various types of shipments on which the total accident
risk is based. The challenge results from the acknowledged conservative assumptions used in
the accident assessment where valid data are not available to support more realistic values for
certain parameters. Principal among these are package release fractions (Chapter 5, Table
5-8), particle size (Appendix A, Table A-7), fraction of released materials becoming airborne
(Appendix A, Table A-7), and areas contained within dose isopleths (Chapter 5, Figure 5-7).
These assumptions are not applied uniformly in the accident analysis over the various types of
shipments (e.g., more data is available on plutonium shipment behavior in an accident situation
than {s available for polonium shipments; therefore, more conservative assumptions were applied
to the polonium accident assessment). The resulting challenge is that the assessment is exces-
sfvely conservative and shows the total accident risk to be greater than a more realistic
assessment would show and that the values of risk assessed for different types of shipments may
incorrectly show that certain types of shipments are more hazardous than others. However,
since the conclusion drawn from the accident assessment is simply that the total accident risk
is small compared to the normal transportation risk, the assessment is considered to support
that 1imited conclusfon and therefore to be adequate for that purpose, at this time. Nonethe-
less, further studies to develop additional data and refine the assessments are planned for the
future; some are already underway in connection with the generic study on Transport of Radio-
nuclides in Urban Environs and other detailed accident studies. Furthermore, rulemaking
actions to reduce the risk in specific areas will not be taken until a more realistic risk
assessment has been completed and the specific costs and the benefits have been evaluated.

ix
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DEVAILED SUMMARY

INTRODUCTION

This document is an assessment of thé environmental impact from transportation of ship~
ments of radioactive material into, within, and out of the United States. It.is intended to
serve as background material for a review by the United States Nuclear Regulatory Commission
(NRC) of ‘regulations dealing with transportation of radioactive materials. The impetus for
such-a review results not only from a general need ‘to-examine regulations to ensure their -
continuing consistency with the goal of limiting radiological impact to a level that is as.low .
as reasonably achievable, but also from a need to respond to current national discussions of - |
the safety and security aspects of nuclear fuel cycle materials. - - . . I

The report consists -of efght chapters and related appendices. The structure of the -
report and its content are indicated in the fo'lloving outline of its chapters: . "

- B . - -

) 4t

1." Introduction - The background of the study, uses, of radioactive laterials, and
shipping activities in various major segments of the nuclear industry are discussed. -

2. The Regulations Governing the Transportation of Radioactive Materials - The regu]a-
tions are reviewed together with supporting information indicating the intent and basis.for

sany of the transportation safety regulations. : Sy . . . A

wtoy “ e - R
- - T

3. . Radiological Effects - The mechanisa for radiological impact, the appropriate pro-
tection guidelines and the health effects model used.in this assessment are discussed. .

4.-- Transport lwacts Under Normal Conditions = The environ-ental imacts both radiolog-
§cal and nonradfological,-that result from norsal transportation are assessed in terms of 2 .

standard shipments model designed to represent current transport conditions.

5.” Impacts of Transportation Accidents = .The radiological and nonradiologica‘l impacts
that result fro- “accidents involving vehicles carrying radioactive -aterial shipnents are
discussed. T - S T vz -

L . . R - I ,‘? ,,.“, N . .

6. Alternatives '~ Assessment is made.of differences in radioiogicai impact that wou‘ld
result from modifying the transport mode of certain shipments, adding operational constraints.
changing form and quantity restrictions, and raising packaging standards. Cost-benefit trade-

offs are discussed.”” R LR S T e P

- 4 N T E a e e s oA N
el LN i : . LN S ree - R - 3
e

7. Security and Safeguards - The need for security of certain radioactive -aterial
shipments is discussed together with an assess-ent of the present physical security require-
ments app‘lied to various modes of transport. s onnr oo - .o i -
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8. Comments on NUREG-0034 and Major Changes That Have Occurred Since NUREG-0034 was
1ssued - Major changes from the draft assessment (NUREG-0034) are identified.

DESCRIPTION OF THE ENVIRONMENTAL IMPACT OF EXISTING ACTIVITIES

The environmental impact of radioactive material transport can be described in three. -- )
distinct parts: the radiological impact from normal transport, the risk of radiological
effects from accidents involving vehicles carrying radioactive material shipments, and all
nonradiological impacts. : - ; -~

Radiological “impacts:in- normal transport occur.;ontinuously as a result of radiation :
emitted from packages both aboard vehicles.in transport and.in associated storage. The radia- .
tion exposure of “specific population groups such as crew, passengers, flight attendants, and -
bystanders is calculated in the report using a computer model that considers, for the principal
radionuclides shipped, radiation exposure rates, shipment information, traffic data, and
transport mode splits. Using this computer model, it was estimated that the total annual
population exposure resulting from normal: transport is about 9790 person-rem. The largest
percentage of this population:exposure (some 52X) ‘results from the shipment of medical-use .
radionuclides. The remaining portion results from industrial shipments (about 24X), nuclear
fuel cycle shipments’' (&%), and waste shipments (15X). - Shipments by truck produce the largest
population exposure; resulting from relatively long exposure times at low radiation levels of
truck crew and large numbers of people surrounding transport links.

The individual radiation exposures in all.modes are generally at.low radiation levels_and ‘
in most cases take on the character of a slight increase in background radiation. .The analysis .
shows that radiation exposure from normal transportation, averaged over the persons exposed,
amounts to 0.5 millirem per year compared to the average natural background exposure of about
100 millirem per yea}: Based on the conservative linear radiation.dose hypothesis, this would .
result in a total of 1.2 latent cancers distributed statistically over the 30 years following
each-year of transporting radioactive'materfal-in the Unfted States at 1975 levels. This can
be compared to the existing rate of more-than 300,000 cancer fatalities per year from all,
causes. T IR T dNLOM, 1T Thaeegn I sgae ey 20 om0 I ca -

In the accident-case;” risk to the population from. accidents involving vehicles carrying
radioactive materials was estimated-in terms .of the number of latent cancer fatalities and
early deaths that might occur on annual and single-accident bases. The analysis resulted.in .. ,
estimates of annual societal risk of 5.4 x 10'3 latent cancer fatalities and 5 x 10'4 early
fatalities for each 9éééiof‘shipnents at-1975: levels.: These values can be compared to the_
1100 (in 1969) -early- fatalities:from electrocution each.year:. >The :1atent cancer fatalities - .
from transport accidents aré related principally to industrial and fuel cycle shipments rather.. .
than to medical shipments, which are the dominant causes of latent cancer fatalities related .-
to normal transport. This results principally from the larger quantities of more toxic mate-
rials associated with industrial-and fuel cycle shipments. =+ ~ =~gp=- . .- o -
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In spite of their low annual risk, specific accidents-occurring: .in very-high-density - . .
urban population zones can produce as many as one early fatality, 150 latent cancer fatalities,
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and decontamination costs estimated to range from 250 mi]lion to 800 million dollars for 1975 °°
shipnents and from 250 nilIion to 1.2 bi]lion do]iars “for 1985 shipments (1975 dollars).
A]though such acc1dents are p0551b1e, their probabiIity of occurrence s very small (estimated

=

to be no greater than 3 x 10 -3 per year based on 1975 shipping rates). - <

Nonradiological impacts on safety were estimated to be two 1nJuries per year and one fa-
tality every five years from accidents involving vehicles used for ‘the exclusive-use transport o
of nuclear materiaIs Accidents 1nvo]v1ng vehicles carrying radioactive materials in conjunc-
tion with carriage of other goods are not considered to be chargeab]e as radioactive material
shipments since the ‘total number of radloactive paterial packages transported annual'ly is less
than 10 "5 of all goods transported annua]ly in this manner. : o

v
v VI

RELATIONSHIP OF PROPOSED ACTIVITIES T0 OTHER GOVERNMENT ACTIVITIES

. or -

o

Safety and safeguarding of radioactive material shipping is regulated by the NRC and the - ~
Department of Transportation in conjunction with cooperating State agencies. - The~ interaction
of these agenc1es is governed by either an agreement or a Memorandum of Understanding that
defines the coordination of their activities e
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“Any 'rule changes proposed -as a ‘result of this ‘environmental assessment will be proposed -
in a future action. The impact on the environment of those rule changes will'be considered
separately with that action.

ALTERNATIVES TO EXISTING ACTIVITIES

e~ - LR I B Four * . .
foa " ST T f A B . . [

“Alternatives to the “existing:practices in'the-shipment of ‘'radioactive material are dis-
cussed in Chapter 6. Mode shifts, operational constraints, and package standards revisions .
were found to produce only-small changes in the population exposure associated with normal
transportation Although large percentage decreases inthe existing risk from transportation
accidents resu]t from some of these alternatives, the ‘significance’ ‘of these decreases is'’ ‘-
1essened by the fo]iowing considerations:

Lo, . 3o assmyme 4 e o= 1
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~1. Because the existing risk (annual early deaths plus latent cancer fatalities) :from i::
transportation accidents is a small percentage of the risk from normal transportation, large
decreases in accident risk result in insignificant changes in the total- (accident plus normal)
risk' and . LT e 2T LRSI (LRSS T § L lnowrnia I
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2. Because the ex15ting risk from transportation accidents is so small, large relative
decreases are actua11y ‘emall absolute .decreases’ in effects (e.g., ‘rediction in 'numbers of

- .

deaths or ilInesses) I ST S A O N P AR - S LTI S
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where the cost-benefit ratio for an alternative is adverse, i.e., where the social and ¢
economic costs outweigh the decreases in environmental impact, better alternatives should be

sought. It has been found, for example, that risk from an accident involving plutonium or
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polonium-210.is reduced by changing the physical form of these -aterials._ This technique -ay .
be capable of producing a decrease in accident risk of 0.005 latent cancer fatalities per year
(a 30X reduction) for large shipments of highly toxic laterials. Detailed information on the
feasibility of this alternative is not yet adequate to perlit the determination of its associ-'
ated costs.

UNAVOIDABLE Anvsnsé Euvmoiueum. EFFECTS

L 2 O O O

The principal unavoidable environ-enta'l effect was found to be the population exposure
resulting from normal transport of radioactive laterials. Since the electronagnetic radiation .
emitted from a package cannot be reduced to zero by any flnite quantity of shielding, the
transport of radioactive materials will always result in some population exposure.

.-ﬂ-, 2w Ry -~ a -

The much smaller unavoidable risk from accidents that have the potential for releasing
radioactive material from packages will always be present but‘such accidents have a very small
probability of occurrence.. ‘

Y 0 s ~ oy, Ty mtes 1
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The unavoidable nonradioloqical imact resulting fro- transport of radioactive -aterial
in exclusive-use vehicles amounts to about two injuries and one fatality every five years,
mostly from accidents involving transportation of:fuel and waste to and from nuclear, Ppower .
plants. This is because exclusive-use vehicles “are predo-inantly used “for such ship-ents.
Other nonradiological impacts such as the use of,vehicle fuel and other resources were found
to be insignificant.; , .. .... ., . ‘ o, pe .
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SHORT-TERM USE OF THE ENVIRONMENT VERSUS LONG-TERM POSITIVE EFFECTS

N ,——. - ey
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The most obvious and important short-term effect is the population radiation exposure

from normal transport, which statistically amounts to 1.2 latent cancer fatalities per year.

An additional short-term effect is the small annual accident risk...-

r .
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Balanced against these risks, are long-term positive results frol the ship-ent of radio—

active material in such areas as: .»y.q- - <, ...t qase
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1. National Health - The use of radiopharlaceuticals in the diagnosis and treatnent of
111nesses provides a benefit in 1ives saved..,, .r... . .. .. .., .,,
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2. 01l Exploration <-:The use of radioactive -aterial in vell logging and flow t;acing :,;

provides technology for intelligent exploitation of our oil resources and aids in optimizing . ,
the use of this valuable national energy, resource.
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~ Quality Control‘'- The use of radionuclides. for gauging the thicknesses of netal and
paper, -easuring product density, and locating levels of contents in small packages and in ,
large holding tanks provides a capability to minimize waste of resources and optimize quality ’
in finished goods: -« « . = ¢ .- .-. tx o guTzmmmerto o e oposoe T par ot we
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4. Electricity Generation - The use of nuclear fuels in reactors allows production of
electricity for society with lower fuel costs and lower levels of chemical pollutants to the
environment than is possible by more conventional methods of generating electricity.

S. Industry - Radionuclides are used in many manufactured devices and consumer products
ranging from home smoke detectors to antistatic devices. )

IRREVERSIBLE COMMITMENT OF RESOURCES

The only irreversible commitment of resources determined in this assessment was that
resulting from use of fuels to operate the transportation network. To the extent that the
resources are committed to the transportation of radioactive materials alone, the quantity of
fuels used is an infinitesimal quantity, since transportation of radioactive material normally
occurs incidental to the movement of general goods in commerce. Only those portions of the
fuel and other resources attributable to sole-use shipments are committed directly, and that
activity is less than 10’5 of the nation's total transportation activity, saking this irre-
versible commitment of resources negligibly small.
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CHAPTER 1
INTRODUCTION

- - AR !

1.1 PURPOSE AND SCOPE OF THIS ENVIRONMENTAL STATEMENT

) The'purpose of this environuental statenent is to assess the inpact upon ‘the environment
resulting from the transportation of radioactive liaterials within the United States and from
export and jmport shipments of such naterials. "The radiological inpacts of transportation
accidents involving radioactive aaterials are evaluated from a risk point ‘of View. although the
consequences of certain “worst-case" acc1dents are also evaluated. The data base for this
assessment is the 1975 Survey (Ref. 1-1) of radioactive material shipments in the United States.
AN shipnents exclusive of veapons weapon components and shipments in lnlitary vehicles are
considered., Fuel cycle shipments shlpments of liedical- and 1ndustrial use isotopes and waste

shipnents are specifically included The expected radiological mpacts in 1985 are also evalu—
ated in terns of projections of the 1975 shipment data under certain growth assunptions.

e sy
” v

1.2 imcxckduub .

.

Chapters 1 through ‘6 of this document are “the result of a study begun in Hay 1975 by

Sandia Laboratories under contract with the Nuclear Regulatory Cmission (NRC) NRC, organized
under_the Energy Reorganization Act of 1974 has “the responsibility of ensuring ‘the safe use of
radioactive materials through licensing and regulation Soon after its inception, NRC stated
that it intended to review those regulations and procedures originally set up by the Atomic
Energy _Commission (AEC) pertaining to the licensing and regulation of nuclear facilities and

naterials to deternine what changes if any. should be’ liade l’his environnental statement is,
in part an attenpt to provide the technical data necessary“for NRC to reevaluate the rules
governing the transportation of radioactive naterials. TR v v
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In addition, there has been some expression of concern by -enbers of Congress and 'the”

PLENE IR

public about the safety and security of air shipments of plutonim and other’ special nuclear -
material (SNM) in the vicinity of populated areas. For exa-ple, the NRC authorization bill
enacted into lav on August 9, -1975 “includes ‘an aoenmnt by Congressnan Scheuer that states. -

2 et~
'

7 “The 'Nuclear Regulatory Commission shall not.license any shipments by air ¢ - .-
.~ -. transport-of plutonium in any.form, whether exports,. imports or domestic
. shipments; provided, however, “that any plutonium in any form contained in a
' - medical device aesign d for -individual-human application is not-subject to ..
. - < -.this restriction.. .This restriction shall be in.force until the Nuclear
Regulatory Commission has certified to the Joint Committee on ‘Atomic Energy -

of the Congress that a safe container has been developed-and tested which « . .. . -

will not rupture under crash and blast-testing equivalent to the crash and
explosion of a high-flying aircraft.
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Pending satisfaction of this Congressional restriction, NRC has ordered the cessation of plutonium
air shipments by its licensees.

The NRC announced its initiation of a rule-making proceeding concerning the air transporta-
tion of radioactive materials, including packaging, apd invited comments by the public on the
existing regulations (Ref. 1-2). Of particular interest were views and comments on:

1. Whether or not radioactive materials should continue to be'transported by air; - -

2. The extent to which safety requ1rements should be based on accident probabilities,
packagmg, procedural controls or combinations of these.

3. The relative r)sk of transport of radloactive materials by air compared to other modes

of transport and
4, what 1mprovements. 1f any, ln the applicable regulations should be conSIdered. T

- AN

e i

In order to. determine the quantlties and types of shipments of radioactive materials cur-
rently being transported NRC contracted with Battelle Pacific Northwest Laboratorles in Richland
Washington, to conduct a survey. (Ref 1-1) of the transportatlon of radioactive materials. Ques=~"
tionnaires requesting data on the numbers and charactenstics (e g., quantity and external radia-’
tion level per package) of radioactive materials shipments were sent to about 2,300 of the approx-
imately 18,000 licensees. Detailed questionnaires were mailed to special nuclear materiai (SNM)
licensees who shipped 1 gram or more of SNM between March 1, 1974, and February 28, 1975 and to
approximately 150, "major shippers," i.e,, licensees who were known to have shipped large numbers
of packages or large quantities of radioactive material Questionnaires requesting only summary
information were sent to a samp'hng of the licensees selected “from lists supplied by NRC and by
the agreement states (listed in Chapter 2). Data derived from that survey were used for this
assessment, as explained in Appendix A .' N

- i T -
IE Wt Tpe .

Section 1.3 of this chapter contains a brief discussion of accident experience in the trans-
portation of radioactive naterials._ Section 1. 4 is an, overview of the current industrial and’
medical uses of radimsotopes and their respective transportation requirements. Section 1.5
identifies the standard-shipments model on which the environmental assessment is based Sec-'
tion 1.6 is a general discussion of the approach taken in the inpact assessment Finally, Sec-
tion 1.7 contains an, outli ne of the contents of each of the remaini ng chapters.
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1.3 ACCIDENT EXPERIENCE IN THE TRANSPORTATION OF RADIOACTIVE MATERIALS (Ref 1-3)

i A T N

There are approximately 500.billion packages of all commodities shipped each year in the
United States.” About 100 lillion of these involve hazardous- ‘naterials, inc‘luding flamables.
explosives, poisons, corrosives and radioactive materials. There were over two million packages
of radioactive naterials transported in 1975. Thus about 2 percent of hazardous laterial ship-
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Radioactive materials transportation has an excellent record of safety Df the ‘more than
32,000 hazardous materials transport incidents reported to the DOT during 1971-1975, only 144, or
0 45 percent, were noted to involve radioactive materials. Incidents involving flammable
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liquids on the other hand resulted in over 16 000 reports to the DOT. 1In only 36 of the 144
reported radioactive naterials incidents was there any indication of release of contents or
‘exce551ve radiation levels In most cases, the releases involved only minor contamination from

packages containing only small quantities of radloactive material

Seventy-four of the 144 reported* radioactive materials transportation incidents involved
air carriers and forwarders 65 involved highway carriers, and 5 involved rail carriers. About
40 percent of the reported aircraft incidents occurred during handling and typically involved a
‘package falling from a cargo-handling cart andﬁthen being run over and crushed by a vehicle.

About 13 percent ‘of the highway inc1dent reports resulted from vehicular acCidents in
which packages were burned, thrown from mov1ng vehicles, or rolled on by vehicles Only one of
these reports indicated a release of contents. Five reports were submitted by rail carriers in
_ the, ‘same five-year period Two of these involved derailments ‘of flat cars carrying large

packagings but neither incident involved a release ‘ .

-+ -0 - oy et

1.4 AN DVERVIEW OF RADIOISOTOPE USES

f ~ . .-

Radionuclides used in the!practice of nuclear medicine constitute theqlargest fraction of
_the packages of radioactive material transported annually in the United States. Other radio-
isotopes are finding extensive applications in well- logging. in 1ndustrial radiography, as
_large-curie teletherapy and irradlator sources, in some consumer products, and “in the manu-
_facture of certain types of gauges Some fissile materials such as v- 235 are used as nuclsar
_ reactor fuel, others, such as Pu-239 are produced as byproduct materlal in nuclear reactors
These, together with relatively small amounts of radioactive material used in research consti-
tute the primary applications of radioisotopes. A '

-

'1.4,1 MEDICAL APPLICATIONS LT , ‘

» i v, T
N

During the past . 25 years, clinical applications of radioactive materials have become a

... major branch of medicine (Ref 1-4) In particular, gamma-ray-emitting isotopes are now com-

monly used for the purpose of imaging specific areas or ‘organs in the body The normal tech-
nique used in a scanning procedure is to give the patient an injection of the isotope in the
1{appropriate‘chemical‘form to\localizeﬁit invthe,desired organ or system, and collect the emitted
. gamma radiation on an imaging device. o o o B
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In 1972, some 6 355 000 procedures were performed in 3 300 hospitals in 1, 500 cities in
the United States using radiopharmaceuticals (Refs 1-5 and 1-6) Radioisotopes of iodine were
.among the first such naterials used Their use in the study of thyroid physiology and in the

diagnosis and treatment of thyroid disorders (300 000 to 540 000 administrations[year (Ref. 1-6))
.- Sti11 make them an inportant part of the current practice of nuclear medicine )

Ty,
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An example .of .the rapid._growth of the use of organ-imaging techniques is the increased
application of Tc-99m, an unstable daughter of Mo-99. Tc-99m is not, in itself, ‘a natural

Radioactive material incident reports are required by Title 49 of the Code of Federal Regu~
latfons (see Section 2.1 of Chapter 2 of this environmental stateaent).
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component of any biologlcai system, but 1ts de51rable properties (a srx-hour half—hfe and 140-kev
gamma ray which is well-matched to existing momtormg mstruments) make it 1dea1 for maging.
Because of these properties, relatively large amounts of Tc-99m can be admmstered \ﬂth little
radiation dose. As a result, there has been extenswe research to mcorporate this isotope into
medically useful forms that prov1de the necessary magmg and then are excreted. It is estimated

. that nearly 5.5 uilhon examinations were performed in 1972 using technetium At present one of
the most useful forms is a pertechnetate used for brain scanmng (1 000 000 administratlons/year
in 1972 (Rer. 1-6))

A major source for hospital administration of Tc-99m is the Mo-99 generator or "cow,” which
consists of an alumina column_on whlch the Mo 99 s adsorbed. The daughter product, Tc-99m, may
be eluted, i.e. . "mlked " by flushlng the column with a sterile saline solution (Ref.’ 1 4)

Many other lsotopes are 'now used in scanmng procedures Au-198 or I-131 for the liver
(380,000 athimstrations/year in 1972 (Ref. 1-6)), I- 131 for the 'Iungs (246 000 admmstrations/
year in 1972 (Ref. 1-6)), Hg-203 for the kidneys (67, 000 in 1972 (Ref 1-6)). etc.

Isotopes with more energetic emissions, such as Co-60 and Cs-137, are used in therapeutic
- situations where the radiation is used to destroy localized maiignancies.

-

CevaLt e -
Because the Tc-99m generators last about a ueek and because of the way phy51c1ans vho prac-
tice nuclear medicme schedule their patients, hospltals and pharmacws prefer to receive a fresh
generator on Monday mormngs Thus, SIgnlficantly more radlopharmaceutical shipments tend to
occur over the weekend than durmg the week Radiophamaceutical packages are frequently picked

_ up at the airport and dehvered to the hospital by taxi s personal automobile ‘or courler service.

In some cases, a freight forwarder is used.

¥
*

Radiopharmaceutical packages shipped to hospitals or nuclear phamames contain at most a few
curies of the radioactive material and usually much less. The packaging usuaily ‘consists of
several cardboard boxes one 1nside another with a "pig," i i.e., iead-shielded enciosure. inside
_ the innemost box. Thc radiopharmaceutlcai, usua’lly a hquid, is contained ina giass or plastic
_vial inswde the pig. The via] is surrounded by absorbent -aterial to contain the 'liquid if the
vial should break. -

P PRI IO

oyt sy . %
LR R ) TN ¥ b .2 PR-SL PR L

""" Radiopharmaceutical companies receive the raw materfals used to produce’ radiopharmaceuticals.
These materials are often shipped by cargo aircraft in iarge containers approved for up to thou-

sands of curles .Some compames have plants at more than one location and require transport of

‘large curie quantitles of materiais between "locations.’’ k
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i Host radiopharnaceuticals are produced in New Brunswick st.” "Lotis_ Boston, Chicago, and San
Francisco. Because of ¢ their short hal f-lives, they are often flown to their destination on “regu-
larly scheduled passenger f’hghts a'Ithough one ‘Iarge ‘manufacturer now ships more than 50 percent
of his packages by a courler service, using fixed-bed trucks. Because of new applications that
are bei ng dlscovered and because of the i ncreased use of established techniques, L
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the number of’ packages shipped 'is growing at a rate of approximately 10 percent per year .
(Ref. 1-7). )

1.4.2 THE WELL-LOGGING INDUSTRY
e ’dell 'logging firms use radioisotopes in down-hole measurements:to ,provide information on
‘the’ underground strata and to assess a well's capability for secondary and tertiary recovery.
In a typical 1oggmg operation,” a neutron source and a gamma source are placed in an.instrumen-
:tation‘p’ackage ‘and lowered by means of a cable to the bottom of the bore hole. The package is
then withdrawn slowly while the instrumentation detects the neutrons and gamma-rays backscattered
from the surrounding strata, and the detected signals-are displayed on a chart recorder. The
'resu]tshyieid infomation about the properties of rock formations as a function of depth.

- Typicaily, an americium-beryllium neutron source of 5 to 20 curies and a Cs-137 gama-ray
source of several curies are used. Each source is enclosed inside two small, stainless-steel
cylinders, one inside the other, with welded end caps. Sources are fabricated in a hot cell by
a service company, which purchases the radioisotopes from a company having access to a produc-
tion reactor. Well-logging firms transport the sources to remote well sites (and often to
off-shore locations) both in the United States and in foreign countries, including, for, example,
‘Canada, Eng'land (North Sea), Germany, Brazil, Venezuela, and Iran.

P
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Many well-logging sources werd shipped by passenger aircraft prior to the Federa1 Aviation
‘Administration '(FAA) rule change implementing provisions .of the Transportation Safety Act of
1974.-That Act prohibited the shipment on passenger aircraft of any radioactive materials other
than those intended for research or medical use. Dehveries of sources to sites vithin approxi-
mately a 1000-mile radius of the logging firm are generally lnade by truck, while deliveries to
off-shore well locations are frequently made by helicopter..-Exports- -of sources to foreign
couritries, as well as long-distance shipments within the United States (e g., to Alaska). are

sent by ship'or cargo aircraft. . R . a et oy - e 5
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- -~ Some logging firms and some .oil conpanies‘also use radioactive Atracers, usua'lly I 131
Kr-85,-or tritiated water, that are injected into a well to monitor its flow properties These

. materials are typically shipped in a glass.serum vial carei‘u'liy packaged in a metal can inside
. .Jead-shielded container. - Surrounding this container is enough absorbent oaterial to absorb the
" 'liquid contents in case of breakage.-.- anr s .- .- .

. .
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1.4.3 THE RADIOGRAPHY INDUSTRY

LA R 3

+1: -; Radiography sources are made primaxily from one of two isotopes, Ir-192 or Co-60, both of
 which emit relatively high energy gamma-rays. 'I’he radiation is used to exa-ine the structural
/integrity of. welded joints, principally in 1arge pipes. fra-es, and pressure vesseis, or to

~determine the thickness of a naterial.., The source is enc‘iosed by two s-a’ll we'lded. stain'less-
~ steel capsules and is positioned at the end of a short flexib'le stee1 cable to faci'litate han-

§
.dling ir the radiography “camera." The gamma rqys e-itted by the source pass through the
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welded joint and“expose a piece of photographic film. Voids show up as dark spots on the devel-
oped negative.

Only a few companies manufacture these sources (obtaining the raw materials from production
reactors), but there are numerous radiographers who use them. Unlike the radiopharmaceut'fcal
industry, the radiography industry requires individual shipments of sizeable quantities of radio-
isotopes in both directions between manufacturer and user. A fresh source, typically 100 CUri'es,
is sent to a radiographer for use in his camera. When it has decayed.to about 30 curies, the
source is returned to the manufacturer in exchange for a replacement. The new source is returned
in the same shielded container in which it is shipped and stored. - -

I .- -

Radiography' cameras are also used for field work (e.g.,-at pipeline installations), which
results in the need for transport from field offices to remote sites. The units are fa;'rly port-
able and are usually transported by small truck or van. However, the majority of radiography is
done at fabrication plants’'and requires no transport except to and from the supplier.

1.4.4 7 LARGE CURIE SOURCES

Teletherapy sources containing large quantities of Co-60 (up to 10,000 curies) are fabricated
and shipped to cancer treatment centers both in the United States and abroad. Overseas exports
are transported by ship, while domestic shipments go by truck or rail. Irradiator sources, usu-
ally Co-60 or Cs-137, are used for research or in large-scale food sterilization operations and
contain hundreds of thousands of curies. These sources are returned to the manufacturer after

’decaying‘ to about 30 percent of their initial activity. ' They are shipped in large casks which,
because of their weight, are transported by surface modes.: -~
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1.4.5 RADIOACTIVE GAUGING SOURCES " o oot “ "
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A number of different gauging technigues use radioactive materfals fabricated.in sealed-
source form. Haterial thickness is measured by detecting the variation in beta or gamma radiation
that is transnitted through the material. < Examples are thickness measurements of paper, rubber,
‘plastic sheet, ‘metal foil, and pipe walll The material level of solids or 1iquids is measured by
detecting a change '{n transmitted radiation’ through tanks), bins, boxes, bottles, cans, or other
“containers. Fluid densities and bulk densities of solids are measured by detecting-transmitted
radfation. Coating thicknesses of adhesives, paints, or anticorrosives are measured by detecting
transmitted or backscattered radiation. Moisture content is measured by detecting the degree of
neutron thermalization. o :

A nunber of different isotopes usua‘lly in sealed source form and including Ra-226, Cs-137,
’Co-60 Kr-85 Sr-90 Ar241 Pr147 and Th-204 are ‘used in the-individual sources, which contain
)fro- a few nil'licuries up to several curfes of activity. : The "radioactive materfals used by: the
\s0urce nanufacturers are obtained fro- supp]iers of byproduct materfal..” Bulk'shipments'(up to
-s’eueral hundred curies per shipnent) are genera'l'ly transported in: shielded packages by motor
freight. The gauging equipnent may be shipped with’ the source ‘intact, or the source may be

shipped separately and installed at the site.
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1.4.6 THE NUCLEAR POWER INDUSTRY

The basic nuclear fuel cycle associated with the production of electrical energy from fission
is shown schematically in Figure 1-1. The part of the cycle that supplies new fuel for power
production is referred to as the "front end" and involves U-233, U-235, U-238, Th-232, and Pu-239.
The majority of currently operational power reactors are of the light-water reactor (LWR) variety,
which has two pnnc1pa] types: pressurized water reactors (PWR) and boiling water reactors (BWR).
Both types use slightly enriched uranium (approxlmately ‘97 _percent U- 238, 3 percent U-235) as
fuel.

R A .
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The matena’l flow in the front end of the fuel cycle is approximately as follows: Ores
containing 0.1 to 0.5 percent uranium (which has an isotopic content of_ 99 29 percent U 238 and
0.71 percent U-235) are concentrated as U3°8 (yenowcake) near the mine ‘and shipped “to a con-
version plant. At the convers1on plant, the U308 is converted to UF6 which is shipped to a
uranium ennchment plant to be enriched in the fissile 1sotope U-235. The ‘enriched UF6 is sent to
a fuel fabncatmn facility, where it is converted to UO and pressed mto pe'l]ets The penets
are fabricated into fuel rod assemblies, and completed fuel assemblies are sent to reactors

After a fraction of the U-235 fuel has been conspmed by fission, the reactor is shut down,
and the irradiated fuel elements are removed and sent to a reprocessing plant. This procedure is
part of the "back end" of the fuel cycle. At the reprocessmg plant, the irradiated fuel is
separated from the cladding and is processed in ‘a bath of hot nitric acid. The principal compo-
nents of irradiated fuel are long-lived fission products (such as Cs-137 and Sr-90), unfissioned
fuel (U-233, U-235), and transuramc dsotopes (Pu-238, Pu-239, Pu- 240, Pu-241,. Pu-242, Am-241,
Cm-244, etc.). After non-fuel materials are chemically separated the recovered uranium is con-
verted to UF6 and returned to the enrichment plant, whi]e the transuramc wastes are stored in
liquid form. The high-level fission product wastes are requlred to be sohd\f\ed within five
years'of generation (Ref. 1-9) and subsequently buried in a federa] waste reposxtory Recovered
plutonium is converted to PuO2 and stored or shlpped to fuel fabmcat'lon pla'\ts as required.

No commercial reprocessing plants were in operation in 1975, a]though at least one was under
constructwn. In the interim, irradiated fuel assemblies were stored on site at the various power
reactors. Severa'l plans for disposal of_ intermediate and {[ngh-'levﬂ wastes are currently being
evaluated, but the final selection of sthe method of disposal and the repos1tory site has not yet
been made. «m—mwrr e : H
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The high-temperature gas-cooled reactor (HTGR) uses the Th-232/U-233 portion of the fuel
cycle shown in Figure 1-1. The unique aspect of the front end of the HTGR fuel cycle is the fuel
element construction. The UOZ and ThOz are converted to carbides, coated with graphite, blended,
formed into cylinders, and inserted into graphite blocks. The mixed fuel is then sent to the
HTGR, which uses helium gas as a heat transfer mediun Durmg operation of the reactor, some of
the thorium fs converted to U-233. The spent fuel after “at 1east a 90-day cooling-off period at
the reactor site, is sent to a reprocessing plant. The recovered U-235, now at reduced enrichment
level, s returned for re-enrichment to 93 percent. The U-233 is shipped to a conversion plant,
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where it s converted to a carbide to be used as a‘replacement fuel for U-235 in the reactor.

Currently on]y one HTGR is 11censed in the United States -

S
1

To conserve uranium resources and utilize the plutonfum produced in the reactors, an alter-
native procedure has ‘been “evaluated in which plutonium oxide is mixed with uranium oxide. This
oxide nixture is then "burned" in the reactor. Although an environmental impact -assessment. for
mixed oxide fuels has been issued (Ref. 1-10), there 'is currently no recycling of plutonium:
except in a few experimental reactors.

‘Another reactor type is the -1iquid metal fast breeder reactor (LMFBR) (Ref.-1-11),.1in
which plufonium is produced in’the reactor from U-238 and subsequently used to fuel other.
reactors. This "reactor ‘can, in principle, produce more plutonium fuel than the U-235 fuel it .
consumes, thus conserving uranium resources. -7 - . e A
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The Nava) Nuclear Propulsion Program uses highly enriched uranium (>90 percent U-235).in a
PWR system. Like other reactor types, uranium is enriched as UFs‘by gaseous diffusion for
fabrication into fuel elements. Because very ttle U-238 js present in the fuel, only very
small quantities of plutonium are produced by neutron irradiation in the reactor. The recov.red
U-235 is re-enrlched for reappiication to the fuel cyc]e o

" Because of the large size of virtually all fuel cycle shipments, they are normally shipped
in 1arge containers that’ prec]ude modes of transport other than truck, rail, barge, or ship..

Tt

Certain quantities of “special nuclear materials" (SNM), such as p\utonium. U-233 and
U-235, or uranium enriched in these isotopes to a level of 20 percent or more, require phys1ca1
protection against theft and sabotage during transport because it is conceivable that they
could be made into a nuclear explosive device. The regulations that prescribe the safeguards
for these ‘materials’ are given in 10 CFR 70 and 10 CFR 73 and will be discussed in Chapter 2.
The types of shipments requiring safeguarding:include most plutonium shipments and all ship-
nents of highly enriched uranium such as those involved in the HTGR and Naval.Reactor Programs.
Spent LWR fuel contains sizeable guantities of plutonium; however, the plutonium is not readily
separable from the other radioactive material, and the radioactivity of the irradiated fuel
'nateriaI is sufficiently high that it is exempted from transportation safeguards requirements.
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) Much “Unirradiated SNM istransported in cargo aircraft. and prior to the previousiy men-
tioned DOT restrictions, some was transported by passenger’ aircraft.)yThe other principal mode

i
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“An assessment ‘of ‘the environmental (impact of, radioactive nateriais transportation requires
a detailed knowledge of the package types, the principal transport modes, the number, of packages
transported per year, the average quantity of material per package, the average “t-ansport

jndex” or "TI" (a measure of the external radiation level),-and the average distance traveied
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per shipment; for each type of radioactive material being shipped. To make this problem tract-
able, a list of “standard shipments" was compiled.from the data obtalned in the 1975 Survey f
(Ref. 1-1). This list is shown in Table 1-1, in which the total number of packages shipped per
year in 1975 and the 1985 extrapolations are given for various 1sotope, package type. and
transport mode combinatfons. The list is by no means complete, but the materials listed account
for the vast majority of packages, curies, and TI reported in the 1975 Survey. A detailed N
discussion of the methods used-to generate this list from the survey data is given in
Appendix A.

. Table 1-2 is a summary of radioactive material shipping activity both in 1975 and pro-
jected to 1985, listed by.isotope use categories. ThE table.lists the annual number of packages
and curies, as well as the total TIs and shipment distances, for each category, as determined
from the 1975 Survey data. Also shown are the contributions of, each category to the annual
expected latent cancer fatalities (LCF) resulting from normal transport and from transportation
accidents. Detailed discussions of the methods used to obtain these results are presented in
Chapters 4 and S and in related appendices. -

1.6 METHOD USED TO DETERMINE THE IMPACT -

. B - . -
Three circumstances under which impacts may be produced vere considered >(1) normal
transport conditfons, (2) accidents involving the transport vehicle, and (3) theft or sabotage.
The radiological impacts'produced under each of these circumstances relate directly to‘the
radiation emitted by the material. However, economic, legal, or social impacts may also occur.
These impacts are more difficult to quantify than the radiological, impacts. ..
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1.5.1 NORHAL TRANSPORT CONDITIONS *-~-=.o0 < yorr 3 1r .n
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“Under normal: transport conditions the’ radiological impact arises from routine exposure to
freight handlers, aircraft passengers:and crew, truck drivers,on-route. bystanders, etc.. re-
su]ting from the radiation emitted by:the:contained materjal or radioactive contanination of
the' package surface. Package shielding reduces but never completely eliminates this inpact
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The radiological impacts are evaluated-in terms of annual expected additlonal latent cancer
fata]ities. assuming a proportionality between population dose and numbers of additional latent
cancer fatalities (see Chapter 3).- The dose resulting-from a given shipment is proportional to
the total 'transport‘index,' or “TI® (see Chapter 2, Section 2.4) of all packages,included in the
ship-ent. Estimates of the total population dose are made by modeling the path of each package
from the time it is presented for transport until it arrives at its ultimate destination. The
population dose is computed for each standard shipgent in Table 1-1 bv using the average TI, the
average distance traveled, and the total packages per year. The methods “of computing the dose
depend on the transport mode.' * The total expected annualidose. due to normal.transport is given

by the SUR of the doses resulting from each standard ship-ent. e S m e o ma . el
‘ - e N 91: SN s SIS o D R r AN v g e
1.6.2 ACCIDENTS INVOLVING TRANSPORT.VEHICLE-u 2~? 4y ruisn i ¥00 = ., - cn e

In the accident case, one considers the additional fmpact that could result from an accident
involving a vehicle transporting one or more %a%%fges of radioactive material. Three possible
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TABLE 1-1
STANDARD SHIPMENTS LIST - 1975 AND 1985 PROJECTIONS

* Transport Packages per
Isotope Package Type Mode** Year (1975)
various* Limited++ AF 1.72 x 104
P A/C 2.95 x 10°
T 3.91 x 10°
Am=-241 A AF 521 °
P A/C 4170
T 2.04 x 10
. "B AF 7
P A/C 55
T 116
Au-198 A AF . 25
PLA/C 1820
T by 2410
Co-57 A AF 267
P A/C , 9860
e ‘ T 6180
Co-60 A T 1.77,x 10?

B T 1460

"’—‘ L]
For details of package terminology, see Chapter 2.

Packages per
Year (1985)
4.47 x 10°

7.67 x 10°
1.02 x 10°
1.22 x 10

(=20 B S
-

5.3 x 10°
161

0

302

25

1820
2410

" 694
2.56 x‘10
l 61 X, 10
4.6 x 104
3800

4

-
w iy

k]

AF - all-cargo aircraft- P A/C - passenger afrcraft; T - truck R - rail; S - ship,

“ICY - Integrated Container Vehicle. e ) .
e R
*Modeled as I-131.

++Term‘lnology recently applied by DOT to packages formerly referred to as “exempt."
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C-14

Cs=137

Ga-67

H-3 ¢

LT

Transport
<t - Package-Type ., Mode _
B 7. ST B
i e TLQ2es sy e e -T,
LSA AP
* P A/C
T
A AF
P.A/C
T
A AF
P A/C
T
B AF
T
A AF
P A/C
T.
A AF
P A/C
T

o TABLE 1-1 (continued)

Packages per

Packages per

Year (1975) _Year (1985)
Y T . 262
4 10
45 1440
509, 0
. 5540 1.44 x 0%
1080 2810
1.94 x 10t 4.97 x 10%°
6660 1.73 x 10?
4l 2920
1080 0
3.1 x 104 8.06 x 10%
5 13
69 179
175 455
, 7030 5.18 x 104
1.29 x 0% 0
1300 3380
2.6 x 10° 6.76 x 10%
1.1 x 10f 2.86 x 10%
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TABLE 1-1 (continued)

Transport Packages per Packages Per
Isotope Package Type Mode Year (1975) Year (1985)
8-3 B AP 18 a1
' P A/C 364 . 946
T " 151 393
LSA AP 2 5
P A/C 45 C117
T 18 47
Ir-192 A AP 346 7500
P A/C 2540 0
T 1920 4990
; B AP 1590 3.45 x 104
P A/C 1.17 x 10 0
T 1.37 x 104 3.56 x 104
1-131 A AP . 4720 . 4720,
o P A/C 2.93 x 10° 2,93 x 10°
I 1.08 x,10° 1.08 x 10°
B AP 13 13
- P A/C 310 310
T 292 292
Kc-85 A AP 136 354

< P A/C 1530 3980
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Isotope
Po-210

pP-32

Ra-22‘

TCc~99m

T1-201

Waste

XQ-133

Package Type
LQ

TABLE 1-1 {continued)

Transport

Mode

AP
P A/C

Packages per
Year (1975)
1
11
7
17
268
7940
3820.
2.6 x 10
39
401
2620
1280
3.01 x 10
2,09 x 10°
0.
0
1.31 x 10
821
2.03 x 10
875
1.22 x 104
1.29 x 10%

‘ .

4

5

4

Packages per

_Year (1985)
32
0
18
3
697
2,06 x 10
9930
2.6 x 104
440
0
2620
3330 -
7.83 x 10*
5.43 x 10°
7500
4.25 x 10
3.41 x 10
2130
5.28 x 10
2280
3,17 x 10
3.35 x 10*

4

5

4




SL-L

TABLE 1-1 (continued)

Transport Packages per Packages ,per
Isotope ., = Package Type Mode Year (1975) Year (1985)
Kr-85 A T 3500 9100
s 297 772
B AF 30 78
’ Q P A/C 336 874
T 634 1650
ur+Mc” A T 2.15 x 10 8.9 x 10?
B T 5000 2.07 x 10%
LQ T 3 50
LSA T 3.33 x"104 1.38 x 10°
Mo-99 A AR 3200 8320
b A/C 7.97 x 104 2.07 x'10°
T 5.49 x 104 1.43 ¥ 10°
B AP 109 © 283
P A/C 2720 7070
3 E 1880 4890
Po-210 A AP 16 336
P A/C o113 ' 0
. kI 81 211

R '10 260

et 7

;—————— . ot f
Mixed corrosfon products and mixed fission products.

v 3 - [
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Isotope
Mixed*

Pu-238

Pu-239

U-Pu Mixture

Package Type
A

LQ
B..

TABLE 1-1 (continued)

Transport
Mode

AP
P A/C
T

P A/C
T

AP

P A/C
T

AP

P A/C
T

AP

P A/C
T

AF

P A/C
T

AP
AP

P A/C

Packages per
Year (1975)
115
2260
2.7 x 10
.
101’
26
513
'5830
34
1980
3250
2
109
179
17
165
4030
1
8
58

4

Treated as 1-131 for purposes of radiobiological modeling.

Packages per
Year (1985)

299.

5880
7.02 x 104

21

263

‘68’

1330
1.52 x 10%

88

5150

8450

288

0

465

182

0

4030

1

33

240
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t ' TABLE 1-1 (continued)

P AR ce Traﬁsport Packages per
( , 1sotope Package Type Mode Year (1975)
) U-Pu Mixture = B ) T o 330
a " Spent fuel ' Cask v T 254
c RIS e ;o R B
o U40g-, o LSA T | 5.4 x 10°
‘ R ‘ 6.6 x 104
UF6 (natural) A T 2050
R 2500
Q?s (enriched) B T 485
ool e . -, ] ‘ 106
o, (enriched)” B .. T 9690
) ret e ety < s' 2130
- vo, fuel  ; . B . T 1280
. Dol . S 282
C . Recycle i T o
R * j;Plutonium- B T - Icv ... 0

:
N
{7

Packages per

Year (1985)
1370

1530
652 . |
2.24 x 10°
2.73 x 10°
8440
1.04 x 10
2000
439
4.01 x 10°
8820
5300
1170

4

41
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SUMMARY OF RADIOACTIVE MATERIAL SHIPPING AND ITS MAJOR RADIOLOGICAL IMPACTS

TABLE 1-2

1975
Shipment Packages Curies TI per Kilometers LCF (normal) LCF (acc)

Type per Year per Year Year per Year per Year Percent per Year Percent
Limited 7.03x120°  211x10° 7.74x10° 119 x 10° 0.0077 0.6 5.78 x 107° 1
Medical 9.10x120° - 578x12° 6.43x10° 1.12 x 20° 0.616 52 6.11 x 1074 13
Industrial  2.15x 10°  9.39x 105  3.43x10°  3.01 x 10° 0.281 24 1.60 x 1073 34
Fuel cycle  2.04 % 10° . 5.32x 108  s.69x10°  2.09 x 107 0.104 9 1.85 x 1073 39
Waste 1.52x 10°  2.68x10° 298 x105  3.22 x 10° 0.182 15 6.17 x 107 13
TOTAL 219 x 108 5.48x10® 454 x20°  2.68 x 10° 1.19 100 4.73 x 1073 100

RPN 1985
Limited 1.83x10® ss0x10®  2.02x10*  3.11x10° 0.020 0.7 1.51 x 1074 1
Medical L71x1®  1s0x10 1.20x10°  1.92 x 10° 1.17 38 1.51 x 1073 9
Industrfal  5.63x 105  2.47x 107  8.79x10°  8.84 x 10° 0.676 22 4.49 x 1073 27
Fue) cycle  8.36x 105  8.41x10° 246 x10°  7.16 x 107 0.469 15 7.88 x 1073 a8
Waste 6.27 x 10° 1L11x10®° 1.23x107  1.33 x 207 0.752 24 2.54 x 1073 15
TOTAL 5.57x 10° 8.45x10°  1.68 x 10/ - 5.97 x 10° 3.08 100 1.66 x 102 100




hazardous conditions may arise in such an accident:
1. - A loss of shielding efficiency of the package,
2. A loss of containment and subsequent dispersal of the radioactive material, and
3. Accidental assembly of a critical mass (in fissile material shipments).

The first condition could result in persons near the accident being directly exposed to
radiation. The second could ultimately result in direct exposure and intake of the radicactive
material into humans by inhalation or ingestion of the dispersed material. The third case could
result in neutron irradiation of persons in the vicinity of the accident at the time it occurs.

Accident risk is defined as the product of the probability of an accident and its conse-
quences. The risk calculations incorporate accident rates and package release fraction estimates,
both of which are functions of accident severity. Dispersible materials are assumed to be aero-
solized in severe accidents, and the aerosol cloud is assumed to drift downwind according to a
Gaussian diffusion model. Inhalation of the aerosolized debris by persons downwind from the
accident produces doses to various internal organs. Nondispersible materials are assumed to
undergo a partial loss of shielding and create a direct exposure hazard. The contributions of
each standard shipment to the accident risk are summed to obtain the total risk. Radiological
accident risks are expressed in terms of annual expected latent cancer fatalities and early fa-
tality probabilities.

The consequences of postulated accidents involving certain large quantity shipments are 21s0
evaluated. The results are presented in terms of the number of persons receiving greater than
specific doses of interest and in terms of the area that is contaminated to greater than a given
level.

1.6.3 THEFT OR SABOTAGE

Certain quantities of SNM, such as plutonium or highly enriched uranium, are possible targets
for theft, since they might be used to make a nuclear explosive device. Other radionuclides in
large quantities may also become targets for theft or sabotage. The need for security of certain
radioactive material shipments is discussed in Chapter 7, together with an assessment of the
present physical security requirements applied to varijous modes of transport.

1.7 THE CONTENTS OF OTHER CHAPTERS OF THIS DOCUMENT

Chapter 2 discusses the federal regulations that apply to the transport of radioactive mate-
rials and the safeguarding of SNM. It is the environmental impact resulting from the transpor-
tation of radioactive materials under these regulations that is the subject of this report.
Chapter 3 is a general discussion of the biological effects of radiation exposure. It includes a
summary of the health effects model used in this assessment. The case of normal transport of
radioisotopes and the associated environmental impact is discussed in Chapter 4. In Chapter 5 the
jmpact due to accidents is discussed. Chapter 6 includes a discussion of alternatives to present
shipping practice, including transport mode shifts, and their effect on the environmental impact.

1-19



The diversion of SNM and an evaluation of the steps taken to avoid such diversion are discussed in
Chapter 7. Chapter B contains responses to comments received concerning the draft versions of
this document. Specific subjects such as the standard shipments model, plutonium, etc., are

RN

addressed in the appendices.
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o ) cHAPTER 2 -
REGULATIONS GOVERNING THE TRANSPORTATION OF ‘RADIOACTIVE MATERIALS

2.1 INTRODUCTION

B The objective of this chapter is to summarize the federal regulatlons pertaining to the
transportation of radioactive materiais For complete detai'ls of ‘transportation’ regu]ations,
the 1nterested reader TS referred to the appropriate sections in the Code of Federa’l Regu- ’
lations (some ‘of which are prov1ded in Appendlx B to this document). _

P

Thre*e‘ basic safety requirements that must be met when transporting radioactive materials

are:
‘1. Adeguate containment of the radioactive material;
2. Adequate control of the radiation emitted by the material; and
3. . Prevention of nuclear criticahty, i. e., prevention of the accumu]ation of enough
fissﬂe lnateriai in one location under conditions that coqu result in a nuc’lear chain reaction.

- - -

In addition, certain strategic quantities and types® of speciai nuciear material (SNM) )
reqmre physwa'l protection against theft and sabotage dUl"T ng transit. i . : -

b Py g s PR

R The purpose of “the” reguTations is to “ensure that these requirements are met.' 'In the
subsequent sections of this chapter, the regulations relating to each of these safety require-
ments are discussed i S &

NRC reguTations prov1de ‘the standards that must 'be met rather than attempting to specify
how they are to be met. An'example of the app]ication of this-basic concept is the -fact ‘that -
the reguTations do not prohibit the shipment of any specific radioisotope.* as Tong as the
basic safety standards are vet.’ o - - S -

A - . . - el - .
t . ye te o o L e

Section 2 2 of this chapter is a discussion of the various* regu'latory agencies and their
respective reguTations Section 2.3 discussés the’ regu]ations and standards designed to ensure
the containment of radioactive material during’ transport “including “the’ classification rof
radioactive materials for shipment Type A packaging standards, Type B packaging standards, and
packaging for large quantities, limited items, limited quantities, and low specific activity
(LSA) nateriais Section 2. 4 discusses the standards for radiation contro] during transport
and introduces the concept of the tranqurt index a L o

*

e
>

The specia] reguTations apphcabie to fissile materials for criticality control are dis-
cussed in Section 2. 5. Section 2.6 outlines the responsxbihties of "a -1icensee who receives a
shipnent of radi oactive nateria'l and discusses procedures for picking up, receiving, and opening

»>

Teoae o= v.

P‘lutomun air shipments are presentTy prohihited by NRC order in comp'liance with Public
l.aw 94-79 (Scheuer Amendment). . Pl Lt

N - B 1
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packages. The labeling requirements for packages are covered in Section 2.7. In Section 2.8
the responsibilities of the carrier, including vehicle placarding and stowage, are discussed.
Section 2.9 covers the requirements for the reporting of incidents and decontamination proce-
dures. Finally, in. Section-2. 10 the requirements for the safeguarding of special nuclear
material in transit are discussed. B

2.2 REGULATORY AGENCIES

The transportation of radioactive byproduct source, and special nuclear materials within
the United States-is regulated by the Nuclear. Regulatory Comussion (NRC) The Department of
Transportation (DOT) regulates an radioactive nateraals in_ mterstate comerce., International
shipments, in most cases, are conSIstent with the standards of the International Atomic Energy
Agency (IAEA), with the DOT serving as the USA "competent authority " Certain "limited" (for-
merly called “exempt") quantities may be shipped by mail, and such shipnents are regulated by
the U.S. Postal Service. Shipments that are neither in interstate or foreign commerce nor in
air transportation, as defined in the Federal Aviation Act of 1958, are controlled by NRC and
by various state agencips. - ' ' '

The Nuclear Regulatory Conmssion was established by the Energy Reorgamzatlon Act of
1974, which went into effect on January 19, 1975. This act also created the Energy Research
and Development Admnistration (ERDA) and abolished the Atomc Energy Commission (AEC) The
licensing and related regulatory authority held by the AEC under the Atonic Energy Act of 1954,
as amended, was transferred to the NRC. The authority of the AEC operating divtswns to approve
the use of radioactive material packages by their, prile contractors was assumed by ERDA in this
reorganization. . Later, Section 301(a) of Public Law 95*91 enacted August 4, 1977, transferred
all functions of ERDA to the Secretary of Energy. The special package approval authority is )
being phased out as NRC is able to review the Targe number of packages in use by prime contrac-
tors, and it is expected to expire in 1978. Approvals were issued only in accordance with the
same package standards used by the AEC regulatory staff, and now by NRC.

B r i S B R A hiladl

Chapter 1 of Title 10 of the Code of Federal Regulations contains the rules and regu-
lations of the NRC, including rules and definitions relating to the issuance of general and
specific licenses for receiving, acquiring, owning, possessing. using, and transferring bypro-
duct material, source materfal, and specjal. nuclear aaterial A transfer of a nonlinited )
quantity of these materials can.take place only between persons ‘who are licensed either by the
NRC or by certain agreeaent states, 2 term to be explained later in this section. ‘

i

a0 R

.
v v n . s . . e

\1

. The parts of Title 10, Chapter I that nost-directly pertain to radioactive naterial trans-
portation are Parts 20, 70, 71, and 73, which deal with "Standards for Protection Against !
Radiation,” “Special Nuclear Matertal}” "Packaging of Radioactive Material for Transport and
Transportation of .Radfoactive Material under:Certain Conditions, and "Physical Protection of
Plants and Materials,” respectively... In referring to these, and other regulations in the Code
of Federal Regulations, an abbreviated form will be used: "lO CFR n. 35(a)." neaning "Paragraph
(a) of Section 71.35 of Part 71 of Title 10 in the Code of Federal Regulations.

14
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The AEC, through formal agreements with certain "agreenent states," transferred to those
states the regulatory authority over byproduct material, source materi:al, and subcritical
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quantities “of spec1al ‘nuclear material. These agreement states are Alabama, Arizona, Arkansas,
California CoTorado, Florida, Georgia, 'Idaho, Kansas, Kentucky, louisiana, Maryland, Missis-

51ppi Nebraska, Nevada, New 'Hampshire, New Mexico, .New York, North Carolina, North Dakota,

Gregon, “South Carolina, Tennessee Texas, and Washington. - These states have adopted a uniform
set of rules requiring ’an intrastate ‘shipper of radioactive materials to conform to the DOT

requirements for packaging, labeling, and marking.

[ Lo T,

DOT, under the De-artment of Transportation Act of 1966, the Transportation of Explosives
Act, the Dangerous Cargo Act, the Federal Aviation Act'of 1958, and the Transportation Safety
Act”’ ‘of 1974, has regulatory responsibility for safety in transportation. The organizational
unit of DOT concerned specifically with safety in the transport of radioactive and other hazard- ,
ous materials is the Office of Hazardous Materials Operations within the Materials Transporta-

v

tion Bureau. T s A T

.o

The DOT regulations governing carriage of radioactive materials’ by railland by common,
contract, or private carriers by public highway (e.g., Jtruck) | are. found in 49 CFR 171-179,
which make up Subchapter’ c "Hazardous Materials Reguiations." The DOT reguiations regarding
packaging of radioactive ‘materials are ‘found in 49 CFR 173, "Shippers -- General Requirements
for Shipments and Packagings," and 178, "Shipping Container Specifications“°kthey are con-
sistent with the NRC guidelines in 10 CFR 71. The DOT reguiations governing “the carriage of
radioactive materials by air are in 49 CFR 175, :"Carriage by Aircraft. - The DOT regulations in
49 CFR 176, “Carriage 'by Vessel," .apply to the carriage of radioactive and other hazardous
nateriais by barge or ship.:” . . e LR - ‘

P A g FE -
v “

h; PR - P oA » - . -

e .. = - » PN DR o i D R RTINS T T PR P I s e,

Certain "limited"- quantities of radioactive -material may be .shipped through the maii.,,The
regulations of the U.S. Postal Service, found in 39 CFR 123-125, pertain to such shipnents
The criteria used to determine how much radioactive material .can qua]ify as “Tinited“ are
discussed later in this chapter. ... © &orri cnantn o n 0 Ll el r s wIuFe b mF Eeey

‘ Treoaa T R LI B S an .- TR

¢ - Lo s - 7t

- In order -to ‘carry out‘their respective :regulatory - fun'tions for the safe transport of.ﬁ;“”
radioactive materials with as:little duplication-of.effort.as possible, the Interstate Commerce
Commission~(ICC) -and the AEC (now the NRC) signed a “memorandum of understanding“ An 1966 klt‘ﬁ
has been superseded by a revised memorandum of understanding .between DDT and AEC.signed on .
March 22, 1973.

- ‘..-AH, Tow. ;.' e et - [N -2

tw,‘;v‘*v" 3>‘ ."=’“’E._:>* RS T
According to' the nenorandum, the DOT regulations (49 CFR 171- 179)* concerning packaging, .
marking, and labeling apply to shippers, and the regulations concerning vehicle piacarding,"
loading, storage, monitoring, and accident reporting apply to carriers. AN packagings for
shipment of fissile material or for. Type B or, large quantities of radioactive naterial require
.approval by‘the NRC.. :In case of 2 transportation accident..incident or suspected leakage from
a package of :radioactive material discovered while in transit the DOT investigates the occur-

rence and prepares an investigation report. If, however, an accident or incident occurs or

IEV e, Il T
As of April 15, 1976, the DOT Regu]ations for Transport of Hazardous Materials fornerly )

Jocated in'49 CFR 170-189 14 CFR 103 (air shipments), a nd 46 CFR 146 {water shipments) cee
.were consolidated into 49 CFR. .. -~ st

2 PUDPRN S PR R PPN .7
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suspected leakage is discovered other than during.transit, the occurrence is investigated by
the NRC. The DOT is recognized as the “"national competent authority" with _respect to the
adm§nistrative requirements:of the International Atomic Energy Agency (IAEA) for the safe
transport of radioactive materials. The two agencies (NRC and DOT) have agreed to cooperate
via exchange of information in the development and enforcement of the regulations. '

2.3 REGULATIONS DESIGNED TO ENSURE ADEQUATE CONTAINMENT

R - e -

The regulations to be discussed in this section provide standards.for packaging and define_
1imits for the package contents. The terms "package" and "packaging" are defined in 10 CFR
71.4, “Definitions,” as follows: ° : -

(k) “Package" means packaging and its radioactive
contents;

- (1) "Packaging" means one or more receptacles and
wrappers and their contents, excluding fissile material ¢
and other radicactive material, but including absorbent.- . L
material; - spacing. structures. thermal insulation,
radiation’ shielding, devices for cooling and for absorb-
ing mechanical shock, external fittings, neutron modera-
tors, nonfissible neutron absorbers, and other supple-
mentary equ1pnent. '

In defining the packaging’ standards and the package content linits, the consequences of
loss of containment must be considered.'< In" the event that some of the radioactive contents
escape from the package, a potential hazard to transport workers and to.the general.public. -
exists resulting from the external radiation emitted from the exposed radionuclide and from the

often more serious prob'len “of intake into the body, particular‘ly through inhalation. - -

- e
.- I Llonta RSP o r - N I'

Since the radiotoxicity of radionuclides varfes over.eight orders of laagnitude (Ref. 2-1),
a realistic set of standards should take into account which isotope is being transported. . For
this reason each radioisotope is classified, for transport purposes, into one of seven transport
groups. iabeied by Roman’ numerals I through VII according to their relative toxicity and poten-
tial hazard. ‘A 1ist of the radionuclides and their respective transport groups may be found in .
Appendix . "Transport Grouping of Radionuclides,™: to -10 CFR 71 (shown in Appendix B to this,.
environmental statement) “and in 49 CFR173: 390, "Transport Groups of Radionuclides.”

. Another approach is used in the 1973 revised regulations of the International Atomic Energy
Agency. in which each radionuclide s assigned a value according to its individual radiotoxicity.
In this approach the transport groups become unnecessary.: -FI T i L7 . : R

IR & V3T perer ot

fffff
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N Radioisotope quantities in each transport group are classified-in order of increasing»-
quantity, as "1i-ited N "Type A . "Type B,” and "large" quantity. The reason for this classifi-
cation will become apparent {in the next 'section. ’ The limits for these quantity groupings are -

[IEN ~ waap, - - v .

shown in Table'2-3, = -~ - "~ T A R

L e TN o . . w
.o b R { 'R NS LI TR

Certain physical forms of a radioactive _material of any of the seven transport groups are - -
classified as "special' fora™ and are subject to the quantity lilits shown in the ’Iine in Table "
2-1 entitled “Special Form.” A special-form nateriai is essentially nondispersib'le in vater.
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v dud e

. : Y Do
g N TR TABLE 2-1 o :
i : . QUANTITY LIMITS FOR THE SEVEN TRANSPORT GROUPS AND SPECTAL FORM
i T ‘ " ”, ? i .
: ' ' ‘Limited’ J Type A Type B Large .,
3 Transport Quantity?* Quantity** .. Quantity** Quantity**.
1 - Group -~ (Curies) {Curies) {Curies) (Curies)
L1 L1000 0 1070 to 1070 1073 to 20 520 -
i - s107d 104 to 5 x1072  5x102t020  >20 !
; R34 . ’510:; L 10‘: to 3 " 3 to 200 >200
o IV . 81077 ¥ _ 1077 to 20 20 ‘to 200 >200. b
Sy Cig1073 ¢ 1073 ks 20 .« 20 to 5 x 103 >5 x 100
: 4w 51073 7 7 “1073 o 10° 103 to 5 x 104 >5 x 10t
: _vII 's25 - .25 to 10° io3 to 5 x 108 >5 x 10*
" . special Form j 3 - 10320 ¢ 5 20to5x10° >5 x 103
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in a fire, or under severe impact conditions. The complete definition is found in 10 CFR
71.4(0) (Appendix B to this document) and in 49 CFR 173.389, “Radioactive Materials; Defini-
tions." The usefulness of the special-form concept is that more radicactive material may be
shipped in a Type A package (one that does not resist severe accidents) because of the greatly
reduced dispersibility of special-form material.

Any radioactive material that does not qualify as a special-form material is considered
"normal form" and is categorized according to its transport group. While a special-form material
could, in the event of a severe acc1dent present an external radiation exposure hazard, it is
apparent from its definition that the chance of any significant amount of the contents being
released into the air, groundwater, etc., and being. ingested by a human is extremely remote.
Examples of special-form nateria]s are sealed radiography ‘and teletherapy sources and, in some
cases, unirradiated reactor fuel rods. -

2.3.1 TYPE A PACKAGE

To be qualified for transport{ any packaging used to contain radiocactive material must
meet the general requirements of 49 CFR 173. 593 "General Packaging and Shipment Requirements"
(Appendix B to this document). These requirements state, among other things that the packaging
must be adequate to prevent loss of dispersal of the radioactive cqntents and maintain the
radiation shielding properties for the normal conditions encountered during transport. Tests
to simulate normal transport conditions are outlined in 49 CFR 173.398(b), "Standards for Type
A Packaging,” and in Appendix A, "Normal Conditions of Transport,” to 10 CFR 71 (see Appendix B
to this document). ! :

< fod ‘, -

The seven transport’ groupings and the Type A quantity linits have their origin in the IAEA
regulations. The Type A limits were determined in the fol]owing way (Ref. 2-2): It was recog-
nized that the chance of a rail accident of. such severity as to cause loss of the package
contents was very small. Experimental work had indicated that a re]ease of 0.1 percent of the
package contents would be'a reasonable assumption for the vast majority of possible accidents.
Furthermore, on the basis of general handling experience, it was assumed that the actual intake
of radioactive material into’the body by a person coning into contact with air or surfaces
contaminated by such a release ‘was unlikely to exceed 0.1 percent of the amount released from
the package. Thus, it. would_be unlikely that any one person would ingest more than one-
millionth of the actual package contents in the event of an accidental release. Therefore, the
Type A package limits were established on the basis that neither: -

1.  An intake of 10°5 of the maximum ailowed éaciage"ccntents would result in a radiation
dose to any organ in the body exceeding internationally accepted limits, assuming a 50-year

life expectancy after the intake; nor

2. The external radiation from the unshielded contents would exceed 1 rem/hour at 10
feet (3 meters).

In 49 CFR 178 there are descriptions of various DOT-approved containers for Type A pack-
aging, including carboys, fiberboard boxes, steel drums, etc., that may be used without specific
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segulatory approval. However, in a recent ruiemaking (Ref. 2-3) DOT eliminated the various
“hardware-oriented" specifications for the Type A package containers Iisied in 49 CFR 173.394,
upadioactive Material in Special Form," and 49 CFR 173.395, "Radioactive Material in Normal
Form," and ruled that each Typg A package presented for shipment must be certified according to
the Type A "Specificatiop 7A" design with a supporting safety analysis. The requirements for
this design are specified in 49 CFR 178.350, “specification 7A; General Packaging, Type ALY
The use of existing Specification 55 (as described in the former 49 CFR 178.250) containers is
also authorized for Type A shipments, but the construction of additional Specification 55
containers after March 31, 1975, has been prohibited. Fereign-made packagings, properly labeled
as "Type A," are also acceptable by DOT for use in domestic transport (see 49 CFR 173.394(a)(4)
and 173.395(a)(4)).

-

2.3.2 TYPE B AND LARGE QUANTITY PACKAGING ~~ "~ =

Quantities of radioactive material greater than the Type A limits can be transported only
in Type B packaging. A Type B packaging is designed to more stringent standards and hence is
considerably q9re,accident rosistant than a Type A packaging. iqwaﬂaitiﬁn‘to meeting the stand-
ards for a Type A packaée, a Type B package must also be able ﬁo-survivefcgrtqin hypothetical
accident conditions with essentially no loss of containment and limited loss of shielding capa-
bility. The NRC packaging standards are given in Subpart C, "Package Standards," of 10 CFR 71,
and the tests to simulate accident conditions are found in Appendix B, nypqthe@ical Accident
Conditions,” to 10 CFR 71. A Type B packaging design requires the approval of the NRC before it
can be used'fo}‘ihipéiﬁg radioactive material. e T

1
.

The Type B quantity -limits are somewhat artificial iq~thé§-the)ie§hlai{ons permit ship-
ments of quantities greater than these limits as "large quantity" shibﬁenté in Type B con-
tainers. Like the Type A limits, Type B limits have their origin in the earlier IAEA regula-

tions. In the 1973 revision of the IAEA regulations, £62’3b3e; Tyﬁé B limits were ‘discontinued.

PRSE- I . 2
paaas Sr e 2z

The types of packaging acceptable to DOT for Type B quantities, listed in 49 CFR 173.394
and 49 CFR 173.395, are summarized in Table 2-2, which™includes the recent HM-111 rule changes

T,

(Ref. 2-3). N T

STuDe. £ 0 Iy i
e

Certain types of sources, particularly irradiatéﬁ'}eactor fﬁé17;1éﬁéhts; jrradiator and
teletherapy sources, and most plutonium shipments contain quantities of radioactive materials
in excess of the Type B limits. Packaging for large sources js subject to the requirements for
Type B packaging plus additional requirements related primarily to decay heat dissipation (49
CFR 173.393(e)). The DOT packaginé requirements for large quantities of normal-form material
are stated in the following exerpt from 49 CFR 173.395(c):

Large quantities of radioactive materials in normal
form must be packaged as follows: (1) Specification 6M
(§178.104 of this chapter) metal packaging. Authorized
only for solid or gaseous radiocactive materials which
will not decompose at temperatures up to 250°F. Radio-
active thermal decay energy must not exceed 10 watts.
(2) Any other Type B packaging for large quantities of
radicactive materials which meets the pertinent require-
ments in the regulations of the U.S. Atomic Energy
Commission (10 CFR 71) and §s approved by the U.S.
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TABLE 2-2

TYPE B PACKAGINGS PERMITTED BY DOT

FOR TRANSPORT BY 49 CFR 173.394 AND 49 CFR 173.395

* s 3

. Sgecial Form

Spec 55 (300 Ci Max.)
(49 CFR 178 250) -

Spec M. (,49 cmg 178.104)

NRC (AEC) approved per
10 CFR 71.

Type B packaging meeting
1967 IAEA regulations for
which foreign competent
authority certificate has
been revalidated by DOT.

Spec:20WC (49 CFR:178.194)
outer jacket with snug-
fitting Spec 7A (49 CFR et
178.350) or existing Spec

55 inner container. ‘
Spec 21WC overpack with - .
single inner Spec 2R (49 CFR
178.34) or existing Spec 55
inner package securely
positioned and centered.

1

Ya B
s

1 T Ty

2-8

Normal Form
‘Spec 6M (for solid or *
gas only which does not
decompose up to 250° F).

NRC (AEC) approved per
10 CFR. 71.

Type B packaging meeting

. 1967 IAEA regulations

for which foreign
competent authority
certificate has been
tevalidated by DOT.

-

SPec ZOWC jacket with
snug-fitting inner
Spec” 2R or existing
Spec 55 inner package.
For liquid, 173.393(9g)
must-also be met for
the inner package.

¥



Atomic Energy Commission. (3) Any other Type B pack-
aging which meets the pertinent requirements for large
quantities of radioactive materials in the 1967 regu-
lations of the International Atomic Energy Agency, and
for which the foreign competent authority certificate
has been revalidated by the Department.

The packaging requirements for large quantities of special-form material are located in 49
CFR 173.394(c) and are substantially the same as for normal form except that, for special form,
provision is also made for the use of existing Specification 55 containers with a 20WC overpack;
that is:

% Specification 20WC (§178.194 of this subchapter) wooden
. outer protective jacket, with a single, snug-fittmg

~ spec1f1catwn 55 inner packaging.. Only use of ex1st1ng

.specification 55 container authonzed construction not
authorized after March 31, 1975. Radioactive thermal
decay energy must not exceed 100 watts. -

2.3.3 RADIOACTIVE DEVICES AND LIMITED QUANTITIES
w -

Certain small duantities of radioactive materials a‘rewexempt' from soecification packaging,
marking, and labeling requirements and from the gene'ré] packaging requirements of 43 CFR
173.393, as are certain manufactured articles, such as clocks and electronic tubes, that contain
radioactive materials in a nondlsperswle form. These exemptions are covered in 49 CFR
173.391, L imited Quantities of Radioactive Materials and Radioactlve De\nces" {Appendix B to

this document). .

-

-

The "limted" quantity limits and the maximum anowab'le radloactwity content for exempt
manufactured articles “for the “seven transport groups and for spec1al form are given in Table
2-3. The limited quantity limits are also given in Table 2-1. These 1imits were chosen in
such a way that the re'lease of up to 100 percent of the contents in an accident would still
represent a very 'low potential radiological hazard (Ref. 2-2).

IS A vt
-

- N
2.3.4 LOW SPECIFIC ACTIVITY MATERIALS - .

e e o

. - < = 2.; -

To meet the need for bulk" transportation of radloactive ores, s‘lag, or residues from
processing, the DOT regu]ations in 49 CFR 173.392, "Low Spec1f1c Activity Radioactive Material,"
provide exemptions from “the requirements of 49 CFR 173. 393(a) through (e) and (g) in the case
of "low specific activity" (LSA) materials. However, LSA materials must be packed in accord-
ance with the reqmrements of 49 CFR 173.395 and must be marked and labeled as required in 49
CFR 172.300, "General Harkmg Requirements," and 172.400, "Genera'l Labeling Requirements." LSA
materials are deflned ~1n 'IO CFR 71 4(g) (Appendix B to this document) and include uranium and
thorium ores, ore. concentrates matenals not exceeding the spec1f1c activity limits in Table
2-3, certain contaminated -nonradioactive uateriais, certain solutions of tritium oxide, unir-
radiated natural or depleted uranium, and unirradiated natural thonnm

In defining the activity limits for LSA materials, the IAEA introduced the concept that,

from a radiotoxicity point of view, LSA materials should be "inherently safe"; i.e., it is
inconceivable that, under any circumstances arising in transport, a person could ingest enough
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LIMITS FOR LIMITED QUANTITIES, LSA MATERIALS AND MANUFACTURED ARTICLES

-

o

. Small or v . Maximum Radioactivity
Transport Limite@ Quanﬁ}ty ' LSA Haterialq%* Content for Maan{cyfred
Group - ~ Limit (mCi) Limits (mCi/qm) Articles (Curies)
i ; ' * Per Device Per Package
A S R 1) | +,0001 .0001 .001
I1 ; W1 < .005 .001 .05
LIlX R § . 0.3 .01 3
IV ? - 1 ‘003 .05 3 -
' . 1 . 1 1
- v : 1 : 1 1
;. VII - 25000 ! 25 20Q
1 .05 .20

-

: - . & , T ) .

4 ,_’ o : -

49 CFR 173 391 - exempt from specificatlon packagxng, marking, and labeling
tequitements and trom the general, packaglng requirements of 49 CFR 173. 393.‘

*10 CFR 71. 4(9) and 49 CFR 173.392 - for material in which activity is <

uniformly distributed; exempt from 49 CFR 173.393(a) though (e) and (g), -
but must be packed in accordance with the requirements of 49 CFR 173.395
and must be marked and labeled 'as’ required in 49 CFR 173.401 and 173.402,
LSA limits are not defined for transport groups V, VI, VII, and ‘special form.

L
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material to give rise to a significant radiation hazard (Ref. 2 2) Thus. for LSA mater1a1s,

jt is'the limited activity within each segment of the materia1 1tse]f rather than the packaging )
that permits shipments to meet the basic safety requirements. Nevertheless. both NRC and DOT
place packaging requirements on shipments of LSA materials that are not transported on ’
exclusive-use vehicles. NRC also has packaging requirements for Type B quant1t1es of radio-
active material transported on exclusive-use vehicles.

2.4 RADIATION CONTROL -- THE TRANSPORT INDEX

e

The second safety requirement that must be met when transporting radioactfve‘materiaI is
the provisioh for adequate control of the radiation emitted from the material. This radiation
is only partially absorbed by the containment and shielding systems. Some passes through the
packaging and exposes freight handlers and others who come 1nto close proximity with the package.

In order to meet the radiation control l1m1ts the shlpper ‘must prov1de the necessary shielding
to reduce the radiation level outside the package to within the allowable limits. The regula-
tions prescribe limits that are chosen to protect not only persons but also an1ma1s and f11m
In fact, the radiation ‘control surface dose rate l1m1t of 0.5 mrem/hour for packages requ1r1ng
no control was chosen to prevent fogging of sensitive Xx-ray film that might be transported over
a 24-hour period in close proximity to the package containing the radioactive material (Ref.
2-2). = e

For.purposes of. radiation control, packages of radloacttve material are placed 1n one of
three categories. Packages designated as "Category I White" (whfch dispIay a vh1te label)
may be transported Hlth no special handling or, segregation from other packages and must be
within the 0.5 mrem/hour surface dose_rate limit. If a transport worker were to handle such o
packages close to_his body.for 30 minutes per week,; he wouId recelve an average dose rate of 10 f
mrem/year, uhlch is.a factor of 10 less than the average, dose rate (100 mrem/year) received by
an individual from natural.background radfatlon (Ref. 2= 2) The regulat1ons (in, 49 CFR,
173.393(c)) also prescribe a minimum package, dlmen51on of 10 cm (4 1nches) so that a person
cannot put the package in his.or her pocket.., The 0. 5 mrem/hour surface dose rate ]1m1t a]so .
applies to "1imited" packages, although the min1mum package dlmension requ1rement does not

R - ~ - sy = .
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Except when carried on exc]usuve-use vehlcles .where packages are handled only by. shlpper
and receiver, packages desxgnated as “Category III - Ye]low" can have ] surface dose rate no
greater than 200 mrem/hour and a dose rate at 3 feet from any externa] surface no greater than
10 mrem/hour (the latter criterion‘is contro11ing for larger packages) This Jdlimit was chosen
to prevent fogging of undeveloped x-ray f{in durlng "a 24-hour period witha 5 ‘meters (15 feet)
separation, 5 meters being chosen as the u.s. Rallway Express Company s 1947 conventional
separation distance between parcels contalnlng “radium and parce]s contalnlng undeveloped x-ray
film. A package g1ving out 10 mrem/hour at 1 meter!produceSa‘l 5 mrem in 24 hours at 5 meters

A A A TP

(Ref. 2-2). it e e vare e, e o i -
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The 200 mrem/hour surface dose rate limlt was chosen ‘on the basis that ‘a transport worker
carrying such packages he]d against his or her body for 30 ninutes per day would not receive a
dose exceeding 100 mrem per 8-hour worklng day, which was cons1dered acceptable 1n '1947. Based
on current national radiclogical exposure guidelines, the 200 mrem/hour ‘surface ‘dose rate limit
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is acceptable as long as the associated handling time is such that individual doses of handlers *

not treated as "occupationally exposed" are less than the currently accepted 1imit of 500 mrem/
year (Ref.2-4). "

An intermediate packagevcategory: "Category II - Yellow," includes packages with a surface
dose rate not exceeding 50 mrem/hour and a dose rate at 3 feet from any external surface not -
exceeding 1.0 mrem/hour. Such packages require special handling but do not present the poten-
tial hazard of a Category III package. If a highway or rail vehicle carries a Category 111
package, it must placarded. A summary of the dose rate limits for each package category is
given in Table 2-4. ‘ '

TABLE 2-4 s Y

PACKAGE DOSE RATE LIMITS:
MAXIMUM ALLOWED DOSE RATE (MREM/HR)* "

Category ' Package Surface 3 Feet from Surface (TI)-
I - white ) ) 0.5 ' -

II - Yellow 50 ' 1.0

111 - Yellow 200 . . 10

“49 CFR 173.393(i)

Since a number of packages of radioactive material are often loaded onto a single trans-
port vehicle that may: also carry passengers (e.q., a passenger aircraft), a simple system had
. to be devised to ‘enable transport workers to''determine’ quickly how many packages could be
loaded and how to segregate the p'acl'(a'ge's‘fron passengers and film- For this pufpose,’ the
radiation transport’ index’ (TI) wis devised. * This index was defined as the highest radiation
dose rate in mrem/hour at 3 feet from any accesslble external surface of the package, rounded '
up to the next highest tenth (see 49 CFR 173. 389(i)(l)) For example, 'if the highest measured
dose rate at 1 meter were 2.6Y mrem/hour. the' TI for that package would be 2.7. From Table 2-4
it would appear that no package with a TI greater than 10 nay be transported.

-~
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However, the regulations (see 49 CFR 173.393(j)) do provide for transport of packages with
dose rates exceeding those in Table'2-4 in a transport vehicle (except aircraft) that has been
consigned as exclusive use, provided the following dose 1imits are not exceeded

7 fl Lo e e . a . X~ ~
el i < GA . .00 e, .y .

(1) 1,000:millirem per hour at 3 feet from the external surface ‘ . -
of the package (closed transport vehicle only); N
© (2) 200 millirem per-hour at.any point on _the external surface
. of the car or, vehicle (closed transport vehicle only), e
© (3) 10 millirem per hour at;any point 2 meters (six feet) from
the vertical planes projected by the outer lateral surface of the
car or vehicle; or if the load is transported in an open transport -
vehicle, at any point 2 meters (six feet) from the vertical
planes projected from the outer edges of the vehicle. Cls s e L.
' (4) 2 millirem per hour in any normally occupied position-in the ., ..
_car . or vehicle, except. that this provision does not apply to
private motor carriers. <P Ie

Taee P P - . 1 -

2-12



When more than one package of radicactive material is loaded onto a transport vehicle, a
total index for the shipment is obtained by summing the TIs for each 1nd1v1dual pacxage,
process requiring only the simple addition of numbers. The total TI for packages loaded onto a
single transport vehicle may not exceed 50 (see 49 CFR 174.700(b), 49 CFR 175. 75(a)(3), and 49
CFR 177.842(a)). There.are two exceptions to this ru]e One 1s for vehicles (other than
aircraft) consigned for exclusive use (49 CFR 173. 393(3)) The other is for transport by Sh1p, i
in this case a total TI-of 200 is permitted with the packages 1n 51ngle groups each having a
total TI not greater than 50, and each such group located at least 20 feet (6.1 meters) from any
other.group (49 CFR 176.700). At least two cargo‘airiines are presently operating under special
DOT permit to carry up to 200 TI, but all other aircraft are limited to 50 TI. ‘

. The regulations also provide tables of safe separation distances that must be maintalned
between stowed packages of radioactive material and persons or undeveloped film for various
types of transport (see 49 CFR 174.700, “Special Handling Requ1rements for Radloactive Materl-
als," for rail freight; 49 CFR 175.700, "Special Requirements for Radioactive Materlals," for
aircraft; 49 CFR 176.700, "General Stowage Requirements,” for ships; and 49 CFR 177. 842(b) for
truck and other common, contract, or private carriers by public highway). It will be noticed
from Table 2-4 that these requirements apply only to Categories 1I- and III-Yellow packages.
Category I packages are not assigned a transport index. ’ )

- Al packages are expected to retain their shieidlng effectiveness during normai transportn_f
conditions. ' The external dose rate, or TI, measured by the shipper and wrltten on, the package
label must not 1increase during transport, e.g., as a result of faulty shleidlng After being
subjected to the hypothetical accident conditions listed in Appendix B to 10 CFR Part n, any' )
reduction of shielding caused by damage to a Type B package must not increase the externa1 dose
rate to more -than 1000 mrem per hour at 3 feet from the external surface of tne package (see .10
CFR 7].35(a)(1)). o )

< - oo - - - R
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2.5 SPECIAL CONSIDERATION FOR FISSILE MATERIAL I . e . :

- = - - .-
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The third basic safety requirement fcr transporting radloactive materials is the pre- 3
vention of nuclear criticality for fissile materials. . These are defined in 10 CFR 7. 4(e) as
u-233, U-235, Pu-238, Pu-239, and Pu-241. vt D s e e

-:The criticality standards for fissile material packages are found in 10 CFR .33, which
states, in effect; that a package used to: :ship fissile material is to be so des19ned and cons,
structed and the contents so limited that the package would be subcritical 1f water were to
leak into the package or. if any liquid contents of the package were to leak out. However, a
sufficient number of certain .types of packages of fissile materia] .even though each package 15
subcritical, could conceivably be grouped in such a way, that the. assemb'ly becomes cntica'l
The number of such packages that may be transported together is 1imited and depends on the

package design and contents.- - - L e, e e Lo e

. . L S

=2 t * R - . -
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“There .are, however, some quantitaes, forms, or, concentrations of fissiie nuclides that i
cannot be made critical under.any credible transport conditions, - These are specified in 10 CFA
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71.9, "Exemption for Fissile Material,” and are exempted from the special requirements for,
fissile material shipments. They include, for example, packages containing natural thorium or

natural uranium or less than 15 grams of fissile material.

The regu]atlons prescrlbe three package classes called Fissile Class I, TI, and III for. -

shipments of f1551]e materials that do not qualify for exemption as defined above. Fissile
Class I packages are considered safe from nuclear criticality by virtue of the package design
and contents and may therefore be transported in unlimited numbers and in any arrangement so
long as the total radiation TI limit is not exceeded. Each such packaging must be so designed
that it is a net absorber of neutrons in both normal and accident environments. The specific-
standards for Fissile Class I packages are given in 10 CFR 71.38. -

-

If a limited number of” packages would be subcritical in any arrangement and in’any foresee-

able transport c1rcumstances they are in Fissile Class II. For purposes of nuclear critical- -~

ity safety control, a spec1a] fissile transport index is assigned to such packages as follows:

fissile TI = 50/N (2-1)

- v

where N is the number of similar packages that may be transported together as determined under. :
the limitations of 10 CFR 71.39(a). This transport index cannot be less than 0.1 nor more than"

10. Thus, a shipment of N packages would not result in an aggregate fissile transport index
greater than 50. The actua] transport index assigned to any fissile material package is always
the greater of the fissile TI or the previously defined radiation T1 (see 49 CFR 173.389(i)).
Aside from the l1m1t on ‘the number of packages per shipment, Fissile Class II packages (like
FlSSlle Class I) requ1re no nuclear cr1tical1ty safety contro] by the shipper. )

1

Fissile Class IIT includes all packages of nonlimited fissile material that do not comply
with the requirements of either Class I or Class Il packages. Fissile Class III packages are
those considered to be precluded from criticality under all foreseeable circumstances of trans-

port by reason of special precautions or special administrative or_ operational controls imposed’

on the transport of the consignment (Ref. 2-2). Special arrangements between the shipper and
the carrier are requtred to provide nuclear criticality safety. The specific standards for
such shipments are given in 10 CFR 71.40. International shipments of Fissile Class III packages

require multilateral competent authority approval (Ref. 2-2). - -

Because of p1utoniun s toxicit&, special additional requirements - are imposed on its ship-

ments. There is current]y ‘a ban on shipments of plutonium by aircraft (Ref. 2-5). The require-,

ments of 10 CFR 71. 42 app1y to plutonium shipments after June 17, 1978, and stipulate that
plutonium in excess of 20 curies per package must' be shipped-as:a-solid and must be packaged in
a separate inner container. ‘Exemptéd from this requirement is solid plutonium in the form of
reactor fuel elements, netal;’and metal alloy. - A .

P - - ~ RN -~ . -
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DOT packaging requirements for the shipment of fissile materials are given in 49 CFR. .. -.

173.396, "Fissile Radioactive Material.” This section specifies certain existing approved
packagings for fissile materials and the authorized contents for each. . Any other packaging
design that is approved by NRC is accepted by DOT for fissile material shipments (see 49 CFR
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173.396(b)(4) and 49 CFR 173.396(c)(3)). Since fissile material quantities are usually given
in grams or kilograms, one cannot use Table 2-1 directly to determine which quantity classifi-
cation applies to a given amount of a particular fissile isotope. The quantity limits in grams
for Type A and Type B packages of some of the more important fissile materials are listed in
Table 2-5. These were calculated from the data in Table 2-1 and the respective specific activ-
jties, taking into account the transport group assigned to each isotope. It is apparent from
the table that a package containing, for example, only 2 grams of Pu-238 would be classified as

a "large quantity," i.e., greater than the Type B 11m1t whereas a package containing 100 kg of
3 percent enriched uranium would be classified as a Type A quant1ty, because of the amount of
radioactivity in each case. -

2.6 PROCEDURES TO BE FOLLOWED BY THE RECEIVEé

The standards discussed so far have been app11cable to the sh1pper of rad1o1sotopes and
pertain primarily to packaging of the material in such a way that the transport occurs safely.
The NRC standards of 10 CFR 20.205, “Procedures for Picking Up, Receiving, and Opening Packages"
(Appendix B to this document), outline the procedures for p1ck1ng up, receiving, and opening
the packages and apply to the licensee who is to receive the package These standards point
out the responsibi\ity of the receiver to:

1. Make arrangements w1th the carr1er to receive the package or to receive notification
of the arrival of the package at the carrier's terminal (in the latter case, the receiver is to
pick up the package expeditiously from the terminal).

2. Monitor the external surfaces of the package for nadlgggsl!E_EEEEEE]"at‘°“ caused by

possible Ieakage of the radiocactive contents and monitor the radlatton levels on and at 3 feet
from the external package surfaces. This mon1tor1ng must ‘be performed no 1ater than three
hours after receipt of the package if rece1ved during normal working hours or in any case,

4

within eighteen hours. cov - E

= v [

[

3. Notify, by telephone and telegraph, both the final deliver1ng carr1er and the appro-
priate NRC Inspection and Enforcement Regional Office if the monltoring reveaIS'

[

a. Removable radioactive contamination in excess of 0.01 microcuriés per 100 square

- - -

centimeters of package surface;

-t

b. Radiation levels on ‘the external packagé'éﬁﬁjace in excess of 200 millirems per

hour; or

> I = -
» P m. -
% ' fod vk < € - .

c. Radiation leve1s at 3 feet from an externa1 package surface in excess of 10

“ae

nillirems per hour.

4. Establish and maintain procedures for safely opening packages in which licensed
waterial is received, and ensure that those procedures are followed, giving due consideration
to special instructions for the type of package being opened. Exemptions from the requirements
for monitoring external surfaces for contamination are provided in 10 CFR 20.205(b) for special-
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< _ ,, .TABLE 2-5 ‘ :
> TYPE A AND TYPE B QUANTITY LIMITS IN GRAMS FOR CERTAIN FISSILE MATERIALS
g’ . 5 %jssecific Acéivity Tt'ans'port Maxiﬁﬁm Co‘ntent (grams)* :
*  Element = i .. (Ci/gm'}6] - Group Type A Type B |
u-235 2% 20 x107% LTI 1.4 x 10° 9.5 x 10' .
U-238 (or e a 2 : ’ .::] v o 6" 8 !
depleted uranium) < 7 3.3 x 10 111 9.1 x-10" -, 6.1 x 10" -
Uranium (average enrich-~* L I B 6 8
ment - 38 U-235) * & 3.86 x 107/ 7 111 7.8 x 10 5.2 x 10%°
Uranium (natural - = S I - 6 8
+711% U-235) © v 345 x 1077 111 8.7 x 10 5.8 x 10°..
v-233 TR g5 x1073 B ¢ 5.3 2100
Pu-238 5 BT 17.4° v 1 5.7 x 107° 1.1
Pu-239 7 T2 R 61x 1072 1 1.6 x 1072 326
Pu-240 1053 237y 1 4.3 x 1073 86
Pu-241 (+:daughters) « @ 12 1 8.9 x 107° 0.18
pu-242 Y T 3.9x 1073 Pl 0.26 5200
An-241 (+ Np-237) 3 ¢ 3.24 ¢ 1 3.1 x 1074 6.2
Am-243 (+ daughters) i | .19 "1 5.3 x 1073 106
ce-252 . . oo 536 N 1.9 x 1078 .038 .

_ *Creater quantities must be shipped in packages approved for large quantities.




form materials and gases, Type A packages containing only radioactive material in other than
liquid form, packages containing only radionuciides ‘with half-iives of less than 30 days and a

total quantity of no more than 100 mii]icuries, all packages containing only limited quantities,‘

and packages containing no more than 10 millicuries of radicactive material consisting so]ely )
of tritium, C-14, S'35, or I-125.

*

-2

2.7 LABéLING OF .PACKAGES

s

1

Each package containing more, than limited quantities of radioactive material “must” be
labeled on two oppOSite sides with one of three warning labels as described 1n 49 CFR 172. 436,
"Radioactive White - 1 Labei" 172. 438, "Radioactive Yellow = I1 Labe]s“, and 172 440 “"Radio-
active Yellow - III lLabel." The labeling requirements are given in 49 CFR 172 403 “Radio-
active Material."

~ " .
B - S

A1l three label types .contain the distinctive trefOii symboi and elther one, two, or three

vertical stripes. The one-striped iabei has a white background and is placed on a Category I-
White package. A label with a bright ye]low upper half and a white lower half is marked with
either two or three verticai stripes and 1ndicates a signlficant radiation level outside the

package. The two-stripe Tabei TS placed on a Category II - Yeiiow package. and the three-stripe mrT
label is placed on a Category III - Yellow package. The radioactive Hhite -1 Tabei may not be )

used for Fissile Class II packages (49 CFR 172. 403(b)(1)) Each F1s511e Class III package,
each package containing a “large quantity" of radioactive material and certain other types of
packages must bear a Radioactive = Yellow 111 label (49 CFR 172 403(d))”k The Tabei nust show
the isotope contained in the package, the number of curies and the transport index (except for
the White - I label) . In addition, each package weighing more than 50 kg (110 pounds) nust
have its gross weight marked on the outside of the package (49 CFR 172.310(a)(1)). Type Aor-
Type B packaging must be p]ain]y marked with the words “Type A or "Type B," respectively
Packages destined for export shipment must also be marked "USA" (49 CFR 172. 310(a)(3)) i

2.8 REQUIREMENTS PERTAINING TO THE CARRIER - VEHICLE PLACARDING ARD-STOWAGE — - — - --

DOT imposes certain regu]ations on the carrier for radloactive materia]s transport ““These
include vehicle placarding, examination of shipper certification papers and packages for ‘proper
marking and labeling, and proper Toading and stowage of the packages "aboard the transport ~
vehicle. Appropriate placards must be displayed on the front and rear and on each ‘side of rail
or highway vehicies carrying packages bearing the Radioactive < Yellow = III label. The’ regu-’
lations regarding p]acarding are given in 49 CFR 172 504 ”Generai Piacarding Requirements

vty
[T

In addition to piacarding his vehicie as required the ‘carrier has the responsibiiity of

ensuring that the articies offered for transport have been certified by the shipper to be "7

properly classified described. packaged narked Tabeied and in proper condition for transpor-

& e

tation. TR

4

For nornai form naterials the shipping papers pust include the transport group or groups

of the radionuciides, the names of the radionuclides in the nateriai “and a descriptioniof’™’
their physicai and chemical forn For all radioactive naterial the activity “of the material =’

= M Y
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in curies and the type of radioactive label applied must also be listed. In addition, for
fissile materials, the flssile class must be given with an additional warning statement as
described in 49 CFR 172.203(d).

For shipments by aircraft, the operator of the aircraft (e.g., an airline official) must
inform the pilot-in-command of the name, classification, and location of the radiocactive mater-
ial on the aircraft per 49 CFR 175.33, "Notification of Pilot-in-Command."” In addition{ for
passenger-carrying aircraft there must be a clear and visible statement accompanying the ship-
ment, signed or stamped by the shipper or his agent, stating that the shipment contains radio-
active materials intended for use in, or incident to, research medical diagnosis, or medical’
treatment (49 CFR l72 204(c)(4)) . ;

The carrier is also required to make sure that the maximum allowable TI is not exceeded
and that the packages are not transported or stored in groups having a total TI greater than
50. He must also ensure that such groups of yellow~labeled packages are separated by the
required distances from areas continually occupied by persons, from film, and from shipments of -
animals. Further, he, must ensure that a Fissile Class 1I1 shipment is not transported on'the *
same vehicle with other fissile material and is segregated by at Tleast 20 feet (6.1 meters) ~
from other radioactive material packages in storage The’ pertinent'regulations are found in 49
CFR 174.700(d), 175. 710 176. 700(d). and 177. 842(f) - -

o

s T EIA, ..

There are special requirements for stowage of packages of radicactive material bearing
Radfoactive - Yellow = 1I or Yellow - III labels aboard vehicles. For a vehicle loaded with -
the maximum allowable radioactive package load of 50 TI, a minimum distance of 2.1 meters must
be maintained between the package and a space continuously occupied by people. In practice,
radioactive packages are usually placed as far to the rear of the aft cargo hold as possible in
passenger aircraft.‘,i) c e

“ ' . t

2.9 REPORTING OF INCIDENTS AND SUSPECTED CONTAHINATION

- (5
i 4 o it = e -~ -~ .

If death, injury,,fire. breakage, spillage, or suspected radioactive contamination occurs
as a direct result of hazardous materials transportation. the’ regulations (49 CFR 171.15,
"Immedfate Notice of Certain Hazardous Haterials Incidents“) require immediate notification to
DOT and the shipper. The carrier ‘must sublit uithin 15 days of the date of discovery of such’
an occurrence a “detailed hazardous naterials incident report" (49 CFR 171.16, "Detailed Haz-~
ardous Haterials Incident Reports") _The, vehicles, buildings areas or equipment in which a
spillage of radioactive naterials has occurred may not be used again until the radiation’dose ~
rate at any accessible surface is less than 0.5 lren/hour and there is no significant removable
surface contaaination. The carrier can obtain technical assistance in radiation monitoring

following an incident or accident by calling one of the ERDA or NRC Regional Offices for radio-"‘

logical assistance.

The .level above. which renovable radioactive contauination is considered *significant”
depends on the contaninating nuclide and is specified in 49 CFR l73 397(a) * This section also
prescribes a method for assessing the surface contanination of a package. For radioactive "
material packages consigned for shipnent on exclusive-use vehicles (49 CFR 173. .389(0)), the’

2-18 ’
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“significant" levels of surface contamination are 10 times as great as for packages transported
on non-exclusive-use vehicles (49 CFR 173. 397(b)) Exclusive-use transport vehicles must be
surveyed with appropriate radiation detection instruments after each use ‘and may not be returned
to service until the radiation dose rate at any acce551b1e surface is 0.5 mrem/hour or less and
there is no significant removabie radioactive surface contamination (49 CFR 173 397(c)). i

2.10 REQUIREMENTS FOR_SAFEGUARDING OF CERTAIN SPECIAL NUCLEAR MATERIAL

1

B

Certain strategic quantities and types of spec1a1 nuciear material (SNM) requ1re physical
protection against theft and sabotage both at fixed sites and during "transit because of their ~
potential for use in a nuclear explosive device. The NRC standards for physical protection of -
materials while in transit are found in 10 CFR 73 30 - 90 CFR 73.36, which make up a subchapter
entitied “Physica] Protection of Spec1a1 Nuclear Material in Transit. " They apply to any
person Nicensed pursuant to the regu]ations in 10 CFR 70 who imports, exports, transports, " .
delivers to a carrier for transport in a single shipment, or takes delivery of a single shipment :
free on board (f.o.b.) at the point where 1t is deiivered to a carrier, any one of the fol-
lowing: ) : .
1. 5000 grams or more of U-235 contained in uranium enriched 1n the U-235 isotope to 20
) percent of nore, ) o -

y -y - -

2. 2000 grams or more of U-233, - © -
3. 2000 grams or more of plutonium, or

4. Any combination of these materials in the amount of 5000 grams or more computed by
the formula;

¢ ~ *

JRSR AN [ ¥ e I PR ' .«
e A grams = (grams contained v-235)
’ +2.5 (grams U-233 * grams p]utonium) R PR

e PR P R 1

The standards also apply to air shipments of SNM in quantities exceeding:

I 4 -
* L

1. .20 grams or 20 curies (whichever is less) of p]utonium or U-233 or

- N A os ” . o~

2. 350 grams of U-235 (contained in uranium enriched to 20 percent or more in the U-235
. isotope). .

- 4 PN < e
PN o b I < d - Nl

o

Quantities and types of SNM that require safeﬁuirding~are often referred to as.'strategic
special ‘nuciear naterial " or 'SSNH. A 1icensee*is exempt Trom these requirements for ship-
pents of (see 10 CFR 73. 6 “Exemptions for Certain Quantities and Kinds of Specia1 Nuclear -
Material*): - £ cad U PN

\i.r_:uraniun enriched to 1ess than 20 percent in the U-235 isotope. ciiees e

. r 5 5 -
—i-~ A IR T
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2. SNM that.is not readiiy separable from other radioactive material and that has a
total external- radiation dose rate in excess of 100 rems’ per hour at a distance of 3 feet from
any accessible surface without 1nterven1ng shielding ‘Ce.g., 1rrad1ated fuel), and

3. SNM in a quantity not exceeding 350 grams of U-235 u- 233 plutonium or a combination
thereof, possessed in any analyticai research, quality controi, metaiiurgical, or electronic’
laboratory.

The general requirements for physical protection of SSNM while in tran51t are found in 10
CFR 73.30, "General Requ1rements" (Appendix B to this document). and are concerned with the
following:

-
s

1. The necessity for the shipper to make prior arrangements wuth the carrier for physical
protection of the SSNM, including exchange of hand-to-hand receipts at origin, destination. and
transfer points.

2. The minimizing of transit time and avoidance of areas of natural disaster or civil
disorder (does not apply to the air shipments described earlier).

3. The required use of tamper-indicating type seals and“iocking’oi-containers for speci-
fied contents. No container weighing 500 pounds or less can be shipped in open trucks, railroad
flat cars, or box cars and ships.

4. The use and qualification of guards.
5. The outlining of procedures to be followed by the licensee.

6. The provision for approval of special procedures not found in the standards.

[

e o~

Specific standards for safeguarding shipnents of SSNM by road are given in 10 CFR 73.31,
“"Shipment by Road." The basic requirements of this paragraph are as follows:

1. No scheduled intermediate stops.are allowed.

- - . f
R A

2. Vehicles used to transport SSNM are to be equipped with radiotelephones, and contact
with the licensee or agent is to be made, in most cases, every.two\hours.
3. Two people are to accompany the shipment in the vehicle containing the shipment In
addition, either an armed escort consisting of at least two guards in a separate vehicle shall
accompany the shipment (in this case only one driver is required fn the vehicle containing the
SSNM for shipments -lasting less than one hour) or a specially. designed truck or trailer "that
reduces the vulnerability to diversion shall be used. B
[ E R
4. The vehicles are to be marked on top with identifying letters. to permit identifi-
cation in daylight and clear weather at 1000 feet above ground 1eve1 and also on the sides and
rear of the vehicle.
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Standards for safeguardlng shlpments of SSNM by air are discussed in 10 CFR 73.32, “Ship-
ment by Air": ..z °° > .

€ hl -y - -

> . I

+

‘Shipments by -passenger aircraft* of plutomum or U-233 in quantltles exceedmg 20
curies or 20 grams (whichever is less) or 350 grams of U-235 contained in uramum ennched to .
20 percent or more in the U-235 isotope must be specifically approved by the NRC.

. IR o S |

PP ~
IR ik - ER RSN S AN

2. Transfers are te pe minimized.

gt

3. '-Export:shipments «are to be escorted by an unarmed authorized individual from the last
terminal in-the United States until the shipment is unloaded at a foreign terminal.

The regulations of 10 CFR 73.33, "Shipment by Rail, " prov1de that, for safeguardmé smp-
ments by rail, an.escort by two guards is required {guards are, by deflmtlon umformed and
armed - see 10 CFR 73.2(c)).” The-guards ride either in the shipment car, or in an escort car .
from which they can keep the shipment car under observation. Radlotelephone contact with the 1
licensee or his agent is to be made at-specific:intervals. - _ . e

The regulations for safeguarding shipments of SSNM by sea, given in 10 CF‘R' 73.34, "Sh%p-
ment" by Sea," prov1de that: . - - - - N “ S :

- s g - . T

1. - Shipments sha]] be made on vesse'ls making minimum ports of call and with no schedu]ed
transfers to other ships. Seser v mr L

2. :The shipment is to be placed in a secure compartment that is Tocked and se‘a'led.

R e 21 & e -

3. Export shlpments shall be escorted by an unamed authorized 1ndwidua1 “from the Iast
port in the United States until the shipment is unloaded at a.foreign port.

-

TS s e Iei
4. Ship-to-shore contact is to be made every 24 hours, and the 1nformat1on regardmg
position and status of the shipment is to be_sent.to the licensee or. his agent, who arranges for
the protection of .the shipment... .: . se. zrore'de o2 4 azmupe &0 we7 pan oo - L.

T:on L

e e »1"" ' R - et -
A FRZ A7 s po M A [N I a! e

The necessary-transfers of SSNM during a shipment must be momtored by a guard These -
monitoring procedures are outlined in 10 CFR 73.35, "Transfer of Specwl Nuc1 ear Material "
D L B S R G TOALITY NI L SN0} ot M A1 C e el £ 1 NC A LT ARG [ A8 - D& AF]
l. At a scheduled intermediate stop where.the :SSNM | is not t.o be un'loaded the guard is
to observe the opening of the cargo compartment, namtaming continuous visual surveillance of
it until the vehicle departs. Then the guard must immediately notify the licensee or his agent
of the latest status.

2. At points where SSNM transfers occur, the guard is to keep the shipment under contin-
uous visual surveillance, observe the opening of the cargo compartment for an incoming vehicle,

Note that 49 CFR 175 prohibits these shipments unless the materials are intended for medical
or research use, and Public Law 94-79 prohibits NRC approval of shipments by air in uncer-
tified packages of any licensed plutonium other than that contained in specified medical
devices.
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and ensure that the shipment is complete by checking locks and/or seals. Continuous visual
surveillance is also to be maintained when the shipment is in the terminal or in storage.
Immediately after a vehicle carrying SSNM has departed, the guard must notify the licensee or

-

his agent of the latest status. =~ -
3. The guard is to report immediately to the carrier and the licensee who arranged for
the protection of the SSNM any deviations or attempted interference. . . - ' N

Finally, 10 CFR 73.36, “"Miscellaneous Requirements," contains miscellaneous safeguarding
requirements for licensees who ship, receive, export, or import SSNM. The basic features of

04

these requirements are as follows:

1. If a licensee ag’reés to take delivery of 'an f.o.b. shipment of SSNM, the licensee,
rather than the shipper, arranges for the protection of the shipment while it is in transit..

T3 e

2. A licensee who imports SSNM must ensure that the-shipment is not diverted in transit -,

between the first point of arrival in the United States and delivery to the licensee.

2N

- . s - . . - PP

SN L.t

3. The licensee who delivers SSNM to a carrier for transport must, at the time of depar-- -

ture of the shipment notify the consignee of the methods of transportation, the names of the

carriers, and the estimated arrival time. The licensee must also arrange to be notified by the
consignee immediately upon arrival of the shipment. : et -

4. The licensee who“eipo::ts SSNM must comply with this regulation for transport to the
first point outside the United States at which the shipment is removed from the vehicle.

- o ? o L

5. A licensee who receives a shipment of SSNM is to notify the shipper imediat’ely’u/pgn .

arrival of the shipment at its destination.

.
. - s Pt wd <. T

6. Ifa shipnent of SSNM' is Tost or'unaccounted for after the estimated-arrival time,
the licensee who arranged for safeguarding the shipment shall immediately conduct .a trace
investigation and file a report with the NRC as specified in 10 CFR 73.71, "Reports of Unac-
counted For Shipments Suspected Theft Un‘lavful Diversion, or Industrial Sabotage." " - -

RO S 24 KEAnN N "'( o) e
. PRUSEE HASE AR Y

The application of the above requirenents and additional measures reguired as license
‘conditions Qo CFR 70. 32(b)) are discussed in Chapter 7, &« '% 30 AR
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CHAPTER 3
RADIOLOGICAL EFFECTS '~ . . Coe

3.1 RADIATION RN . - -

Radiation is emitted as a result of radioactiveJnuc]iges”yndergqing spontaneous decay.
During the decay process, these nuclides emit charactenfstic particles or electromagnet{c‘radia-
tion-and are thereby transformed into either completely different nuclei or more-stable forms of,
the same nuclei. The nuclide that'results from this emission may also-be radicactive, depending
on the relative stability achieved by the nucleus via decay (Ref.-3-1)..  From a radiological
health viewpoint, three of the most important types of radiation are charged particles, neutrons,
ané electromagnetic radiation. oL T

3.1.1 CHARGED PARTICLES

" Charged particles such as beta and alpha particles undergo strong Coulomb -interactions with
matter. These interactions rapidly diminish the energy of the charged particles and therefore .
1imit their travel to-short distances.’ An alpha particle with-5 million electron volts (MeV) of
energy, for example, will travel about 3.1 cm in dry air and 0.004 cm in tissue (Refs., 3-2 and

3-3).

3.1.2 NEUTRONS

Radiation dose from neutrons is a strong funct1on of particle energy. Fast neutrons inter-
act with matter primari1y through scattering collis1ons w1th nuclei. About one-ha]f the neutrons
with energies near 1 MeV are absorbed after. passage through 9.25 cm of water (Ref. 3-3).
"Thermal" or low-energy neutrons have a higher probability of absorption by matter. .. They are
captured by some nuclei in a process that is often accompanied by subsequent*radiationior fission.

L L et

3.1.3 ELECTROMAGNETIC RADIATION

“

I T

o

X-rays and gamma rays lose energy as a result of the photoelectric effect Compton scatter-
ing, and pair productlon Since these processes are less probable than the Coulomb interactions
characteristic of charged particles, the range of electromagnetic radiation is much greater than
that of alpha or beta particles of comparable energy. One-MeV gamma radiation will travel about
7 cm in water before half of the initial incident photons are absorbed (Ref. 3-3). )

R - R P e - s er e B
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Radiation exposure may be measured in terms of its ionizing effect or in terns of the %
energy absorbed per unit mass of exposed material. Historica]]y. radiation exposure for x- and
gamma radiation was measured in units of roentgens (the amount of radiat1on required to produce
one electrostatic unit (esu) of charge from either part of an ion pair in1 cm3 of dry air) It
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can be shown that J roentgen is equivalent to energy deposition of 88 ergs in 1 gram of dry air
(Ref. 3-4). A modern and more useful method for quantifying radiation interaction is in terms
of the energy absorbed per unit mass. One radiation absorbed dose (rad) unit equals 100 ergs
per gram of absorbing material.

Since biological effects of radiation have been found to depend on both the energy depos-
ited and the spatial distribution of the deposition, it was found convenient to define the
relative biological effectiveness (RBE) as

RBE = Dose of 220-250 keV x-rays for a given effect . “(3-1)

Dose of the radiation in question for the same effect )
where a particular biological effect is considered (Ref. 3-5). In an attempt to devise a unit .-
that would provide a better criterion of biological. injury when applied to different radiations, .
a biological dose unit, the Rdentgen Equivalent Man (rem), is defined by

3

Dose equivalent in rem = RBE x absorbed dose in rad (3-2)

Since RBE will depend on effect studied, dose, dose rate, physiological condition, and other
factors, the guality factor (QF) is defined.to be the upper limit_for the most important effect
due to the radiation in question. - The biological effect of 1 rem of radiation will be equiva-
lent for all types and energies of radiatfons; radiation doses in rem are thus additive, inde-
pendent of radiation nature. Table 3-1 lists QFs for various types of radiation.

TABLE 3-1

QUALITY FACTORS FOR VARIOUS TYPES OF RADIATION
(Refs. 3-6, 3-7, and 3-8)

Radiation ( ‘ "Range of Quafity Factor ‘Typical Value
x-ray, y-ray .ot - 1.0 : . 1.
Beta particles, - 1,0~ 1.7 1

electrons - : - .

Fast neutrons 5.0 - 11.0 10

Slow (thermal) 2.0 - 5.0 3
neutrons

Alpha particles T 1.0-200 10

Protons . 1.0 - 10.0 - 10

Heavy fons, ' ° <7 20.0 -7 - - 20
fission fragments . . . . e imanee STPREEN

Radfation from sources external to the body is usually only harmful to humans when in the
form of neutrons, x-rays, or gamma rays, since alpha and beta particles are typically stopped by
the skin.® However, any source of radiation incorporated into the body is potentially hazardous.
The largé QF as;ibnea’to alpha particles, far example, indicates that they may be especially”

P “« e PR
[RELR

~ P - PR

| SEEE— . - .
Extremely energetic_beta radiation can penetrate the outer layers of skin and damage the more :
“sensitive inner layers. - -: , . P , ]
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hazardous internally where they can deposit a large quantity of energy in a small amount of
potentially more sensitive internal body tissue.

fhe radiosensitivities of different life forms differ considerably. In general, higher
life forms are more sensitive to radiation than lower forms, although in some specific cases
this is not true (Ref. 3-5). Table 3-2 shows the dose response for a range of life forms.
Throughout this report, the radiological impact to man will be the only one quantitatively
evaluated. This perspective is taken because of the generally higher sensitivity of man to
radiation and because the societal impacts of doses to human beings are generally considered to
be more significant than the impact due to irradiation of lower life forms.

3.3 BACKGROUND SOURCES OE EXPOéUREIi

- AR

Natural background radiation, originating primarily from cosmic rays and terrestrial gamma
emltters, constitutes the most sign1f1cant source of radiation exposure to the general popula-
tion The dose from background sources will vary with altitude, latitude, and differences in
the radioactive material content of the sofl, bu11ding materials, etc. The variation in cosmic
radiation with a1t1tude, for example, is shown 1n Figure 3-1. At low altitudes, the charged
particle component (both solar and galactic) is “essentially constant with-latitude. However,
depending on the altitude of the recipient, the neutron component varies as much as a factor of

- 3 from 41°N to 90°N (Ref. 3-9). Consequently, the 1nd1vidua1 dose from these sources will vary

considerably with location. For example, a person in Louisiana or Texas w111 receive about
one-half the annual dose received by a person in Colorado or Wyoming (Ref. 3- 10).
ot .

Both internal and external exposure to all persons results from the presence of naturally
occurring -radioactive material in the soil, 'air; water, vegetation, .and even the human body.
The doses received by various organs from these sources can differ widely depending on the type
of soil, house construction material, diet, etc. . An-average annual individual whole-body equiv-
alent dose* of 102 mrem is received from natural background exposure (cosmic rays and interna1
and external terrestrial sources) (Ref."3-10).. Since the U.S. population was about 220 x 10
persons 1n 1975, the total annual natural background population dose is 22.4 x 106 person-rem.
LSRR O NGF Loyl

Radiation exposure to the public also occurs in medical and dental applications of radiation
sources. A large component of this dose results from diagnostic use of neqical and dental
x-rays (15.8 person-rem).: A smaller,.but. .increasing, -population dose resulis from the use of
radiopharmaceuticals (0.2 person-r rem).

Fallout from atmospheric weapon testing by the U.S., U.S.S.R., U.K., China, and France is
estimated to result in an average annual individual dose of 4 mrem (Ref. 3-10), contributing 9 x
105 person-rem in 1975.

Nuclear power, including fuel reprocessing and power reactor operation, is expected to
result in an average annual dose of approximately 0.4 mrem to individuals in the general popula-
tion in the year 2000 (Ref. 3-11), corresponding to an annual population dose of 9 x 10 person=
rem.

————
Whole-body dose is defined in paragraph 20. 101(b)(3) of 10 CFR Part 20, “Standards for Protec-

tion Against Radiation,” as dose to the whole body, gonads, active b]ood-forning organs, head
and trunk, or lens of the eye.
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TABLE 3-2 T

APPROXIMATE RADIOSENSITIVITY OF VARIOUS LIFE
FORMS TO EXTERNAL RADIATION (Ref. 3-5)

Necessary Dose

Life Form t Biological Effects

Plant Life ) Growth Impairments, 2,000 - 70,0100 R
Arthropods , Death ) 1,000 - 100,000 R

Insect Pupae and . .
Larvae i Death : 200 ~ 2,000 R

R . .

Fish, Amphibia,
Reptiles Death 1,000 - 2,000 R

3 . . P

Mammals (general)”. :-:= Death (LD 50/30)* - 300 - 800 R

A - “ - LIRS A 5y o - - e

' Hamsters - . ‘Death (LD 50/30)*. . - 800 R-

Mouse ' “. . < ° ¢ - peath (LD-50/30)* = 600 R- .

* 1
- bl T - -~ - ~ -~ . . r
IR S T v, . 3~ v At b ¥ .

Man Death (LD 50/30)* 300 - 600 R

- < P 4T s - e - . Y.
A 2 SN PR ¥ ERVE DN U Lowlav T o, Lo M e
Tk 1oaew . - W ey res - -
CteTapd LN T, D ST taiL B PR B T R AT A €.

i__* ‘ i . ; : .
Lethal dose to 50 percent’of the exposed population within 30 days.- Eomen O

IR S Rl N VI R A L P
i it B - “ Tegt ® =+ - Tt
3
P e e o
A * ' 3 * vy < N 4 -~ 2oy C e
" -
< i+ - PN A N N B ; LB .
[ . v » -, r - - -
. : - EA RS S TR o R T RES H - AR N S | e
- . -~ - v - -
w 7 $OTTIC v R S f . wl L7 tvep b ¢ v, L - N LERRE R
¢ e
v [ e < ? 4 - - P 3
y r S P Lo iad OV I S POt
..... P U - - -. - -
3 re 7 v PR * ,\’u 3 t 14, 14 - 4 A
. 4 - LIPS i



-5+ NEUTRONS ‘

-

fDOKSEiRA;fE, 4RAD PER HOUR

»’.-
Toaeel - - [ ALTITUDE);KM cr - PEaT, et "
vt - . . = . FESEAE R XY JRURNEN o e . ot -
:i -t R B AT L A e R A P * peest
* FIGURE 3-1. ~ VARIATION OF GALACTI(:‘RADII\TI(.‘»N"r DOSE RATES WITH ALTITUDE . A
: . AT GEOMAGNETIC LATITUDE (1) OF 55° (Ref. 3-9).
B DR P B - M T
e R I S Toee 0T
Galactic radiation is primarily energetic alpha particles, protons, and .
some heavy nuclei derived from sources other than the sun. Solar radiation
consists mainly of protons and heavier nuclei emitted from solar flares
and also associated with sunspots {Ref. 3-9). see
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The occupational dose received by Federal radiation workers, naval nuclear propulsion pro-
gram personnel, power reactor employees, nuclear fuel cycle service personnel, etc., accounts
for an accumulated annual dose of 2 X 10 person-rem, for an average per capita dose of 0.8 mrem
(Ref. 3-10). Trmmmemoo v

Additional exposure reéults from color television sets, commercial air travel, and various
consumer products using radiun or other radicactive materials. The estimated annual individual
dose from these causes is approximately 2 mrem for an accumulated dose of 4 x 105 person-rem.

Background radiation doses and the iﬁfegrated population doses are summarized in Table 3-3.

L d

3.4 HAZARDS FROM RADIATION

<

The effects of radiation upon the body are a manifestation of thekloca1ized deposition of
electromagnetic or kinetic energy in the atoms along the path traveled by the radiation. The
fonizations and exc1tations caused by this deposition can directly or indirectly alter both the
chemical composition and the chemical equilibrium within _the cells along the path (Ref. 3-5).
The effects of the radlation may be undetectable, or they may manifest themselves as acute
physiological changes, carcrnogenes1s. or genetic effects, dependlng on the amount and type of
incident radiation, the,type of cells irradiated, and the time span over which irradiation
occurs. Each of these effects will be discussed briefly below.

3.4.1 ACUTE PHYSIOLOGICAL CHANGES
2

Acute physiological changes are normally associated with relatively large absorbed doses
received over a short period of time. Data on these effects in man are derived largely from
Japanese atomic boab casualties. some radiation therapy patients, and a few recipients of high
acute doses from industrial "accidents in the early days of the nuclear weapon development pro-
grams. Table 3-4 summarizes acute whole-body radiation effects in man.

If the acute irradiatfon is localized in a: spec¥ffc region of the body, the effects can
vary widely because of variations in cell sensitivity to radiation. The reproductive organs are
among the more sensitive. Radiation doses to males beginning above 10 rads and extending to 600
rads produce a decrease in, or absence of sperm beginning 6 to 7 weeks after exposure and
continuing for a ‘few months to several’ years, after “which® tine there is full recovery. The
extent of sperm count decrease and the rate’ of recovery a;e related to the magnitude of the dose
(Ref. 3-13). On the other hand, organs such as kidneys, lungs, stomach, bladder, and rectum may
be able to withstand acute doses of several thousand rads before substantial damage occurs
(Ref. 3-7). R T A S S SR -

¥ - . > . - P . « -
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3.4.2 CARCINOGENESIS P S
Fatal cancers account for approximately 20 percent of all deaths jn the U.S. {Ref. 3-14).

These cancers are divided into three broad graups: carcinomas, sarcomas, and leukemias or
lymphomas. Within these groups, there are 100 of so distinct varieties of disease based on the
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TABLE 3-3

ESTIMATES OF ANNUAL WHOLE-BODY DOSES
"IN THE UNITED STATES ™~ ™~ ~ °
(Refs. 3-10, 3-11, and 3-12) ~ °

Integrated Annual : -

o ~_ Average Annual Dose* . Population Dose**
Source - (mrem) ' (10¢ person-rem)

Cosmic rays - - ) 44 9.7

Terrestrial Radiation =

External 40 8.8

Internal .18 4.0
Fallout —_— . 4 0.9
Nuclear Power 0.4%*** .09
Medical/Dental .

Diagnostié k-rays ) C T2t 15.8

Radiopharmaceuticals 1 0.2
Occupational . . 0.8 0.2
Miscellaneous’ L 2 0.4

Total , . . ) 40

PR A e,

-

‘The numbers shovﬁ are averige values only. Eor‘ﬁiven segments-of the population, doses con-
siderably greater than these may be experienced.

X
tx*ﬂased on U.S. population of 220 x 108.
Estimate for the year 2000.
TBased on the abdominal dose.



Dose (rads)

5-25

50-75

75-125

150-200

~340

“510

~1050

TABLE 3-4
DOSE-EFFECT RELATIONSHIPS .IN MAN FOR. .

ACUTE WHOLE-BODY GAMMA IRRADIATION

{Refs. 3-7 and 3-13)

Nature of Effect

Minimun detectable dose by chromosome
analysis or other specialized tests.

Minimum acute dose readily detectable
in a specific individual.

Minimum acute dose likely to produce
vomiting in about 10 percent of people
so exposed.

Acute dose likely to produce transient
disability and obvious blood changes in
a majority of people exposed. °

Median lethal dose for single short
exposure with no medical treatment
(Ref. 3-13). i

Median lethal dose for single short
exposure with supportive medical treat-
ment (barrier nursing, antibiotics,
transfusions) (Ref. 3-13).

Median lethal dose for single short

exposure with heroic medical treatment
(bgne marrow transplants, etc.) (Ref. 3-13).

T ’ g
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original site of the malignancy. The specific fatality and man-year losses in the United States
due to the principal types of cancer are shown in Table 3-5.

There are many theories of carcinogenesis, but most researchers acknowledge that a statis-
tical correlation can be established between certain environmental factors and cancer induction.
Examples of these correlations include the correlation of smoking to lung cancer and that of
radiation dose to leukemia among atomic bomb survivors. The correlation between exposure to
radiation and cancer induction has been gqualitatively established for animal exposures and is
widely accepted for human exposures (Ref. 3-18), a]tﬁoubh the physiological mechanisms involved
are not well understood. Statistical ana1ysisgof_Jar§e‘numberi{ofiexposed persons such as
Japanese atomic bomb survivors, uranium miners, fluorspar miners, radium dial painters (Ref. 3-11)
permits rough predictions of latent cancer fatalities per million person-rem of population dose.
These values, modified to account for the distribution of ages within the general population
(Ref. 3-13), are used in }he health-effects model for this assessment (discussed in Section 3.7

of this chapter).. . - . . S e

3.4.3 GENETIC EFFECTS - - _ \ .

i - - ..

The'genetic mate;iaI (DﬁA) is organized.into linéé}fseﬁuences (chromosomes) of large numbers
of protein groupings'(genes). Changing the chemical ;nature or location of one or_more of the
protein molecules within a gene will change the genetic information carried by the chromosome
and, hence, the genetic information used to “constru&iﬁ cells in any offspringi Changes that
result from such nodif%ééiiéns of the genetic codin6“2§eﬁ3h1led gene nutations. “In extrene
cases where there are.gross:changes in the number or overall composition of entire chromosomes,

the mutations are called chromosomal aberrations (Ref. 3-13).,

e

e *
i

whatever their origin, mutations are frequently’ detrimental, and every individual appears
to carry a "load" of defective genes which collectively :tends to reduce his overall fitness to
some degree (Ref. 3-7).; During the evolutionary pas;._an‘gquilibrium between quta;ion_rates and
natural selection against detrimental genes and in favof;of;favorab1e geﬁeé has beeﬁlégtab1ished
for each -species (Ref. 3-7). Concern has pfisen begqysg:qf the laboratory uorkrthat has shown
radiation to be mutagenic in lower life for;s such as‘DrééophiIa (fruit flié;54and various
species of mice. These data have been extrapolated to dose-effect relationships (Refs. 3-3,
3-7, and 3-11) in man, although this extrapolation is a tenuous and possibly inaccurate procedure.
There is positive evidence of induction of chromosomal aberrations by radiation in human 1ympho-=
cytes. However, several detailed jnvestigations of children of Japanese atomic bomb survivors

have not shown significant increase in mutation incidence (Ref. 3-17).

3.5 RADIATION STANDARDS

As a result of early injuries and deaths from exposure to various sources of radiation,'
jnternationa) efforts were organized during the early 1920's to establish standards for radiation
protection. In 1928, the International Committee (now Commission) on Radiation Protection
(ICRP) was created. In the United States, the Advisory Committee on X-ray and Radium Protection,
later to become the National Council on Radiation Protection and Measurements (NCRP), was organ-
jzed in 1929. More recently the Federal Government entered the field of radiation protection

damey
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. TABLE3-sS | ' -

EFFECTS OF CANCERS IN THE UNITED STATES
(Refs. 3-14 and 3-16)
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[ . - - -
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Annual Man-years of -
Type of Cancer Annual Deaths (%) working life lost ' (%) -

lung 65,000 19 287,000 16

large. intestine . 46,000 .14 iy 14},009\ 8

breast: ‘- R 30,000 e 97, ecpzr. 208,000 - - 12, 1
Pancrle:as,i, o Fi “18,000 “ 87 7 “\nknown YLD ety
. ,prostatﬂe“ ) NN \ - ‘_]..7,000‘ . _,'5_ ’ :3' "::x:x};x.knowr; "': - ;-‘ ,,
stomach: -~ "~ ¢, ¢t - 16,000 28w » .- unknown: - . - .= . ..

leukemia 14,000 4 777 "176,000 0 0 107 -
brain, ., ) .6,000 2 ..13000 7

: Iymphoma - “*' . - 11,000 .. . 3 . -v- 114,000 . . T
'other cancers AT 913,000 345 2 *'701,000 - Toig0rn et
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through the Federal Radiation Council (FRC), whose functions were transferred to the Envireonmen-
tal Protection Agency (EPA) in 1970. The dose limits proposed by NCRP, recommended as guidance
for Federal agencies by FRC, and adopted for that purpose by the President of the United States
on May 13, 1960, are tabulated in Table 3-6. It can be noted from this table that the recom-
mended population dose limitation, for example, is 0.17 rem average whole-body dose per person
per year. This value represents exposure from all sources except natural background radiation
and medical procedures. Tn addition, the EPA in the Federal Register has proposed standards for
exposure during normal uranium fuel cycle operations ksee”40 FR 23420).

N Pl e e

A maxipum permissible concentration (MPC) in’;ir~or water may often be stated for a given
radionuclide. This is the maximum concentration in air or drinking water to which a person
might be chronically exposed internally without exceeding the recommended dose limitations to a
specified critical organ. It should be noted that the levels in Table 3-6 were “suggested as

upper limits, with the understanding that radiation exposure is to be kept as low as is reason-
ably achievable. ..The recomended 'Iimiting levels (given in 10 CFR Part 20 and 40 FR 23420) are
substantially below the level where harmfui effects have been observed in humans

P

3.6 COST-BENEFIT s

P i

There is a certain amount.of statistical risk involved with any level of exposure to radia-
tion. In line with other activitfes and needs of society, one must compare the benefits gained
from the use of radioactive:substances with the possible risks entailed. For example, people
continue to use medical x-rays and radiopharmaceuticals that may help -discover:a developing
tumor in spite of the potentiai for other cell damage produced by the radiation (Ref. 3-18).
Similarly, few' people are likely to change their location to reduce background dose, although
this background can differ between certain states by as much_as 100 mrea per year. In short,
benefits outweighing the prospective costs 'are usually ‘expected from'certain uses of radioactive
substances, just as from many other hazardous materials. In Table 3-7, the risk of fata1 cancer
or life-span shortening fro- radiation is compared to estimates of other risks counon]y accepted
in our society. S

L e e ey PR g ¢

> -

3.7 HEALTH-EFFECTS MODEL -

PR N R T S SR waer

The health-effects model used in this assessment is based on the more detaiied nodel devel-
oped in Appendix VI to WASH-1400 (Ref.-3- 13), although the colpiete nethodology was not used.
The simplifications discussed below were used to make the more detailed reactor accident analysis
applicable to the transportation situation.

- ~
e ey - L N JUe—
e Thy P } TR

Potential dosage sources were first subdivided into external penetrating radiation sources
(principally from normal transport as discussed in Chapter 4) and interna1 radiation sources
(principally from inha]ation follouing accidents as discussed in Chapter 5).

RPN LR IPN [ e A

External penetrating radiation presents a whole-body exposure problem from photons and
peutrons with each organ receiving similar dosages. Internal dose effects are dependent on the
biological pathway taken by the specific radionuclide in the body. In order to specify this

pattmay, the chemical nature of the material, in particular whether 1t is soluble or insoluble,

3-11
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TABLE 3-6

NCRP DOSE- LIMITING RECOMMENDATIONS

(Ref. 3-7)

G

Combined Whole-Body
Occupational Exposure

Prospective ‘annual limit

Retrospective annual limit

Long-term accumulation to
age N years

Skin

Forearms

. - oy s

Other organs, tissues, and
organ systems., .. .. .,

Pregnant women (with res- T
pect. to fetus) . .-

Dose Limits for the Public or .
Occasionally Exposed Individuals _ .
Population Dose Limits’ Pt

S (AR L

ALt

Genetic
Somatic

Emergency Dose Limits - Life
Saving

“Individual (older than ~
I 45 yrs., if:possible) -

) - & T - <.
Hands and forearms-

Emergency Dose Limits - Less
+ Urgent '™ Taor s:o

o
T e ¥

L N . ~ IR

Individual - i
e e
Hands and forearms
H e e [AESRN L r
‘ L LT s SRRl ¢ £, "
- G - P o 2 - ;—‘|:
- - Lifg T v
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MR

T

5 rem in any one year .
(3/quarter)
10-15 rem in any one year

{(N-18) x 5 rem

15 rem in any one year

30 rem in any one:year -
(;0/quq;tg§) )

15-rem ‘in. any one year .
(S/quggtgr)

-y

T P s

0. 5 rem in gestation period

S Ttlsx s % -

0.5 rem in any one year

vav 7 2

ff»-. - g

0 17 rem average/year

0.17 rem average/year

.100 rem - . Sy T
200 rem, additional . . o - g
(3q0 _rem' t.o.tgl). L 2 g ERS ":: S

fa v [agia X3 R il N . G, {3: E
- 25 rem TN en TUoemmMsn ot owiiati niay
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100 rem, total
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TABLE 3-7

COST IN DAYS OF LIFE ASSOCIATED WITH
VARIOUS ACTIVITIES (Ref. 3-19)

Activity Cost in Days of Life

Living in city (rather than in 1800

country) .
Remaining unmarried . 1800
smoking 1 pack of cigarettes- ST e 3000

per day .7 T T .-
Being 4.5 kg overweight o 500
Using automobiles 240
170 mrem/year of radiation dose 10

EERY

Transportation of radioactive 0.030
material®* -~ .

v

— . i .
Calculation based on an average of 0.5 mrem per year to an average exposed individual (see
Chapter 4).

must be specified. Additionally, for insoluble materials, the mechanism by which the material
enters the body (i.e:.;ingestion or inhalation) must be specified. Ingestion is considered a
pathway only for long-gern Jow-level activity present in the aiet‘(Reflyﬁ-lij. An examination
of the materials in the transportation analysis eliminates this pathway because the types and
amounts of materials involved in accidents preclude significant faod-chain bqildup. Inhalation
is therefore left as the only significant internal dose mechanism. Solubil{ty or insolubility
is determined from chemical forms suggested in Reference 3-13. Dosimetric ﬁsrameters for each
of the standard shipments evaluated are discussed in Appendix A. e T e T

In order to compare annual risk resulting from exposure during a;cidénts involving various
materials with annual risk from exposure to external penetrating ridfit%Sn re;ulting from normal
transportation of radioactive paterials, a common basis for comparison must be established. For
the purpose of this assessment, the expected number of additional latent cancer fatalities
(LCFs) occurring during the lifggime of exposed individuals was chosen.. Values for LCFs
reflecting the consequences of exposure to various organs ‘are tabulated in Table 3-8, which
assumes a lipear dose-effect relationship. .-Also froa Table 3-8, the‘LQF.cpgfficient of 121.6
deaths per million person-rem (less thyroid), for whole-body ‘exposures, {s used in the model.
Neither of these values ‘reflects the possible mitigation.of effect due to Tow dose rates, as

reflected in the calculations performed in Reference 3-13.

In addition to LCFs, the question of early fatalities due to large acute doses must be
addressed. The two organs of particular interest for early fatalities in this analysis are the
bone marrow (the fatality probability versus dose curve used is shown in Figure 3-2, curve B)
and the lungs (the fatality probability versus dose curve is shown in Figure 3-3). The only
{ncidences of early bone marrow fatalities (within the constraints of this model) would occur
from large dosages from external penetrating radiation sources. Isotopes capable of causing
early lung fatalities would include any inhaled material providing a sufficient dose to the
lungs such as plutonium dioxide. The LD 50/365 (lethal dose to S0 percent of exposed people

3-13



TABLE 3-8 -

EXPECTED LATENT CANCER FATALITIES PER 106 i
PERSON-REM DOSE TO THE POPULATION (Ref. 3-13)

Expected Deaths**
6

Organ Exposed per 10 Person-Rem
Blood Forming Organs 28.4
(leukemia) }
Lung 22,2

"~ Stomach’ 10.2
Al1men;;ry Canal o - 3.4
Pancreas. .- . ‘ . 3.4
Breast © - " . 25.6
Bone~> I ’ ) ' 6.9
All Others » 216
Whole Body 121.6
Thyroxd*'* ‘ﬁ 4 n - ©o13.47

- Adjusted for age distribution within the population. ..

**BEIR coefficients (Ref. 3-13) for a 75-year lifetime of potential
+ cancer development are used, _ -

SN

(... ," .' e

For assumed average individual doses of greater than 1500 rem.
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CURVE B REPRESENTS THE MOST LIKELY LEVEL OF TREATMENT - --: - -yl 2%
AVAILABLE FOR MOST ACCIDENT VICTIMS (Ref. 3-13); IT IS
THEREFORE USED IN THIS ASSESSMENT TO ESTIMATE EARLY
FATALITIES FROM WHOLE-BODY EXPOSURE TO EXTERNAL
PENETRATING RADIATION.
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A - Yttrium-90 and -91 were the 1sotopes ‘used ‘to obtain this curve. It 1s equally valid for
other short-half-life beta- or gamma-emitting isotopes that deliver approximately the same
dose rate. This curve is used for all short-half-1ife materials potentially encountered
in transportation accidents (Source: Ref. 3-13).

B - This curve is based on data from Sr-90/Y-90 inhalation by beagles and is used for.long-half-

1{fe, low-linear-energy-transfer radiatlon (Source.  Ref. 3-20). L

TR e ENRETIIE T L I M & pITT

C - This curve is based on data from Pu-239 1nha1ation by beagles- and 1s used for long-half-

1{fe, high- 'Hnear—energy-transfer radiation (Sourca- Ref 3 20). v

(S 3 EOe tu

FIGURE 3-3. DOSE-RESPONSE CURVES FOR MORTALITY DUE TO
ACUTE PULMONARY EFFECTS FROM RADIATION.
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within 365 days) for long-lived alpha emitters is the basis for the curve identified as line C

plotted on Figure 3-3 (Ref. 3-20). This aspect of the radicactive material shipment hazard is
‘addressed in Chapter 5 of this assessment.

The number of genetic effects is based on the radiation dose received by the gonads. If
the integrated gonadal dose is known, estimates can be ‘made of the number of various types of
genetic effects that might be expected to occur in all subsequent generations as a result of
that dose. Values for the four types of genetic effects:considered are shown on Table 3-9 -
(Ref. 3-13).

For the most part, the radioactive materials transported are relatively .short half-life-
species. However, there are a few exceptions such as Pu-239 (discussed in Appendix C), Cs-137,
and Co-60. Because these isotopes have the potential for.a long residence time in the body, two
doses must be considered. The early dose is based on the rem/curie value for a 60-day exposure
for bone marrow or a l-year period for lung. This early dose is used to compute early fatal-
ities by using probabilities from Figures 3-2 and 3-3. The long-lived dose is based on the

rem/curie value for a 50-year period. This long-term dose is used to predict LCFs for long
half-life species.

TABLE 3-9
GENETIC EFFECTS COEFFICIENTS PER 105 PERSON-REM

GONADAL DOSE -~ = =~ " e .

(Ref. 3-13)

3 -

Expected Genetic Effects

Genetic Effect Per 10€ Person-Rem

Siné]e;gene disorders ' ) " a2 i F‘
Multifactorial disorders 84*
Congenital disorders - R TSI S S -2, 2 A
Spontaneous abortions 482 o
© - Total Genetic Effects . . Lt e ey, 1TAA )

’ ’ R S S v Tymes ST -
“Upper range of 8.4-84. - T 0 DLt Yreey oo
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CHAPTER 4
TRANSPORT IMPACTS UNDER NORMAL CONDITIONS - -

4,1 INTRODUCTION i ; =

Normal transport of a radioactive material %nvo1ves a wide range of events that can have
environmental consequences. To make the source ‘of these consequences clear, the sequence of
events in a radioactive material shipment must be considered. First, for most shipments, the
material is placed in a package meeting regulatory stands;ﬂs. the radiation exposure levels are
noted, the package is labeled with the appropriate informétion, a shipping‘5i1l is prepared,
and the package is put aside until the transportation procéss begins. -Once the package begins
moving toward its destination, it becomes a part of the subject of this assessment.

As shown schematically in Figure 4-1, the transportation process maj take one of several
paths. The package might be Toaded onto a vehicle that will take it directly to its ultimate
destination. ﬁowever, most packages undergo a secondaryrmode of transport, e.g., a truck or
light duty vehicle, which takes the package to a ter@inél yhe}e it is assigned to a primary
vehicle along'ﬁith other parcels. The primary vehicle takes jt to a terminal near its destina-
tion where it is again loaded onto‘'a secondary-mode veﬁ%c1e that takes it to its ultimate
destination. - - -

— - - 1

— s

In some other instances packages are piaké&~up by o} delivered to a freight forwarder and
are consolidated with other packages into a single shipment. This shipment may consist of a
Jarge number of packages obtained from a number of different shippers.— when the shipment
arrives at its destination, it is separated*into'1ndiiidua1 packages that are delivered to the

consignees. . ; s

“

When transport occurs without unusual delay, loss of or damage to }pé’packabe, or an acci-
dent involving the transporting vehicle, it is called "normal” transport. Radiological impacts
occurring during this phase of transport are considered in.Sections 4.2,-4.3,-and 4.4 of this

&

" chapter. Cases do occur, although infrequently, in which -the shipment is not timely, the
package is damaged, or the contents are lost or destroyed without being involved in a vehicular

accident. These abnormal occurrences are considered,jd:Section 4.6, <oy

4.2 RADIOLOGICAL IMPACTS OTHER THAN THOSE DIRECTLY ON MAN SRR

~ mv -

The principal emphasis of this~s£udyZis th? direct impact on‘man‘and»bié;environment from
the transport of radjoactive paterial. However, there are impacts on flora‘and fauna and on
jnanimate objects, as well as indi}ect“inpacts on man that also must be.considered. As con-
cluded in Chapter 3, these effects are judged to be very small in comparison to the direct
radiological impact to man in the normal transport case. Indirect radiological impacts on man

are negligible by comparison to the direct radiological impacts, since no credible wechanism
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exists for an indirect radiological effect, except through the food chain and by actwation
mechanisms. However, the food chain avenue is foreclosed  in the normal case by package con-
tainment, and radiation outside packages is sufficiently low and of such type that activation‘
of structures surrounding man is negligible. Exposures to casually exposed life forms_are
equal to or less than those to man and therefore present no Sigmficant unpact In addition.
packaging and transport regulations are, in part, de51gned to mnlmze dosage to ammals Shlp‘
ped in the same vehicle as radioactive material packages (see Chapter 2) ‘

SR — R

The principal radiological 'unpact on objects is to undeveloped photographic fllm The
regulations for spacing between radioactive material packages and film are de51gned to mimmze
this problem (see Chapter 2). . - . . )

PRI PR B . - o 1o, .

4.3 DIRECT RADIOLOGICAL IMPACT ON MAN

e R - R -

The principal environmental impact during normal transport is direct radiation expos’”dre to "
nearby persons.from the radioactive material in the package. The impact is quantified in terms
of annual population dose, in person-rem and in terms of the annual latent cancer fatalities '
expected from this population dose. .The radiological effects from normal transport result from
radiation that escapes from the unbreached package. Shielding from buildlngs, terrain, or
vehicles is not considered in this report. However, the maxmurn dlstance ‘over which the average
population dose is computed is limited as discussed in Appendix D '

- - - s

Radiation dose rates decrease rapidly uith dlstance from the package Thus people ‘who  °
handle the package directly (such as loaders, dock workers, “and baggage handlers) are exposed
to the highest dose rates, although these exposures are usually for very short periods of time.

The dose to handlers in all transport modes is addressed in Section 4.4 of this chapter. i

Those who work in the vicinity of the package (but do not actually handle it) or who are --
transported with it (e.g., aircraft passengers) are subJected to lower dose rates than handlers
but generally "for longer_ periods of time. . Bystanders and persons living alorg a travel® route
generally are subjected to even lower dose rates, but the snal'l doses dehvered to so many
people make the total population dose comparable to other group population doses 1 "

For the purposes of computing the direct radiological inpact in the .normal .case, the most
jmportant characteristic of a package containing radioactive naterial is the transport index )
(11), . defined in Chapter 2 Jas the radiation dose rate in mrem per hour at a ‘distance of one
peter from the package surface The radionuclide and the ‘characteristics of the packaging are -~
of little inportance in evaluating the iapact fn the normal case.” However, these factors may - .
govern whether the naterial can be shipped by a given -transport mode and may limit the total -

number of packages onagiven vehicle. M rae ot Tppepeted 20 on v s e T TR

s, * ~ -
Lokt 2ty vt - ¥ Ry - e e -
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The evaluation of the radiological imppct of normal transport.makes use of the standard
shipnents node‘l developed in Appendix A. Various tables in that appendix 1ist the package
type, average TI per package prioary and secondary transport ‘modes; 'and average distances for
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each standard shipment. The methodology for the normal transport annual population dose calcu-
lation is presented in detail in’ Appendix D. This appendix shows the:factors considered in . -
each calculation and the spec1fic relationships used to compute the population dose.

3
3

Different transport modes have different characteristics such as mean velocity, location -
of bystanders, and carriage of passengers, all ‘of which affect population dose. For that
reason, each primary mode is considered ‘separately when assessing environmental impact. As
previously mentioned, a secondary transport mode is frequently used- to transport the package
from the shipper to the primary mode terminal and from the end point terminal to the receiver.

The radiological irnpacts associated with secondary mode transport are considered.explicitly in-:
Section 4.3.2.2. For each primary and secondary mode analyzed, both the accumulated annual -
person-rem and the maximum individual dose received by_persons as a result of transport by that-
mode are evaluated. These results are summarized in the tables at the end of the chapter.

4.3.1 TRANSPORT BY AIR .

PR

The radiological mpacts of nornal transport of radioactive materials by aircraft are the .
direct radiation doses to passengers, attendants, crew, cargo handlers, and persons in the s:-. .
vicinity of the aircraft whi‘le it is stopped ‘Doses to persons on the ground below the flight -
path are considered negligible because of the large ‘separation distances and high velocities.

The discussion of the environmental impact of transport of radioactive material by air is - .
divided into three sections according to the principal transport mode: ~ commercial air pas-
senger service, commercial air cargo service, and other air modes (including afr taxi and
corporate aircraft, helicopter, and lighter-than-air craft) ‘ - : ‘

v
s L4

i ¢ Y

4.3.1.1 Transport by' Passenger Aircraft - - :

4.3.1.1.1 Passenger Dose

' somy I e - .
¢ .

The materials shipped by passenger aircraft are included in Appendix A. ‘Other shipment
parameters used in the calculation of passenger “dose are shown in Table 4-1. The annua) popula~
tion dose received by passengers aboard aircraft carrying ‘radfoactive material is computed as . .

follows: A O I " - c e .
Annual Total Passenger verage) fAverage \- fAverage Number) . -

opulation| = [Aircraft Flights perj| Dose Flight | of Passengers | (4-1)
Dose . Year Carryi ng RAH Rate Duration per F'Iight s . Eal

LA S over

The average dose rate is given by the average TI per flight (TI per package x number of packages
per flight) times the TI-dose rate conversfon factor KD/TI (fohl; pa_ssengers, 'KD/TI =0.03 .
mren/hour/TI, Ref. 4-3).. The average flight duration is the average distance per flight divided
by the mean speed. This calculation is performed for each ‘standard shipnent The _sum of the
doses computed for each standard shipment results in a total annual population dose to passen-

gers of 2330 person-ren..

S
i

et v T L e s s -
o -
= L < - e A

The average annual dose received by an in‘dividual airline passenger depends on the nunber‘ s
of flights taken, the fraction of those flights carrying radfoactive material (radioactive =~ 7



" *TABLE 4-1

" SHIPMENT PARAMETERS FOR CALCULATION OF POPULATION AND .

, INDIVIDUAL DOSE FOR THE PASSENGER AIR SHIPMENT MODE * .o

Transport Parameters:
» -Mean Speed (km/hr)
- 'Péssengers/F1ight
’Cab{p'Atten&aétélryight
*Crew/Flight
KD/TI " (mrem/hr/TI) (passengers)

KD/TI (mrem/hr/TI) (cabin attendants)“

Average Flight Duration (hours)

Average Distance “from Cockpit
to Radiation Source (m)

Stop Time (hr) ~

Popu1atlon Densuty at Stops
(people/km?) ~ .

Passenger Flights per Year

Passenger Flights per Year that
Carry Radioactive Material
(RTF = 1/30)

pox

“Total T1 sh1pped/year = 4.33 x7105., .. .

[
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662 (Ret. 1)
78 (Ref. 4-2)
4
3
0.030 (Ref. 4-3)
- - 0.028 (Ref. 4-3) »
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traffic factor - RTF), the number of TI on the flight, and the duration of those flights.
According to the Civil Aeronautics Board there were about 210 million revenue passengers en-
planed on scheduled domestic and international flights between March 1975 and March 1976.
Using an average RTF of 1/30, the total number of passengers enplaned on flights carrying
radioactive material should have been about 7 million. Each passenger makes, on the average,
about 5 flights per year (Refs. 4-3, 4-4), but it is unlikely that any individual would fly on
more than one radioactive mater1a1 fl1ght per year. Distributing the 2330 person-rem among 7
million exposed passengers results in an annual average individual ,dose of 0.34 mrem. The
cosmic radiation background dose rate to which these same passengers are exposed is 0.23 mrem/
per hour at an altitude of 9 km.

Assuming that 75 percent of the flight time is spent at 9 km, for 5 flights per year and
an average of 2 hours per fllght the annual average cosmic radiation background dose per
individual was 1.7 mrem (Refs. 4-5, 4-6). Muitiplying this average individual dose by 7 x~10G
passengers results in an annual population dose of 1.2 x 10 person;ren to these passengErs
from cosmic radiation. Thus the average individual dose from radioactive materials on board is
considerably less'thanzthe cosnic-ray background dose received by the same-individuals. Pas-
sengers who receive a greater radiation dose from the cargo because they travel more than the
average also receive a proportionally higher cosmic radiation dose.

It has been pointed out in another study (Ref. 4-4) that-a select group of individuals
flying 500 hours per year between airports with RTF's of 1/4 and 1/10 (e.g., Knoxville,
Tennessee, and St. Louis, HissourI) would each receive, on the average, 108 mrem per year,
assuming an average dose rate at seat level of 1.3 mrem/per hour (fully loaded conditions).
These same individuals would receive 86 mrem per year from cosmic radiation (500 hours per year
x 0.23 mrem per hour x 0.75).

4.3.1.1.2 Dose to Cabin Attendants o :

The dose to cabin attendants was calculated in the same manner as the dose to passengers.
The average number of attendants per*flight was estimated to be four, and the dose conversion
factor used was 0.028 mrem per hour per TI (Ref..4-3). The latter factor is an average over
the cabin length and acknowledges the fact that the attendant moves throughout the cabin during
the flight. The total population dose to attendants in 1975 was calculated to be 112
person-rem. Assuming that this dose was delivered to 20,000 attendants [one-half of the total
attendant population (Ref. 4-4)], the average dose received by each would have been about 6
mrem.

Experiments in Oklahoma City apd Boston indicate that the maximum dose rate to an attend-
ant in the tourist section of an aircraft carrying the maximum allowable load of radfoactive
material is between 0.6 and 0.8 mrem per hour (Refs. 4-3, 4-4), while the dose to an attendant
in the first class section is essentially zero (under current practice, radioactive packages
are usually carried in the aft cargo hold). If 1000 hours per year of flight time is assumed
with an RTF of 1/10 (corresponding to an attendant who works only out of airports serving major )
radiopharmaceutical centers) and the average load {s assumed to be 4.8 TI, the tourist class
attendant may receive up to 13 mrem per year (1000 hours per year x 1/10 x 0.028 mrem per hour

4-6



per TI x 4 8 TI). This compares with a dose of 173 mrem per year (1000 hours per year X 0.23
mrem per hour x 0.75) from cosmic radiation assuming that three quarters of the f'lying time is
spent at 9 km aititude. Muitipiying this average individua‘l dose by the 20, 000 attendants

results in an annual popu'lati on dose to these attendants of 3500 person-rem B

4,3.1.1.3 Dose to Crew

Crew members on passenger aircraft are usua’l'ly 'Iocated away from radioactive materials
packages. The common practice of stormg packages 1n the rear baggage holds results in a '
cockpit dose rate that is very small. The positive effects of this practice are pointed out by
Barker, et aL (Ref 4-3) based on measurements of radiation exposure ‘to f'hght crews. In most
cases radiation was undetectab'le in the cockpit when radioactive ‘materials were stowed in the

aft baggage compartment some 15 meters away. ’ o <

The annual population dose te crew members is computed in the -same - yay* as ‘the doses.to
passengers and attendants Just discussed except that instead of determmng the dose rate by
an empirica’l TI Dose rate converswn factor, the dose rate is computed ana'lytica'lly using the
dose-rate formu]a given in Appendix D, Equation (D-l) The dose-rate factor K is proportional
to-the TI, as discussed in Section D.1 of Appendix D. Using an average "'source-to~cockpit”
distance of 15 meters together with the assumption of three crew members per flight, an estimate '~
of 16 person-rem to the crew is obtained by summmg the contributions of all standard shipments.
Distributed over approximate'ly 30, 000 flight crew members, this amounts to an annuai ‘average

indwrdual dose of 0.53 mrem . o : ~ Tt

S g e - .
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In a survey at Boston's Logan Afrport (Refs 4-3 4- 4), only 2 of 42 flights known to'be
carrying radloactive natena] had detectable radiation leve‘ls in the cockpit area and in both
cases the 'Ieve’l was on]y 0.1 mrem per hour.‘ A simi'lar survey in’ Chicago*found none of the 100"
fl ights surveyed had detectab]e radiation 1eveis in the cockpit ’Assuming ‘an RTF of'1/10, the -~
maximum annuai dose received by a flight crew member f'lying 1000 hours per year wou'ld be 2.5 mrem, "
for an average Ioad ‘of 4.8 TI. These same crew me;nbers vou‘ld receive about 173 mrem per year’-
from cosmic radiation, assuming that three-quarters of their 1000 hours per year are spent at

an altitude of 9 km, for a total annual population dose from cosmic radiation of 5200 person-rem.
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4.3.1.1.4 Dose to Bystanders During Stops .
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During aircraft stops.,the popu'lation surrounding the aircraft both within and outside the
terminal building is exposed to radiat]on from any radioactive cargo carried by the aircraft.
A genera‘l expression for the integrated popu'lation dose received during shipment’ stops’ L FRAENE
derived in Section D.2 of Appendix D AH stops are assumed to occur -in areas with an‘average:- "3
popuiation density of about 720 per km A tota'l stop time of 1 hour is “asstmed for ‘each “::’7?
shipment. , The tota'l annua'l popu’lation dose to bystanders during stops. suming over all stand-‘:" .
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The maximum annual dose to an individual during aircraft stops is likely to be received by
a member of the ground crew who is refueling, loading, or unloading the plane. If this indi-
vidual spends 10 minutes per flight 4 times an hour at a distance of 3 meters from an average
cargo, his annual dose is estimated to be 85 mrem, usxng the dose rate formula given in - 3
Appendix D, Equation (D- 1). and assuming the RTF = 1/10, the average TI=4.8 (Type A packages),
a 40-hour work week, and 50 work weeks per year.

4.3.1.1.5 Summary

The radiation doses resulting from passenger aircraft transport of radioactive materials
in 1975 (exclusive of secondary-mode contributions and doses received by freight handlers) are
summarized in Table 4-2. The total annual population dose of 2470 person-rem resulting from * ~
radioactive material on board passenger aircraft is conSIderably less than that received by the -
same individuals from cosmic radiation. S

4.3.1.2 Transport by All-Cargo Aircraft

1

There were 31, 400 all-cargo aircraft departures in 1975 (Ref 4 7) Because 'of the rela-
tively small number of all-cargo, flights and because of the limited number of airports served
by all-cargo aircraft, most of. JXhe radioactive materials transported by air go by passenger
aircraft.. I ) ] -

s ' o -~
~ 2
ny,

| -
S r - -

- ACHT
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The . principal radiological impact from normal transport of radioactive materials by “
all-cargo aircraft is the dose to the crew and to bystanders Radioactive materials in cargo
afrcraft are usually stowed as far from the crew compartment as possible. ‘A 6-meter distance’
between crew and radioactive cargo was assumed for this assessment.

Fad, )

s
s I R *

At the time of this report. two cargo carriers were operatlng under a Federal Aviation
Administration (FAA) waiver that permitted carriage of up to 200 TI per aircraft on specific
routes and for a specific time period This increase in the allowable TI has the potential for
increasing the radiation exposure to indivndual members of the crew, but precautions are re-
quired by the FAA to minimize these exposures. i o ) v
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4.3.1.2.1 Dose to Crew T ' Lol iy

Stk pArd e

Table 4-3 1ists the shipment parameters for the air cargo mode ‘used to compute the doses. *

The crew dose was;computed .in the same way as, the doserto passenger aircraft crew using
Equation (D-1).in Appendix D. An average “of three crew members per flight was assumed The
annual dose obtained by.summing over all shipments by all cargo aircraft is 4.1 person-rem. The
total crew population exposed to, this population dose is estimated to be approximately 350 by

applying.the ratio of the cargo to passenger, air flights to the total number of passenger ajr="
craft crew. As a result, the average annual individual dose is estimated to be 12 mrem. The' '™
average annual individual cosaic ray dose vould be similar to that for crews on passenger R

S tr i

aircraft (173 arem), for an annual population dose of 60 person-rem. g o

4-8



pe]
.

6-v

TABLE 4-2

ANNUAL DOSES FROM TRANSPORT OF RADIOACTIVE MATERIAL (RAM)
IN PASSENGER AIRCRAFT AND CORRESPONDING COSMIC RADIATION DOSES - 1975

Total Annual Population Dose Annual Individual Dose
Population Exposed ggerson-remz gmremg a
Subgroup Persons RAM ~ Cosmic Radiation . RAM Cosmic Radiation
Passengers 7x 106 2330 1.2 x 104 0.34 (avg) 1.7 (avg)
) 108 (max) 86 (max)
Attendants 2 x 104 112 3500 6 (avg) 173
. 13 (max)
Crew 3 x 10t 16 -. 5200 0.53 (avg) 173
C 2.5 (max)
- ¥
Ground Crew (720/kn?) 11 -hot evaluated 85 (max)®  44C
(including oo .
bystanders) .
TOTALS 2470 2.1x10%. .

'

* 3pose is in addition to an average annual individua) dose of 102 mrem received by persons

on the ground from natural background exposure.
bApplies only to the most exposed member of ground crew
Csee Table 3-3. f N




TABLE 4-3

SHIPMENT PARAMETERS FOR CALCULATION OF POPULA1INN
DOSE FOR THE AIR CARGO SHIPMENT MODE

Transport Parameters:

Mean speed (km/hr) - 682
Crew per flight 3
Average distance from cockpit

to radiation source (m) 6
Stop time (hr) 1

Population density at stops
(people/km?) 720

Estimated total all-cargo flights

per year ) 31,400 (Ref. 4-7)

All-cargo flights per year
carrying radfoactive material
(RTF = .042 (Ref. 4-8) 1,320

Flight duration (hr) ) 2 -

- Tota) TI shipped/yr = 1.61 x 10¢
Average TI per RAM flight = 12



The maximum annual dose likely to be received by an individual crew member was estimated
by assuming 1000 hours total flight time, with one-eighth of the time spent on flights carrying
radioactive material. If each of those flights carried the average (12 TI) amount of radio-
active material at a separation distance of 6 meters, the annual individual dose received,
computed by using the dose-rate formula in Appendix D, Equation (D-1), would be 61 mrem.

Measurements conducted on typical flights of the two qarriers licensed for up to 200 TI
per flight indicated that the crew received an average of’O 41 mrem per Tl carried with an
average load of 44.7 TI and an average annual dose of 364 mrem (Ref. 4-9). Crew exposure for
these flights are monitored carefully according to restrictions in the FAA waiver which requires,
among other things, that a health physicist supervise the hand]tng and stowage of radioactive
material to ensure that radiation exposures are as low as reasonab]y achievable.

4.3.1.2.2 Dose to Bystanders During Stops o ;
Bystanders are exposed to radicactive material packagés during the time required to unload
or add cargo to the freighter aircraft. Because freight operations usually occur in areas away
from the main terminals the population density may be lower than that for the passenger air
case; nevertheless, the same population density (720 persons per km ) was assumed. Using the
same computational technique, the annual dose to bystanders was est1mated to be 0 4 person-rem.

The maximum dose delivered to a ground crew member is estimated using the same values as
for passenger aircraft, except that the average RTF is 1/24 and the average TIis 12. This
gives a maximum anticipated annual individual dose of 106 mrem. - LT

i
¥

4.3.1.2.3 Summary

The annual population doses resulting from all- cargo*aircraft transport of radioactive
material in 1975 are summarized in Table 4-4. The total annual populat1on dose is about 5

person-rem.

4.3.1.3 Transport by Other Air Modes E

I3
oowd .
-

4.3.1.3.1 Transport by Other Fixed-Wing Modes

The assessment of radio]oglca1 1mpact from transport: of radioactive materials by other
fixéd-wing modes such as corporate a1rcraft was performed in a way similar to that for
all-cargo aircraft. An informal survey “suggests that some ‘radioactive materials are trans-
ported by this mode, partlcu]arly in the oil-well’ logging industry The radiological impacts
are determined in essentially the same way as in the all-cargu mode except that the aircraft
are usually physically smaller than the typical cargo aircraft and therefore do not permit as
much spacing between the crew and radioactive packages.

The total TI transported by other fixed-wing modes is estimated to be no more than one
percent of that transported by all-cargo aircraft, i.e., 160 TI per year maximum. The dose
rates experienced by the two crew members are estimated using Equation (D-1) in Appendix D,

4-1
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TABLE 4-4

ANNUAL DOSES FROM TRANSPORT OF RADIOACTIVE MATERIAL IN
CARGO AIRCRAFT AND CORRESPONDING COSMIC RADIATION DOSES - 1975

] N ]
\ - =

Annual Individual Dose

‘ - - Annual Population Dose )
- Total ) (person-rem) {mrem

Population Exposed * - -
© _Subgroup Persons RAM Cosmic Radiation RAM Cosmic Radiation

Crew 350 . 4,1 61 12 (avg) 173

61 (max)
Bystanders/ 2 .
. 720/km® 0.4 not evaluated 106 (max) 442

Ground Crew

3see Table 3-3.
LR B 0t




assuming a separation distance of 3 meters. The estimated total annual population dose from
this mode is 0.04 person-rem, assuming an average flight time of 1 hour. This dose is neglig-
ible by comparison to the values calculated for transport by passenger and all-cargo aircraft.

4.3.1.3.2 Transport by Helicopters

Helicopters are not widely used for transportiné radioactive material. They are used to
transfer well-logging sources to off-shore drilling. rigs The actua1 extent of such transfers
is not known, but a thousand 'such transfers’ per year is estimated ,For a two-man crew, a
1-hour flight time, a separation distance of 3 meters, and a load of 2 TI, the possible dose is
about 0.5 person-rem. This result is obtained u51ng Equation (D-1) in Appendix D for the dose
rate with d = 3 meters ~and taklng K typical of Type-A packages. A populatlon exposure of 0 5

person-rem is a negligible fraction of the tota] population dose for air transport.

.

4.3.1.3.3 Transport by Lighter-Than-Air Vehicles

There is no known current use of lighter-than-air vehicles (LTAV) 1n radioactive material

transport. But contemplated use for special nuclear material shipments with a flight crew of L

three and a separation distance of 15 meters would result Tn ‘a population dose of 0.04
person-rem, assuming 1000 such shipments per year of p]utonlum in Type-B packages, and an
average of 2 hours per flight. The average dose rate was determined using Equation (D-1) in
Appendix D, with d = 15 meters. Tl ;

4.3.1.3.4 Bystander Doses.from Other Air Modes

The total annual TI transported by air modes other than passenger and cargo aircraft
considered in the _preceeding calculations.is 3140 TI per year. A total of . 16, ,000 T1 per year
was transported by all-cargo aircraft. Since the doses received by persons while stopped.is -
proportional to the total TI, the doses while stopped for all air modes other than passenger
and all-cargo aircraft should be that for all-cargo aircraft times 3140 TI per 16,000 TI or
0.08 person-rem.

Individual doses to ground crew (including bystanders) were computed assuming that a
single individual will service a maximum of one-third of the flights per year at a distance of
1.5 meters for a helicopter or corporate aircraft. The exposure time was estimated to be 10
minutes per flight for the individual. The results are presented in Table 4-5.

4.3.1.3.5 Summary

The integrated and individual doses estimated for shipments by o%ther air modes are summa-
rized in Table 4-5. Because flight altitudes for these air modes are generally lower than for
commercial air modes, the cosmic ray dose rate is substantially lower (approximately 0.01 mrem
per hour at 3 km). Based on the numbers of crewmen listed, the cosmic ray dose rate is esti-
mated to be 0.05 person-rem. This was computed by summing the contributions of each
“other-air" mode, assuming 0.75 of the flight time is spent at an altitude of 3 km using the
appropriate flight time, numbers of crewmen, and flights per year.



TABLE 4-5

3 L

_ DOSE RESULTING FROM RADIOACTIVE MATERIAL SHIPMENT BY
HELICOPTERS AND CORPORATE AIRCRAFT - 1975

"Population Annual Individual ' Annual Pdpti'lation Dose
Mode S Subgroup , *  Dose (mrem)* + (person-rem)
Helicopter " Fliéﬁt‘crew 5 5
Bystanders/
Ground crew 60 see all-modes
dose
Corporate ‘ 'Flight crew 4 - 0.04
Aircraft - R )
Bystanders/ .
Ground crew 0.6 see all-modes
’ A ’ - dose
A1l Modes "~ Bystanders/ T 0.08
Shown Above Ground crew 2
TOTAL 0.62 )
‘Flight crew doses are c?:mpt;teé hrssmi;rg 20 one-hour fligI;ts per:- 9é$r i:y the same individual. )

2 TI per flight is assumed for helicopter and 1.6 TI per flight fs-assumed for corporate -
afrcraft. S (P . I L _

- ~ ~ e
- ‘,g,’ ~ o

b3 B PRt .. < - - N -

—— AU - L3 - o -
s % . N - e
. v i L5 B Paatadeid PO A -
PRI ~ - e s .
- e n ¢ - - 1 .y - e e -
A ; A 17 x ®2 s :
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4.3.1.4 Storage Associated with the Air Transport Mode

The radioactive material package may be considered to be in storage between the time it is
offered for shipment and the time it is placed aboard an aircraft and again after removal from
the aircraft but before transfer to a secondary-mode vehicle for delivery to its final desti-
nation. Storage areas are typically on or near the airport grounds and are part of the airline
freight handling facilities. Terminals visited during the course of this study had a specific
location set aside for radioactive material packages, but the area was not iso1ated from the
general work area. If a storage area occupies approximately 11,0060 n (120,000 ft ) and has 10
employees per shift, the average population density is approximately, 900 persons per kmz In
the case of aircraft transport, this dose is charged to the secondary mode vehicles and hence
is discussed in Section 4.3.2.2. - ’

4.3.2 SURFACE TRANSPORT BY MOTOR VEHICLE

An estimated 1.2 million radicactive material shipments are transported each year by
truck. In addition, most land and air shipments involve a secondary ground 1ink that is also
by truck or light duty vehicle. While a number of truck shipments are radiopharmaceuticais a
substantial fraction of those radioactive materials requiring massive sh1e1d1ng are also ship-
ped by truck because of the capability to carry heavy cargo. These latter shipments are rela-
tively few in number and are associated with large fuel-cycle shipments, 1rradiator sources,
and other large-quantity sources. ;

4.3.2.1 Transport in Trucks o ) . Ci

The principai radiological impacts from truck transport of radloactive materia]s are the
direct radiation dose to handlers, crew, and bystanders. In contrast to the passenger aircraft
case, there are no passengers exposed to radiation; however. persons aiong the transport route
are exposed during passage of the vehicle. In most cases, exposures are for a relative]y short
duration, but the number of persons who can be exposed may. become very large during a trip of
considerable distance Additional doses result from stops for nea]s, crew rest, repair, and
refueling. Because access to the area around the vehicle during stops is not limited as in the
case of air shipment the potent1a1 for exposure is higher. The parameters used to evaluate
the normal dose resulting from truck transport are summarized in Tab]e 4 6.

e‘.._“ T e e

2 -
IR T . [ R B .

4.3.2.1.1 Dose‘to Truck Crew -~ = - L .

.

- [ i et W -

The calculation of the annua] population dose received by truck crew is similar to that
for the dose toiaircraft crew. The average dose rate in ‘the cab js computed using Equation
(D-1) in Appendix D with d = 3 meters and.with K = K x TI. If the computed dose rate exceeds
2.0 mrem per hour, it is assumed that shielding is introduced to 1imit the dose to 2 mrem per
hour as required by the regulations for exclusive-use vehicles and as a practical limit for all
shipments. Two crew members per vehicle are assumed. The crew is assumed to be in the cab
only during periods of actual travel. Thus, the duration of exposure to the crew is appro-
ximately the same as the distance traveled divided by the average speed while moving. The
total annual crew dose summed over all standard shipments is computed to be about 2580
person-rem.
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- .o : DOSE FOR THE TRUCK TRANSPORT MODE
- I ] - ¢ *
s L 5 ngh-Populatlon Med1um-Popu1at10n Low-Pobﬁlationv
? “+ .Transport Parameters .3 Areas i Areas' Areas
Average Speed (km/hr) e 24 * 40 38 .
‘;Fractxon of Travel sttance St 0405 0.05 0.9,
) Population Densxty (persons/km ) 3;861 N 719 6
y Duratxon of Stops (hr)- O 1 5 2
. Traffic Distribution" f vt . :
' Fraction in Rush Hour ¢ ©0.08 0 0
’ Fraction in Non-Rush _Bour. 0.92 1 1
Truck .Traffic sttribution “
" Fraction on City Streets’ 0.05 0 0
. Fraction on 4 Lane _ 0.10 0 0
: Fraction on Freeway T 0.85 1 1
Y P ; [ 0 . . A
One-Way Traffic.Count per Hour . .
(ncrmal traffic)*.. - = } I , 2,800 780 470
i . e 4 v
' - ; : . i i Ju N
y v HER 5 . A ,
i 6 (3,36 x 106 in exclusive-use trucks)

TABLE 4-6
SHIPMENT PARAMETERS FOR CALCULATION OF POPULATION:

[4

.-

Tgtal TI shipped.= 3.8 x 10

- ’

=t

*Based upon a recent traffic survey in Albuquerque, New Mexico.
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The maximum individual dose is likely to be rece1ved by a crew member transporting irra-
diated fuel. Although the maximum allowable radlat1on dose rate in the cab of an exclusive-use
truck carrying radioactive material is 2 mrem per hour, exper1ence 1nd1cates that dose rates
are usually less than 0.2 mrem per hour (Ref. 4-10) because of the distance from the cask and
shielding by intervening mater1a1 Dose rates at 2 meters from an 1rrad1ated fue] cask are at most
10 mrem per hour, (about 33 mrem per hour at 1 meter) but are more T1ke]y to be about 25
prem/hour at 1 meter from the vehicle surface (Ref 4 10) Assum!ng that a crew member spends
20 hours per trip in the cab and a total of one hour at a dlstance of 1 meter from the cask,
his maximum possible dose per trip is 73 mrem (2 mrem per hour X 20 hours + 33 mrem per hour x -
1 hour).. If the same crew member made, 30 such trips a year, his annuaT dose would be 2. 2 rem.
In practace, however, a 0. Z-urem-per-hour rad1at1on level in the cab’ and a 25-mrem-per-hour
level at 1 meter are more likely, and the accumuTated dose is “about 29 mrem per tr1p for a
maximum annuaT 1nd1v1dual dose of about 870 mrem. -

4.3.2.1.1 Dose to Population Surrounding the Moving Vehicle o '

The population dose received while the vehfcle‘is’in‘motign is composed of two principal
components: that resulting from the exposure of persons in other vehicles occupy1ng the trans-
port 1ink (on-llnk) and that received by persons aTong the transport Tlnk (off 11nk) -

[Sa— LSS

The off-Tlnk populatIOn dose ca]culat1on 1s d1scussed in deta11 in Section D. 1 of
Appendix D Equation (0~ 1) in Appendlx D was used to compute this dose for each’ standard
shipment 1nvoTv1ng truck transport and the results were summed to obtain the" total annual
of f-1ink dose The transport parameters used in the calcuTat1on are 11sted in Table' 4 6 “The
resulting total annual off-llnk populat1on dose 1s 348 person-rem '

[ A PP T

i

The on-link population dose calculation is"dfscussed ?ﬁ’ﬂpéeﬁdTQ D, Section D.5 and is -
composed of two components:

e e e e
1. ,TThe dose to persons traveling in the direct{on opposite to the'shipment and =~ "

2.' The dose to persons traveTing in the same dlrectlon ‘as the shlpment

[N N P PO T AR FRERN

P

The "opposite direction" dose is obtained us1ng Equatlon (D~ 17) of Appendlx D “the "same direcs -~

tion" dose, Equation (D-22). Both calculations are made for each standard shlpment using the
transport parameters listed in Table 4-6, and the results are summed over all standard shipments.-
The result1ng total annua]}on:]ink populat)on dose )s_ahout 172 person-ren.

o S PR AT -
11 gy
- .

The max1mum dose to an 1nd1v1dua1 shar1ng the tnansport Tink wlth the vehicle would prob-“’
ably be rece1ved by a person 1n a veh1c4e follow1ng the sh1pment from its p01nt of origin to
its dest\nat1on If a truck drlver foTlowed an 1rrad1ated fue] shlpment at a distance of 30 -
meters durlng a 20-hour tr1p once per week, 50 weeks per year, he would receive 94 mrem per3
year (Equation (D 1) Appendlx o, with d 30 meters) However. 1t TS highly unTIkeTy that
this partwcuTar set of circumstances woqu occur for the samé driver each week. - A more reason- T
able assumption might be that a specific driver's annual accumulated time at 30 meters behind”
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irradiated fuel shipments might be equrvalent to one 20-hour trip. Under these circumstances,
that driver would receive an annual dose of 1.9 mrem. '

The maximum dose received by a person 1iving along a transport route would probably be !
received by an individual living adJacent to a hlghway where radiocactive materlal was frequently
shipped. Using Equation (D 2) in Appendix D, the annual dose received by a person living 30
meters from a roadway on which standard irradiated fuel shipments (K = 1000 mrem-ft2 per hour)
pass 250 times per year at an average speed of 48 km per hour is 0. 009 mrem '

oA
“ ?

Neither the off-link nor the on-link calculations explic1tly "take into account the effects’
of shieldlng outside the packaging that might act to absorb radfation and therefore mitigate
the population dose. This is likely to be most effective in cities where buildings are con-
structed from relatively good radiation absorbers such as concrete and steel and in hilly L
terrain where topographic features may provide shielding.

4.3.2.1.3 Dose to Population While Vehicle is Stopped

The computation of the population dose that occurs as a result of shipment stops is dis-
cussed in Section D.2 of Appendix D. Equation (D-10) in Appendix D was used to compute this
dose for each standard shipment using the stop duratlon and population density values listed in
Table 4-6. The assumptions shown in Table 4-6 regarding the length ‘of stops in each of the
three population zones were made from the observation that fuel stops and rest areas are more
often located in suburban areas or in areas that have population densities higher than the
rural average. when the results are summed over al standard shipments involving truck trans-’
port, a total annual dose of 1000 person-rem is obtained. Again, the effects of shielding by ‘
buildings and terrain vould probablysreduce this value. A

Although vehicles carrying large amounts of radioactive material are placarded bystanders'
may get close enough to receive a snall dose fron a shipment._ If a bystander spends 3 minutes
in an area 1 meter from an frradiated fuel’ cask he would receive a dose of 1.3 mrem, assuming
a 25 mrem per hour radiation level at that distance (Ref. 4-10) .Unless, the same person "inves-
tigated" several such shipments per year. this is expected to be the maxinum annual dose
received by anuindividual while the shipment is stopped., -

[

4.3.2. 1 4 Dose Resulting from Intransit Storage

- - %

far

At the beginning and end of the transport cycle and at intermediate terminals radioactive
materfal packages may be stored temporarily while awaiting a truck that is proceeding to the
final destination. The potential therefore exists for irradiation ‘of truck terminal employees
and surrounding population during these.periods of temporary storage. The “calculation” is -
identical to that for storage involved with air transport. and the same average population ‘
density (900 persons per knz) in the varehouse is assumed. The resulting annual population 2
dose for an average intransit storage time of 2 hours per shipment is couputed to be 261 P
person-rea. c 0

Loare ot il L S - i y
Gl < [ . . R B - LR A AV PR g
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4.3.2.2 Truck, Light Truck, and Delivery Vehicles

This transport mode includes all secondary transport. A1l radioactive materials that are
shipped by air and almost all that are transported by truck, rail, ship, or barge are taken
from the shipper to the shipping terminal and from the receiving terminal to the receiver by
trucks, vans, or automobiles. Freight terminals are usually Jocated in or near cities; thus
the population densities are relatively high, and the speeds are relatively low.

Using the same calculation procedure as used for the truck mode with the material and
transport parameters shown in Table 4-7, the following estimates of population dose to the
indicated groups are predicted: N

1.  Annual dose to crew (1 pérson pér shipmeﬁ\t)'=“53 f;;e\rjsoﬁ‘-;éﬁ.zim -

2.  Annual dose to surrounding population (on-1ink) = 216 person-rem.

o
.ty A - ¢ . -

37 Annual dose to surrounding population (off-1ink) = 51 person-renm.

4. Annual dose to surrounding population (stopped) = 79 person-rem. . .-

e 2
oy L

5.  Annual dose to surrounding population (i n£r§ﬂsii storag?) '= 310 bersoni;em.

S a- " YR LT -

The annual tot!a] population dose from secondary modes is 709 person-rem.

Assuming that a van driver carries a shipment with the maxmum i’i'rca}-}ieé bs'&van{ noted in
the standard shipments (3.8 I - ""mixed" - Type B) once per working day- (250 working days per
year) over a distance of 40 km at a speed of 40 km per hour, he would regejvev352 mrem per year
(using the same ‘computational pr@:éedure as in other creéw 'dose calculations-and a separation
distance of 2 ‘meters). Recent studies by a number of State health Sgenic:ie.s‘,_*in&j’f:ooperation with
NRC and DOT revealed few instances where these assumptions might “be ‘valid. A more Tikely
scenario would be a courier-service driver who makes a single radiopharmaceutical pickup and
delivery per week (50 weeks per yegr). 9;5|§aing a total of 3.8 TI (2 Mo-99 generators), the

driver would receive 70 mrem per yéar‘”i(ll5 x 352), DEa. .t 7 dezo”

The 1ikelihood of the same person following or investigating a van loaded with radioactive
material in a city on a regular basis is considered remote. Hence, the maximum annual on-link
and bystanders doses are considered negligible. The annual maximum off-1ink dose is assumed to
be the same as that for truck, namely 0.009 mrem.

4.3.2.3 Summary of Truck Transport

The annual doses resulting from truck and van transportation of radioactive material
(exclusive of freight handler dose) are summarized in Table 4-8; the total is 5070 person-rem.
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TABLE 4-7
SHIPMENT PARAMETERS FOR CALCULATION OF POPULATION

DOSE FOR THE DELIVERY VEHICLE TRANSPORT MODE

3 3 ~

Medium-Popuiatién

High-Population
Areas Areas
Transport Parameters 7 ’
Average Speed (km/hr) 24 40
Distribution of Ttavel Distance 0.4 0.6
Population Density (persons/km ) 3,861 719 -
Stop Duration (hr) - 0.5 0
Traffic Distribution
Fraction in Non-Rush Hour /v 0.92 0.92
Fraction in Rush Hour . 0.08 0.08
Roadway Distribution : - oL e - .
- Fraction,on:City Streets 0.651 0.65 -
Fraction on 2-Lane 0.05 0.05 . -
' Fraction on 4-Lane °© A r+ 0,05 0.05
Fraction on Freeway ... - 0.25 0.25
N - =

' - .
PR i P croyte - 5

! e
i 7 T,
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- TABLE 48

* 1" DOSES RESULTING FROM TRUCK AND VAN TRANSPORT i ]
¥ T " " OF RADIOACTIVE MATERIALS - 1975 i Co-
(EXCLUSIVE OF FREIGHT "HANDLERS)* - - , L, .

2 _ =
- -~ - .

-~ " F

Maximum @ - ot

.- Population

Annual Population Dose

Annual Individual « .

Mode

Truck

Subgroup

- .(person-rem) -

Dose (mrem)

Crew

On-1ink

2580 870
172 -

1.9

o e L. Off-link - L M8, .. 0.009
’ " While stopped - 1000 v - ¢ .. L3 .. . ‘
L Storage T S o
Van Crew ss . w0
On-1ink 216 negligible
off-1ink 51 0.009 : it T Lxo-
. . Waile stopped - s L - negligible
T+ .t " Storage -t 0 3107t el (o 500X N
o . : TOTAL = ' - - 5070 ¢ .. - -
PR (g . _ - - o~ , R \ s C e L
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4.3.3 RAIL TRANSPORT

The methods used for calculating the impact of transport by rail are similar to those used
for truck transport because of similarities in route structure and service areas. The major
differences between truck and train are in the speed of transport (train is generally slower)
and the proximity of population exposed on the rail Tink. Although the speed of a freight
train while moving through the countryside is reasonably fast, the need to enter sidings occa-
sionally to allow faster trains to pass and to pick up and drop off cars reduces the mean speed
considerably. This results in a longer time for exposure of the pub11c to radiation. Where
passenger trains pass or are passed, a populatlon dose is incurred in a manner analogous to
that received by other veh{cles using the highway in the truck mode. Shipment parameters used
*o compute population dose for rail transport are shown in Table 4-9.

-

4.3.3.1 Transport by Freight Trains

Because of the lendth of time required for a shipment and special capability for handling
massive loads, the principal radicactive materials _shipped by rail. are those with long
half-lives or those that require special shielding. An example of a shipment of this sort
would be a large irradiated fuel cask. The only material shipped by passenger train is a
negligible amount of ") {mited" postal shipments.

e
‘ i

4.3.3.1.1 Exposure of Train Crew

An average freighi‘g}ain js composed of approximately 70 cars. As a result, the proximity
of the train crew to a car carrying radioactive material is difficult to quantify except on a
statistical basis. While the train is in motion, the brakeman or conductor in the caboose may
he as close as 3 meters or as far as a few thousand meters from a radicactive shipment. If the
latter condition occurs, a great deal of intervening cargo acts to shield the crew car. Similar
arguments can be made for the engine crew so long as there is only one shipment per train. If
there is only a single cargo car making up the train, the engine crew and caboose crew experi-
ence similar dose rates.

The dose received by the crew is calculated in a manner similar to that for trucks. The
dose-rate formula (Equation (D-1), Appendix D) is used with d = 152 meters, and the average
exposure time is given by the average shipment distance divided by the average speed. A total
of five crew members is assumed. The computation is performed for each standard shipment
involving rafl transport, and the results are summed to obtain an annual population dose to
crew members of 0.9 person-rea.

The maximum annual individual dose to a member of a train crew §s estimated for 50 irra-
diated fuel shipments per year, an average separation distance of 152 weters, and an average
crew time of 8 hours. This combination gives a maximum annual dose of 1.2 mrem.

4.3.3.1.2 Exposure of On-11ink and Off-1ink Population

Those persons exposed on the transport 1ink are passengers on trains or freight train
crews who pass or who are passed by a train carrying radioactive materials. This calculation
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. TABLE 4-9

_ SHIPMENT PARAMETERS FOR CALCULATION OF POPULATION DOSE FOR THE RAIL MODE

2

1

’ " High-Population

i1
iz -

Hedium;Population Low-Population -

Tranéport Péraﬁeters
" Average Speed (km/hr)’
- Distribution of Travel
» ~ Distance. -
- Popﬁlatidn Deaslty
(people/km™)
Stop Duration (hr)
" passenger Trains
. (trains/day): -
N Numberfof Crew .
' (engineer, fireman,
. conductor, and 2
brakemen) .

Average Separation

Distance Between @
& 'Crew and Radioactive. .
- » Material" (m) .. b

y

~ s
‘

!

{ ‘4

*A TI of 111 is assfgned“téjséeﬁ

limit of 10 mrem/hr at a distan

. “ . .

e J s : 'TQ;Ai TI shipped = 1.8 x 105'

Areas Areas Areas
24 40 64 «
0.05 © 0,05 0.9
3,861 719 6
0 0 24 .
5. "5 1.
i 5 . ) ' - 5 -
‘ - s
© T2 152 152

i

.

E fuel shipments to correspond to the regulatory
ce of 6 feet from the surface of the vehicle.

A

.
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is similar to that for truck transport, assuming one freight train per hour and a 10-foot

mimimum separation between passing trains. Because of the very small number of passenger

trains and the small number of freight train crew members, the on-link annual dose is only
0.012 person-rem. The maximum annual individual on-1ink dose is negligible owing to the small
number of passing trains.

Using the data given in Table 4-9, and suming over the population zones, an annual value
of 23 person-rem to the surrounding off-link population is obtained. The maximum off-link dose
is similar to that received by a railway station employee who works at a railway station near a
spent fuel reprocessing site. If 17 trains per year carrying irradiated fuel pass that station
at an average dlstance of 30 neters and an average speed of 8 km per hour, and if that same
station employee is working when each of them pass, he will receive 0.017 mrem according to
Equation {D-2) in Appendix D, with K = 1000 mren-ftz per hour.

4.3.3.1.3 Exposure to Population During Stops
As indicated earlier, freight trains frequently stop at rail sidings in order to let other

trains pass or to pick up additional cars. In addition, crew change and fuel stops occur at
4-to-6-hour lntervals throughout the trip. If it is assumed that the train is stopped a total
of 24 hours per trip and those stops occur predominately in low population density zones, a
total annual population dose while stopped of 0.9 person-rem is computed using the general
expression for population dose during shipment stops derived in Section D.2 of Appendix D for
each standard shipment and summing the results.

An example of the maximum dose to an individual while the train is stopped fs that received
by a railroad employee who serviced the train while it was stopped. - If it is postulated that
the employee works at a station near an irradiated fuel reprocessing‘center that handles 100
sercent of the annual rail shipments and that ‘this employee spends an average of 15 minutes at
an average distance of }5 meters from each shipment, his annual dose Jould be 1.65 mrem. This
value was obtained using the dose-rate formula in Appendix D, Equation (D-1) with d = 15 meters
and assuming 17 shipments per year and a K of 1000 mrem-ft™ per hour.

4.3.3.2 Storage Associated with Rail Transport

Very little storage is 1ikely to be’ associated uith rail transport of radioactive materials.
A spent fuel shipnent_that occupies a single car night spend 24 hours in rail yards waiting to
be included in a train to take’ it toward its destination. In such a location, the average
exposable population density is estinated to be 25 people per knz. corresponding to 20 employees .
in a railyard 1:6 kilometers 1ong and 0.5 kilometer wide. Again,-using the formula for dose
while stopped, given in Section D.2 of Appendix D, an annual population dose of 0.7 person-rem
{s obtained. ‘

An example of the maximum individual dose during rail shipment storage is that delivered
to a railroad employee assigned to service or check the railcars carrying irradiated fuel in
the yard prior to final coupling to the parent train. If such a person checks 17 such trains
per year at an average distance of 8 meters, and if such a check takes 1 hour, he would receive
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an annual dose of 25 mrem. This number was obtained by using Equation (D-1) of Appendix D for
the dose rate and assuming a K value of 1000 nrem-ft2 per hour for each shipment, as in the
standard shipment model.

4.3.3.3 Summary

The annual doses resulting from rail transport of radioactive material are summarized in
Table 4-10; the total is 26 person-rem {exclusive of freight handler dosage).

4.3.4 TRANSPORT BY WATER

Historically, water transport modes have been used for shipments of material that are
massive or bulky or that do_not require exceptionallyﬂfagtvtraveT. Shipments of irradiated
fuel and fresh fuel would therefore qualify for water traﬁsport. A considerable number of
export shipments of enriched uranium and long-half-1ife isotopes by ship were reported to have
occurred in 1975 (see Appendix A).

4.3.4.1 Transport by Barge

It is anticipated that barge may be a feasible method for transporting fresh fuel. to
reactors and irradiated fuel to reprocessors located on appropriate waterways. No such ship-
ments were reported 'in the 1975 shipper survey. However, at least one shipment occurred in
early 1976. With relatively few people exposed during movement and a few exposed at each
terminal, population exposure is expected to be negligible. The transport of irradiated fuel
by barge is considered as an aiternative in Chapter 6 of this report. I

[ . .

4.3.4.2 Transport by Ship

For the overseas export-import trade in radioazfivé materials, there are only two transport
modes available: air and ship. Generally, relatively 1ight-weight packages (less than a few
tonnes) of short-half-life materials are transported by aircraft. The 1975 survey revealed a
total of 3747 TI transported by ship, principally enriched uranium, fresh reactor fuel, and
Kr-85. The total annual population dose from these shipments was calculated to be 8.1
person-rem using the transport parameters im Table 4-11 and the same computational techniques
as used for other transport modes. The results are summarized in Table 4-12.

An example of the maximum dose is that received by a crewman whose assigned watch station
jncludes the cargo area in which an enriched uranium shipment is stowed. If that person stands
8 hours of watch every day and makes normal hourly rounds, he probably spends 5 minutes per
hour at an average distance of 3 meters from the shipment. If his vessel carries a single
shipment per year and the trip lasts 10 days, his annual dose would be 3.7 mrem. Individual
exposures of the other population subgroups were not evaluated because the actual numbers of
people and their yearly exposures were not known.
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‘ o TABLE 4-10

DOSES FROM RAIL TRANSPORT OF RADIOACTIVE MATERIAL - 1975

Annual - Maximum
Population Dose: Annual Individual
Population Subgroup T {person-rem) Dose (mrem)
Crew . 0.9 1.2
Surrounding population
On-1ink S - 0.012 : not evaluated
0ff-1ink 23 0.017
Bystanders/Railway Workers ' 0.9 - 1.6%
Storage 0.7 25
TOTAL °~ ’ 26 o -
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TABLE 4-11

SHIPMENT PARAMETERS FOR CAléULATION OF
POPULATION DOSE FOR WATERBORNE TRANSPORT MODES

H

Number of Crewmen 10 5
Mean Velocity (km/*r 14 5
Distance fro; ;ourée
to Crew (m) 61 46
fraction of Travel ,
High population zones 0.001 0.01
Medium p&bulatioﬁ ;;nes 0.009 : 0.09
tow population zones 0.93 ) 0.90
Total Stop Time (hr)
(Medium population zone) 10 10

Total TI Shipped = 3747
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TABLE 4-12

DOSE RESULTING FROM SHIP TRANSPORT
OF RADIOACTIVE MATERIAL - 1975

- Annual ’ - Maximum

Population Population Dose Annual Individual
Subgroup {person-rem) - Dose (mrem)
Crew 5.7 3.7
Bystanders/stevedores

during stops 1.1 not evaluated
Persons in port

area (off-1ink) 0.9 not evaluated
Persons in vicinity | ’

of storage area X 0.4 . not evaluated

TOTAL 8.1 )

9
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4.4 EXPOSURE OF HANDLERS

£
n

Handlers of radioactive material packages are generally exposed to the highest dose rates
of any population group; however, because they handle the packages for relatively short times,
relatively small doses are received. Handling, as defined in this report, occurs whenever a
package is transferred from one mode to another, irrespective of the number of people and . --
physical movements that take place. A recent study (Ref. 4- 11) indicated that the average
population dose received by handlers at airports was 2.5 x 10 person-rem per Tl for small
packages. This population dose conversion factor was used for each .handling considered in this
report. Thus the dose computed for handlers js likely 'to be conservative because the number of .
people involved in airport handling is likely to be the largest and .the time spent.in handling
the most prolonged .throughout the shipping industry Ce e , ‘- '

In this document, the handler dose is computed by mult1ply1ng this average dose converSIOn:
factor by the average TI per.package, the number of packagesrper shipment, the number of ship- .
ments per year, and an estimated number of handlings per package. This calculation is repeated-
for each standard shipment, and the total handler dose is obtained by summing all standard
shipments.“ The total annual handler dose was calculated to .be 1740 person-rem. -

e ' v

* 4 - * . « -

Irradiated fuel casks and irradiator sources, because of their large sizes, are not handled
in the same ways as smaller packages. Two handlers are assumed to spend 15 mlnutes at both the
shipping ‘end and the receiving end attaching and detaching rigging equipment for load\ng and.
unloading the cask in an average radiation field of 200 mrem per hour. (1 meter from the cask)
(Ref. .4-10). This results in_a population dose.of 0.1 person-rem (2 persons x 200 mrem per,
hour x 1/4 hour) at each end, -for a total of 0.2 person-rem per shipment.. Mult1pl1cat1on byr
the number of-shipments per-year-gives the.annual population dose in person-rem. 5wtotal of. 5§ )
person-rem to handlers may result from the handling of .large casks. -Much of this exposureyis‘ .
not expected to be within the transport industry but rather to employees of the shippers>and
consignees. ' ‘

-
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Ind1v1dual doses to handlers have .been evaluated for_ those employed in airport term1nals
(Ref. 4-11). .- Results of those studies.indicate-that .no workers ,would recelve annual doses 1n . ;
excess of 500 mrem and most workers who participated -in the survey would have received annualw
doses smaller than 100 mrem as a result of handling radioactive mater1al shlpments It is
expected that the individual doses to airport handlers are the largest of any similar group.
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4.5 NONRADIOLOGICAL IMPACTS ON THE ENVIRONMENT . ;. -c:x.. - 4.
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The two principal nonradiolog1cal impacts that may arise from the normal transport of
radioactive material are area denial and resource use.
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There:is:no:significant :area denial-resulting, from normal transport of radioactive materlal )

IS

packages.  Most:-packages are shipped along with other freight.. and are. stored in the same term1-
nals as other freight awaiting shipment. Although radioactive material packages ‘are usually h
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jsolated in designated areas of freight terminals, it is doubtful that significantly smaller
total floor areas would be required if there were no transport of radioactive materials. —
Exclusive-use shipnents"require no storage, since they proceed directly from shipper to
consignee. T : ‘

4.5.2 RESOURCE USE

The primary resource uses associated with radioactive material transport include the com- °
mitment of shielding material for construction of packages and the use of energy to move the
transport vehicles. The shipment of radioactive material requires shielding of individual
packages to reduce exposure to people and photographic materials during transport. Construc-
tion of these packages requires commitment of natural'resources in a manner that may or may not:
permit recycling and reuse. The principal materials used for shielding are lead and depleted
uranium. Quantities'committed-af any one time to use as shielding in transportation packaging:
are only a small percentage of the total amounts of these materials used for all other purposes.- .

I ] .

Reuse of lead snieldihg material by return of used packages to the shipper is accomplished.
(according to an interview with a major radiopharmaceutical shipper) about 50 percent of the
time. In the remaining cases, the disposition of the material is unknown, but it is assumed
that a significant recycling effort takes place. This assumption is based largely on the fact
that the radioactive material packages are received by people who are licensed to possess
radioactive materials and who appreciate the value of reusing the shielding material efther
directly or by recasting it into a usable form. In addition, industrial.-and commercial users .-
often have an active’ saivage operation for metals of all kinds. Thus, .one might well expect no
more than 20 percent loss in lead ‘shielding material per year. A significant fraction of .this -~
material is sent to refuse disposal areas. The environmental impacts of this loss are the
energy and resources necessary to repiace the unreturned material and the presence of lead in
an uncontrolled environment. ‘™ o S

Depleted uranium is typically used as shieiding in large casks such as those used to ship
*irradiated fue) or large irradiator sources. Since these casks are quite costly, the uranium.
resources invoived are carefuliy controlled and’fully recycled.: Depleted uranium used to -~
construct shields is obtained ‘from enrichment taitings and at present, has few alternative ~

R Y . nooq
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Other materials such as wood, steel, fiberboard, and plastic are also used in the con-
struction of packaging used to transport radioactive materials. - Since radioactive materials:
constitute only a very spall percentage of the total amount of goods transported in similar
packages, the use of these resources for their transport is considered negligible. °

- . = ~ b e
s . olb o .

The second area of resource use is in the operatfion of the transportation industry itself.
The transport of material requires the comitment of personnel money, and resources. Since .
radioactive nateria] packages account for only 2 x 10 of the 500 x 10g packages transported
annually. and since, for the nost part ‘they are transported incfdentally to other freight,«:
virtualiy no savings in resources would be ‘realized if they were removed from the transport <2~ .
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Certain radioactive material shipments, however, cannot be handled routinely along with
other freight. Because of excessive bulk, radiocactivity, or massive shielding, certain ship-
ments are handled as the -exclusive cargo for transport between two locations. Examples of:.
these kinds of shipments -are irradiated fuel from military and civilian reactors and large .
jrradiator sources. Natural and enriched uranium-are 'usually carried on exclusive-use vehicles
because of their bulk rather than their radioactive properties. The resource use and environ-
mental impact committed to such shipments can be jdentified with and charged to the transpor-
tation of radioactive materials. Such environmental impact items as fuel use, noise, pollution,
and accidental injuries and deaths-can be associated with such-activities. . A considerable
amount of -material is transported by exclusive-use vehicles, but only about 7,500 such ship- .
ments ° consisting of nuclear fuel, waste, large quantity source, and some radiopharmaceuticals
are made per year. ' These shipments are a negligible :fraction of the total number of shipments
of all materials and therefore account for only a small fraction of these nonradiological
transportation impacts./- "t * . . - ros
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4.6 ABNORMAL TRANSPORT 'OCCURRENCES - .

‘In ‘each mode of -transport there is a class of incidents that occur infrequently and that
cause “additional radiation exposure and radioactivecontamination. These .incidents are con-
sidered here as a component of normal transportation because they do not involve accidents that
cause damage to the shipping vehicle. Included are such events as dropping of packages by
material handlers, packages being run over and crushed by a vehicle, and skewering of packages
by a fork 1ift, any of which may comprom1se package integrity. Other occurrences relate to
packaging procedures and include failure o pack the .radioactive materia]s proper]y, 1abe11ng
packages with an jncorrect TI rating (either too large or. too small), failure to close seals :5:
properly; use of defective fittings, or- -failure to provide adequate shleldlng Package “loss is
yet another in the class of abnormal occurrences, any of.which may result in excess radiation

exposure to handlers or to the general public. s Teen e,

.
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The ‘DOT recelved 144 hazardous mater1a1 1nc1dent (HMI) reports lnvolvinp radloact1ve .
materials during the 5-year period 1971-1975 (Ref. 4-12). Releases were 1nd1cated ln only 36 ,
of these reports. About half of these releases occurred .in 1975 (20 1nc1dents), ind1cat1ng
that fewer than one out of every 100,000 packages were involved in 1nc1dents leadlng to a
release. Air carriers (including air freight forwarders) accounted for about half the togal
number of reports submitted. Highway carriers accounted for about 45 percent and the remalnder
were filed by rail carriers.. Over 60 percent of.the releases were noted by hlghway carriers.
Most .of .the air shlpmentJ1ncxdents involved Type A or Jimited packages of radiopharmaceutmcals
Appendix F .includes 98 of these incidents in a-list of hazardous materlal _incident reports
obtained “from.DOT. .« --, = "2 . ¢ . f owimetnoelog . betawss F '
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Five of the twelve reported releases -in the air mode involved packages dropped in handl1ng.
typically -falling off a cargo handling cart and then be!ng run over and crushed by a veh1c1e .
Other releases for:the air mode resulted from damage by other fre1ght external puncture, }oose i
fittings -or closures, or other improper packaging. ...
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The’ reported highway incidents.included Type A radiopharmaceutical packages, drummed .
low-specitic-activity wastes, “large casks, and radiography. sources.. Twelve of the reported
incidents (only one of which involved a release of radioactivity)-were caused by vehicular
accidents and are therefore the subject of Chapter 5. Defective or improper packaging was

responsible for over half the incidents that involved a release.

~

A principal impact produced by a damaged package is radiation exposure of inaividuals
handling the package and others who are near the.package for-a period-of time, especially..
before the damage is detected. Other impacts are associated with the resulting radioactive
contamination, including the doses received by cleanup crews and the cleanup costs. For most
rackages (e.g.. radiopharmaceuticals or small industrial sources), this is a small effect.

-
* ' P o .-

As an example of the radiation levels to which persons might be exposed, a 30-curie Ir-192. .
source with complete loss of shielding resulting from a packaging error could produce a dose rate
of as much as 25 rem per hour at 1 meter from the center of the package. A 51ngle 1nc1dent in
which shielding was lost on one side of such a package is known to have occurred. Although the
exposed individuals exhibited no detectable acute health effects (indicating a dose of less
than 25-50 rem), it is clear that the potential exists for large individual doses under these
circumstances. : : Co . -

1}
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Most radioactive materials are shipped in Type A packages, which are designed to withstand
only normal conditions of transportation. The quantitIes of material released in package-dam-
aging incidents are expected to be on the order of 10 of. the package content. With this -,
release fractlon for Type A quantities of a radionuclide and' assuming that 10 -3 of the material, ;-
released is inha1ed ingested or' absorbed, an average individual dose rate about 0.5 rem per-, -
year is expected. (This dose rate‘and release fraction are derived from the basis of the IAEA -
Type A quantity specification for each material.) Since most handling accidents are Tikely to
occur in terminal areas, fewer than 10 people are likely to be exposed and the population
exposure received‘per inéident is unliﬁe1yﬁto be greater than 5 person-rem.. For the current 20
incidents lnvolving a release per year, the expected annual popu]ation dose rate is expected to
be less than 100 person-rem from this source. = U - -

Tt o

4.6.1 IMPROPER LABELING OF PACKAGES ~~ o ’ . - are -

.

e : : 1 .

Estimates of the annual *radiological impacts resulting from abnormal occurrences ' are -
difficult at best since inc1dents invo]ving release or partial loss of shielding are so di--,
verse, and the numbers of persons exposed are usually not knowr. ~ Some of the shipments reported -
in the 1975 Survey (Ref. 4-13, described in Chapter 1) may have included packages with incor-;
rectly assigned transport indexes. If the total reported TI were too low, the annual normal
dose is higher than that calculated jn this® chapter.” On the other"hand; if -the total reported
TI were too high, “the annua] dose would be lower than anticipated.-. However, assigning.a.Tl .
higher than that’ warranted by the radiation level could cause shipments to be-unnecessarily::
delayed because of restrictions on the maximum TI allowed on a transport vehicle.: Improper,@.'
labeling of packages usually occurs for one of the following reasons: (a) premature release of
the package for shipment or (b) an error in measuring the radiation level at 3 feet from the
package surface to determine the TI.

4-32



ca

Premature release of a package for shipment is a particular problem with short-half-life
materials because the decay that occurs between labeling and actual commencement of shipping is
factored into the labeling process. If the time lag is underestimated consistently, an extra
hazard may be incurred by the public and the industry. - -

Measurements of package TIs in 1973 showed a significant number had more TIs than stated
on the label (Ref. 4- 14) To combat this problem and that resulting from improper shielding, :
FAA has proposed -that every package offered to the airlines _be monitored before it is accepted '
for shipment. This procedure might catch shipping errors before the consequences could affect
a large number of people. o

-

4.6.2 IMPACT RESULTING FROM LOSS OF CONTROL OF RADIDACTIVE MATERIAL PACKAGES - = =~ ~
The principal impact resulting from loss of control of a package is irradiation of people
in-the vicinity.of. the package who are unaware of its presence or contents Loss of control
might -result when a package is separated from its radioactive labels or if it is 'dropped during
transport. . Either scenario is potentially more serious if shielding or package integrity is

Tost, especially if a long-half-life nuclide is involved . )

wr
£

A typical population dose may be computed by using Equation (D-9) of Appendix D where o
allowance is made for the change of the TI with time due to radioactive decay:

K e O
0 -0. ;
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Assuming a suburban population density of 719 persons per km (6.68 x10 - -5 persons ‘per ft ) and
a 1.0-TI Type-A package of I 131 ‘with 'a half-1ife of 8 days, the populationidose received is .
about "7 "x 10 "3 person-rem, assuming the ‘package 'is-1ost’ indefinitely.- -The population dose

associated with a lost package in an area of higher population density would be proportionally
higher, but is unlikely to reach a significant level.

i The average time to recover a lost package is -approximately 14 days (based on incidents
reported during 1976)‘ A high dose “rate ‘makes’a package - ‘easier ’to -locate ‘using radiation °
survey equipment. Using the 14-day valte' in the above calculation,® the population.dose for.an ..~

1-131 package loss is of the order of 0.005 person-rem. Records indicate an average of 5 :

-
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losses per year, over the last 9 years. Assuming all lost packages to be like the I1-131 package
just considered, an average annua] population dose of 0.025 person-rem might be expected.

4.7 SHIPMENT BY FREIGHT FORWARDERS

The previously mentioned State surveillance studies (Ref 4-15) examined four freight
forwarder ]ocations where consolidation of radiopharmaceuticai packages is carried out.” The
average annual popuiation exposure assoc1ated with these operations was found to be 4 person-rem
per location. It is estimated that there are no more than 10 such locations throughout the
country, resulting in a max1mum annual population exposure of 40 person-rem.

-

4.8 EXPORT AND IMPORT SHIPMENTS

. Export risks are considered to occur from the time the material leaves the shipper until
it enters the country of its destination. ThlS lncludes the secondary mode link" from the
shipper to the U. S port of departure and the primary mode iink to the first port of entry into
the destination country, but not the secondary mode link to the ultimate destination within the
foreign country. Import risks are considered to occur from the time the shipment first arrives
in the U.S. until it reaches its ultimate U.S. destination Thus, import risks are associated’
primarily with the secondary mode transport of the material from the U.S. port of entry to its
destination. ‘ ' ' ‘ o :

4.8.1 EXPORT SHIPMENTS

-~ - - PETIE

The export normal risks were evaluated in ways comp]eteiy‘analogous to the total normal
risk evaluation using the export standard shipments model discussed in Appendix A, Section
A.6.1. Secondary mode mileages were half of their counterparts in the total risk calculation, .
since the secondary mode link on the receiving end was not considered and the number of han-
dlings were adjusted accordingly. The results are given in Tables 4-13 and 4-14 by transport
mode and material, respectively. The total annual normal population dose resulting from export
shipments is 61 person-rem, or 0.6 percent of the total 1975 normal risk. A

The maximum individual dose due to export shipments is unlikely to be greater than that
delivered to an airline passenger who happens to fly on a number of passenger aircraft flights
carrying radioactive materials. The data indicated about 600" TI were ‘exported by passenger
aircraft. If these 600 TI were transported on 50 flights each carrying 12 TI and if an indi-
vidual happened to fly on ope-fourth of all flights with radioactive naterlals and experience )
the average 0.36 mrem per hour dose rate (0.030 mrem per hour 1 x 12 TI) for an average of 8
hours per flight, his total dose would be 36 mrem. .

} 3 1
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4.8.2 IMPORT SHIPMENTS
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Since inports reported in the 1975 Survey accounted for only an estinated 40 TI and the
total-TI transported annually is 4.5 x 106. the contribution of these to the total normal dose
is considered negligible. - , oo . R .
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1.5126=-02
2.673E-02
T+420EeB0
3.251E¢00
1.074E+C0

1 23E+02

- 14 858E-0%

SURRNUNNING POPULATION
WHILF MOVING

AFF LINK

6.,27T7E~-03
1.288F=004
2. 43904
2<386E=-0%
8.301E-05
3.33%E-0% "
8.234E-0Y
Mo 150E-04
7.295E-3%
4¢632E-03
1,733E-0%
3.1136-05
2,191E-02"

3e123E-T4
Lo 7643E-04 .-
6e 64 1E=04
50297E-03
4. 371E-04
9.111E-03
6,575E-01
1.611E000
3.538E-82

2a17T7E¢00

ON LINK

L1.X31F=02
SebLIAE-D4
1.,051€-03
1.007€=-13
3.50F=04

“2«ALKE-03

3. b75E-02
1.752F=07%
3.079F~-02
1.955€-92
T.31SE-0%
1.314E-04
9,249%-02

~-TeALIE-ON
131AF=-03 "

T«357E=-04
2.8N3E-0Y
B.374F-03

1.845F=03"°

8.062E-0%
20291€E000
1.353€400
1,493€-01

&.0R0E+00

SToPS

2.098F-902
3.0156=-0%
S.L11E-04
9.018E-04
1.804F=0%
4.965E~03
2.684LE-02
9.01RE-08
1.585F-02
1.006E-02
€,926E~-03
1.262E=04
8.125€-02
Se814F-03
1.086F-0X
T«T13F=04
1.443E-03
6.256E-03
1.316E-03
7.639€~-03
1.992E+00
1.198E¢00
T.688E-02

3.467E40D

STORRAGF

2¢B15F-02
bobbAF-04
T987E-04
1+330E-03
2+661E-04
6.195F~03
3.959F =02
1.330F-0%
2.33AF=-02
1.L485E-~02
1.022€-02
1.862F=-04
1.146F-01
B.574F=~0%
1.602€E~03
1.117F-0%
2.12AF=-0%
8.721F-03
1.86RE-103
1.030F-02
2.586F#00
1.628F¢00
Le134E-0L

%+5603€+00

TOoTALS

1.154E00
2.213E-02
1+.6L8F-02
5 .ALSE-(}2
6.661F-03
1.640E-D1
3.663€¢00
JelbtF-02
h.183E-01
3.355€E-01
1.180E¢00
8.9A3F-03
6.401€000
1.0T70E+0D
1.384E-01
1.237€-01
4. 806E-02
2.943E~-01
5.756E-02
1.360€-01
24232E4012
2.026E401
2785E000

6.069E+0L




4.9 SUMMARY OF ENVIRONMENTAL IMPACTS FOR NORMAL TRANSPORT

In this summary only the radiological impacts from normal transport of radicactive materials
are discussed in detail, since they are the predominant ones. Other impacts, e.g., area denial
and resource use, are secondary. Because rad1oact1ve materials are carried most often on
vehicles whose prime purpose is to carry passengers or other freight, these secondary impacts
would occur regardiess of the presence of the'radioactive material package. The impacts pre-
dicted for 1985 are based on the scaled-up standard shipments model presented in Appendix A.

The radiological 1mpact in terms of annua] population doses is g1ven in Table 4-15 for
various population subgroups and modes of shipment. Table 4-16 shows 51m11ar information clas-
sified by isotope shipment rather than by mode of sh1pment. Tables 4-17 and 4-18 show the
projected values for 1985. Table 4-19 summarlzes the maximum 1nd1v1dual annual dose values.
From the data contained in these five tab1es the follow1ng observat1ons can be made:

1. Shipments of waste material account for 15 percent of the 1975 dose and 24 percent of
the 1985 dose. These shipments are numerous and have large T1 values. Shlpment of isotopes
for medical use accounts for approx1mately 52 percent of the total 1975 dose and 38 percent of
the 1985 dose. While each such shipment emits radiation at. relatively Tow’ 1ntens1ty. the
number of such shipments is very large. Shlpments of 1sotopes for industrial use account for
24 percent of the 1975 dose and 22 percent of the 1985 dose. Nuclear fuel -cycle shipments
account for 9 percent of .the 1975 dose and 15 percent of the 1985 dose. Limited shipments
contribute 0.6 percent of the 1975 dose and 0. 7 percent of the 1985 dose . LT

s;—— i
Yy

2. The highway transport modes (truck and delivery van) contr1bute 69 percent of the
total 1975 dose. Passenger air transport accounts for 30 percent of the total’ 1975 dose

IS

3.  On the basis of person-rem per TI carried the passenger air mode causes the largest
radiological effect for the material carried. Values for each mode are shown below

Mode_ Person-rem per‘TI carried ’

Passenger air ‘ SER 0.0067 ) q/»é
Ship % 0.00265
Secondary modes - - T . ~ 0.00198
All-cargo afr * © o e < ., 0.00128
Truck ’ ‘ - CToo T T L o.00116
Rail . " 0.00065

When the mean person-rem per TI for secondary transport“modes‘is added o that for each primary

-

transport mode, the rankipg isas follows: - -.- - - =«
* L .
— S T 3 -
. L
.3 [ -’
- T - . . oW
- Pt st “r. -l
N i‘ - . i
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TABLE 4-15

ANNUAL NORMAL POPULATION DOSES (PERSON-REM) FOR 1975
SHIPMENTS BY POPULATION GROUP AND TRANSPORT MODE

»

i .
1 -~ 4

- Population éroup

.
"y 05

=

-~ - ) +

I v “
' N . i *

Surrounding Population

PO SR 1N
(SR A

Ses

Transport ¢ - - . % of

Mode Passengers Crew Attendants Handlers' Off-Link On-Link Stops Storage Totals Total
Passenger . g P h ¢

Alrcraft 2330.0 16.000 111 433.00 " 0 0 10.800, 0 2902.00 30
Cargo s - iy

Alrcraft 0 4.090 0 16.10 - 0 0 0.413 0 20.60 -
. Truck 0 _: 2580.000 0 51.60 @ 347.000 172.000 999,000+ 261.000 4406.00 45
Rail 0 0.893 0 92.50 22,500 0.012 0.879 0.666 117.00 1
Other 0 ; 5.710 0 1.87 0.878 0 1ﬂ080 0.392 9,93 -
Secondary : ) - )

Modes 0 . 534.000 0 1143.00 - 51.200 216.000 79.200 310.000 2333.00 24

TOTALS 2330.0 3140.000 + 112 1740.00 422,000 388.000 1090,000 572.000 9790.00

s OF Y- . . : . ‘

TOTAL 24 32 1 18 4 4 11 6
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e . . ‘ _ TABLE 4-16

Lo sis e . <% ANNUAL NORMAL POPULATION DOSES (PERSON-REM) FOR 1975 ' C
. " SHIPMENTS BY POPULATION GROUP AND MATERIAL o -

! iy

1

PR i

b ‘ - g, . Surrounding Population

LN R - o . ; e % of
Material \ Pasgsengers Crew Attendants Handlers Off~Link On-Link Stops . Storagg,q Totals Total
Aqi%41: A 18.900 115.000 0.905 "  79.000 4.380 10.500 14.600  18.400  262.000 3.0
aﬁ-}4i‘ a""' 4137 1200 0.020 . 0.240 0.032 0.047  0.046 0.059 1.950 -
Aq;i98‘ " 15,500 25.2000  0.740 16.600 0.938 2.180  2.440  3.140 66.700 1.0
c-14 | 2.790 1.230° 0.134 0.805 0.046 0.109  0.079 0.107 5.300 -
Co;si‘“ | 6.500 4590 - 0.311 1.960 0.150 0.279  0.231  0.305 14.300 -
c;:sd“ LSA 7.490 110.000" 0.358 43.900 3.720 7.280  10.400  13.100 197,600‘ 2.0
Co-60 A q‘“ - 433.006 0 -© - 122,000 . 13.000  19.000 26.100 , 32.500 645.000 7.0
cé;éq' B 0" ' 109007 0~ 3,290 0.265 0.131  0.864,°" 1.04 16.400 -
Co-60 L&l o0 om0’ o 0 - 0.003 0.001  0.004  0.001 oi;éo‘ -
céfso\' L0, 0 R NI R o 0.800- 0.075 0.038  0.076_ o:ozo‘ ;.ggb\ -
c§71§5‘ A 3:140° 1381000 0.165  130.000 5.300 16.300 27.100  33.800 355.000 4.0
Cas137 N o T 0.605 0o 0.222, 0.02 - 0.039  0.054 0.067 1.010 -
a7 3l3e0  7.940 0.161 16,030 0.312 0.781 o:9§§, 1.22 20.800 -
e’ fsa 0,317 0.303  <0l015™  "0.253 0:010-  -0.032 onozst 0.035 0,906 -

A-3 A 0.314 0.169 0.015 0.115 0.006 0.015 0.012 0.016 0.663 -
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TABLE 4-16 (continued)

Haterlgl Passengers Crew Attendants Handlers Off-Link On-Link Stops Storage Totals ;oggl
‘11 A 1000.000 504.000  48.000  426.00 20.500  54.600 43.000  57.900  2160.000  22.0
1-131 B 0.848  1.140  0.041 0.554 0.041 0.090  0.088  0.114 2.420 -
llxz;i92 A 20.500  ’'18.400 0.981 9.370 0.638 . 1.350 1:1io 1.500  53.800 -
1c-192 ‘B 170.000 ' 265.000 8.140 85.000 8.500  15.300 14.000  18.100  584.000 6.0
Kr-85 A 10.100  25.100 0.483 6.440 0.816 1.170  1.090  1.400  46.600 -
‘Ke-85 B 0.02  0.224 0.004 0.060 0.007 .011 O:Oil 0.014 0.424 -
Limited 17.800  26.600 0.853 11.600 0.878 1.660  1.690  2.170  63.300 1.0
MPMC LSA 0 22.500 0 0 3.470 1.710  16.100  4.210  47.900 -
MP+NC A 0o 18.600 0 0 8.940 4.410  32.200  8.440  72.700 1.0
MP+MC B 0 1.080 0 - 0 0.026 0.013 0,106  0.028 1.250 -
MP4MC  LO 0 0.326 0 0 . 0.008 0.004  0.011  0.003 0.351 -
'hix;h "LSA  1.250  19.000 0.060 6.970 0.626 1.170  1.670 2,090  32.800 -
Mixed ~ A 1.680  25.000 0.080 17.600 0.956  ,2.300  3.540  4.440  55.700 1.0
Mixea B 0 1.500 0 0.576 0.050 0.096  0.147 - 0.183 2,550 -
Mo-39 A  873.000 715.000  41.800  393.000  25.100  53.800 47.600  62.600 2210.000  23.0
Mo-99 B 144.000 127.000 6.890 31.100 3.810 5.800  4.500  5.920 329,000 3.0
p-32 10.900  6.630 0.522 4.510 0.250 0.599  0.491  0.654  24.600 -
Po-210 A 0.019  0.018 0.0009 0.013  0.0007  0.002  0.002 0,002 0.056 -
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TABLE 4-16 (continued)

Material Passengers Crew Attendants Handlers Off-Link On-Link Stops Storage Totals ;ozgl
Po-210 LQ 0.171 0.150 0.008 0.058 0.005 0.010  0.008 0.011 0.421 -
Pu-238 A 0.080 0.179 0.004 0.158 0.007 0.020  0.024 0.05) 0.505 -
Pu~-238 B 0.589 1.250 0.028 0.357 0.038 0.063  0.066 0.084 2.480 -
Pu-239 B 0.915  27.900 0.044 6.190 0.825 1.170 1,530 1.910 40.500 -
Pu-239 LQ 0 0.003 0 0.003 0.0002 0.0008 0.0002 0.0003 0.008 -
Ra-226 A 0 58,700 0 27.300 1.97 3.790  5.820 7.260  105.000 1.0
Ra-226 B 0.104 1.330 0.005 1.380 0.065 0.204  0.314 0.396 3.800 -
Spent fuel - . ‘

rail 0 0.068 0 6.800 0.175 0.222  0.089 0.427 7.780 -
Spent fuel -

, . truck .0 )31.300 To ?g.aoo 3.8 1.880 ‘4.820‘ 1.260 93.800 1.0
“Tc=99 g,,¢3533° 7!¥gg5§go f.-9;§f5 ’\?7.199 | '2:1§o 7.050 11,200 14.000  138.000 1.0
UP6-nat 0 17.200 0 FUUé.800 0 1.630 1.310  1.810 2.540 - 30,400 -
. UP6-ent " v;3£§f° ”9p7; 3:3:3 “o:}}a ?.??5 0.218 0.107 3.870 -
.. U02-enr 0 19,500 K ?.970 27930 3:250 §.21o '2.570 36.300 -
,,.U02-Rx 0 h;}3;§9° o 0.395 0.443 0.465  0.689 © 0.341 15.000 -
U308 - - 0, 13000 0 172.000 47.000 ' 38.900 "47.800 ©:67.100 ' 485.0007 5.0
U-Pu " L.ea0 12.700 .08 160 "0.356  © 0ld22  0.439 0.553 - "18.400 . -
Waste LSA 0 17.400 0 ,0- -, ', . 3,450 1.700  12.600 3.290 38.400 -
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TABLE 4-16 (continued)

I L 31":‘ N \ . ‘ Of
Materjals Passengers Crew Attendants Handlers Off-Link On-Link Stops Storage Totals Total
vd oo PR S TR a3 Gy vy N ‘
HWaste e 0 139.000 0 0 ’ 254.000 125.000 - 746.000° 195.000 1460.000 15.0
NS " LA ) vty * . !
Waste B 0 0.565 0 0 0.357 0.176 1.580 0.413 3.090 -
sbagr ™" ‘3 P b n T N W 1
Xe-133 10.8 12.800 0.516 5.460 0.421 0.789 0.743 0.964 - 32,500 -
,',«(\;‘4»:0 ‘, Vol I corey 1 ‘ .
[ g T AR ~ (e . B
T?TAL 2330,000 3140.000 112.000 1740.000 422.000 388.000 1090.000 572.000 9790.000
B T [ L [SE e
PERCENT 24 32 1 18 4 4 11 6
[ 1] I nn 0 N L 0
Ao sy '
nry H 0o . ,
T gnee : !
pTerEe g UNRRU T neen . )
Boosneow it NSRS Y ) N P '
Teosn ¢ 1y . P
wOTR " Ve LI NN )
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. ( CUTABLE 417 i o, e

‘ ANNUAL NORMAL POPULATION DOSES (PERSON-REM) FOR 1985
* SHIPMENTS BY POPULATION GROUP AND TRANSPORT MODE

- R

Population Group

‘-

- i surrounding Population

Transport . .. ‘ \ % of
Mode Passengers crew Attendants Handlers Qff-Link On-Link Stops Storage Totals" Total
Pagsenger ' '
Alrcraft ' 4010 ‘27.30 192 702.00 0 0 17.30 0 4948.0 \19
" cargo . < s o .
¢ . Alrcraft 0 . 37.80 ' 0 *146.00 0 0 3.96 0 ' 188.0 1
‘s . : ; " ! '
Truck 0, 6649.00 "':0 308.00 1340.00 662.000 '3870.00 1010.00 13840.0 54
Rail , 0 *3.86 . 0 499.00 97.40 0.052 ° 3.85+ - 2,92  607.0 2
\ 1 ar PR . . ‘ i
. Other . 0 29,60 ) 0 7.60 3.86 0 4,37 1.59 47.0 -
Secondary L :
Modes 0 '1220.00 ‘ 0 +2820.00 + 132,00 557.000 195.00 814.00 5732.0 23
. e . [ A N . 4 . ]
" TOTALS 4010 7970.00 "7 192 4480,00 ) 1580.00 ‘1220.000 4090.00 1836.00 25400.0
% OF '

TOTAL 16 31 1 18 6 5 16 7
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TABLE 4-18

ANNUAL NORMAL POPULATION DOSES (PERSON-REM) FOR 1985

SHIPMENTS BY POPULATION GROUP AND MATERIAL

¥

Surrounding Population

Material ‘ -Passengers - Cr;w Attendants Handleré Off-Link On-=Link Stoég, Storage '* Totals ;oggl
Am-24}iia 0 313.000 0 205.000" 12.300 31.200 37.;6b-> 47.épb 648.000 3.0
Am-241 'B 0 2.980 0 0.625 ‘ 0.908 0.149 0.119 0.152 4.110 -
Au-198 15.500 25.200 0.740 16.600‘ 0.938 2,180 2.44 3.14 66.700 -
c-14 ', 7.260 3.200 0.348 2.020 0.119 .283 0.205 0.278 13.800 -
Co-57, 16.900 11.300 0.808 3.166l 0.336 .500 ~ 0.517 0.366 33.900 -
Co-GE"LSA 0 292.000 0 114.000 9.990 20.200 27.100 34.000 497.000 2.0
Co-60 A 0 1130.000 0 317.000 33.700 49.400 67.700 ‘84.400 1680.000 7.0
Co-60 B~ 0 28.300 0 4.550 0.691 .341 2.180 2,720 42,700 -
Co-60 LQy O 286 0 0 0.007 .003  0.011 0,003 0.311 - -
Co-60 CQ, 0 1.570 0 2.000 0.131 094 0.190 0.050 4.090 -
Cs-137 A 0 363.000 0 338.000 15.700 43.800 70.300 87.90b 918,000 4.0
Cs-137 B 0 1.570 o 0.576 . 0,063 . .102 0.140 0.175 2.610 -
Ga-67 24.800 5.490 1.180 15.700 - 0.438 1.850 0.942 1.390 51.700 -
H-3 LSA 0.836 .555 0.04 0.659 0.027 .083 0.068 0.091 2,360 -
H-3 A 0.817 .440 0.039 0.299 0.017 .040 0.031 0.042 1.720 -
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TABLE 4-18 (continued)

Passengers Creﬁ ‘. Attendants Handlers - Off-Link.. On-Link
-131 k' 1000.000  504. ooo " 48.000 426.000° ' 20,500 54.600
1-131 B o.q}e 1. 140 T g.0m 0.553 »*  0.041' - 0.090
I:if9§"h 0o " 54.000 oo 24.400 " 2.010° 5.010 /
1:4192 B 0 745. ooo 0o " 221,000  25.200° 53.000"
x:-ss“X 26200 65.200"° 1.260 " 16.700" 2.120  ©  3.050 -
x:-es "B 0.240 ' 0.582"  0.011" 0.156 **  0.018° 0.029 -
Limited ey 46,300 69,400 2.220 30.200 2.290 4.320
MF4MC,-LSA O 93.100, 0 0 14.400 7.100
upiic A’ 0 77.100 0 0 37.000  18.300
ur+nc“"§ " 0" 4.466°° 0 ° o 0.109 *  0.054
ur+nc LO ¥ 0" 1.3607 0 v 0o 0.033 0.016.
Mixed LSA “ 3250  49.500 ©  0.i56 18.200° 1.630: 3.050
Hixe§ E 1.370 65.100 " 0.209 45.800" ! 2.480°":  5.970 .
Mixed ‘E K o 3*é§b“ 0" 1.5001 .130 ° 0.249 .
o-99 A 2270. ooo 1860.000 ~ 109.000  1020.000 °  65.300 © 140:000
Ho;;9 B 374.000 331, ooo " 17.900 ¢ 80.800 9.910 ¢  15.100 "
p-sz* 7’ " 28.300 1. 200 1.350 11.700 0.648 1.550
po-210 & 0 0059 "0 Y 0.083 0,004 008

% of
Stops . Storage Totals Total
43.000 . 57.900 -+ 2160.000 9.0
0.088.: 0.114 ..  2.920 =
2.950 3.890 92.200 . -
36.400  47.100 . 1130.000 4.0
2.830 3.630 121,000 1.0
0.029 .- 0.038 1.100 -
4.390 5.670  165.000 1.0
66.700  17.400  199.000 1.0
134.000  34.900  30i.000 1.0
0.440':  0.115 - 5.170 -
0.046 * 0.012 . 1.460 -
4.350 - 5.450 85.600 -
9.210, 11.500  145.000 1.0
0.382. 0.476 , 6.630, -
124.000: 163.000 5750.000 23.0
11.700  15.400 - 856.000 3.0
1.270 1.700 63,700 -
0.005 0.009 0.127 -
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TABLE 4-18 (continued)

Hateriél Passengers ' Crew Attendants Handlers Off-Link On-Link Stops Storage Totals ;ozgl
Po-210 LQ 0" " 0.443 0 0.152 " 0.017 1 0,039 0.021 0.029 0.700 -
“Pu-238 " 0.209 ' 0.466 *0.010 0.411 0.019 . 0.052 0.063 0.081 , 1.310 -
P&Jg3d "6 TTYauso o 0.926 0.112 0.213 . 0.171 0.219 5.090 -

' 9;2239_ B 0 28.000 O 6.190 .0.833 1.210 1,530  .1.910  39.700 -
pu-239 g 0 " 0.003 0 - 0:003 0.0002 0.0008  0.0002 . 0.0003  0.007 -
' pu-recycle "o © " 6.650 0 0.041 0.333 0 0.006 0 7.030 -
Ra-226 A 0 58,700 ' 0 27.300 1.970 3.790 5.820 7.260 105.000 -
Ra=226 B 0 " 1.410 0 1.380 0.071 0.229 0.314 0.396 3.800 -
'Spentlfuel - T :
rail - 0 . 2.600 0 261.000 6.690 8.530 3.440  16.400 298.000 1.0
r Spent fuel -~ . ., . . B

truck 0 188000 0 ©306.000 22.900 11.300  29.000 7.600 565.000 2.0
fé}gi' " 8.950 110.000 0.426 150.000 5.610 18.300  29.000  36.400 358,000 1.0
‘ fllgdl "144.000  34.500 6.900 27.800 1.360 3.530 2.310 3.200 .224.000 1.0
v3os R ** 467,000 0 710,000  195.000  161.000 198.000 .278.000 2010.000 8.0

" UF6-nat 0 ' 71000 0 26.900 4.240 5.410 7.480  10.500 126.000 -
" 'UF6-ent 0’ " 13.000 0’ “ 9,609 0.489 .560 0.904 0.444  16.000 -
u&g—énr 0" " 80.700 0 . 12.300 11.700 13.400 21.500 10.600  150.000 1.0
U02-Rx T 0 . 51,600 O © 1.640 1.840 1.930 .2.860 1.410  61.300 -
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TABLE 4-18 (continued)

Material Pagsengers Crew Attendants Handlers Off-Link On-Link Stops  Storage Totals ;ozgl
U=Pu 7.610 52.800 0.364 8.130 1.4b0 1.750 1.820 “ 2.300 76.300 -
Waste LSA 0 71.900 0 0 14.300 7.040 52,000 1?.600 159.000 1.0
Waste A 0 574.000 0 0 1050.000 516.000 3080.000 805.000 EOI0.000 24.0
Waste B 0 2.330 0 0 ) 1.470 0.726 6.510 1.7q0' 12.700 -
Xe-133 28.000 33.400 1.340 14,200 1.090 2.050 1,930 2.510 84.500 -

TOTALS 4010.000 7970.000 192,000 4480.000 1580.000 1220,000 4090.000 1830.0q0 ‘25400.000

s OF l “

TOTAL 16 31 1 18 - 6 5 16

.
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.
o
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.




TABLE 4-19
SUMMARY OF MAXIMUM ANNUAL INDIVIDUAL DOSES
FROM RADIOACTIVE MATERIAL TRANSPORT

Population . 1975 Max. (Avg.) Probable
Subgroup Dose (mrem)
Airline Passengers - 108 { 0.3%)
Cabin Attendants 13 ( 2.9)
Passenger Aircraft Flight Crew 2.5 ( 0.53)
Al1-Cargo Aircraft Flight Crew - 61 (12)
Air Crew (other air modes) - 5

Truck Crew 870

Van Crew 70

Train Crew 1.2

Ship Crew 3.7

Freight Handlers 500
Bystanders (pass. air) . 85
Bystanders (cargo air) 106
Bystanders (other air modes) - 60
Bystanders (truck) 1.3
Bystanders (rail) 1.65
0ff-1ink (truck/van) 0.009
off-1ink (rail) 0.017
On-link (truck/van) - . 1.9

Storage (rail) . . ) 25

4-48



Mode (including secondary link) Person-rem per Tl carried

Nonexclusive trucks 0.00889

Passenger air 0.00814

Ship . . 0.00524

All-cargo air o 0.0035

Rail ee ... ..., O.00183 | ) )
Exclusive-use trucks Y s e e -

(no secopdary l1pk) 0 00058

- R

.. T . I

4. The estimated total annual population dose is 9,790 person‘rem‘ih 1975 and 25,400
person-rem in 1985. Thls dose has the same general characteristlcs as other chronic exposures
to radlation such' as natura] background The predlcted result of pub11c exposure to this -
radiat1on is’ approx1mate]y '1.19 1atent cancer fata11t1es and 1.7 genetic effects™in 1975 and
3.08 latent cancer  fatalities and 4.4 genetic defects in 1985. ~While the value of -9,790
person-rem may seem large, it is sma11 when compared with the 4 x 107 person-rem received by
the total u.s. populat1on 1n the form of natural background radiation (see Chapter 3). The
total populat1on at rusk for radloactive material’ transport is estimated to be about 20 x 106
people (1975), based on ‘estimates of numbers of aircraft passengers "persons in air terminals,
and persons living within 0.5 mile of truck and van routes. * Thus, the average annual individual
dose is approxinately 0.5 mrem which is 2 factor of 300 below the average individual dose from

background radiation. ~These results aré shown in Table 4- 2. - T

[_—

S. Exports and lmports of radioactlve materials make on]y a very small contribution to
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" - CHAPTER 5

R S P . N

IMPACTS OF TRANSPORTATION ACCIDENTS { :

5.1 INTRODUCTION ' oo

Two factors are considered in evaluating the impact of accidents that involve vehicles
carrying radiocactive shipments: probabilityiand consequence. The probability that an acci-
dent releasing‘radioactive material will occur can be described in terms of the expected
number of accidents (of given severity) per. year for each transport mode;- together with the
package response to: those accidents and the dispersal that is expected. The consequence of an
accident is expressed in terms of the potential effects of the release of a specified quantity
of dispersible radioactive material to the env1ronment or the exposure resulting from damaged
package shielding i ‘ : s

o ot - ot
I amm o eem o nemepnn .

* The product of probability and consequence is called the “annual- radlological risk" and
is” expressed in terms of the expected radiological consequences per year. This risk can be
quantified for each shipment type. Summing the risks over all shipments gives the total annual
risk resulting from all shipments. Since this method does not distinguish high probability-low
consequence risks from low-probability/large-consequence risks,’ shipments with potentially

n e

severe consequences are, in addition considered separately from the risk calculations

2 ML § A A S < b — n TR A e 8

{‘ The actual method by which risk s calculated 1s outlined in Appendix G and detailed in
Reference 5-1.& Figure 5-l outlines the informational flow used in the calculation of impacts
due to transportation accidents It also shows the additional inpacts that add to the annual

P s

risk discussed above fy .- ; , - .
T [ S * ’ i PO ¢ T -
kS + - s -

) Thigpchapter As divided into'eight additional;sections. Section 5 2, which follows this
introduction, includes discussions of accident rates for variousrtransport modes and severities
and of package release fractions ~'Section 5.3 discusseés the dispersion/exposure .mode} and the
inherent'assumptions used in the meteorological calculation _ The results of.the risk calcula-
tions ‘using the 1975 standard shipments and their 1985 projections (see Appendix A), are pre-
sented in Section 5.4. . Section 5. 5 discusses the potential effects and cleanup costs of the
radioactive contamination from a transportation accident. In Section 5.6 the "worst-case
’ shipment scenarios are considered, i.e., those that have the potential for very severe conse-

quences but have a very Tow occurrence probability Section 5.7 discusses ‘the impact due .to

<

export/import shipments ‘~Section 5.8 discusses the nonradiological impacts of transportation“

B accidents. and Section 5.9 summarizes the results of the acrident risk*and consequence calcu-
lations. A sensitivity analysis for the risk computation is performed in Appendix I.

s
o § i A .. . e

T ] - g t‘. : ; ; b ;r L I ff E P, : . .
-G i oo e s : P -

. 5.2-DETAILED ANALYSIS T ¥ | : . A L R &

. < R IR
"} -~ g oo : t; B ‘w - A . : Lo % .
o ;.. H L e a——r +% o t. ¢ q‘, ; - »

>

Direct radiologlcal mpacts on man are considered to be the most. important component of
the environmental 1mpact Direct impact to man may result from transportation by any mode or™

A
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submode. The probability that a transport vehicle of a particular mode will be involved in an
accident of a specific severity depends on the accident rate per vehicle-kilometer, the number
of shipments per year by that mode, and the distance traveled by each shipment transported by

that mode. The "“consequences" of an accident involving a specific mode depend on the quantity
and type of radiocactive material carried, the fraction of the material that is released in the
accident, the population density in the area where the release occurs, the local meteorology

at the time of the accident, and the biological effect of the material v~ the environment.

5.2.1 ACCIDENT RATES

In order to compute the probability of an accident, jt is first necessary to know the
accident rate for the mode under consideration. The accident rates used in this assessment
are specified per vehicle-kilometer and are summarized in Table 5-1, which also lists the
sources for the information.

5.2.2 ACCIDENT ENVIRONMENTAL SEVERITY CLASSIFICATION

The amount of radioactive material released to the environment. in an accident- depends
upon the severity of the accident and the package capabilities. +Very severe accidents might
be expected to release a considerable amount of the radioactive materia] carried while minor
accidents are unlikely to cause any release. Thus, in addition to the overali accident rate
for each mode, the distributions of accidents according to severity must be determined In
this section, the accident severity ciassification ‘'scheme used in this assessment is discus-
sed, and the distributions of accidents according to severity are determined for air,. truck,
rail, and waterborne transport modes. In addition, estimates ef the relative occurrences of
accidents of each severity, in each population zone, and for each transport mode are discussed.

5.2.2.1 Aircraft Accidents R . .

v ~ -

The classification scheme devised for aircraft accidents follows that of Clarke; et él.
(Ref. 5-2) and is illustrated in Figure 5-2. The ordinate is the speed of impact onto an
unyielding surface, and the abscissa is the duration of a 1300°K fire. The results of Clarke
et al. indicate that impact speed and fire duration are the most significant parameters with
which to categorize aircraft accidents and that crush, puncture, and immersion are lower-order
effects (Ref. 5-3). Unyfelding surface rather than real surface impacts were chosen in order
to make use of the data of Clarke et al. and to facilitate comparison with the regulatory
standards. A derating model is introduced into the analysis later to account for the prob-
ability of impact on real surfaces rather than on unyielding targets.

The first two scale divisions for impact speed were chosen to correspond to standards for
Type A and Type B packagings, respectively. Thus, Category I accidents (with no fire), equiv-
alent to a drop from 4 feet (1.2 m) or Tess onto an unyielding surface, should not produce a
loss of containment or shielding in a Type A package. A 30 foot (9.1 m) equivalent drop was
chosen as the division between Category II and Category III impact accidents, corresponding
to the Type B container test specification. The remaining impact category divisions were

5-4
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TABLE 5-1
ACCIDENT RATES

L R

Accident "Rate™ "™
Mode . (per vehicle-kilometer) Reference

Aircraft 1.44 x 1078 ; 5-2"
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Truck, Delivery -6 )
van 1.06 x 10 ’ 5-2, 5-5:
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‘ , -

.93 x 107" .. 5-2, 5-1,
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~—=pl80 -see -K.-A...Soloman, - "Estimate.of. the Probability that an
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chosen more or less arbitrarily from the aircraft accident data compiled by Clarke et al.
(Ref. 5-3) in such a way that

1. 95% of the accidents involving impact are severity Category VII or.less,

2. 85% of the accidents involving impact are severity Category VI or less,

3, B80% of the accidents involving‘impact are severityﬁtategory V or less,

4, 70% of the accidents involving impact are severit;'Category IV or less, and
5. 60% of the accidents involving impact are severity)éategory II1 or less.

The fire duration category divisions were chosen in such a way that, with the exception of
certain Category 1V acc1dents increa51ng the fire duration by’ 30 minutes is equivalent to in-
creasing the impact to the next higher level. Impacts at less than 48 kilometers per hour
would not be sufficient to 2n accident of severity Category v or greater regardless of
how long the fire burned. The fire temperature was chosen as "1300°K’ to ‘facilitate comparison
with previous data lRef. 5-2) and to correspond roughly to the temperature of a jet fuel fire.

.- - e e

Note that Category 1 accidents can involve a fire of ;;’mden as 15 minutes' duration. A
Type A package involved in a Category I accident in which a fire occurs "would not be required

by the regulations to survive the accident without loss of shielding or containment.
e [

The fractions of aircraft accidents expected in each of the eight ‘aircraft accident
severity categories are given in’ Table 5-2. The numbers under the coiumn heading "Unyielding
Surface” were taken from the accident severity data of Clarke et al. (Ref. S 3) and were adapted
to the accident severity classification scheme used in this study. . .

s ]

The fractional occurrences listed uncer the heading “Reai Surfaces” account for the fact
that most aircraft accidents involve impact onto surfaces that yieid‘or'deforn to provide at
Teast some cushioning effect and result in impact forces that are Jess:severe than would occur
on an unyielding surface. These fractiona1 occurrences are .obtained by derating those for un-
yielding surfaces, based upon occurrence statistics for surfaces of varying hardness. The
details and rationale for this procedure are discussed in Appendix H. The derating of acci-
dent severities'ias made beginning with Category VIII and working back as far as Category III.
No real surface derating is expected for Categories 1 and 11, since these low-severity acci-
dents are expected to occur while the aircraft is on the ground at the airport.

C . A o :‘__
A subciassification within each severity category uas made to estimate the fraction of
those accidents that occur in a given population density zone. Three zones were used in this
assessment: low, medium, and high, characterized by average population densities of 6, 719,
and 3861 persons/kmz, respectively (the derivation of these values is discussed in Appendix
E). Since accident reports do not generally include the population density of the surrounding

areas, the data to determine the accident occurrence fractions in various population zones do
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: - TABLE 5-2
" FRACTIONAL OCCURRENCES™ FOR AIRCRAFT ACCIDENTS BY.ACCIDENT

T SEVERITY CATEGORY AND POPULATION DENSITY ZONE _

Accident’ Prgétiona1~0ccutr5nces £ 3 Fractionaf Occukrenceé‘hccording
Severity . UE?TEIHTEE-_-—___T'ﬁiiT-L - to Population Density Zones ‘
Category " Surface Surface - Low + Med ium High
i .57 447 .05 .9 .05
I .16 447 .05 .9 .05

I1I N %09 ) 0434 o1 . .8 .1

v .05 K .0107 : .1 .8 .1

v o .03 .0279 .3 .6 . .1

VI 03 - .0194 .3 .6 .1
. VII - .04 .0046 . .98 .01 .01
viiz - . 0 _.03 - .0003 | .98 .01 .01

TOTAL - 1.00 1.00

i
3

i

— .. -8

“overall Acident Rate = 1.44 x 107" accidents/kilometer for commercial aircraft
(K. A, Soloman, "Estimate of the Probability that an Aircraft Will Impact the
PVNGS," NUS-1416, June 1975.) .
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not exist. Thus, estimates were based on the following assumptions relating severity to
accident locations:

1.  Accidents of severities 1 and II are assumed to occur at airports. Since most
airports are in suburban (or medium) population density zones, 90% of all class I and II
accidents were estimated to occur in medium density zones, with 5% each ﬁn Tow- and high-den-
sity zones. .

2. Accident Categories III-VI were expected to be malnly takeoff and 1anding accidents
and thus were expected to occur near airports. .

3. The fractional occurrence of accidents in }ow—pooulation-density zones was assumed
to increase somewhat with accident severity, 51nce a greater percentage of Categories V and VI
accidents occur at higher speeds, which implies greater distance from the alrport.

4. Accidents of severity Categories VII 'or VIII-are main1§ in-flight accidents and are
expected to occur at random along the flight path' They are very strongly weighted toward the
rural, or low density, areas since about 98% of the land ‘area of ‘the Un1ted States is consid-
ered rural (Ref. 5-4). The remainder is estimated to be split between medium population
density (1 9% of the total land area) and high population density (0. IX of the total land
area).

. e et St o e Surebsine ibrs s - N aw o
¢

The accident rate for U.S. certified route carriers used in this assessment is1.44 x 10'8
per kilometer. This accident rate represents an average over .all aircraft types for, the years
-1967-1972, but within those years the range was 1.13 x 10 to 2.0 x 10 -8 per kilometer. The
accident rate for each severlty v levei was obtained ‘by multiplying the overa]] accident rate by
the fractional occurrence for real surfaces for that severity class, For each scenarlo in the
standard shipments model, three risks are computed assum1ng the shipments occur entirely in
a low-, medium-, or h]gh-populat1on density zone The actual risk is obta1ned by formIng
the sum of these three risk “values, weighted by the  fractional accident occurrence "in each
population density zone for that scenarlo. This same computat1ona1 technique is used for all

P S H

transport modes.

5.2.2.2 Truck Accidents o - T :““"‘“;‘3 T
i o _ 3 .

The severity classification scheme for truck accidents lS shown 1n Figure 5-3. In this
case the ordlnate is crush force rather than impact. Fo]ey et al. (Ref 5-5) have shown that,
in the case of “accidents” ‘invo1ving motor ‘carriers’ the dominant factors “fn the determination of
accident severity are crush force.#flre duratlon and puncture. The crush force may result
from either an inertial load (e.qg., contalner crushed upon impact by other containers in load)

or static load (e.g., container crushed beneath vehicle)..» =--

The fractional occurrences of truck accidents in each of the eight severity categories
are listed in Table 5-3. “Since the domlnant effect Xis crush:rather than “impact, no reail-
surface derating is involved. The fractional occurrences were taken from the data of Foley et
al. (Ref. 5-5). Note that the values for Categories VII and VIII are much lower than for

‘5-9 .-
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aircraft accidents. The overall accident rate for motor carriers transporting hazardous
materials used for this assessment is 1.06 x 10°6 accidents/kilometer.

The estimated fractions of truck accidents in each severity category occurring in each
population density zone are also shown in Table 5-3. The very low severity accidents are
expected to occur mainly in urban areas. The table reflects a gradual shift of accidents to
rural areas with increasing severity as average velocity increases.

Current plans are to require shipment of plutonium in 1985 by In}egrated Container Vehi-~
cles (ICV) (Ref. 5-6). These are trucks with large vault-like cylinders designed to withstand
accident forces and attempted penetraiion by thieveg_or saboteurs. Using ERDA nuclear weapons
shipment data, the accident rate (which includes the effects of a reduced speed 1imit, freeway
travel, no weekend driving, etc.) is expected to be 0.46 x 10.6 accidents/kilometer (Ref. 5-7).
The fraction of acEidents within each severity category and the fraction of accidents in each
population zone are expected to be the same for ICVs as for other trucks.

5.2.2.3 Delivery.Van Accidents

The accident severity classification scheme for delivery vané_is the same as that for
trucks, as shown in Figure 5-3. Fractional occurrences by severity and the overall accident
rate are shown in Table 5-4 and were taken to be the same as for trucks. The fractional
occurrences in the three population zones, however, are different. In the standard shipments
model, delivery vans are used only as a secondary transport mode. There is practically no
rural travel since most of the radicactive materials transport in delivery vans is to and from
airports, truck terminals, and raflroad depots. There are expected to be more low-severity
accidents in high-population-density zones and more severe accidents on freeways in medium-
population density zones as a result of the higher freeway speeds.; ) '

5.2.2.4 Train Accidents

N +

Figure 5-4 illdstrates the accident severity classification scheme used for train acci-
dents. The ordinate in this case is impact velocity, taking into account the effects of
puncture. In their inaIysis of train accidents, Larson et al. (Ref. 5-8) considered crush to
be an important factor. However, they were concerned with containers shipped in carload lots
and with the crush forces resulting from interaction with other cargo in the rail car. Since
the principal rail ;h?pment considered is spent fuel, which is not_shipped on the same car as
other cargo, crush as a severity criterion is not of prime importance

.
- -~

Table 5-5 lists lhe fractional occurrences for train accidéﬁi§~by severity class and by
population density zone. The fi-values were taken from the data of Larson et al. (Ref. 5-8).
As with truck accidents, no real-surface derating of the fractional occurrences is required,
since the predominant mode of damage in severe accidents is puncture. The overall accident
rate is 0.93 x 10.6 railcar accidents/railcar-kilometer, assuming an average train length of
70 cars and an average of 10 cars involved in each accident (Refs. 5-7 and 5-8). As in the
case of motor trucks, the more severe accidents are assumed to occur in lower-population-
density zones where velocities are higher.
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5.2.2.5 Helicopter Accidents

Helicopter accidents are classified in a manner similar to aircraft accidents (Figure 5-2).
The overall accident rate is 0.63 x 10-5 accidents/kilometer (Ref. 5-9), and the fractional
occurrences, shown in Table 5-6, are taken to be the same as for aircraft impacting on real
surfaces. However, the fractional occurrences in the three population density zones are
different since helicopters are used principally as a secondary transport mode to and from
airports.

Accidents represented by the first two severity categéries occur while the helicopter is
on the ground either at the airport or at a pickup or delivery point, all of which would be
located primarily in medium- and Jow-population densily zones. . It 1syanticipated that helicop-
ter flights, particularly those carrying extremely hazardous material, would be routed to
avoid flying over high-population-density zones whenever possible.. Thus, the takeoff and
landing accidents (severity Categories III-VI), as well as the in;flight accidents (Categories
VII-VIII), are expected to be concentrated in the medium- and low;population-density zones.
Category VII and VIII accidents involving helicopters are considered to be midair collisions
and would be expected to occur mainly in the immediate vicinity of an airport; thus most of
these accidents should occur in medium-population-density zones.

5.2.2.6 Ship And Barge Accidents (Ref. 5-10)

Records for calendar yeéf 1973 for domestic waterborne traffic show a total of 6.67 x 10n

ton-miles. Precise data are not available to indicate what fraction of those ton-miles was
barge traffic; however, a reasonable estimate seems to be 1.73 x 10]] ton-miles of barge
traffic. According to the Coast Guard's annual statistics of casualties, there were an esti-
mated 1395 barge accidents in 1973, of which about 60X involved cargo barges.

The available data cannot be analyzed in the same way as!pﬁe data for rail or truck
transport. On the basis of discussions withrghe U.S. Coast Guard, it is estimated that the
average net cargo weight of a typical barge is about 1200 tons. The total number of barge
miles would then be about 1.44 x 108. This yields an accident rate of about 6.0 accidents per
million barge kilometers.

Very little data are available on the severity of accidents involving barges. Since
barges travel only a few niles per hour, the velocity of impacts in accidents is small.
However, because of the large mass of the vehicle and cargo, lardg forces could be encountered
by packages, for instance, speht fuel casks aboard barges. A forward barge could impact on a
bridge pier and suffer crushing forces as other barges are pusheﬂyiéﬁo it. A coastal or river
ship could knife into a barge. Fires could result in either case. An extreme accident, {.e.,
an extreme fmpact plus a long fire, is considered to be of such low probability that it is not
considered a design-basis accident. The likelihood of a long fire in barge accidents is small
because of the availability of water at all times. Also, since casks could be kept cool by
sprays or submergence in water, there is compensation for loss of mechanical cooling.
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The likelihood of cargo damage occurring in barge accidents is much less than in the case
of rail accidents. The accident severity breakdown for ship and barge is shown in Table 5-7.

If a cask were accidentally dropped into water during barge transport, it is unlikely
that it would be adversely affected unless the water was very deep. Most fuel is loaded into
casks under water, so immersion would have no immediate effects. The water would remove the
heat, so overheating would not occur. Each cask is required by NRC regulations (10 CFR
§ 71.32(b)) to be designed to withstand an external pressure equal to the water pressure at a
depth of 15 m (50 ft), and most designs will withstand external pressure at much greater
depths. If a cask seal were to fail due to excessive pressure. in deep water, only the small
amount of radioactivity in the cask coolant and gases from perforated elements in the cask
cavity would be likely to be released. Even if the cask shielding were ruptured as a result of
excessive pressure, the direct radiation would be shielded by the‘water. About 10 m of water,
which is the depth of most storage pools, would be ample shielding for radiation, even from
fully exposed fuel elements. . .

In a recent study (Ref. 5-11) it was concluded that the pressure sealsdon a spent fuel
cask that is dropped into the ocean might begin to fail at a depth of 200 meters, a typical
depth at the edge of the continental shelf, and release contauinatedAcoolani. The fuel elements,
which contain most of the radioactive material, provide excellent containment. In an operating
reactor, the fuel elements are under water at’elevated teﬁperatures and'atﬁpressures on the
order of 1000 to 2000 psi. Thus exposure to water pressures at depths of 600 to 1200 m should
have no substantfal-effect on the fuel elements themselves. The study concluded that they
would not fail until they reached a depth of approximately 3000 meters. Once tﬁey failed, the
fuel pins would release fission products into the ocean, but these uould be dispersed into
such a large volume of the ocean that the concentrations would be very sna]l. Certain nuclides
such as cesium and plutonium could be reconcentrated through the food chain to fish and inver-
tebrates that could be eaten by man; but, as pointed out in the study, the possibilities of a
single person consuaing large quantities of seafood, all of uhich was harvested from the
immediate vicinity of the release, is very remote, especially since most seafood is harvested
in areas over the continental shelves. T

N = -
.

In virtually all cases, except those in which the cask was subnerded to extreme depths,
recovery would be possible with normal saivage equipment. If the cask and elements could not
be recovered, corrosfon could open limited numbers of weld areas within about 2000 years
(Ref. 5-11), with oossible localized failures occurring sooner. However, by that time most of
the radioactivity. would have _decayed. Subsequent release would be gradual, and the total
amount of radioactivity released at any one time and over the total period would be relatively
small. Considering the extremely low probability of occurrence, the major reduction in radfo-
activity due to radioactive decay, and the dilution that would be available, there would be
1ittle environmental impact from single events of this kind.

Should a shipment be accidentally dropped during transfer to a barge, the main effect
will likely be limited to that of rather severe damage to the barge. It is possible that a
fuel cask could penetrate the barge decks and fall into the relatively shallow water of the
breakwater basin. As previously discussed, there would be at most only minor radioclogical

..
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consequences, since the cask (or drums) could be recovered easily and rather quickly. The
environmental impact resulting from damage to the barge (including its sinking) would also be
minor, since salvage could readily be started. The most significant effect would be the
economic loss from recovery operations.

Waterborne traffic spends a very small fraction of its travel in high-population-density
regions. The highest traffic density will probably occur in the port: areas and, as a result,
be associated with lower speed. Categories VI, VII, and VIII accidents probably require
relatively large forces, a long-term fire, or an explosion, which are more likely to occur in
open water, Categories 1II through V are more likely to be the result of a lower speed colli-
sion in a dock area, either with another vessel or a pier. The population density of dock
areas of most’ cities was considered to be representative of a medium-population zone. Hence,
Class III-V accidents are assumed to occur in a medium-population zone. Categories I and II
dccidents are not likely to involve another vessel, since they are very minor in nature.
Hence, they are considered to occur either in open waters or while securely moored. These
assumptions are reflected in Table 5-7.

5.2.3 RELEASE FRACTIONS

In order to assess the risk of a transportation accident, one must be able to predict the
package response to an accident of given severity. In particular, one needs to know the
fraction of the total package contents that would be released for an accident of given severity.
The actual releases for a given package type would not neqassaril& be the same for a number of
accidents of the same severity class. In some cases there may be no release, while in others
there may be, for example, a 10% release. Indeed, in a given acéident involving a number of
radioactive material packages. transported together, some of the packages may release part of
their contents while others have no release at all. The approach taken in this.assessment is
to derive a point estimate for the average release fraction for each severity' category and
package type and assume all such packages including each package in a multipackage shipment,
respond to such an accident in the same way without regard to the type or fora of the contents.

The paucity of data on package responses to severe accidents ;akes it difficult to predict
even the average release fraciion. much less a distribution. Since the packaging standards do
not require tests to failure there has been, until recently, little information relating the
response of packages to accident environments.

Recently, a series of severe impact tests was carried out at Sandia Laboratories using
several types of containers commonly used to ship plutonium (Refs. 5-12 and 5-13). A1l con-
tainer types survived tests with no structural damage to the inner container after impacts
onto unyielding targets occurred at speeds up to those typical of a Category V impact accident.
Several containers exhibited some minor structural damages and cracking in Category VI impacts,
but no verified release occurred. Tests of cpntaiqers‘typiéal of those in commerce resulted
in failure of a nonspecification cast iron plug and allowed material-loss and also compromised
the overall integrity of the fnner containers. In one test A'éongainer lost 6X of its contents
(magnesium oxide powder) in a Category VII impact; others survived Category VIII impacts with
no loss of contents. Although none of the containers in this test series was subjected to
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fire, others of the same type survived less severe impacts followed by a 1300°K environment
lasting for a half-hour with no release. Using this test information or assuming that pack-
agings begin to fail at severities just above those that they are required to survive, the
responses of packages are estimated by the methods detailed below. The release fraction

estimates for all packagings evaluated are shown in Table 5-8.

Two specific release fraction models are considered. Model I specifies total release of
package contents for all accident severities exceeding that specified by Federal regulations.
This somewhat unrealistic model assumes that zero release occurs up to the regulatory test
Jevel and that the packaging fails catastrophically in all environments that exceed that
level. Clearly, packagings do not behave in this fashion, but this approach does present a
simplistic evaluation of present regulations. Model II #s considered to be a more realistic
model, although it too has inherent conservat1sm as is discussed Yater. Models I and II are
used for the 1975 and 1985 risk assessment and Model II is used for consideration of transpor-
tation alternatives in Chapter 6.

5.2.3.1 Release Fractions For Plutonium Shipping Containers

Two sets of release fractions for Type B plutonium shippin§ containers are listed for
Model II; both are derived from the container impact test data described earlier (Refs. 5-12
and 5-13). Those release fractlons listed under the heading 1975 Pu show a small release (1X)
in a Category VI acc1dent This accounts for the possibility that small amounts of material
might be forced through the cracks observed in the inner container. The 5% release in Category
VII reflects the results of the one test in which a measurable amount of material escaped.
The Category VIII release fract1on of 10% is an estimate of" the upper limit to the release
fraction based upon analysis of all test data. co -

The 1985 Pu release fractions acknowledge that in the interim period from 1975-to 1985,
package development programs currently underway are likely to produce packages that will have
higher integrity. As a result only a 1% release is expected in Category VII and 10% in Cate-
gory VIII. Even lower release fractions are likely to be justifiab]e for containers currently
under development, but no lower values were shown without complete test data and assurance
that older containers will be out of use.

The Integrated Container” Vehicle (ICV) is Eﬁrreﬁtlj béiné discussed as the principal
transport vehicle for plutonium shipments in 1985 and is expected to change the release frac-
tions associated with plutonium shipments appreciably. The massive vault-1ike containers
will be highly accident resistant. The release fractions assumed for these containers are

.
bt

also shown in Table 5-8. e e IO

-
. e It . o , x
i
i

.

5.2.3.2. Other Type B Containers -

Federal regulations require that Type 8 packagings be able to withstand tests designed to
simulate certain accident conditions (Ref. 5-14). In the absence of test data on safety
margins for Type B packages, the assumption is made that most containers begin to fail just
beyond the accident conditions at which they were tested, although not in the catastrophic
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manner assumed with Model I. Above the threshold test at which release occurs, the release
fractions are assumed to increase with increasing accident severity as assumed for plutonium
containers. Note that catastrophic failure (i.e., complete release) is assumed for accident
severity categories above IV. This is a conservative assumption in the absence of tests to
failure.

5.2.3.3. Type A And Low Specific Activity Containers

The same rationale used for Type B containers is used for fype A containers. A small re-
Jease is assumed for Category I1 with progressively greater releases with increasing severity
in the same way as for Type B containers. An independent test carried out at Sandia Laborato-
ries on a single Type A (Mo-99 generator) container under Category IV impact conditions re-
sulted in extensive packaging damage but zero release. Thus, tpe‘release fractions assumed
for this type of packaging are believed to be conservative.

5.2.3.4 Casks

Large casks are used for shipments of large irradiator or teletherapy sources, irradiated
fuel, and high-level fuel.cycle waste. In analyzing release fractions, therefore, two types
of releases must be considered:- direct release of contents to the environment and exposure of
the surrounding environment to neutron or gamma radiation through a breach in shielding.
These two problems must be addressed separately.

Spent fuel can be thought of as a combination of two components: gaseous and volatile
materials in the coolant, plenums and void spaces in fuel rods and ‘non-volatile fission pro-
ducts and activated material held in the matrix of the fuel pe]lets Since packagings for
large-quantity shipments such as spent fuel must meet Type B standards, the Type B packaging
release fractions discussed previous1y are used to evaluate the release of available gaseous
and volatile materials (Ref. 5-14). Drop tests using spent fuel shipping containers were
conducted at Sandia Laboratories (Ref. 5-15). There were no releases at impact velocities up
to 394 kilometers per hour onto hard soil.

The effect of loss of shielding is nodeledlby assuming that a circumferential crack is
produced in the cask by the accident forces (see Figure 5-5). Using probabilities and descrip-
tions of breaches suggesied in Reference 5-16, a Category VI accident was considered the
minimum accident with forces guffi;ieni to cause a crack through the entire cask. This was
modeled as a circumferential crack 0.1 cm wide around the entire cask. In a Category VII
accident this crack is assumed to be 1 cm in width; in a Category VIII accident, it is
assumed to be 10 cm in width. .- ) . -

"o ™

o

The "release fraction" for the loss of shielding case is not really a release fraction at
all, but is the product of the fraction (W/L) of the source length that is exposing the sur-
rounding population and the fraction [1 - 2/n tan (T/U)] of the surrounding area that lies
within the sector being exposed (see Figure 5-5). The computation of the integrated popu-
latfon dose is then carried out assun!ng a fictitious point source whose strength is the total
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number of curfes contained multiplied by the "release fraction," with the integration extending
over the entire area. The values in Table 5-8 were determined for a cask length, L, of 2.54
meters and a shielding thickness, T, of 0.4 meter.

5.2.4 SHIPMENT PARAMETERS

The shipment parameters that contribute to the accident impact calculation include the
number of curies per package, the number of packages per shipment, the physical/chemical form
of the material, the dosimetric aspects of the material, the number of shipments per year by
each mode, and the distance traveled by each shipment. These data are presented in Appendix A.

5.3 DISPERSION/EXPOSURE HODEL -

Once a release has occurred, the released material is‘assm/ned to drift downwind and
disperse according to a Gaussian diffusion model and can produce such environmental effects as
internal and external radiation doses, contamination, or'buildup in the food chain. If the
accident involves a material in special form, only external radiation exposure is assumed to
occur. e+ dm——— e <%+ m—

M mame w o e mwar e A em

Environmental impacts result both from a’release”to the atmosphere’and from external
radiation exposure from a large source whose shielding has been damaged in an accident.« -
Atmospheric transport and diffusion can disperse released uateria] over larae43reas but. the -
degree of dispersion is determined'by: atmospheric turbulence, which is a function of the ‘season
of the year, time of day, amount of cloud cover, surface characteristics, and other meteoro-
logical parameters. The deposition of radionuclides associated with the™ passage of a cloud of
released materijal can have a very complex "environmental impact. Some possible ways in which
the dispersed material can produce a dose to man are summarized in Figure 5-6. Direct external
or internal dose to man §s the principal effect from gamma emitters. Material that emits
alpha or beta radiation produces the largest radiological consequence when aerosolized and
inhaled by man. Figure 5-6 shows_that deposited radionuclides can also be taken into the food
chain. They can be, transferred from: soil to- vegetation to animals and eventually to man.
However, radiation doses to man through the food-chain pathway are usually more significant
(relative to doses through inhalation, for example) if there exists a continuous source of

release to the environment. . i -

v .- ) .-
5.3.1 ATMOSPHERIC DISPERSION MODEL ' Tttt 0L e

The dispersion model is based on Gaussian diffusion, a technique widely used in analysis
of atmospheric transport and diffusion. Accidents that involve a release of dispersible
material are assumed to produce a cloud of aerosolized debris instantaneously at the accident
site. The initial distribution of aerosol mass with height-is assumed-to be a line source
extending from the ground to a height of 10 meters. - The initial concentration increases with
height in a manner consistent with data obtained in experimental detonations of simulated
weapons (Ref. 5-17). The use of such an inigial distribution is justified for accidents in
which fires or residual energy provide an aerosol cloud to be released from the accident site.
Since the dose from a 10-meter-high line source is indistinguishable from that of a point
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source at downwind distances greater than about 100 meters, the initial distribution with
height is unimportant. Doses calculated using this model are conservative, since most poten-
tial accidents involve energy releases that may carry aerosolized materials to heights greater
than 10 meters. The degree of conservatism increases as the height of release increases and
is especially conservative for elevated sources such as a release that might result from
midair aircraft collisons.

Transport and diffusion of the aerosol cloud (composed of particles so small that gravita-
tional settling is minimal) occur symmetrically about the mean wind velocity vector. This
process is described using cl1mato]oglca1 distrlbutlons of horizontal_and vertical components
of turbulence intensities and wind speed. The aeroso]ized material is allowed to diffuse
horizontally without constraint and vertically to an ajtitude of 1400 meters !Ref 5-18).

A year or more of meteorological data recorded at sites near-White Sands, New Mexico,
and Aiken, South Carolina,‘is used-in the model. - These data are used to generate values for
the lateral and vertical ‘dimensions of the aerosol cloud, which_are expressed in terms of the
measured lateral and vertical turpu1ence 1ntens1t1es (Ref. 5-19). These values are calculated
for various downwind locations “to prov1de ‘estimates of the dilution that has occurred as a
function of the downw1nd distance and the amount of aerosollzed material involved. The results
obtained for each of the meteorolog1cal data sets are examined to. determine the area within
which a given dilution factor is not exceeded (this is an area ln which a given concentration
is exceeded). A curve of area exceeded in only 5% of all meterologlcal conditions versus
dilution factor not exceeded within' the area is shown in Figure 5-7. This area is taken as a

credible upper limit in which a given dilution factor will not be exceeded.
s‘ :

*

In order to make a full analysis of actual 1nhalatlon hazard the phenomena of deposition
and resuspension must be considered. As the cloud of aerosoIIzed material is transported by the
wind, material is sca#enged from the cloud by dry deposition processes and deposited on the
ground. Wet deposition, i.e., deposition_b} rain and.snowfal}i is not considered in this model;
the neglect of wet deposition will mean that this calculation overestimates the population dose
in areas where precipitation can interact uith the aerosol c]oud Dry deposition occurs con-
tinuously, and its effect™ is estimated by depleting the total quantity of material that would
contribute to inhalation dose by the amount of material deposited between the source release
point and a point of interest. The amount of material deposited at any point is calculated
using a depoSItion velocity, Vd (m/sec), which, when mu]tipl1ed by the time-integrated concen-
tration (Ci- sec/m ), yields the amount deposited, D (C1/m ). A value of 0.01 m/sec is used for
Vd based on a previous analysis (Ref. 5-20) and for consistency with the resuspension model
used in this document. Dry deposition removes material from the cloud and reduces the downwind
concentration, as shown in the lower curve on Figure 5-7.

Resuspension occurs when deposited particle material on a surface is made airborne as a
result of mechanical forces (walking, vehicle traffic, plowing, etc.) and wind stress on the
deposition surface (as in sandstorms or blowing snow). The resuspended material becomes
available for inha]ation by people in the contaminated area and can cause an additional com-
ponent of body burden and radiation dose accumulating with time. Methods ysed to calculate
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resuspension involve an empirical "resuspension factor," K/m, which is the ratio of the ai
concentration at a point to the surface concentration just below that point in the contami~
nated area. An initia] value of 10 °/u decreasing exponentially with a 50-day half-life to a
constant value of 10~ /m is used in this study to evaluate the dose contributed by resus-

pension (Ref. 5-20). Because of radioactive decay, short-half-1ife materfals such as Tc-99m
provide 1ittle resuspension dose, whereas long-half-1ife nuclides such as Pu-239 increase the
initial dose by a factor of up to 1.6 over the dose received during actual cloud passage.

Two effects can be calculated once the actual downwind concentration and deposition pat-
terns are known. The first and most important effect is the inhalation dose received by
persons in the downwind area. The calculation of this dose is discussed in Appendix G, and
the results are presented later in this chapter. The second effect,. which can be determined
from the deposition pattern, is the level of surface contamlnation. Contamination on surfaces
has two principal effects: the material can be resuspended and inhaled (as previously discus-
sed), and affected land or crops can be quarantined or condenned if the contamination level is
sufficient. The latter effect is discussed in Section 5. 5.

e v

5.3.2 EXTERNAL EXPOSURE MODEL ) - :

If the postulated accident results in shielding damage to a package containing a nondis-
persible material, e.g., one of the special-form shipments such as Cq-60 or Ir—192 or an
jrradiated fuel cask, direct external exposure results from the gamma or neutron “radiation
emitted by the material. This assessment assumes that after an accident the source remains at ..
the accident site for 1 hour with no evacuatfon and no introduction of temporary shielding
The area in which people are exposed js assumed to extend for a distance of 0.8 kilometer
radially from the location of the source. This calculation is discussed in Appendix G. i

5.3.3 DOSE CALQULATION ¢

Two doses are computed in the consequence calculation, dnd the computation of each is . =
discussed in Appendix G. A more detailed discussion is available in Reference 5-1. 'The first iij
calculation §s of the annual integrated population dose (in person-rems) for either special
form exposure nater|a1s or atnospherically dispersed materials. This computation is shown
schematically in Figure 5-8. The results can be expressed “either as person-rems delivered to
particular organs or_as annual additiona] "expected latent cancer fatalities using conversion
factors from Chapter 3. )

The second calculation is annual early fatality probability. If an isotope can give a
sufficient dose to cause an early fatality, either from external exposure or excessive pulmon-
ary exposure, the annual probability of this occurrence is computed as shown in Figure 5-9.

'r".'[‘ 1‘\{\111,”"""*‘-

1y " 4

5.4 APPLICATION OF THE MODEL TO 1975 AND 1985 STANDARD SHIPMENTS

-

The annual population dose calculations were carried out for the standard shipment scenar-
jos discussed in Appendix A using the methods discussed previously. The results are presented
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in Table 5-9 for both 1975 and 1985 standard shipments. The annual probability of more than a
given number of early fatalities is plotted on Figure 5-10 for 1975 and 1985. Note that a

total of 5.37 x 10-3 latent cancer fatalities were expected to result in 1975 from all radio-
active material shipments, with the principal contributor being the 144-curie Po-210 shipment
scenario with 24X of the 1975 LCFs.* The mixed fissfon product/corrosion product shipments

taken together are of similar importance to Po-210, and the shipments of uranium-plutonium

mixtures are third, representing 10.7X of the total LCFs in 1975.

The picture in 1985 is similar, except that the plutonium shipments become much less
important. This results from the expected improvement in packaging “release fractions in
plutonium containers. R - B -

- - " o s - - +

P s [

The data plotted in Figure 5-10 indicate an annual probability of one or more early
fatalities (within 1 year of an accident) of approximately 3.5 x 10' , while the probability
of 10 or more is 2.5 x 10' . This implies that an accident serious. enough to kill one person
from acute radiological effects would occur only once in 2000 years at 1975 shipping levels

Lo - ,
Results using Modei I re]ease fractions\for 1975 and 1985 data are presented in Table 5-10
and Figure 5-11. The results shown in Table 5-10 shon clearly the impact of_ the Model I
release fractions, which imply that the containment capability of the containers is no better
than the regulations require. The most important shipments in this ana1ySis are‘those with
the large quantities of very hazardous materials. The expected LCFs in this case”are 9.8 per
year in 1975, more than.1000 times that for Model 1I. The data p]otted in Figure '5-11 for the
probability of early fatalities-udsing Model I. re]ease fractions dre. aiso very different from
the Model 1I results. They indicate a probability of less than 0. B of having one or more
early fatalities per year for 1975 using this unrealistic, but legaily possible. reiease
fraction model. . . W

5.5 CONSEQUENCES OF CONTAMINATION FROM ACCIDENTS

T AT me TH R LD L e A P e g

A """"7‘:::“':_"::-"“.«-»

.'...‘

In addition to direct radioiogica] jmpacts to nan.nan acc1dent invoiving radioactive
material may result in environmental contamination Teading’ to loss of ‘crops or. contamination
of buildings and necessitating evacuation of residents. Analysis of. these impacts has been
addressed in some detafl for the case of a reactor accident in Reference §-20, and a similar
methodology has been adopted for this report. <%

c—

— ,r =
The potential contamination consequences of a transportation accident invoiv1ng radio-
active materials are, in general, several orders of magnitude smai]er than those for a reactor
accident. The potentia] for ingestion of radioactive materials is reduced considerably by the

.,;..<—.,.._...~:'v.__ - —-\—‘CM» . -

't - 1o ‘_ g“ > P 1

A ] 4

—e—
There are many factors that can modify the risks identified in Table 5-9. One of these factors
is the accident resistance,of the package-used to ship particuiar radionuclides. Not included
in this analytical model, and thus not reflected-in the results, is the fact that all large-
quantity shipments of po]onium were made in the same acc1dent-resistant packages used to ship
plutonium. If considered, this would result in much smaller releases in many of the accident
severity categories, and in a smaller total risk attributed to polonium.

Yo
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L - TABLE 5-9 ©
B ; 4. @' ' - ACCIDENT RISK ANALYSIS RESULTS - EXPECTED LATENT CANCER FATALITIES .
A : . 1975 AND 1985 - MODEL II RELEASE FRACTIONS e/ .
b} ‘. -y P ‘e
S Ay Lo R L .
Teoah po --Bxpected Latent Percent Expected Latent Percent
T g Cancet Fatalities of Total Cancer Fatalitles “of Total .
!’ . Standard Shipment : 1975 Risk . 1985 Pisk ~
. -Po-210 (144 ci) " 400131 2444 00373 22.4
.. MP+MC (LSA) - . ..000709 13.2 .00294 17.7
T U-Pu Mix -« O | . 7.000514 10.7 . .00022 . 1.3
7 MP4MC (A) N 3 7 2000478 8.9 .00198 . 11.9
5o Waste (A) * = ..000388 7.2 .00160 9.6
N (natural).: Y, =.000328 6.1 .00135 8.2
. wafite (B) - “ ! "Lo000182 3.4 .000752 4.5
* Co-60 (40,000 ci) : .00013 2.4 .000336 2.0
« 'Pu-239 (B) - s ,.000129 2.4 .0000122 0.0
: Mixed (A) - : ~+00011! 2.1 .000286 1.7,
: © . ..0000817 - i.s .000338 2.0
. uishc (392 o) ¢ - - 10000800 ., s 0 lo00334 2.0
o Ho-99 (A) - . . < :.0000708 » 1.3 -, .000184, 1.1
- (enriched) .4 40000594 1.1 .000246 , 1.5.
: Lifiicea - , % ..0000579 1.1 . .000151 0.9
<. 'Mo=99 (B) * 4 - 7.0000573 1.1 .000149° 0.9
' .Co-60 (LSA) " 2.0000478 0.9 .000126". 0.8
- 7.1-331 (A) 5 T o = £.0000384 0.7 .0000384 0.2
‘> -Mixed (B) ¥ ¢+ 7 ".0000383 0.7 .0000997 0.6
- _ Spent fuel® = £.0000356 0.7 .000422 2.5
. % All'others. i T ",000482 9,0 .00136 8.2
% . 1. TOTAL*- . i 00537 .
' E 3 ; ¢ .
. ,” ‘. N o J i
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AR 2 - . - i
o




ANNUAL PROBABILITY OF 2 N EARLY FATALITIES

1076
107
10°8

1073

10-10

NUMBER OF EARLY FATALITIES ()

FIGURE 5-10. CUMULATIVE ANNUAL EARLY FATALITY
PROBABILITY - 1975, 1985 - MODEL Il

535

15



9€-§

TABLE 5-10
ACCIDENT RISK ANALYSIS RESULTS - 1975, 1985 - MODEL I RELEASE FRACTIONS .

{

v
¥
i

s _ Expected Expected
- Standard - . Latent Cancer Percent of Latent Cancer Percent of
-:Shipment ° Fatalities -1975 Total Risk Fatalities - 1985 Total PRisgk
] -
-U=-Pu Mixture 7.9 80.2¢ 32.8 ©+ B6.6
. : '
Pu-2391(1169 ci)  1.78 18.0 1.78 4.7
1
Recycle
plutonium - - 1.83 4.8
Spent fuel 0.021 0.2 0.8 2.1
(rail)
'
Spent fuel 0.047 0.5 0.29 0.8
(truck)

All others 0.11 1.1 0.038 0.1

9.86 100 37.9 100
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fact that contaminated areas are smaller and could be cordoned off. Contaminated crops, milk,
and possibly even animals might have to be condemned and destroyed.

A detailed analysis of decontamination costs for four land-use situations for contami-
natfon by both a long-lived and a short-lived isotope is presented in this Section. A cleanup
level of 0.65 pCl/n2 was used, based on the Palomares, Spain, nuclear weapons incident (Ref.
5-21). The assumptions and results are shown in Table 5-11. Values associated with Table 5-11
were extracted from Reference 5-20. -

The analysis of decontamination costs fnvolves many assumptions and, of necessity, repre-
sents only order-of-magnitude accuracy. More accurate analysis requires very specific infor-
mation about land use near the accident site;zthe nature of the accident, the weather at the
time of the accident, etc. However, the cost of decontamfnation may be approximated as being
directly proportional to the area contaminated and the population density. Figure 5-12 shows
the area contaminated versus curies released using the atmospheric dispersion model discussed
in Section 5.3. Figures 5-13 and 5-14 were plotted using the 600-curie release as a benchmark.
These figures show the approximate decontaminatfon costs resulting from an accident involving
a given size shionent of longiﬁand short-half-1ife material. :

- Y ~

- t

5.6 SEVERE ACCIDENTS IN VERY HIGH POPULATION DENSITY URBAN AREAS

»

N

T

If an accident involving éertain large-quantity shipnents or certain shipments of highly
toxic or highly. radioactive naterials were to occur in an urban area of very high population
density (i.e., >10 /kn ) such as New York City or Chicago. the consequences could be more
serious than any considered in the risk analysis. Although such an accident is very unlikely.
its potentially severe consequences merit separate attention. For the purposes of this anal-
ysis, the average urban density of New York City (as determined in the 1970 census) is used
15,444 people/kl The' dispersion calculation and the values for percent of released naterial
aerosolized and the percent respirable are the same as those used for the analysis described
in Section 5. 3 . Tables 5-12, 5 l3 and 5-14 1ist the results of the calculations for certain
shipments of Co-60 Po-210, Pu~239. spent fuel, and recycle plutoniun for a Category VIII
accident. Table 5-12 lists the integrated population doses and corresponding LCFs expected to
result from these accidents. The probabilities associated with these accidents are estimated
by assuming that urban areas of extremely high population density conprise 1X of the total
urban area in the country.

¥
i
% .
Y t i

Table 5-13 shows the nusber of persons receiving doses greater than" a given value for
each accident considered. The reason for choosing 5, 15, 50, 340, 510, 3, 000, 10,000, 20, 000

1

\ -

and 70,000 rems as dose values is that these correspond to certain benchmark valueS"'“"~”

- -~ 1 U [N
. ~ =

15 reas to lungs ' . NCRP:recomnended'lilit for'annual routine
exposure of radiation workers (Ref. 5-22)
oo RITHIA U R DT v T
3000 rems to lungs - threshold for pulnonary morbidity from

short-1ived gamma and beta emitters (Ref. 5-20)
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TABLE 5-1

ESTIMATED DECONTAMINATION COST FOR 600 CURIE RELEASE OF VARIOUS MATERIALS [a]’

Long-Lived Contaminant
Decont. Estimated

chort-Lived Contaminant [b)

Decont. Estimated
Population Zone Land Use Technique Cost ($) Technique Cost ($)
Rural un?eveloped/ (1) DF<20- N (1% gordon
2 uninhabited bury by deep off for y -
(6 person/km”) plowing fc]  7.8x10° 60 days [e]  $29,000
(2) DF » 20-
scrape and 5
bury [d}. , _. 3.04x10 )
o Total = Total =
v s1.08x10% $29,000
farmland/ (1) DF <20 (1) cordon
dairyland bury'by deep ‘5 off for _ ‘
Vs plowing . i 7.8x10 60 days ' $29,000
A (2) DF. > 20 (2) 270 .

Tres scrape anq 5 evacuees . 4
gt bury 3.04x10 for 60 days ~ 3.65x10
ey ey (3) decon.: . . (3) purchése‘

NIy homes/barns ' 5 & dispose of -
w12 a,;DP<20 (£]) 6.22x107" crops, forage, 5
o b. DF>20' [g] 7.42x10° milk [k]- - 9.77x10
f\ ~§“ : (4)r27° M .
for gt e et e evacuees '(h] 3.65x10
) . U (5) purchase ¢ ‘ . g
P 3 1oeevp \'a?’} crogt &‘dispose of v :;'7 ,
By g L e s crops, forage, 6
. ST and milk ‘[i] 1.15x10°[j] -
Y ‘ * e Total = - Total =
RS $2,97x10% 1:04x108

see notes at end of table.
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Population Zone

Land Usge

Suburban
(719 persons/kmz)

98.5% single
family
dwellings

0.8% public
areas
(schools,
etc.)

0.4% com~

mercial &

industrial
areas

0.3% parks,
cemeteries,
etc.

4y "I,I]

SRR S 25 RAARTAN

TABLE 5-11 (continued)

Long-Lived Contaminant

Decont. Est1imated
Technique Cost (S)
(1) becon. - , - N
homes’

a.”DF < 20[1] 56.1x102
b. DF »20(m] 12.1x10

(2) 3.24x10%
evacuees

(3)-Decon’
public. areas '5
a. DF <20(n} 1.83x105
b. DF z20[o] 1.0x10

(4) Decon.
commercial &
‘industrial
areas

a. DF< 20([p]
b. 'DF 2z 20[q)

~{5) Decon.
parks by
replacing
lawn (r])

(6) indiv.

and corporate 6
income loss(s] 7.33x10

1

4.4x10°

9.15x10}
9.77x10

. 1.12x10°

Total =
$82x108

Short-Lived Contaminant (b)

Estimated
Cost ($)

Decont.
Technique

(1) cordon
off all

residential
areas with 4
DF 220 (t] 7.2x10

(2) Decon. 6
homes DF?20 12.3x10

(3) cordon
off all 5
parks [u] 2,84x10

(4) Décon. 5
public areas 2.84x10

(5) Decon.
commercial
& industrial, 5
areas 1.89x10
(6) 2035
evacuees

for 60 days.
30,320
evacuees for
10 days

(7) income 6
loss 9,64x10

Total =
$28.5x10°

5.74x10°
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e enate s DU TABLE 5-11 (continued) =~ 7' - o
" . + s M s .ot DS
o o aeen
L &_,r?{"‘ oL Lohg-Livéd’Conthminant ‘Short-Lived Contaminant
e L *’7" TDecont, “Estimated Decont. Estimated

:Pbpdlalion Zone 3 ‘Land Use [w] ‘Technique’ Cost (S) Technique Cost ($)
Urban - e ; 20% high. . 5] Decon. +{T) cordon''

s

T
k . density tesxd. apartment!‘&‘ PR off resid: ¢ ..
(3861 perssq?{ “, (6, story’. .° buildings:® » - :;  areas with.

w2y L 7T aptsflee] T i DF<20(x] 1.7x108; 1 DF220 [t} - - 7.2x10"

NS A,<‘.,. 3 | R :
panﬂ, o mttp, 3074208 single b' ?Ef?qul ,12Q5f1° . (2). cordon '’

boapste e g e fame re31dicc] (2) Decon., PO T q'f ‘off all parks
slrafve . 2o publie i ! and vacant

~single, fam.., . . ., 6
P SEAT =k e S YR . .residences, | - areas ' ' 3.2x10
f Fle T ppand, T ey, ppe20(l]  11.4x108

1 =g H et b ko e 7 . .
M S 20e,Ind. 6. T'b. DF220(m]  2.45x10° (3) Hecon
f e R ial, resid. with 6
" -;r bpasy ety commetc a 4:.-*(3) Decon. - DF 220 3.5x10
IS L v s B

e, o h1c7 1108Cparks’ | Ypublic’land ’ 2 1Ay Dec

fofpn e oo b !f2’~?atv~"' (i DF<20 - 4.6x10° (4) Decon.

Binem, s by Sy . 10% andevel. b. DF220 2.5%10° commercial

arvanlt ¢ rherns.” Or vacant ‘ - * & industrial

3TN RE SR 6
N TR R T land (4) Decon. areas 9.5x10
AT ameget - - commercial .

. /..:J,,} v: 1Cry . . -, st p

iopony o ber wﬂ,-~45‘7ﬁ av poen oBp industrial, o g ,(5) 10,900

g pear et P P mn e rea L€k W evacuees for

?. Vﬂ,n -:; \r-r -,,.\ L. N Ty ", fedosm PR b ¢ . "
Foypanes -’w-: ‘F"' ey, “’5'7"'7" 't,...‘;;a. DF<2O . 4 6x106 o . §06g:{(s)5 for

L} .

spesenrst s abee e S AT e “"-4vb§’gF 220, 0, ., 4.9x10°% . j0 gays - 30.8x10°
ar, ;-}0 ;;.. - Pty Cree g qﬂnnr T ( )kecon‘ D unt 5.6 106‘ s (6) Decon.

17 errphebaidee ghalyacs -u«-’«vPaf 8. - ¢ - 2:0/x20° . public

: P ; ; v . 11 ' public 6
arny 1Y “*}* (Craryen sqos0 00 (6) Deecon 2Tt v " 1 areas 7.1x10
Mpren ber o) Bee sraratnt®ig o Yyacant areas o0 o
RS -%ia-%“ LTS S ST T PR . {(7) ‘income
Jin e . NDop iy (scrape ‘and ;" U7 g%  j.gg 51.8 108
pricarers proribels peer g7 bury) e o2 4.83x10 : - 8X
LR A N -a't;*‘:"\’»zm,.- o - 5 e . P
Y-I'ﬂ;‘n ")'*t‘f;"'n"h:m'—‘: V! ] (7) 1. 64x10 , 6 ‘.‘ N e oa g
P oo gt g bewm AfeTj.L . gmd . v €VACUGES, '32x10° t

) - : « -
Uy U P e ro b T (8) xncome 6
A N ' loss 37.2x10"° -

R T T AL PR A N S «, Lon - -

P T T Y I N P :,.Total = , Total =
. T : $98.6x105 7 s106x10%(aa,v)
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Notes for Table 5-11

a. 4.5 x 10'm? (1.11 x 104 acres) reguire desontaminatioag 2.82 x 108 m2
(698 acres) require a DF 2 20. 400 cpm/m“ (.65 uci/m”).

b. 1I~131 is used as an exampl"e/t:}/2 = B.days/7 x t1/2 = 60 days.

c. $75 per acre. ot “ 3

d. 5435 per acre - includes costs of reburial.

e. 85 per hour per guard/4 guards per shift (based on conversatione with
private security agencies) This could be reduced if National Guard or
active duty military were Ese . LN )

f. $4915 per building/2 buildings per'4-person family (home and barn).

g. $8725 per building/2 buildings per "4-person family (home and barn).

h. $13.5 per day per evacuee; 10 day evacuation reguired. BN

i. $104 per acre (based on 48-state average - less Alaska and Hawaii).

j. If orchards are involved, the cost could be considerably higher (up to
$5000 per acre) to account for the loss of crops in subsequent years.

k. The entire year's crops are purchased/60-days of milk products are
purchased/the average dairy yleld per "acre is $16 per .year. .

1. 5 houseg per acre/$1095 per house,(includes street cleanup).

m. 5 houses per acre/$3510 per house. (inhcludes street cleanup).

n. $2200 per acre. S, :

o. $18,000 per acre. ,.,,, )

p. $2200 per acre, PPN

g. $35,000 per acre. .,.. .. . .

r. $0.13 per ft“ to replace lawns/0.61"acres of parks per 100 persons,

8. $1100 per capita periquarter - individual/$940 per capita per guarter -
corporate/10 days of lost: income.:.- : .- .

t. 10 guards on patrol per.shift. Vo I ‘

u. 1 guard per 5 acre park per shift., ., . L e

v. If total evacuation for 60 days with no decontamination were usgd, the
approximate cost would“be:$261 x 10  for suburban and $1.4 x 10” for urban.
However, this approach would probably not be socially acceptable.

w. Based on approximate.values for an average U.S. city (New York City Planning
Commission, "Plan for New York City - Volume 1 (initial issue),” 1969)- streets
are.included with appropriate categories.' .o

x. $15 per occupant for 6-story apartment” building } all residents assumed to

y. $140 per occupant for 6-story apartment building live in multi-story buildings

z, 20 guards on patrol per shift. E ‘ .

aa. Clearly, the method used to deal with a spill of this sort would be the
least expensive method - probably outright cleanup rather than long-term
evacuation. '

bb. Single family units. .

cc. The single family units are assumed to have 4 persons per unit, 5 units
per acre. The remaining people are assumed to live in multi-story

buildings.

P

o s 1
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DECONTAMINATION COST (MILLIONS OF DOLLARS)
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FIGURE 5-13. DECONTAMINATION COSTS FOR RELEASES
OF LONG-LIVED ISOTOPES
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DECONTAMINATION COST (MILLIONS OF DOLLARS)
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TABLE 5-12

INTEGRATED POPULATION DOSE AND EXPECTED LATENT CANCERS FROM CERTAIN

"t

w
)

- a—n
a

5
A
Standard Shipment'

s
-1
b

s
¥

CLASS VIIT ACCIDENTS IN HIGH-DENSITY URBAN AREAS

'11

|»-<

Population Dose

, Commitment"

¥ P
'I
r
s
B

-L.

= Co=60 (315 000(‘.’1)~J
R

‘\

"7y Po=210"(144 %1)

¥
H

1

3 Plutonium -» L, .

(.23 x 10° ci)

PR }‘
Spent ‘fuel

(rail cask)

\\

Spent fuel
(truck cask)f w,,f'
: Recycle plutohidh'
(6.19 x 10° ici)
cod

-t e s 2 A
% H
N

L S

.-

b

*1985 only. -

4

e
-

.-

“-(person-rem)

% \ 284

/

,f5.27x10

: .
3.15x10%/

1. 11:107

'r

“ 1400/
P

2.85110

- “
e -~

L
L7218/
~ 4450

I3

1.59x10%/
5.6x10°

N
JP SR
.
)
T
' -

Proguey Ly

Orgaﬁ

it
whole body
lung {f'
lung/
bone,

whole body/ .

lung

whole body/
lung

lung/
bone

> 1975

1985
Prbbability Probabllity
" 1.02x10710  2.s5x10710
2.57x10719  g.2x10710
1.06x11711  1.06x207M1
1.8x10720  “6.91x10"°
2.99x1077 1.8x10”8
0.0 2.24x10719
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NUMBER OF PEOPLE RECEIVING DOSES GREATER THAN OR EQUAL TO VARIOUS

TABLE 5-13

SPECIFIED ACUTE DOSES (IN REMS) OF INTEREST IN CERTAIN

- CLASS VIII ACCIDENTS IN HIGH-DENSITY URBAN AREAS

Shipment Organ

‘“Pime Period |

for Dose 5 15
Co=60
(315,000 Ci). Whole Body . 1 hr. 75 -
PO-ZIO s-‘ o R PR H~
(144 ci) Lung 1 yr’ - 3,42x10
¢‘ i3 ‘x “a,‘.

Plutoniug o vooan g
(1.23x10" ci) Lung l yr - 2337

e B
Spent Fuel wWhole Body 1 hr 61 -
(truck cask) - gyng 1 yr, - 0
Spent Fuel , Whole Body 1 hr 440 -
(rail cask)  Lung ‘1 yr - * 48
Recycle Pu P oy !
(6.19%10% ci) Lung ‘1t yr - 2475

4

340 S10 3000 10,000 20,000 70,000

o

~

(=]

(=

59

- 2 -

] - 0

- R - -

- 0 -

- 0 -
: -

0 - 0
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Isotope
L7 Co-60
Po-210
Plut;nium

Recycle Pu
(1985 only)

Spent fuel

. Spent’ fuel

AT

TABLE 5-14

EARLY FATALITIES AND DECONTAMINATION COSTS
CLASS VIII ACCIDENTS - EXTREME DENSITY URBAN AREAS

Total Percent ' . Percent Early Decontamination
Curies Released Aerosolized Fatalities Cost*
315,000 o 0 0- NA

14 100 100 1 $300 x 10°
1.2 x 10° 10 5 0 $800 x 105
6.2 x 106 10 5 0 $1200 x 10°
9.1 x 10° 100" "~ 100" 0 $400 x 10°
1.4 x 10 100" 100" 0 $200 x 10°

N Fu— o
Adjusted for increased evacuation and income loss costs resulting from higher population

density.

**Of available gaseous and volatile fission products only.




10,000 rems to lungs - threshold for pulmonary morbidity from long-
Tived alpha emitters when received as an
acute dose (Refs. 5-20 and 5-23)

20,000 rems to Yungs* - produces early fatality from pulmonary morbidity
resulting from short-lived beta-gamma emitters when
received as an acute dose (Ref. 5-23)

70,000 rems to lungs*" - prodﬁces early fatality from pulmonary morbidity
! " resulting from long-lived alpha emitters when
received as an acute dose (ke(. 5-23)

5 rems to whole body - NCRP-recommended limit for annual whole-body
radiation for radiation workers (Ref. 5-22)

50 rems to whole body - threshold for noticeable‘physiologica1~effects

from acute exposure to whole-body radiation
) _ (Ref. 5-22) P T
340 rems to whole body** ' - produces early fatal1ty from bone marrow

destructlon from acute exposure with mlnimal
medical treatment (Ref. 5-20) S

- -

510 rems to whole body** - produces early fatality from bone marrow destruc—
tion from acute exposure with supportlve medical
treatment (Ref. 5-20) . :

5.7 EXPORT AND IMPORT SHIPMENTS - - - - - N

. e & - N

The annual rad1o109ical rlsk ca1cu1ation for acc1dents 1nrolv{ng'?mport ano export
shipments was doné in the same way ‘as for the 1975 and 1985 s&dndaro"%hipments models. A
separate standard shipments model was devised for 1975 export shipments only and is discussed
in Appendix A. < PO g:_ }

o N Py '
- - 3

The total annual radiologica1 risk computed for export sh\pments in 1975 is 1. 57 x 10 -5
LCF per year, or 0.3% of ‘the tota] accident risk. Tab1e‘5-15 shows a breakdown of the
annual accident risk by material and major transport nodes Over half of the risk results
from enriched uranium shipments because this is the dominant exported material. Since
most exported enriched uranium shipments are transported by ship, these dominate the risk;
shipments by aircraft and truck are of lesser importance. It is not anticipated that
export shipments would contribute a significantly greater percentage of the annual risk in
1985 than they did in 1975. A detailed analysis of the environmental effects of U.S.
nuclear power export activities is given in Reference 5-24.

*:LD §0/360 value (lethal dose within 360 days for 50% of a population so exposed).
LD 50/30 value (lethal dose within 30 days for 50% of a population so exposed).

5-49



dd e

s 2

Pl

L.

05-§

Mot v

B PRSI

: o TABLE 5-15

* ANNUAL EXPECTED LATENT CANCER FATALITIES RESULTING FROM
: ACCIDENTS INVOLVING EXPORT SHIPMENTS OF RADIOACTIVE MATERIALS -
oL - =" 1975 EXPORT SHIPMENTS MODEL S : )
" ‘ ‘: - M c' " o , \‘ . !
o y ' Major I ’ . Percent of
, Transport ** s Annual Expected Total Export
.Materlal % Mode(s) < Latent Cancer Fatalities . Shipment Risk
Enrxched o, - Ship 27 5.5 x1078 35.1%y
Enriched UFg } ship " 4.4.x1078 28.1%
¢ w3 .
ME$HC = Type Al Cafgo Air . . 3.3 x 1078 . 21.1%
- a o -4 - .
. Co-60 - / ' Lo-6
.Type B .+ Truck s - l.4'x 10 8.9%
N - % - ~
Yo - H R
Enriched UF, ' Cargo Air -7 *
. " .Truck 7.5 x 10 4.6%
Mo-99 - " ‘pass Air, -7
* -Types A,B - Cargo Air 1.4 x 10 0.9%
" All Other . _Ship, Truck
* Exports “pass. Air, 4 -7
- Cargo Air ] 1.9 x 10 1.3%
TOTAL = 1.57 x 107> 1008




According to the 1975 Survey (see Appendix A), virtually all of the curies imported in,
1975 were contained in four Type B Co-60 shipments, each containing only one package ‘with an :
average of 1.8 x 105 curies per package. The average distance per shipment was 670 km, and
the shipments were all transported by truck.  One of the scenarios con51dered .in the 1975
standard- shipments model, Co-60-LQ2, involved four Co-60 shipments by truck 3.2 x 'IO
curies per shipment and 3200 km per shipment. ,These four shipments result in an annual !']Sk
of 1.2 x 10 -10 LCF per year. The risk for the four import shipments can be determined from
this figure, reduced in proportion to the curies transported and the shipment distance. The
result is 1.4 x 101! LCF per year.

5.8 NONRABIOLOGICAL RISKS IN TRANSPORTATION ACCIDENTS

-

Most radioactive materials are shipped incidental to other frei‘ght shipments, i.e.,“the
shipment would take place whether or not the radioactive material were on board. For these
shipments_the only impacts chargeable to the radicactive material are the normal ,population
dose discussed in Chapter 4 and the radiclogical accident risk discussed‘ear'lie’r in this
chapter. '

However, for exclusive-use shipments, i.e., those that requ1re the exclusive use of the
transport vehicle, there are certain nonradiologica'l risks that must aiso be considered €e.g.,_
the risk that the driver of a exclusive-use vehicle will be injured or kﬂ'led in an accident
not from radiological causes, but from the accident itself. In addition to fatalities, nonra-
diological-injuries and property damage must be considered as part of the environmentai mpact
of radioactive materials transport along with the'radiological effects

It has been estimated (Ref. 5-25) that transport of cold fuel ‘t,o nuclear pouer plants ‘and
shipments of .irradiated fuel and solid wastes from the plants by exc‘lusive-use vehicles could
result in 0.03 injuries and 0.003 fatalities per .reactor year if all fue’l and so'lid waste
transport were by truck and irradiated fuel transport were by rail or barge For the approx- ‘
imately 60 power reactors in operation in 1975, this translates into 2 injuries and 0.2 fatal-
ities per year. - .. - e e - P

.
v . .2 Pt R el -

LI,

Probably the greatest use of exc'lusive-use trucks ;or other than fuei cycie nateriais is
in the 'transport of radiopharmaceuticals, primarily Mo-99/Tc-99m generators. If it is esti-
mated that 10X of the generators that were transported by truck in the 1975 standard shipnents
mode) are transported by exclusive-use trucks, in.average aggregate quantities of 80 TI per
shipment, about 130 such shipments per year would be expected. For an average shipnent dis-
tance of 960 kilometers, the total distance traveled would be 1.25 x 105 kilometers per year.
Utitizing the accident statistics and Jdnjury and fatality data that were used to estinate the
nonradiological “impact for shipments to and from power.plants. (Ref. 5- 25). the transport of
Mo-99/Tc-99a generators by exclusive-use trucks would produce ‘about 0.07 injuries and about
0.004 fatalities per year. - . R . qemese oo

« am ! - PRI - LA Sl KERTIRITE | ' oa oy TR BIISITNE 0
Finally, . certain all-cargo airlines uke routine flights exclusive’ly for shipment of
radicactive materials, primarily Mo-99/Tc-99m generators. It is estimated that ‘these fiights

cover 320,000 kilometers per year. Using the commercial aircraft accident races of
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1.44 x 10- accidents per ki]ometer, these flights would be expected to result in about 0.005
accidents per year. " Assuming that a crew of two would be killed in each accident, aan average
of 0,01 fatalities per year wou]d be expected. :

Thus, the estimated nonradiological impacts resulting from transport in vehicles used
exclusively for radioactive material shipments is 2.05 injuries and 0.213 fatalities per year.
The major contribution is made by transport of cold and spent fuel to and from nuclear power
plants.

5.9 SUMMARY OF RESULTS

The results of the calculations of the risk ;esulting from potential transportation
accidents involving radioactiveﬁ materials shipments may be summarized as follows:

1. The accident risk for the 1975 level! of shipping activity, as determined from -
the 1975 shipping survey, is very small: roughly 0.005 additional LCF per year, or one addi-
tional LCF every 200 years, p'lus an equal number of genetic effects. This number of LCFs is°
only 0.3% of those resulting from normal transport population exposures. !

2.  Over 70X of the accident risk is attributable to shipments of Po-210, plutonium,
waste, l_lixed fission and corrosion products, and UF6 (Table 5-9).

‘3. The orojécted accident ‘risk in 1985 is 0.0166 LCF per year, or about 3.5°
times the 1975 risk, but is still very small in comparison to the LCFs resulting from normal”
transport. Even though the 1985 calculation takes into account a modest amount of plutonium
recycle, the risk from plutonium (U-Pu mix) is 1.3X of the total risk.

4. Using Model I1 re'lease fractions, the annual probability of one or more early fatal-.
ities fron radiologica] causes in 2 transportation accident is about 5 x 10 in 1975 and
about 10~ 1n 1985. et ;

- -~ g, B

5. Costs of decontamination following a transportation accident involving a 600-curie
release can be as much as 100 X ’|06 dollars in an urban population zone.

By ' AN i T F Ly -

6. In spite of their low annual-risk; specific accidents occurring in very-high-density
urban-i)o'puhtion “zones can produce as many as 1 early fatality, 150 LCFs, and large decontami-
nation costs. A'lthough such accidents are possib‘le, their probability of occurrence is very -

T~

.z - .
small. v .- ’ .- . P

- oo T " N M .
. v - SR AR 5

- sy
“

" 7. The contribution to the annyal accident risk from export ~nd import shipments is:.
less than 0 01 tines the domestic transport risk and is erly to remain so in 1985, vl

- - P
M <t . . . < Eeng e

8. The principal nonradfological impacts are those injuries and fatalities resulting
from accidents involving vehicles used exclusively for the transport of radicactive materials.
The number of exﬁected annual nonradiological fatalities is almost 50 times greater than the

R N B N Vo .
5 MY LS - . v '
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expected number of additional LCFs resulting from radiological causes but is less than one
fatality every five years.

The annua) individual probability of an early (radiological) fatality reéulting from a
transportation accident involving a radicactive materials shipment is presented in Table 5-16
together with annual individua)l probabilities of ‘an early fatality from other types of acci-
dents. The numbers listed in the table are based on the assumptions that all accidents occur
randomly “throughout "the” gopulation ‘and that the number of persons at risk for. early fatalitie

-

resu]ting from radiological ‘causes following a-transportation accident is 75 x 10 (estimating
that approximately one-third of the population lives along major transport routes). The table

shows, for example, that an individual is 105 times as likely to be killed as a result of

being struck by 1ightning as he is to die from radiological Causes within one year following °
a transportation accident involving a shipment of radioactive materials. : The table shows that

there are many commonly accepted accident risks that are very much greater than the accident
risk of transport1ng radioactive materials.
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CHAPTER 6 ‘! o
ALTERNATIVES =~ -~ - - e

6.1 INTRODUCTION ~° S . L ; .

\ - .

The ana1y51s of the 1mpact of transportation of radloactive materials presented in Chapters
1 through 5 was based on current’ shipping ‘practices as revealed in the 1975 survey'and in the
1985 projections of those shipping practices. In this chapter, the environmental effects of
various alternatives to shipping practice as projected fJ} 1985 are evaluatéd.® The 1985 stand-
ard shipments model was used rather than the 1975 model because it was‘felt that by the time any
new regulation to implement a particular alternative went into effect, the shipping activity
wou]d be more_ accurateiy described by the 1985 model. Thus, the impacts of various alternatives
are eva]uated by u51ng the 1985 standard shipments model and are compared with the 1985 base-
Iine, i e.. the risk computed in the previous chapter ‘for 1985. ° - N T

3 e R - . + -
PR H ' + 1 . . .

:hn aitErnatiue‘that results in a Jower annual’popuiation dose is ‘desirable from a radio-'
logical point of view but should be balanced against nonradiological impacts ‘and the cost of *
inp]ementatlon Sinliarly. one alternative may be desirable from a safeguards viewpoint but
undesirable from a radlologicai safety v1ewpoint Thus a quantitative compariscn of ‘the radio-
1oglcal 1npacts may be made in terms of thé number of excess latent cancer fatalities (LCFs):.
produced but the assessment of the total impact of a given alternative on the environment often
will include qualitative consideration of other factors. '° f oM T TR e e e

Three radiological impacts relative to 1985 shipping activity are quantified for each
alternative: (1) the annual normal population dose in terms of both person-rem per year and the
annual LCF, (2) the annual expected number of LCFs due to accidents, and (3) the annua) proba-
bility of one or more early fatalities resulting from accidents.  Comparison’is‘made to the 1985 "
baseiine case, the radioiogicai impact of which is summarized in Table 6-1.

- = ce L35 TR SR T 7 Bul ol %4

3 oragroen Tg. Lot TR an L wnygte -
TABLE 6-1 .. ..

LS oy, I3 « - ~ s
B e i T - ToIsere gl sy o~ PP IS4

RADIOLOGICAL IMPACTS FOR THE BASELINE CASE
YU 8T o -1985 STANDARD -SHIPMENTS WITH MODEL I1-RELEASE FRACTIONS ... <

"“Anhual normal population dose '’ ™ %% “7'¥{7257360 person-rem T P ¢ T . cnnc
(3.07 LCF)
Annua]ie&pected number ‘of LCFs™ -~ ™ < 7 TMMQ017 LCF T -V T viet. o0 %

due to accidents
T probability of one or more " : ‘g, 12 x 10 IR
- 18tel zearly fatalities due to radio=; .= . .ot & - e ciImaanc s L L s ne e s

logical exposure from accidents me e s ’ .

{ § Tk &z - % -

Certain alternatives considered in the draft version were eliminated as a result of comments
from authoritative sources concerning their impracticality. These include"shiftinb :a11 material¢
carried by all cargo aircraft to passenger aircraft flights only under VFR (VIsual flight
rules), daytine-oniy flights and specific aircraft’model requirements. 7 - T
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Where appropriate, the cost of implementing an alternative is estimated, and this cost is
compared to the benefit resulting from the alternative. Benefits are expressed in terms of the
estimated reductfon in annual population dose or LCFs resulting from implementation of the
alternative. To compare benefits to incremental costs, it is necessary to assign a monetary
value to an LCF. For the purposes of this assessment, the official NRC estimate of $1000 per
person-rem (Ref. 6-1) is used along with the whole-body dose-effect value of 121 LCF per 10
person-rem (Ref. 6-2), resulting in a value of $8.22 x 106 for each LCF.

LRI

The alternatives discussed in this chapterﬂuay be classified by three general types: .

[ 3 ¢

1. Transport mode shifts . .
. 2. Operational constraints
3. Packaging or material constraints

s v

Transport mode shifts involve additional or aiternative regu'lations that wouid eii-inate
the use of certain transport modes for either ai'l radioactive nateria‘l shipments or for certain '
of the potentially more hazardous materials, e.g., po'Ioniun or plutoniuu In evaluating the '
effects of these mode shifts, the assumption fs made that the material involved would continue
to be transported. in the same total annual quantities but by a c different mode. ) )

.

A

3 o, Tepn - ‘

The alternatives of the second type are those that would require specific operationai
constraints on transport to .limit accident rates or consequences, e.g., restricting route.
Jowering speed 1imits for surface modes, no weekend driving, nonitoring airport packages and
lowering ailowable radiation levels in afrcraft., .

[

B
: ¢ , ' . .

.The alternatives of the third type are those that would: , .

3 - g ~ - - . .
! g er 2 A & e

1. Restrict the form of the material shipped to reduce its dispersibility and/or respira- '
bility in the case of an accident severe enough to breach the packaging.

el T ~ a qater
2. Reduce the quantity of material shipped on a given transport vehicie to reduce the
amount that could be dispersed in a severe accident.

AR Ty s Ty bt »"&..

R P T e e

3. Introduce new packaging standards _to_require_the use of. extradurab]e packaging for
shipments involving Type B and large guan_tities of the potentialiy more hazardous isotopes.

7 -
- Tr
‘

4. Lower the package quantity 1imits or package transport index (TI) li_mits.

LI - ~ o

Each of these general alternative types is discussed, in detail in Sections 6 2 through 6.4
of this chapter. Risk estimates are made and compared to the risks due to current shipments.

e 3T 2 R L e oy

The results are summarized in Section 6.5.

A N e AR S i.;" LA, o~ Taae oy #0 - i ita L7 oy T cher, onant
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In this section, the effects expected fron shifting various ciasses of radioactive material
from one transport mode to another are assessed Various combinations that have been suggested

as likely to yield a decrease in radiological impact are considered. .
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6.2.1 ALL AIR TRANSPbRTrBY TRUCK - i -

. » -

This section considers the effects of transporting by truck all materials considered for
transportation by either passenger aircraft or all-cargo aircraft in.the 1985_standard shipments -
model. No change is assumed for the average distance per shipment for each scenario. However,
because transport by truck is considerably slower, this 'alternative might necessitate shipping a
greater number of cur1es and TIs per package for the short half-1ife ‘materials -to compensate for
the addltwna] radloactwe decay. * )

i

It. is est'lmated that the minimum time required from shipment to use'is approximately 20
hours (essentlaﬂy 1 day) for shipments by aircraft witbin the ‘continental United States. .In a -
similar t'lme penod destmatwns within about 1290 kilometers could be served by truck with no~
add1t10nal rachoactwe matenal required to compensate for the loss resulting from radioactive
decay. However, for longer distances, sh1pments must ‘contain more-radicactivity at the time'of
shipment. The amount required can be estimated using the following relationship: -

o 0593!--20) AN : R
- = exp , where 32 20 - : . - (6-1)

* Te v

Y

, -

o=l

- - . - *

and - - A, = initial activity for, truck shipment - -
= initial activity for air shipment
destination distance from shipper

e X

-= “mean transport speed for trucks .. ! o e
t;’ - nuc'lide half-1life (in_hours) .- ' JEPEN

The on'ly isotopes Hsted in the standard shlpments mode‘l that. have ha'lf-hves suff1c1ent]y
short to require additional,radioactivity when.transported by.truck are Tc-99m, Au 198 Ga- 167
and Mo-99. Of these isotopes, only Mo-99 is transported an average dlstance greater ‘than 1290 .
kilometers. Equation (6-1) suggests that about 10 percent more rad1oact1v1ty would be required
for Mo-99 shipments transported by truck instead of by air. This small change in amount carried
will have a negligible effect on the radiological impact but might result in sone significa‘nt
{ncrease in expense for the radiopharmaceutical supplier. ... . ...

s T s [— B LTI

~ - : .
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6.2.1.1 -Radiological Impacts

o
<«
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The radiological impacts computed with this alternatwe are:. ., - o .
Annual normal popu'l'ati on dose 26,230 person-rem
Y ¢ - H 1 R
Annua] LCFs from accidents “TT3 T 0,021 LCF-cia. o R P
Annua'l probabi]ity of one or , “ h 928 x10747 7 - o -
“ - more early fatalities - ~ 7 - T T ae e om0 Ta e e

"~ - z 4 - <t
e - .1 1. LB TS S A S A ppee nr.».;»-‘ - o2t v -~ e A~

Comparison of the’ radio'logica'l jmpact “of this "alternative with "that of -the base‘line case
(Table 6-1) indicates an increase of 930 person-rem per year ‘in the normal.population-dose. The .
additional dose received by crewmen is the largest contributor to the overall increase. The
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annual accident LCF is increased as a result of the higher accident rate for trucks as compared
to aircraft. The annual early fatality probability is also increased slightly. x

a

6.2.1.2 Nonradiological Impacts and Cost-Benefit Balance

The shift of all radioactive materials from an air mode to truck mode implies an inorease
in the number of truck-shipments from 2.34 x 106 to 4.14 x 106 shipments per year in 1985 or a
factor of approximately 2. In order to estimate the freight cost savings resulting from shifting
all air shipments to truck, an average package mass of 22.7 kilograms and an average distance of
1600 kilometers are assumed. , The freight rates for such a package were obtained from ]ocal
(Albuquerqie, New Mexico) airfreight and truck offices and were found to be $0.70 per kilogram

K

for airfreight shipments under 45.4 kilograms and $0.26 per kllogram for_ truck sh1pments under

45.4 kilograms. Thus, the transport of a 22.7-kilogram package for 1600 kx]ometers costs $10. 11
more by airfreight _than by truck. The shift of 1.8 x 106 packages per year “from air transport

to truck transport would therefore result in an estimated annual saving of about $18 x 106

An additional saving would be realized for the cargo aircraft shipments that are shifted to
truck because of the decreased secondary mode distancef(lﬁo kilometers per shipment for cargo
aircraft versus 80 kilometers per shipment for truck). The shift of cargo aircraft shipments to
truck involves about 1.4 x 105 packages. With each package traveling, on the average, 80 fewer -
kilometers by secondary surface mode, about 5.6 x 106 fewer kilometers by secondary mode trans-
port would be required, assuming an average of two packages per shipment. Assuming that delivery
vehicles get 12.8 kilometers per liter, that gasoline costs $0.14 per liter, that driver salaries
and other costs amount to $5 per hour, and that the average speed is 48 kilometers per hour, the
additional saving for the decreased secondary mode travel would be $0.8 x 106. The radiological
cost would be ‘the aoditional annual population dose of 930 person-rem:- At $1000 per person-rem,
this amounts to $0. 9é'x 10 ‘per year. Based on these assumptlons ‘this alternative appears to
be cost effective with a net saving of $17.9 x 106‘ . ” : ' :

P4
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6.2.2 ALL PASSENGER AIR TRANSPORT BY ALL-CARGO AIRCRAFT -~ ¢ 'iu- ‘ !

P
- N I PRPERE PFLootl . ' v . - nv

This section considers the effect of transporting:by.all-cargo aircraft all materials
transported by passenger aircraft in the 1985 baseline calculation. Al1 other baseline shipments
are left unchanged. This shift necessarily involves an increase in secondary surface mode.
transportation because all-cargo aircraft serve fewer airports than passenger aircraft. This
assessment assumes a 160-kilometer average secondary mode distance per shipment for cargo air-
craft and 80-kilometer for passenger aircraft.

{rr e oy ”?

The mode shift described in this alternative may not be readily achlevable without shifting
some shipments entirely to the truck mode, but, for the purposes of th1s comparison, that possi-
bility will not be considered. Rather, it is assumed that the required [coverage can be achieved
by the package airfreight lines that ‘have begun to serve many parts of the United States. It
should be noted that a shift to package airfreight would involve transport in smaller aircraft
and therefore would result in greater exposure to crew members. However, because of the lack of
quantitative information, this was not taken into account in the calculation. . . Lo
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No significant increase in package curie content has been postulated in this alternative to
account for increased time between shipment and use. While it is expected that shipments will
be slightly slower, the effect is not expected to be significant because the ground transport
1ink is 1imited to 160 kilometers.

6.2.2.1 Radiological Impacts oo

- - - L

The radiological impacts computed with this alternative are as follows:

P T

Annual normal population dose 21,830 person-rem’
. . . (2.64 LCF)
- Annual -LCFs from accidents . . 0.0f3‘LCE - N ;_:.‘ ‘ )
" " Annual probability of one or ", 9.12 x 1074 oo - so- T
. more ‘early fatalities - e m . C e e = e

The decrease of 3,530 person-rem in annual normal population dose from the baseline case
(Table 6-1) results from the elimination of the dose*to airline passengers and attendants.
although this decrease is partially offset by an 1ncreased dose to the surrounding population
resulting from the 1ncreased secondary mode travel“ g ) T i - e
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6.2. 2 2 Nonradiological Impacts and Cost-Benefit Balance o

- —a e ow

M L
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lf the secondary (ground) link is not considered no s1gn1ficant addltional nonradiological
impacts result from this alternative other than the possibility of the increased ‘costs requittd ”
to serve outlying c1ties by package airlines. Some scheduling difficulties are likely as' a T

T e

result of fewer flights of all-cargo aircraft as.compared to those of passenger “aircraft.t tT0 L
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However, the additional secondary mode dlstance required by this alternative is 51gni-
ficant. The shift of all passenger aircraft shipments to cargo aircraft fnvolves about 1.7x"
106 packages. Using the cost parameters introduced dn_ Section 6. 2 1, the increased secondary
mode distance will cost $9.2 x 10 The 3, 530 person-rem decrease ih normal population dose is-
equivalent to only $3 .5 x 10 savings at SIOOO per person-rem. Thus. from a cost-effectiveness
viewpoint, the alternative of shifting all passenger aircraft shlpments to cargo aircraft does

Tl

.
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6.2. 3 ALL ALL-CARGO AIR SHIPﬂENTS BY TRUCK ; : R LA IOt £
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In this alternative all-cargo air shipments in the 1985 baseline are- transferred to the':“
truck mode. The actual distance in the truck mode is estimated to be approximately the same’ as’
the airline distance. As in the first alternative. Hhich conSIdered the shift of both cargo

-

aircraft and passenger aircraft shipments to the truck mode this alternative would require ‘that
M0’99 shipments contain about 10 percent more radioactivity than in the baseline case to make up‘ﬁ

P

for the Mo-99 that decays during the extra travel time required by the truck mode.‘ An 80 kilo°‘

fom e

meter average secondary van link vas assumed for the additional truck shipments resulting from *
this alternative. v
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6.2.3.1 Radiological Impacts

The radiological impacts computed with this alternative are as follows:

Annual normal population dose 26,160 person-rem
(3.16 LCF)

Annual LCFs from accidents 0.020 LCF

Annual probability of one or 9,28 x“104 .

more early fatalities

Just as in the alternative shifting all air shipments_to truck, this alternative results in an
increase in annual normal population dose and an increase in LCFs over™ the baseline case
(Table 6-1). However, the {increase is not as great as in the previous alternative since fewer
shipments are involved. The increase in normal dose is principally due to higher crew dose.

6.2.3. 2 Nonradiological Impacts and Cost-Benefit Balance

In the discussion of the alternative shifting all air shipments to the truck made, it was
estimated that for an average size package (22.7 kg) traveling’ an average distance (1600 km) the
truck mode rate would be lower by $10.11 per package. _This shift of 1.4 x 105 packages from
all-cargo aircraft to truck would be expected to result‘in an’ annual saving-of about $1.4 x 106
based on this rate difference., Since the secondary mode distance for trucks is 80 kilometers
per shipment while 160 kilometers per shipment are estimated for ail -cargo air shipments, an
additional saving of $7 7 X 106 would be realized fron the decreased secondary mode travel

(using the same secondary mode assumptions as in Section 6 2 1) The cost would be an additional .

800 person-rem population dose from normal transport and an additional 0.003 LCF from accidents,
which is a dollar equlvalent of 3815 000 per year. Thus, this alternative, as well as the one
in which all air shipments are shifted to truck ~appears to be cost effective.

ER
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6.2. 4 HIGH-HAZARD DISPERSIBLE HATERIAL BY TRUCK OR BY RAIL

"o 'r,,‘o,-s l"f'f-'. S B LR RVE I T8 ¢ ¥ -

Certain dispersible materials in the standard shipments model are more hazardous than

others This section considers the effect of requ1ring certain of the more hazardous of the‘
1985 standard shipments to be transported by truck or rail. The shipments considered are those

-

)

dispersible materials with both a curie-per-package value greater than 100 and a rem-per-curie .

(inhaled) value greater than 10 The materials that meet these criteria are HF + MC (large
quantity), Po-ZlO‘(large_quantity), Pu-2398, Pu-2§98 (large quantity), ?-Pu mixture, and recycle
plutonium. P D .
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Shipments by. aircraft could be shifted to either truck or rail without additlonal physical

“res

.

constraints The packages used are typically the size of 205-liter (55-gallon) drums or “smaller i
and weigh a few hundred kilograms or less.’ The materials half-lives are sufficiently long that |
loss by radioactive decay during transport is not important Because of tne value of plutonium o

as weapon material a mode shift for plutonium (or any other special nuclear material) shipments :

in strategic quantities requires careful consideration of the security required for protection
against theft or sabotage. Because that aspect of the problem is discussed in Chapter 7, con-

sideration in this section will be confined to the radiological and other nonradiological aspects
of the environmental impact. 6-6
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Truck sh1pments of MF + MC, Po-210, and Pu-239 (1169 cur1es) are assumed to be made in
exclusive-use trucks. Truck shipments of Pu-239 (1 2 x 10 curtes) ‘and U Pu mlxture are assumed
to take place in Integrated Container Vehicles (ICV, see Sect\on 5 2.3). For rail sh1pments of '
Pu-239 (1.2 x 106 curies) and U-Pu mixture, the ICV trailer 15'assumed to ride "p\ggyback"' on

-

the rail car. ) ' -

6.2.4:1 Radiologicai Impacts _ X : ) . 4 -

R

If the dlspers1b1e mater1als cons1dered above are transported by ra11 on1y, “the fo]]ow1ng
results are obtained: v

- o T "

Annual normal population dose 25,260 person-rem
- * (3.06 LCF)

Annual LCFs from accidents - .+ 0.019 LCF

Annual probability of one 9.08 x 10-4

or more early fatalities

If these materials are shipped by truck only, the radiological impacts are:"

Annual normal population dose 25,400 person;rem
o (3.07 LCF) )
Annual LCFs from accidents 0.019 LCF

“Annual probability of one or 9.25'x 1074 e
© . more early fatalities - . .

Since the costs of ICVs cannot be evaluated at this time, a definitive statement on cost

effectiveness cannot be-made. However,” the radiological changes resulting from this a[ternative

do not appear to be significant. . . - .-

6.2.5 ALL SPENT FUEL BY TRUCK B

A P
4 1 .
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Truck casks for transportjing jrradiated fuel carry fewer fuel elements than rail casks.
Thus, if all spent . fuel were transported by truck more shipments would be required. Considerlng
that truck casks transport only a single element while rail casks' transport seven fuel elements’’
in a single cask, as much as a sevenfold increase in the number of shipments might be required
under this alternative (Ref. 6-3). T o ’ cL

6.2.5.1 Radiological Iepacts

..

- The radioIogical inpacts conputed vith this a]ternat1ve are summarized as fol]ows-

ah Annua] normal populaiion dose .07 . 26,250 person-rem <+ ' -
A LAWY € 3 T 1 11 D
" Annual LCFs from accidents e L QUOITLCF T o et
v - fo3 T Y SRR AN . B
" Annual probability of one or - 9.12'x 107
more early fatalities R O Ce -
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The 830 person-rem {nereasegin normal dose ($9 x 105 equivalent) over the baseline case
(Table 6-1) result; from the increase in the number of truck shipments.

6.2.5.2 Nonradiologicel Impacts and Cost-Benefit Balance

The estimated costs for shipment of irradiated fuel by rail and by truck are listed in
Table 6-2. It is evident from the table that the cost for transporting seven single;element
casks by legal-weight truck is about the same as for transporting one 7-element cask by a unit
train. It is assumed in th1s assessment that about 6.5 times as much spent fuel is carried in a

i

rail cask as in a truck cask (Ref. 6-3).

- ot

TABLE 6-2
ECONOMICS OF RAIL-TRUCK MODE SHIFT FOR SPENT FUEL

Mode Cost per ShipmentX
Legal-weight truck $10,000
Non-unit train** _45.009
Unit train** 3 73.660'

—_
1200-1300 MWe reactor, 1600-kilometer shipment, 68 truck or 11 rail shipments per year.

A unit train is one devoted exclusively to the carriage of a particular cargo, spent fuel in
this case.

. . B i

An additional consideration is the procurement cost of a truck cask versus that of a rail:
cask. Costs of three representative casks are shown on Table 6-3.

TABLE 6-3
COSTS OF REPRESENTATIVE SHIPPING CASKS

Cask Mode! T Use - Purchase Cost ~ - "« * . - - Lease Cost
Transnucleaire _‘ " truck $1 x 108 T $1600/day + T
TN-9 T - . : . * maintenance contract -
General Electric rail $ x 10° "7 81 x 10%/year
IF 300 (4-5 year minimum)
National Lead rail $2 x 106 $2400/day
NL 1024 . i IR

Assuming a 3-day truck trip (plus 3 days return) and an 8-day rafl trip (plus 8 days return)
(Ref. 6-3) and 10 maintenance days per year, each truck cask can be used 59 times per year and
each rail cask can be used 22 times per year. Using the 1985 baseline shipment information, 26
truck casks and 30 rail casks would be required at a purchase cost of $116 b 4 106 (assuning half
the rail casks are purchased from each supplier) or an annual lease. cost of $43 X 106 If all
frradiated fuel were shipped by truck 98 truck casks would be required at a purchase cost of
$98 x 10G or an annual lease cost of $57 x 106 Tee

Using these data and assumptions, the alternative of changing from the combination truck
plus non-unit train shipments of irradiated fuel described in the 1985 standard shipments model
6-8



to all truck _shipments would cost an additional $14 x 106 in cask leasing charges, and the

5, 768 total shlpments would cost an addlttonal $13 X 10 for shxppIng Hhen these costs are
combmed with the equwalent of $9 X 105 addltlonal radlo'loglca‘l costs, the alternatwe of

shipping all irradiated fuel by truck is not cost effectwe to the extent of $28 x 106 per year

6.2.6 ALL SPENT FUEL BY RAIL - J

As dvscussed above, rail casks have up to seven tlmes the capac1ty of truck casks for
irradiated fuel. The annual number of shipments would therefore be reduced if rall were the
only mode used to ship irradiated fuel. -

6.2.6.1 Radiological Impacts Lo .-

The radiological impacts computed with this alternative are summarized as follows:

‘Annual normal population dose Tt - 24,900 person-rem " Tt
(3.01 LCF)
Annual LCFs from accidents 0.017 LCF
Annual probability of one or. 9.12x 107}
more early fatalities™ " ' Coetteas

The reduction of 460 person-rem-per year in normal popu]atlon dose as compared to the baseline
case (Table 6-1) has a dollar equ1valent of $460,000 per year.

6.2.6.2 Nonradiological Impacts and Cost-Benefit Balance

. e } N
£ , - o e e e .
e T . - PRTIIE

Using the data and assumptions in Section 6.2.5, the alternative of :changing from _the com-. -
bination truck plus non-unit train shipments of irradiated fuel described in the 1985 standard .
shipments model to all non-unit train shipments is found to be cost effective. The 887 annual
rail shipments would save $6 x 10° in cask;Jeasing*chargeg;_§5;;~196'inrshippjgg charges, and $5
X 105 in equivalent radiological costs. This alternative would therefore be cost effective by
about $11'x 106 per year. ST mENT R0 LTiinrt amenneten 8 2,47 rorplt T Ilhep, oo een
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6. 2 7 ALL FEASIBLE IRRADIATED FUEL'BY BARGE L N

NN b N B T I, AT I AN N S DR SR L O
It ‘has been suggested that a -viable meansﬁof-transporting irradiated fuel from nuclear- .
power ‘plants to'reprocessing‘sites would be rto-use:barges’ on’the.navigable waterways in and, -
around the United States. ' A’preliminary review was made of the feasibility of -this alternative .
by, examining -the location of reactor ‘sites.as‘ proJected to 1985 (Refs..6-4 and 6-5)-and their -
prox1m1ty to navigable ‘waterways (Refs.:6-6 and “6-7). -This analysis revealed that approximately
74 percent of the projected -1985 nuclear generating capacity will be sited within 80 kilometers
ofﬂhavigable‘waterways (including the ocean), and 88 percent will-be sited within 240 -kilometers .
of'havigable ﬁaterﬁays The  only -currently ~projected ‘reprocessing .site (Barnwell; South ;-

Caro]ina) is approx1mate1y 48 k1lometers ‘from navigable water.m  .ravI. oo gfesf opoiierine fane

. - -
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If it is assumed that the only barge shipments would be those in which the tota1rsecondary»
1ink distance is less than 240 kilometers and if shipments through the Panama Canal are ex-
cluded, approximately 48 percent of the 1985 projected total Mde (71 percent of the sites) could

6-9 -



be serviced by ba'r‘ge. Under t.hese assumptions, the average distance by barge would be about
3500 kilometers, and the average distance by secondary node (truck) would be about 130 kilo-
meters. This would amung to 212_ barge shipments per year, each barge carrying two rail casks.

6.2.7.1 Radiological Impacts

If it is assumed that the remainder of the plants are serviced by rail (460 shipments per
year), the radiological impacts are as follows

Annual normal population dose 25,040 person-rem
- (3.03 LCF)

Annual LCFs from accidents 0.017 LCF

Annual probability of one or 9.12 x 107%

more early fatalities - e e i .

If the remainder are serviced by truck (3,000 shipments per year) instead of rail, the results
are;

Annual normal population dose 25,700 person-rem

(3.11 LCF)’
Annual LCFs from accidents ' 0.017 LCF CY )
Annual probability of one or 9.23 x 1074 ) o

more early fatalities )

> £ o . »
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The first case results in a decrease of 320 person-reu per year ($320 000 equivalent) as com-
pared to the baseline case (Table'6-1); the second case results in an increase of 340 person-rem

per year‘($340,000 equivalent)." RN . AL % S
et L ST A S P “ . —_—
6.2.7.2 Nonradiologic al Impacts and Cost-aenefit Balance +, Ll . ,
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These radiological impacts must be considered in light of the cost necessary to accomplish
this mode shift. The cost of a barge/tug combination is estimated by the American Waterways
Operations, Inc., of Washington, D.C., at 0.0027 to 0.0041 dollars per tonne-kilometer (0.004- ,
0.006 dollars per ton-mile). If the average frradiated fuel load is 1360 metric tons (1270
metric'tons for the two loaded rail-casks (Ref. 6-3) and 91 metric;tons:for auxilieries, Jdncluding
generators,’ emergency equipment,:etc), the water portion of an.average trip will cost between .
$13,000 and $20,000." The secondary link will add an additional $1625 (at $6.25 per. kilometer,
for truck and assuming two truck loads per barge-load).. Thus,, the 212 barge.shipments project}edﬂ
for ‘1985 -would cost approximately $3.8 x 10%.:- The additional rail or. truck service tp‘»l’.ne)m:,
remaining 29 percent of the sites would cost between $47 x 106 per year (remainder. by tr:uck) and ’
$16 x ‘106 per year (remainder by train) for a total annual cost of between $19 million and 351
aillion. The annual cost-of:the 1985:baseline truck/rail mix is $46.4 x 10 . using the truck/
rafl costs from Table 6-2 (trucks and non-unit trains). - Thus, the barge alternative can pﬂrov‘i‘deb/
a net saving of up to $27 million if the remainder is serviced by rail. These figures include
only transport costs. .oi-- 5 it o.r T e - - St mn b e,
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The barge alternative requires 46 rail casks and 51 truck casks (if the remainder goes by
truck) or 67 rail casks (if the remainder goes by rail) In both cases, a 19 -day one-way barge
shipment (3520 kilometers at 8 kilometers per hour) pius a 10- day annual maintenance period is
assumed. This results in a range of $67 x 106 to $76 x 106 for annual lease costs.--The 1985
baseline lease cost is $43 x 106.

Thus, the overall ne.radiological effect could be a saving of as much as $3 x 10% if the

)

remainder is serviced by rail.

i “In addition "to transport costs, various one-time site-specific costs may be required to
give a site-the capabiiity to handle barﬁe ‘traffic. These ‘costs would include dredging (at
$1-$13 per cubic meter (Ref. 6-8)), pier construction (at $100,000 to $500,000, as estimated by *
Williams Crane and Rigging of Washington D.C. ), etc These costs should not alter the apparent

N - ¥ . -

cost effectiveness of this alternative. 8 - v i e e

The fact that transportation costs are so much lower for barges than for. other.modes makes ~
this alternative certainly worth additional investigation. Barge transportation of irradiated
fuel may be a viable alternative, at least ‘for some specific reactor sites,’if not-as a nation-
wide scheme:

5 = me vy

6.3 OPERATIONAL CONSTRAINTS ON TRANSPORT *~ © S . T

In this section the effects of various alternatives de51gn~d to reduce risk by the use of
constraints on transport operations are considered. No transport mode:shifts are involved, ‘nor:
are there any restrictions on packaging Restrictions considered in’ this section would app]y to"

carriers ’ ’ - S overtd NN Pty tal

3 B
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6.3.1 RESTRICT RADIOACTIVE MATERIAL TRANSPORT TO AVOID HIGH-POPULATION ZONES LT IR

“In this alternative, using‘airports‘in'suburbanipopuiation zones'rather than major metropoi-
itan airports and ground link routing around cities is considered. “ An example of such a change ~
would be using Ontario Airport in Ontario, Ca]ifornia. in place of Los Angeles International
Airport This “alternative is modeied by changing the ‘fraction of travel in high-population
zones for trucks. afreraft, and the ‘associated van “links: Travel fractions for trucks are -
changed from .05 urban/.05 suburban to .01 urban/.09 suburban; the corrésponding fractions for*
aircraft are changed from .02/.10 to 0/.12 and, for vans, from .4/.6 to .2/.8. If aircraft
routes are chosen to avoid high-popuiation-density zones, ‘the radiological risk resulting from
aircraft accidents wou]d be reduced since most airpiane accidents occur in the vicinity of
airports during takeoff or landing (R&f." 6-9) and ‘since the consequences:of air or ground acci-
dents are more severe if they occur near urban centers. However, most destinatfon points-are in’
or near cities, so that deliveries would still have to be made in urban areas. By appropriate
controls, delivery vehicles could be routed to use beltways or outlying _roads and avoid the °
central city as much as possible. For these reasons, the average secondary mode distances are

- - PR

assuned to increase to a nininum of 160 kiiometers per shipment. [ ST L

.
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If shipuents through high—popuiation zones” are restricted, ‘the probabiiities of occurrence

of accidents with potentially large consequences, as discussed 1n Chapter S, would be reduced.
6-11 -



6.3.1.1 Radiological Impacts

The radiological risks computed for this alternative are as follows:

4

Annual normal population dose 23,850 person-rem
(2.89 LCF)

Annual LCFs from accidents 0.018 LCF

Annual probabiiity of bﬁe‘oé } .9'49 X 10-4

more early fatalities

The increases in accident LCFs and early fatality probability over the basehne case (Table 6-1)
are due to the substantially increased secondary mode. distance, with its assoc1ated higher acci-
dent rate. The decrease in normal dose is due to the, reduced exposure to on~ and off-1ink popu- _
lations resulting from travel in, lower-popuiation-density zones. This effect is partially offset
by a slight increase in the secondary mode crew dose that results from higher secondary distances.

6.3.1.2 Nonradiological Impacts and Cost-Benefit Balance

e
NP EY

Some additional considerations relating to this alternative are: .

.t

1. The choice of available air carriers could be restricted since not all major carriers,
particularly cargo air carriers, provide comprehensive service to smaller airports.

2. An examination_of. the 1985 standard shipments model with an additional 80 ki]ometers
per shipment added to most scenarios, reveais an additionai 320 X 106 kilometers in secondary
mode travel. Using the same. assumptions used in Section 6 2 1 for estimating secondary mode .
costs except for allowing for a higher average speed (72 kilometers per hour), the cost of the )
additional secondary mode travel resulting from .this alternative is computed to be abou‘ '
$33x10 per year. B . -

3. .0 . . oW e R

3. - It should: be noted that some major. urban airports are already located in lower-popu-
lation-density zones: (e g., Dulles International Airport).. , ..

g *
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- This alternative is clearly not cost effective _since there s a saving of $1.5 x 10s ‘asso-

ciated with the decreased radiological impact but a cost of 333 x 105 associated with the addi-
tional secondary mode.distance. . ..
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6.3.2 ROUTE TRUCKS ON TURNPIKES OR INTERSTATE HIGHHAYS
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--The effect of this _alternative is to reduce the truck accident rate by about 10 percent
(Ref. 6-10).  ,, .riz2x .» - . L.
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6.3.2.1 Radiological lmpacts ... h h

< Toe My Tty

CO L SRS et A L A E

The lower accident rate causes a significant reduction in the annual accident LCFs and
early fatality probability. The normal population dose is reduced from the base]ine case
(Table 6-1) because of less exposure to surrounding populatiqn.”‘The radiological impacts compu-
ted for this alternative are as follows: .. . o ) o )

6-12
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Annual normal population dose 24,290 person-rem

A (2.94 LCF) ..
Annual LCFs from accidents : 0.015 LCF | P .
Annual probability of one or g.22x100% 7 7

more early fatal ities

e -

6.3.2.2 Nonradiological -Impacts and Cost-Benefit Balance = - * e

Turnpike routing is used by most long-haul carriers because limited-access highways usually
provide the most direct routes and minimum driving-time. > However, the truck must .still pick up
merchandise, make deliveries, and refuel in populated areas. Thus, the nonradiological impacts
of t.his ‘alternative’ are considered negligib1e * Because” of the ‘net reduction in normal dose
(equwa'lent to $1 1x 106 per year) this a1ternative ‘is considered cost effective. . *

L

6.3. 3 RESTRICT TRUCK DRIVING TO GOOD WEATHER A A

- . e , . > VTR

“The effect of this a'lternatwe would be a reduction in‘the truck accident rate by 10 per---
cent(Ret 610) oo . . e g s .- .
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6.3.3.1 Radiological Impacts E AT P L

The radiological impacts of this accident reduction below the baseline case (Table 6-1) are

e T AR -~ - -

as follows: Wt Il LT TN T 0l
“.. -~ s Annual normal population dose.. -.. .., .. .25,360 person-rem ... .. .
(3 07 LCF) - T
LU IR R S LUC LR L S
Annual LCFs from accidents 0.015 LCF
Annual probability of one or 8.21 x 10-4 L Eme “
more early fatalities
. LAY S S e DT B LD TR S A A
6.3.3.2 Nonradiological Impacts and Cost-Benefit Balance
- LRt et s2il nL TeTerr oyl But,

Restricting trucks to good-weather driving has the potential problem that a truck could be
forced to stop for several days to wait for clear weather. Increased warehouse storage, sched-
ule delays, and loss of additional radmactive materfal by decay wou‘ld result The costs asso-
ciated with these nonrad\ologica'l ilnpacts would appear to ¢ outweigh the reductwn in accident

risk.
B R AL A PR E TN S SRS TS T LY PP ST S BUE T ORI meont
6.3.4 RESTRICT TRUCKS CARRYING RADIOACTIVE MATERIALS TO A HAXIHUH SPEED OF 72 KM/HR (45 HPH)
. { « *-to oo A ISEATIE AN T SR 52 G- Tl S I b Eo e S T e R 11t U FC Y S I P S

Restricting trucks to a lower speed limit (for instance,- 16 kilometers per hour below .
posted limits) reduces the highway accident rates by about 5 percent (Ref. 6-10).

EER L TR I “‘;"71., Y oer STt oA S o
6.3.4.1 Radiological Impacts
Id Iuesr™ 07 {ataie fSLLLGF selonIoeunmy LRI R T PRI 3o T b S S R O S - AN L
The computed radiological impacts are 'as follows:™ T-'*™“iua " 8RI%0 & x ivip e Znn o
Yl ":x"':*'~(| PR el AL R I S T S TS ‘1: JoRE » Tre N ‘.a;"h I 1% Ay PPN 8
R * Annual normal population dose et \o 2n2.;26,770 person-rem . . .
(3 24 LCF)~ -
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Annual LCFs from accidents 0.016 LCF

Annual probability of one or 8 67 x 1074
more early fatalities

The accident risk is reduced only slightly from the 1985 baselir;e “case (Table 6-1). However,
since truck shipments take longer, the dose received by peop’le living a'long the highway and by
people sharing the highway with such trucks is fncreased.

~% RN '

6.3.4.2 NonradioLogical Impacts and Cost—Benefit Balance

A nonradiological impact of this alternat.ive would be the additiona'l travel time required. -
In the 1985 standard shipments model, the.2. 7.x 10° annual truck kilometers traveled at 72 ..
kilometers per hour rather than 89 kilometers per hour would require an additional 7 2 x 105'
hours per year. Assuming each shipment requires two drivers at $5 per hour, $72 x 10 in addi-. -
tional salaries would be required annually. The costs might be partially offset by a small
decrease in operating expenses resulting from improved fuel consumption and reduced maintenance.
Since all trucks would not be affected, law enforcement officials would be hampered in thei!', .
ability to enforce the reduced speed 1imit. The increase in normal population dose of 1410
person-rem corresponds to an additional cost of $1.4 x 106 per year. This alternative does not
appear to be cost effective. S ‘ N

« L. D 4 ¢ . . - . L -
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6.3.5 RESTRICT TRUCKS FROM TRAVELING ON VEEKENDS

Prohibiting intercity truck’travel on weekends provides a-significant reduction of £J
percent in truck accident rates (Ref. 6-11).

6.3.5.1 Radiological Impacts

-

The resulting radiological impacts are as fo'l'lows. _ . o )

»..._.;.-.._., P S Sal S

Annual normal populat.ion dose 25,360 person-rem

.. i ROV o8 LT ‘;‘,[1(.*"»4'» 3 e 7 ot (3.07 LCE) oL . s .

Annual LCFs from accidents™> ~97r= 3%t . 0,0074 LCF- ¢ . R A
EEEL ' 3Var timmn TR pene, s s v eecel _gogvy osmg - - R .

Annual probabﬂity of one or = . 4.62 x 10 4 . )
shve T ore early fatalities’ T A s A 22 IR SV RE b /b (oL B SN S Y -

Although the normal dose is unchanged from the baseline case (Table 6-1), the accident LCFs am; ‘
the early fatality probability are substantially reduced.,,K In the-analysis, of this alternative, D
it is assumed that secondary mode transport is not restricted to weekdays so that the air and
rail shipping modes continue to be served: -t v L gl e, . -
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6.3.5.2 Nonradiological Impacts and Cost-Benefit Balance
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Prohibition of weekend truck travel might prove to be a burden to radiophamceut.ical
shippers and users since a large number of short half-life isotopes are shipped on Sgt_ur:day
evening to arrive for use on Monday morning. If these shipments had to be made on Friday instead

of Saturday evening, an increase irf'fﬁe“ amount of materfal shipped would be required in some

6-14



cases to ‘allow for additional radioactivity decay. The package -TI values would be increased and
more shielding required. In order to circumvent this problem, a restructuring of,radiopharpa-
ceutical use by physicians might be possible.

o . - "

The -monetary equivalent of this reduction in.accident LCFs would be $75,000 per. ‘ye‘ar. This
relatively small benefit would probably-be offset by the.cost of-equipment "dead time" on week-
ends and holidays: Since this type of restriction would prevent shipment roughly 30 percent of
the time, exclusive-use vehicles, special-loading equipment, etc., would ,be idle. 'Inl addition,
if a shipment were only halfway to its destination when the weekend arrived, temporary, storage
would be required and thereby add to the population dose. Thus,- this alternative is not con-‘
sidered cost effective. - ‘

S, e

6.3.6 RESTRICT IRRADIATED FUEL SHIPMENTS TO SPECIAL TRAINS ONLY .-

» 1 f
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- The Association of American Railroads has -recommended that shipments of 1rradiated (ord .
spent) fuel be made in special t=ain~ the significant characteristics of which are as fol'lows

' * g
1. No treinht other than the spent fuel casks is carried.

*
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2. " Special trains'travel at speeds not faster than 56 kilometers per hour (35 mph)

[ . - e -

3.. When a:special train transporting-an_irradiated fuel cask passes or is .passed by
another train, one of the trains is to remain stationary while the other train passes at a speed

not faster than 56 kilometers per hour.

N - oL .. Pow e e~ - ‘ -
> At present, irradiated fuel shipments by rail..are handled by ordinary freight trains -in.
which other freightraccompanies the irradiated fuel. -For ERDA irradiated fuel shipments, the .
railcar carrying the'irradiated fuel cask:is. usually.placed at the Tear of the train Just in

front of the caboose. . = - -+ ©  a mfowrterfyooae T e cumr o m ow¥ omoae . -
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Items requiring excess clearance or having excess weight are currently transported hy
special trains. - .To date, we know of -only one accident invelving special.train service, and it
caused no damage to -the lading and no injuries. -There have been no rajlcar accidents invo]ving
jrradiated fuel shipments by regular:train out of a total.of-:nearly. 2000 shipments (Ref. 6-12)
Thus; “an’assessment of the advantages of special trains as opposed to, r{eguiar_,treios for-irra-
diated fuel shipments on the basis -of past accident-experience As hot‘ possib'le since there ;are i
insufficient accident data to use for the comparison.- _ - ' f%erroimipiigs r; wen

- . ~
vooe et ~!

- In a special ERDA study (Ref. 6-12) on the safety of special trains, the conclusion, ‘based
on regular freight train accident data, indicated that the maximum reduction in the freight
train accident rate :resulting-from a-56-kilometer-per-hour speed 'Iinitation is 19 percent. A
wtrain accident” was defined :as -one:that resulted .in more than $750 damage to railroad eqmp-
ment,” truck,-or roadbed. A:50-percent reduction in the. nunber of serious accidents (those
resulting in more than $75,000 damage) was determined to be the.naxinulg reduction possible.

[ P

. However,.the direct application of accident rate data for ordinary freight trains to special

trains overlooks some very jmportant points mentioned in certain comments on the draft version
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of this documént. Some of these points, which should be considered in evaluating the advantages
of special trains,’ are the following:

1. With special trains, less damage is likely if an accident does occur. Irradiated fuel
casks are designed to withstand a 9.1-meter drop onto an unyielding surface; real impacts occur-
ring in accidents involving special trains would be less severe since the: speeds are less than
56 kilometers per hour and real, rather than unyielding, surfaces are involved. Crush forces
would also be expected to be less than for regular trains since only a few railcars are involved
and no other freight is carried. No prolonged fires would be expected since no flammable freight
is transported along with the’ shipment. ’ -

2. A serjous derailment would be less likely because of the shorter train length. Not
only are there fewer cars to become derailed but the entire train may be kept under constant .
surveillance from both the caboose and the engine. Should one of the cars become derailed, the
train crew can promptly note the occurrence’and take immediate action to stop the train, proba-
bly before the car overturns or other serious damage occurs. The train can also be stopped much
more quickly because of the shorter length. ’

3. Fewer switching mishaps would be expected because there is much less switching. No
switching of the irradiated fuel car would be required and the train could proceed to its desti-
nation without intermediate switching because no other freight is carried. The reduction in the
amount of switching required would’ also decrease the doses received by brakemen and others who
carry out the switching operations. -

4, Cleanup operations, should major derailment occur, might be easier if the accident
involved a special'trainﬁ' Special’reilroad cranes of large.capacity.would be required to rerail
a heavy car carrying a spent fuel cask:® The crane itself would usually have to be transported-.
to the accident site by rafl, and cleanup time would probably be less-than that for a major
derailment of a regular freight train. For a regular train, more debris would probably. have to
be removed in order to reach the spent fuel car.

-~ L S - et e, e s s 1imat N
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5. The actua] “transit timé of the spent fuel cask {s likely to be quite a bit 1ess thanu
it would be in regu]ar traln service.” In an example cited in one of the comments to the draft
version of this document an “actual - special train shipment of .three: casks containing nuclear.
cores from Proviso, I11inois,”to Council Bluffs, Iowa," took less than 16 hours. . In.a detailed:
acebunting of the same Shinnehf made by regular-train service,.the commenter estimated that the,
shipment would have taken more than 70 hours, most of which time is spent in holding or switch;
yards (Ref. 6-13)
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Nevertheless, the actual reduction in both normal and accident.risks in 1975,:had all rail.
sh1pments of spent ‘fuel’ been handled by special train‘service; .is negligible because the.ship-;: -
ments of spent fue) by * rail in 1975 contributed: only 0.08 percent of the normal risk and 0.1--,
percent of the accident risk. Thus; ‘even if both risks were reduced to zero, there were so few,-
frradiated fuel shipments by rail in 1975 that the risk reduction would have been insignificant. ... --

‘" In ‘1985,  however, 652 shipments of irradiated’ fuel by .rail.are expected.: Assume that,
under spécial'tfain service; the accident risk could be reduced to zero. The accident risk from --

~1



spent fuel shipments by regular train in the 1985 baseline is 2.5 x 10-4 LCFs per year. Thus,
under the assumption of no accidents with special trains, the total accident risk would be
reduced by 2.5 x 10'4 LCFs per year. Now consider the cost effectiveness of this alternative by
comparing the additional cost for special train service to savings in cleanup costs following an
accident with regular train service and to the radiological benefits.

An irradiated fuel cask for rail shipments is estimated to carry 3.2 MT of irradiated fuel
(Ref. 6-3) and to contain the following amounts of releasable radiocactivity, as discussed in
Appendix A: 11,000-Ci Kr-85, 0.14-Ci I-131, and 1280 Ci of other fission products. Using the
release fraction model and accident probabilities discussed in Chapter 5, it is estimated that
accidents of severity greater than or equal to category V would result in 100 percent release of
these quantities and that the probab111ty of such a rail accident with regular train service is
about 1.86 x 10 -9 per kilometer. For the 1985 level of irradiated fuel shipping activity by
rail (652 shipments per year at 750 miles per shlpment), the annual probab111ty of an irradiated
fuel accident of sufficient severity to release 100 percent of the releasab]e contents would be
such that one accident might be expected about every 700 years. A category 1V irradiated fuel
railcar accident might be expected once every 76 years but with a release of only 10 percent of
the releasable contents. A category I1I accident might be expecteo once every 7.6 years with a
release of only 1 percent of the releasable contents. Tne decontamination costs for cleanup of
the fission products only for these accidents arepdetermined from'Figure 5-13 and listed in

L,

Table 6-4. R .
e s
It is estimated (Ref. 6-14) that each accident involving'a'release, regardless of its
severity, results in a loss of the use of mainline track dur1ng cleanup for 5 days. At an
estimated cost of $2000 per hour, this amounts to 5240 000 per.. occurrence z. Amortizing this
figure over the average occurrence periods in Table 6 -4 for each acc1dent category and summing
all accident categories involving a release result in an average annua1 cost of $35,000 per

'-1;..
-

year.

(I .
i

3

Thus, assuming that -all rail shipments of irradIated fuel 1n 1985 were made by special
train and that special tra1n service did, «In fact, reduce to zero thelprobablllty of an accident
of sufficient severlty to release radioactiVIty or cause part1a1 loss of shielding, the annual
savings would be the sum of the amortized annua1 decontamlnatlon cost"‘the annual cost for loss
of mainline track, and the acc1dent.LCF dolIar equivalent ($2000 per year) for a total of
$6.6 x 105 per year. ‘'Assume, in addition, that the use of special trains also reduced to zero
the normal dose (0.036 LCF per year) resulting from ‘{rradiated fuel rail shipments in 1985
because of reduced handling and storage time. An additional saving of 0.036 LCF per year, or
equivalently, $300, 000 per year would result. The total savings would be about $1 x 10s per

year. - 5

L s € A4 v. i:t:

The extra cost to transport spent fuel by special traln rather than regular train is com-
puted by using the cost e§t1mates made in the ERDA study (Ref. 6-12): $15.60 per kilogram of
spent fuel by regular)train and $24.80 per kilogram of spent fuel by special trains. These
figures are for a 1740-k{lometer shipment and assume two casks per shipment in the case of
special trains for optimum cost effectiveness. The cost for shipping a cask carrying 3.2 metric
tons of irradiated fuel is $49,920 by regular train and $79,360 by special train. The annual
additional cost for the 652 rail casks to be transported by special train in 1985 is

($79,360 - $49,920) x 652 = $19.2 x 10° 617 -
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When this cost js compared to the annual savings calculated under the assumption that
special train service comp1ete1y eliminates the accident risk and normal population dose, it
does not appear to be a cost-effect1ve alternative. The annual additional cost is about 19

3 , -~

tlmes the annua1 savings ! , s

_ The calculation for annual decontamination costs with regular train service is made under -
the assumption that all accidents would occur in suburban areas. An examination of Figure 5-13
reveals that the decontam1natton costs for urban areas would be approximately the same.' If all -
accidents occurred in rural areas, the decontamination costs would be substantially reduced and
make “the use of spec1a1 trains still less ‘cost effective. Furthermore, 'since special trains
probab\y would not complete]y eliminate the normal dose and accident risk of spent ‘fuel shipments
by rall " the 19 1 cost-beneflt ratio is probably a mlnlmum, the actual ratio is probably even
greater. .-

N '

6.3.7> ENVIRONMENTAL PROTECTION AGENCY RECOMMENDATIONS OF 0.5 MREM PER HOUR MAXIMUM
RADIATION AT SEAT LEVEL IN PASSENGER AIRCRAFT

The analysis of maximum radiation dose toNpassengers performed in Chapter 4 was based on a
maximum average dose rate of 1.3 mrem per hour in the rear third of a fully loaded passenger
aircraft. The U.S. Environmental ProtectioneAgency,has recommended that the maximum radiation
dose at seat level in the passenger compartment be limited to 0.5 mrem per hour (Ref. 6-15) in
order to minimize individual radiation dose. "Three approaches for achieving. this ‘goal were
suggested (1) addit1onal shie]dlng of packages, (2) placement options on aircraft, and (3)
modified sh1pp1ng procedures While any of the three approaches would reduce the maximum indi-
vidual dose. only additional shleldlng that resulted in a reduction in the total TI.transported
annually would be effective also in reducing the annual normal population dose. Spacing of
packages or reducing the TI allowed on passenger aircraft would not reduce the total.TI trans-
ported and wou]d therefore result in no change in the normal population dose.

n
» - - . -t
* (RS . LTS B S AU

In Chapter 4, it was estimated that an individual who flies 500 hours per year could receive
108 mrem per’year fromAhe radioactive material oniboard. .If the radiaticn level were limited.
to 0.5 mrem per hour, his annual’dose wou1d be’ reduced by the factor 1.3/0.5 = 2.6 to-a dose of;

oo

42 mrem per year. g R ? »oove S e

6.3.8 AIRPORT PACKAGE HONITORING

an s B « - .- P,

The effects of abnorma1 transport occurrences within-normal transport. i.e., those occur- -
rences that resu]ted 1n reTease of radioactive material.or excessive exposure but that were not
the result of a vehicular accident; were discussed in Chapter, 4.:: The Federal Aviation Adminis- .
tration has proposed that airline personnel be irequired-to monitor radisactive material packages
‘presented to ‘them for shipment before they are loaded onto the aircraft. It is suggested that,
this procedure might eliminate unnecessary exposure of passengers attendants, and crew resu]ting
from danaged. defective,-or improperly packaged materials.~ . . - ' SR N -

Airport package monitoring would probably have prevented only one of the 12 releases re-
ported to the Department of Transportation during the period 1971-1975 in incidents involving

aircraft shipments of radioactive materials. 1In this one incident, a source was improperly
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positioned in its container, and the shipper's monitoring system failed to detect the error.
Most of the other incidents involved packages damaged by handlinglqperations during transit.

Most aircraft incidents involve Type A packages and, if su;h a package were to comp]etely‘
lose its shielding, the radiation level at 3 meters from the package would be less than 1 rem
per hour since this is one basis upon which Type A limits are determined (see Chapter 2).
Assuming that such a package were inadvertently placed on an gircraft carrying 60 passengers for
a 2-hour flight, the total population dose would be 120 person-rem if the average dose rate in
the cabin were 1 rem per hour.  Assuming such incidents occurred only once every 5 years, as the
limited experience would indicate, the average-additional poﬁulation dose would be about 25 : :
person-rem per year or.less-than 0.1 percent of the total annual dose in 1985. At $1000 per )
person-rem the dollar equivalent would be $25,000 per-year. If the monitoring of the est1mated
1.7 x 10 packages in 1985 were to be handled by freight handlers in addition to their other '
work, if each monitoring required approximately 30 seconds, and if freight handlers were paid $3
per hour, the additional cost would be $42,000. The monitoring procedure itself would add about
30 person-rem per year to the normal dose, assuming 30, seconds to monitor one package and an
average radiation level of 2 mrem per hour experienced by the person mon1tor1ng the package.
Thus, this alternative does not appear to be cost effective.

'

5702 N N . bl o

6.4 RESTRICTIONS ON MATERIAL FORM, QUANTITY SHIPPED, OR PACKAGING |

- 3 R [ PR

toe

The physical and chemlcal form of the radionuclides transported can _strongly influence the
amount of material released in an accident and the pathway to eventual radiation exposure of
man. Restricting the maximum quantities of radioactivity allowed on a.vehicle limits the amount
* of material available for release in an accident and hence the magnitude of the consequences.

¢ CE T e . N -

6.4.1 RESTRICTING THE PHYSICAL AND/OR CHEMICAL FORM OF SHIPPED MATERIAL

.

As noted in Chapter 5, the release of dispersible alpha-emitting isotopes in an accident
presents an inhalation hazard since lung deposition may occur for particles having aerodynamic
diameters of less than 10 micrometers. Larger-diameter particles have a much smaller probabi]-
ity of pulmonary deposition and;: consequently, do not.constitute as severe a health hazard to
man. The consequences of an accident are directly proport1onal to the respirable fraction of
the material released.

- - Q-
'

A fabrication technique for production of fuel containing plutonium to be used in reactors
involves precipitation of the-oxalate and calcination to,produce‘Puo2 powder. The effe;t of
calcining temperature on particle' size distribution is shown in Figure 6-1. It should be pos-
sible to control the respirable fraction by controlling the calcining temperature. Anotheﬁ
possible method of reducing the quantity of respirable material available for release in an'j
accident is pelletizing the Pu02 powder prior to shipment. It might be possible by either |
technique to rediuce the respirable fraction of particles released in an accident to 1 percent of
the total quantity shipped. These techniques might also be applied to other high-hazard mater},
jals such as polonium. )

6-20
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Assuming the respirable fractions for high-hazard dispersible materials {as defined in
Section 6.2.4) are limited to 1 percent (as opposed to 20 percent in the baseline case), the
annual radiological effects are as follows:

Annual normal population dose 25,360 person-rem
(3.07 LCF)

Annual LCFs from accidents =~~~ 0.012 LCF

Annual probability of one or 8.88 x 10 -4

more early fatalities

The annual normal dose is dnchanged from the baseline case (Table 6-1) by this alternative.
However, the accident LCF is reduced by 0.005 LCF per-year or, equivalently, $41 000 per year.
*In addition, there is a substantial reduction in the worst-case accident consequence for the
large shipments considered. Dependxng on process modification costs; tpis alternative may be
cost effective. . -

6.4.2 RESTRICTING MATERIAL SHIPPED PER VEHICLE 4;:5lv

Assuming the same amount* of- mater1a1 would be transported anyway, the reduction of the
amount allowed on’ ‘any given vehicle would result in more shipments and therefore in the possi-
bility of more accidents 1nvolv1ng “those shipments. Increased transportation costs and, for
shipments of” strateg1c quantltles of special nuclear material, increased security costs would
result from this restriction without a corresponding reduction in the annual population dose or
in the risk resulting from accidents. However, the consequence of any one accident, should it
occur, would be reduced in propdfiion to the reduction of the amount of material on the vehicle.
From a risk viewpoint, the alternative does not appear cost effective.

% -

6.4.3 REVISING PACKAGING STANDARDS, PACKAGE QUANTITY LIMITS, AND TI LIMITS
P

The alternatives considered:ip this section are concerned with the reduction in the risk of
transporting radioactive materials by three general methods: (1) revising the packaging stand-
ards to ensure survivability (no“release of radioactivity) in all but the most extreme accident
condltions. (2) owering the qu%ntity limits for radioactive materials packages and thereby
limiting the amount of radioactive material available for release in any given acc1dent and (3)
lowering the package TI limits. §

:

6.4.3.1 Revising the Packaging gtande?ds"for'Type B“Containers““j‘"*'t““—'“j"*

Vo - . : }

The results of the risk analysis for both the 1975 and 1985 standard shipments models
showed that the annual expected number of LCFs resulting from accidents is much lower than that
expected from doses received in norua] transport -xHowever, even though the probability of
occurrence of a severe accident is very small the consequence of such an accident could be
large. For this reason, alternatives that reduce the amount of radioactive material dispersed
in an accident are consiagered.
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~Since it is generally acknow]edged that current packagings are better than the regulatory
standards requ1re, new packaging standards could be 1ntroduced that would, in effect require
that .all new packag1ng des1gns be at Teast as good as ‘those currently in use. Such an act1on
would not result in a decrease 1n rlsk due to acc1dents ‘but would ensure that the rlsk would not
1ncrease as a result of the introduction of new packagings 1nfer1or to present ones

To see the effect of packaginglstandards revisfons, a different release fraction model is
considered. It postulates that all Type B packagings are constructed to match the 1985 plutonium i
packaging criteria discussed in Chapter 5, i.e., only a 1-percent re]ease wou]d occur 1n a c]ass
VII accident and only a 10-percent release would occur in a class VIII accident: - - - < -

ThevannuaT radiological risks if this‘alternative,were Tinenented"are as foTTows::

¥

“*"Annual normal population dose R = 25,360 person-rem
(3 07 LCF) 3
Annual LCFs from accidents 0.010 LCF
Annual probability of one or ' N \1.65 X 10.8 !

more early fatalities

Both the accident LCF figure and the annua) early’fataTity-probabiTity are reduced significantly
fromvthe baseline case (Table 6-1).

Lo R

- -

The reductlon 1n annual accident LCFs 1s equlvalent to $58 000 per year. Recent tests of"
pTuton1um shtpplng containers (Refs. 6-17 and 6-18) 1nd1cate that presentTy used plutonium KX
packagings nay already have the requ1red level of acc1dent res1stance called for in this alter-
native. Further cons1derat1on of thls alternatlve uoqu requ1re an assessment of the level of
acc1dent reSIstance ‘of the desxgns of aTT Type B packagfngs now in use.

N

6.4;3.2 Lowering “the Package duantity Limits

- s N . # T e .

A second possxble nethod of rlsk reduction constdered in this ‘section is loverlng the
package quantxty limits. Such action wou]d reduce the amount ‘of radloact1ve material per package '’
available for release, and, 1f the same amount of sh1e1d1ng were used, the TI per: package would
also be reduced. . However, un]ess a package TI reduction were requlred along with the quantity
reduct1on, jt would probably be nore ‘cost effectlve to reduce the amount of sh1e1d1ng in order
to lighten and reduce’ the cost of transport1ng an 1nd1v1dua] package ~Consequently, the ‘same -
total amount of naterlal would contlnue to be transported but in a larger number of packages
Thus. there would be an 1ncrease in the annuaT expected number of LCFs. - However, the r1sk of °

early fatalities mlght be reduced. to ' foomos

-

i “ -~

With the TI per package rena1ning the same but a larger number of packages transported, the
nunber of TI transported annuaTTy uou]d be increased ‘and ‘the routine exposure due to normal
transport wou]d be xncreased accordxng]y. Since normal transport accounts ‘for over 90 percent "
of the risk in the 1985 basellne, the total risk would be substantial]y 1ncreased over the base- -

Tine case (Tah]e 6-1). i . T SR

o - . ., - »

. . .
- N € M ° 4 . oo e 5 .

If the action Towerfng‘the quantity 1imits were accompanied by a corresponding requirement-
to reduce the package TI by the same proportion, the total TI transported annually would be
6-23



unchanged In this case, there would be no change in either the accident or normal contribution
to the risk, assuming. as before, that the total quantity of radioactive material’ transported
annually remains the same The net effect wouid be to transport the same quantity of radio-
active material per shipment and per vehicie. except in a larger number of packages In’ either
case, shipping costs wouid be higher. particularly in the case where “the action is accompanied
by a required reduction in TI because the total weight transported annuaiiy would be signifi-
cantly higher. Higher costs with no change in annual LCFs indicate an unfavorable cost-benefit
ratio.

‘ -
M

6.4.3.3 Lowering the Package‘Ti Limits

The final possib]e risk-reduction method con51dered in this section is lowering the package
TI 1imits. Current standards ‘allow up to 10 TI for packages’ with a Radioactive Yellow III
label. The reduction of-the package TI can be accomplished by either or both of the following
methods* U

1. A reduction of the quantity of material per package.

2. An increase in the amount of shielding used per package.

The first method was discussed in the preceding paragraphs and was shown to produce "at
best, no change in the totai annuai risk. The second method an increase in the amount of
shielding per package without reducing the quantity of material per package. could ‘result’ in a
reduction in the number of Tl shipped annuaily and in a corresponding reduction in the routine
risk in normal transport._ The effect of reduction in the maximun allowabie package TI on the
annual risk of normal transport would depend on the amount of the reduction and on detailed -
information concerning current TI per package values. The current effective radiopharmaceutical
industry 1imit is 3 TI per package (Ref. 6-19). Radiopharmaceuticais constitute a large portion
of the radioactive material shipments and, as a result, make a significant contribution to the
annual risk. A reduction in the 10-TI package lilit by a factor of two or three is estimated to
have very little, if any, effect on the overail risk since it appears that most package TIs for
other than exclusive-use shipnents are aiready at or beiow that ievei. "

H

A preVious study (Ref. 6-1;) has compared the effects of package linits of 10 5, and 1 TI .
with the effective present iinit of 3 TI for. transporting radiopharnaceuticals by passenger
aircraft. The results showed that when the cost-benefit ratios are considered the S-TI iinit*
is most cost effective, and a TI iinit of 3 exceeds the point of cost effectiveness by a sub-
stantial margin. However, a 7I liait of 1 was found to result in costs exceeding benefits by a
factor of four.

ot H DT PR " : ~ CR A

Therefore, just as currently used packagings' are nuch better than the standards require.
the effective TI package 1imits are lower than required by the regulations The TI lilits could
be lowered to the cost-effective level of 5, for.example, without affecting current shipping
practice significantly and with no change in the overall risk. The result of such an action
would be to ensure that the present voluntary package limits are maintained. Unlike introducing
new standards for packaging durability, lowering the TI 1imits from 10 to 5 would not require “

3o . . » . .
o . - L “oo. ¥ e L te - .- - P

6-24 -



expensive container-qualification tests. A reduction of the TI limits to less than 3, however,
may not be cost effective.

6.5 SUMMARY OF COST-EFFECTIVE ALTERNATIVES

A summary of the various alternatives considered in this chapter that appear to be cost
effective is presented in Table 6-5. The alternative of shipping spent fuel by barge, where
feasible, appears to be the most cost effective.

The analysis of alternatives performed in this chapter was done to determine which, if any,
may be cost effective and therefore merit further study.~ A considerable number of alternatives
were considered but none in the depth required for an environmental impact statement prior to
actual implementation of the specific alternative.
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TABLE 6-5
SUMMARY OF COST-EFFECTIVE ALTERNATIVES

Applicable
Alternative Paragraph
All air shipments
by truck 6.2.1
A1l all-cargo air 6.2.3
shipments by truck
A1l spent fuel by rail 6.2.6
All feasible spent fuel 6.2.7
by barge (remainder by
rail)
Route trucks on 6.3.2
turnpikes
Restrict respirable 6.4.1
fraction of high-
hazard dispersible
materials to.1.0%
Revise packaging 6.4.3.1
standards for Type B
containers
Lower package TI limits 6.4.3.3

lHay be cost effective depending on the cost of process modifications.

**Hay be cost effective depending on development costs for new containers.
RR

’May be cost effective depending on level of reduction,

Annual Savings

$18 x 10°
$8.3 x 10°

$11 x 10°

$3 x 108

$1.1 x 108
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CHAPTER 7 .
. .SECURITY AND SAFEGUARDS

+ e

7.1 INTRODUCTION )

¥ N

. The rapid _growth of the nuclear power industry &oup]ed‘with>an increase in terroﬁisijpcti&?(
ities have increased concern over theft of nuciear méteriaIs, sabotage of nuclear facil%tips; t
and other associated acts of terrorism. The possibilitiesaof iiiégiI acts and the naturé'hnd
extent of potential threats have been and are continuing to be examined by the NRC as part of
the overall safeguards program gpsc}ibed in Section 7.3. Couptgrmeaéhres have been established
to protect both fixed sites and nuclear material in transit.* ‘ ‘ )

Two categories of material have been examined relative to the in-transit protection of the
material against theft and sabotage: (1) special nuclear material (SNM) such as enriched ura-
nium and plutonium and (2) radioactive. isotopes and wastes such as cobalt-60 and spent fuel.

- T Ty : Teoem 1, o ot “ M . s - o [
7.2 RADICACTIVE MATERIALS - POTENTIAL FOR MISUSE . ~

R

7.2.1 LOW ENRICHED URANIUM

- - . .
T [ T Y AR . N

Low enriched.uranium, the fuel used in‘lighi;y;}er-cooled'pqﬁéf reactbrgluhinnotibe’usgd
directly to fabricate a nuclear explosive. Fur;ﬁé}more,,the radiqabtivity\;?‘ihis nqﬁerial_isw*<
s0.low _that dispersal by manual means br‘aét§ of éabbfagghwohld not produce a significant radio-
logical hazard. . . P . T ,: ,-. ’ o I.A .:‘ ;' o ‘“
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H P N feomd s A 2~ . SRS T oL . el
Requirements for physical protection of shipments of low enriched uranium in transit are .
not specified in NRC regulations. ’ '
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7.2.2 IRRADIATED (SPENT) FUEL

134
{
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Irradiated fuel removed from light-water-cooled power reactors contains low enriched ura-
nium, fission products, and plu&oqiqp 3nd‘2§§gr“§ran§9ranj§§iﬁ_ltzjs Jﬁg@ly{ridi?quivg and
requirqs heavy@ghingiqg fgfﬂ;qfe hgndlipg.g Qﬁﬁstxez qgﬁqple Eogtaipeti‘(caski) yejghing g§’t? )
100. tons are:uggd.for:trgqspor} of‘the spentﬁfgel §s§emp1!gsj(poth!by<}oaq aqq‘rﬁil). Thg 1‘
contained blutonium is not readily,squyab]g(fxbm tpeibgper fggioacgivejméteria]s.‘ )" o

. N .y .
R L T P R SR R AP A

‘In March of 1974, specific requirements for the protection of significant quantities of strategic
special nuclear material (SSNM) in transit in 10 CFR Part 73 became effective. *1In May of 1976,
licensees were directed to provide additional protection for road shipments through the use of
a separate escort vehicle and improved communications. In February of 1977, in order to formal-
ize security measures currently being employed, 1icense condition were §ssued requiring the use’
of an armored transporter plus an escort vehicle and a minimum of five armed guards for the pro-
tection of road shipments.

Leoe e - .. : - - - -~ -
e o N PR wrr oy I ) BT B e N T S B YT S N
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The design features that enable the shipping container to withstand severe transportation
accidents (e.g., multiplicity of heavy steel shells, thick dense shields, and neutron-absorbing
Jjackets) also enable the containers to withstand attack by small arms fire and explosives. A
massive rupture of the containers by mechanical means or high explosives that would result in
the radioactive contents being ejected or removed is considered to be essentially impossible.
Although unlikely, the possibility exists that the container could be breached to the extent
that the gaseous inventory and a small portion of the solids would be ispersed into the atmos-' -*
phere. For a release from a truck cask containing three PWR elements, the effects in a popula-
tion density of 2000 people per square mile are calculated to be about 1 early death and about

220 latent cancer fatalities (Ref 7-l) ® - S !

L Y Y

(. ?

Spent fuel in transit is considered to be neither an attractive nor a practical target for "
theft or sabotage and is specifically exempt from the physical protection requirements of 10 CFR*-

‘11*

Part 73, *2 il =N
7.2.3 LOW-LEVEL WASTES " :

N - - PR
> ‘i - * o w LI
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Soft waste material generated at nuclear reactors and associated fuel cycle facilities, e.g.,
contaminated paper and clothing, are compacted and placed (typically) in 55-gallon drums for
shipment. Each drum may contain 500 pounds of compacted naterial with up- to one curie of acti-
vation and fission products.

The Tow specific activity and ow radiation levels allow the contaminated trash » be
shipped without shielding Because the “radioactive contanination ‘is bound on the- compacted
naterial it is unlikely to be released in the event the drums’ are broken open by accident or -
cri-inal acts. Even if an entire truckload of 50 drums were to be consumed by fire, the amount - -~
of radionuclides that would become widely dispersed would be quite small. It has been ‘estimated
that as much as 99 percent of the 50-curie inventory would reaain in the ashes and only l
percent or 0.5 curfe (prinarily ‘cesium-137) would become airborne (Ref. 7-2) e

Tt

* -
Dol T iy N i i

Liquid fuel cycle and reactor wastes such as contaminated resins and sludges are dewatered
consolidated by mixing with concrete (or other solidifying agents), and placed (typically) in-°
55-gallon,dru-s.

- L ~ - PR - - - -
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The lajority of these dru-s contain less than "20° curies and are shipped as Type A packages. *
A s-all percentage contain up to}loo curies (average of’ éo curies) and are shipped as Type B- -
packages. The cemented, solidified form of the waste laterials contributes significantly to the -

retention of the radioactive inventory in case of container failure. e TR

D T T S -3

If each container of a 50-dru- Type A shiplent of cenented vastes were broken open by acts 'i
of_ sabotage, the total activity released to’ the atnosphere would be quite small.: (Reference 7-2 .
indicates that approxiaately 2 x lO - curies of gaseous and volatile fission products vould

[P 4

l i . 1 "
become airborne.) - fT A O T N PO ST Yoo L mes teE rs tn
.
thoring

f PR e ow 1 - -
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For different population densities the effects would vary proportionately. However, no credit
is given in the calculations to evacuation of downwind areas that could reduce these conse-
quences by a factor of 10.
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It would be extrene'ly difficu'lt to breach the Type B package to the extent of breaking open
the inner container and exposing the solidified wastes. In the un'hke'ly event this were to
occur, approxinateiy 0.2 curie of ‘fission products (primarily cesium-134 and -137) ‘would be
released to the atmosphere for each SS-ga'Ilon drum ruptured (Ref. 7- 2). For a 42- drum load,
which would probably be the limit for a Type B truck shipment, the total activity released would
be 8.4 curies. Because of the form of the materia'l it is” un'likely that the presence of an open »
fire wou'ld significant‘ly increase the activity that would becone airborne. .

The breach of the Type B package and the exposure of the cemented wastes wou]d contaminate B
the transport vehicle and nearby ground and produce a radiation fieid However. the hazard
would be limited to the vicinity of the vehicle. .

Because of the forn of the materfals and the re'lative'ly Tow levels of radioactivity, ' Tow-
level wastes are considered unlikely targets for sabotage. Even if subjected to crininal acts, -
no major hazard wouid resu‘lt ? ' CeT T

T

7.2.4 HIGH-LEVEL WASTES

High-'levei wastes (HL\J) generated from the reprocessing of spent reactor fuel,” even though -
cooled for many years before shipment, have many of the same fission products found - in the spent
fuel but_ little p1utonium These wastes are intended to be solidified (e.g., in the form of a
dense g‘lass) for shipment “and storage They are ‘highly ‘radioactive’ and will require heavy

- . N

shielding for safe handling. ~ ! -

HLW shipping casks would be similar in design to a spent fuel shipping c‘ask?ahd would have
many of the same features (steel liners, lead or dep'leted uranium gamma shielding, a cooling
system, neutron shields, and sacrificial jmpact” *limiters). The resistance to sabotage would be
essentia]'ly the same as for a spent fuel cask; if efther were breached by crimina’l “acts, the
consequences are estinated to be of the same order of magnitude. = * ™ - * .

5t
.

High-'leve'l waste shipnents are considered to be neither an attractive nor a practical
target for theft or sabotage. ’(There are currently no HL\I shipaents and few if any-are antici- -

Patedby1985) o ¢t I T oome T D ae Tt a et
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7.2.5 NON-FISSILE RADIOISOTOPES (SMALL SOURCE) Crrwral

4 . - -
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Small-quantity shipments (less than 20 curies) have little potential for harm to the general
public through misuse. Dlspersal of the contents of a shipping container following a theft or
by sabotage would result ina re'latively pinor localizéd contamination. (The radiation from an”
unshielded 20-curie source of cobalt-GO -would be -only about” 25 R/hr-at 1 meter. On the other ~
hand, the radiation would bé extemely hazardous to a terrorist who direct'ly hand’led the source -

without intervening shie‘lding ) M A A BooTraL nnLs T o
——par e T L o A TO T NN N R (R
7.2.6 NN'FISSILE RADIOISOTOPES (LARGE SOURCE) -+ -~ ~ 7+ & R T LA S L
M R S A TR IOE R f pameewt ow v oay emrvap gt

Large-quantity shipments (10 to 106 curies) may have a limited potential for endangering
the publfic health and safety through misuse.
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Contalners used for the shipment of these amounts _of material must meet DOT and NRC regula-
tory requtrements for Type B or iarge-quantlty packages. These packages are designed to prevent
the loss or dispersal of the contents to retain shielding efficiency, and to provide for heat
dissipation under both normal transport conditions and specific accident damage test conditions

The SIZe, weight (which varies from hundreds of .pounds to forty tons for a 500,000-Ci Co-60
source), and construction of these containers make theft a dlfficult endeavor and dispersal of
the contents an impractical event. In addition the high level of radiation associated with the )
isotopes prevents handling without mass shieiding If a shipping container were diverted, it
would be almost lmpossibie to use the contents to cause any significant harm other than through
explosive breaching and subsequent dispersal of the contents.

L

>

If sufficient amounts of explosives are used, the p0551b11ity exists that the radioisotopes
could be dispersed to the atmosphere (for gases or vo]atiles) or iocally dispersed on the ground
(for solids). Tables 5= 12 5- 13 and 5-14 show the consequences of worst-case accidents for
several large-quantity shipments of Po-210 and Co-60. It is believed that these results are
representative of the possible effects of worst-case credible criminal acts during transport.

X4

+

Although terrorists might perceive large-quantity shipments of non-fissile radioisotopes to
be attractive weapons, the protection afforded by the shipping container and the high level of
radioactivity of the contents make theft and dispersal difficult and deliberate manipulation -
very difficult. The consequences associated with worst-case acts of sabotage wou]d not consti- l
tute a significant radio]ogical hazard.

7.2.7 URANIUM HIGHLY ENRICHED‘Iﬂ~U-235_ -

~ < T -~ ~ - . 2

. ’ ’
- Do ' -
IR A e T

Highly enriched uranium (uranium enriched to 20 percent or nore in the U-235 isotope) could
be used to fabricate a. nuc]ear explosive and therefore has significant potentia! for misuse.
Depending on their forn. these materials could be used directly (e.g., U metal) or after proces-
sing (e.g., HTGR fuel).

A S MR R S A O R s 3. Ttpe gl .. L.

Because of dts Tow radioactivity, sabotage of U-235 uou]d not, in general, constitute a ‘, o
threat to the genera] public. Concefvably, it night be possible to bring about criticality by, ;'
actions fnvolving both removal of neutron absorbers and rearrangement of the uranium materials.

It certainly would be a dangerous task and probably wouid,irradiate the perpetrator. If success- .
ful, the hazard, although dangerous, would be restricted to the general vicinity of the nuclear
materfals. = . .o~ o0 e e - C wa -

.~ i rd N L vl e oLt foane 0 -

PR
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NRC.regulations require that higbiy enriched uranium .in quantities of 5 kilograns or more .
be protected against theft and sabotage in accordance with the physical security requirenents of
10 CFR Part 73. Additional requirements have been established for.fixed site and, transport .
protection by license conditions. (These fnclude requirements for the use of an arnored trans-
port vehicle that has a cargo compartment with barriers or containers that deter or delay pene-
tration, a separate escort vehicle, and a minimum of five armed guards for, road shipments.). . .
Physical security requirements are not specified for quantities smaller than this amount.

Tt

Pams 0708
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7.2.8 PLUTONIUM AND URANIUM-233

Reactor grade plutonium and U-233* (iike U-235) could be used to fabricate a crudeinuclear
explosive. Depending on their form, the plutonium or U-233 could be used directly (e.g., Pu or
U metal) or after processing (e.g., Pu nitrate). In addition, because.of their radioactivity,
plutonium and U-233 are potentially hazardous, particularly when in the form of respirable
aerosols. Therefore, for significant quantities of these materials, the potential exists for
misuse both as i1licit explosives and as dispersal weapons.

Plutonium and U-233 in quantities of 2 kilograms or more are protected against theft and
sabotage in accordance with the physical security requ1rements of 10 CFR Part 73. Additional
protection has been.required at both fixed sites and in transit .by.specific license conditions
as in the case of highly enriched uranium discussed earlier. - i -

.y

7.3 SAFEGUARDS OBJECTIVES AND PROGRAM

Safeguards are.defined as those measures employed to deter, prevent, or respond to (1) the
unauthorized possession or use of significant quantities of nuclear materials through theft of,
diversion and (2) the sabotage of nuclear materials and facilities. The NRC safeguards progran
has the general objective of providing a level of protection against such acts that wlll ensure
against significant increase in the overall risk of death, injury, and property damage to the
public from other causes beyond the control of the individual. To be acceptable, safeguards
must take realistic account of the risks, involved.-and of burdens on tnenpuinc in terms of
impacts on civil 1iberties, institutions, the economy, and the environnent. )

Y
The following.functional elements are utilized by the NRC.to ensure effective prote;tion of -
the radiological health and safety of the public and protection of the environment:

PR

[ ~ . ~
L oo

1. Consideration of the nature and d1mens1ons of the postulated threat in the development
of regulatory requirements i L - L e - -

e e 2 - - -

yooemee N . .

-y o= e - . e m e .
3 - i ~
- - - — -- - A . - LN )

---Imposition of safeguards requirements on the lndustry d\rected toward counterlng the
postulated threat. . . --- . . . . U SR

n -

- . - . © o, . - . [ . . EIRON s

3. Llicensing activities, including review of safeguards 5rocedures prooosed by industni,
as required by regulations.

. e L2 Y S o -
- - - N . N 3

4.- Inspection of safeguards implementation to ensure;adeouacy.

PR

P EOE I - -

kA * ~ o - " . s - -
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5.- Enforcement of requirements through administrative, civil, or‘criminal penaltjes:,

6. Administrative and technical support for response and recovery.

S y - .- < -
v .« T o LS - R -

I I ome v ~ . s T et A

There .are currently no strateglc quantxties of pr1vate1y owned U-233 and no sh1pments are
expected in the next severa] years -

.. A st 'Y - P PP - . -
I . .. Joare v L . R
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7. Confirmatory research related to the development and testing of methods, techniques,
and equipment necessary to the effective implementation of safeguards

8. Frequent’ program review in the light of industrial/technical or social/political
changes to ensure that any needed revisions are made to the elements above.

'

Current prograns are directed at nrotecting against theft or diversion of certain:types and -
‘quantities of nuclear materials that could be used for nuclear explosives or contaminants and
protecting against the sabotage of nuclear facilities and materials.

iy : -

The Commission's reéu]ations:in~10 CFR Part 70 require a license in order to own, acquire,
deliver, receive, possess; use; transport, import, or export special nuclear materials. The NRC -
publishes specific safeguards requirements for materials and plant protection in 10 CFR Parts 70
and 73 and carries out the following activities to ensure compliance:

1. Prelicensing evaiuation of applicants' proposed nuclear activities, including safe-
guards procedures in the case’of applicants for significant quantities of special nuclear 7 .

PR
H

material;

2. Issuance of a license to authorize activities subject to specific safeguards require-
ments; and : o o

3. Inspection and enforcement to ensure that applicable safeguards requirements are met -
by implementation of approved plans. - .

¥

The provisions in 10 CFR Part 73 include specific physical protection requirements that
apply to licensees who ship 5 kiiograms of U-235 (contained in uranium enriched to 20X or more),
2 kilograms of plutonium or U-233, or a weighted combination of these.

The NRC conducts inspections of a licensed plant and its related transportation links to ~
ensure continued effective implementation of material control and physical protection require-
ments. Each licensee is required "to afford the NRC’ opportunity to inspect the  nuclear mate- °
rials, to perform or permit the NRC to perform necessary tests of materials and equipment,” and
to make available any records pertaining to possession, use, or transfer of nuclear material.

T . -

If items of noncompliance or deficiencies are found in the implementation of safeguards
requirements by the licensee, the licensee is instructed to take prompt corrective action and to
inform the NRC of the results. The NRC has the authority to modify, suspend, or revoke licenses
and to impose civil penaities:on licensees for noncompliance with the items and conditions of -
the license.

- IS -

o m - - -
B i P [N . - RS

Early in 1975 the NRC established an Information Assessment Team (IAT) for the purpose of _
deternining in a tineiy fashion the' credibi]ity, seriousness, and immediacy of hazards’ asso—f-*if
ciated with threats to nuclear facilities or transportation. This team is charged uith the
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responsibility for receiving and rev1ew1ng all incoming threat notifications, performiug multi-
source correlation. asseSSing the validity of sources and data judging the degree of serious- )
ness, and recommending options for alternative courses of ‘action. In the event that a threat '
escalates into an attempt to steal SNM or sabotage nuclear facilities or transportation, "the IAT
forms the nucleus of the NRC Incident Response Action Coordination Team (IRACT). This team is
responsible for initiating. planning, and coordinating 1ncident response actions.

7.4 PRYSICAL PROTECTION OF HIGHLY ENRICHED URANIUM AND PLUTONIUM DURING TRANSIT

“

4

7.4.1 INTRODUCTION

As noted in Section 7.2, the only radioactive materials that require physical protection'
against theft and sabotage during transit are. strategically Significant quantities of uranium
enriched to 20% or more in the U-235 isotope v- 233, .and plutonium. The potential for misuse of
shipments of other radioisotopes is suffic1ently low that no additional protection lS presently B
believed necessary e

It is estimated that during calendar years 1977 and 1978 ‘there will be less than 30 ‘ship-"
ments per year of strategic quantities of uranium and plutonium in the commerc1al sector. Most
of these will be transfers of UFG “from Piketon, Ohio, and 0ak Ridge Tennessee to 0' Hare air-
port for export overseas. ’ '

[N

. The following paragraphs contain a description of current’ reqUirements (both’ regulations
and spec1fic license conditions) for physical protection during transit and an assessment of the’
adequacy of these requwrements relative to a postulated threat consisting of an internal threat
of one employee occupying any position and an external threat of a determined Violent assault by
several well-armed, well-trained persons who might possess “inside knowledge or assistance.*

7.4.2, ROAD SHIPHENTS T Co :

' M . - kS Lo Cea >

v

e

Shipments are requ1red "to be made in a vehicle that has an armored cab with a ‘crew of three
armed guards and a cargo compartment that is constructed to resist penetration and delay entry.
A separate vehicle with two additional armed guards must escort the transporter.

e - €. . + oo 4 st
P

: i
, Communication requ1rements include radiotelephones in both vehicles for communication-to’
the licensee his agent, or the police radios for intervehicle communication, and citizen band

I

radios in both vehicles for use in emergencies R S T T , oo
Shipments are required to be made on primary roads during daylight hours. (If a trip is to
extend into the night a second escort vehicle with two additional guards ‘is- required.) " Trans-
fers from vehicle to storage, from one vehicle to another. ‘and from storage to vehicle as well -
as naterial in’ storage must be monitored by guards who ‘are equ1pped with communications to local

-~

police and who must keep the shipment under continuous‘visual surveillance. - =~ ' ="+ ' o-o¥E -

—
On the basis of intelligence ‘and ‘other relevant information available”to the NRC, -there are no
known groups in this country having the combination .of motivation, skill, and resources .. _
required to carry out an assault against a protected shipment or facility.
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Many other specific requ1rements, such as requirements "for vehicle markings, scheduled -
calls, guard training. route selection, notification of shipment, are ‘contained in NRC regula-
tions and license conditions

The combination of five well- trained armed guards, armor protection, and penetration-“
resistant cargo compartments is considered adequate to Withstand an assault by a small group for
a prolonged period of time. The requirements for multiple means of communication and the
restriction of travel to daylight hours-on well- traveled roads are deSigned to ensure that local '
police forces would be notified and would be able to respond in time to seal off and neutralize
the threat. (As noted above a second escort vehicle is required if travel extends into the
night.)

. . Ao

The protection system does not necessarily fail even if the attack is conducted by a large o
force that outnumbers the guards The margin Tof safety might be less and casualties perhaps
higher. However. the capabilities of the local and state police relative to ‘communication "' ’
networks, area isolation, response force numbers, armament, and transportation proVide protec-
tion against threats)larger than that postulated. .

The penetration-resistant transport vehicle proVides reSistance o penetration and contain-
ment against acts of sabotage directed at dispersal of the plutonium It is estimated that, for
a wide range of assaults, including road mines, gunfire, hand-carried explosives, and vehicle-to- )
vehicle and other crash environments this type of vehicle would prevent wide-scale dispersal of
the plutonium cargo. There is of course, a practical limit to the protection against unlimited
amounts  of explosives. A trailer truckload of TNT (40, 000 lb) detonated next to the transporter
would cause massive, damage to the vehicle and to the surrounding enVironment The consequence )
of such a blast might exceed the consequences of the plutonium contamination. -

Transfers or material stored while awaiting transfer (24 hours or less) are protected by
armed guards. In addition, all U.S. airports and sea terminals used for transfer of SNM have
security systems that provide control of access and a reserve of armed individuals that could
respond to a security emergency., , . ) i
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Plutonium shipments in quantities less than 2 kilograms do not fall within the physical
protection requirements of lo CFR Part 73. The cutoff point was_ established at this level in
order. to provide a substantial margin of safety below the quantity of plutonium generally
accepted as being required to construct an improvised nuclear explosive.

- R
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While, this level is not, directly related to, risks associated with dispersal weapons, it can
be shown that the possible consequences. from dispersal of such quantities would be of the same

order as malevolent use_ of chemical explosives and small compared to a nuclear explosion. (It o
has been estimated in Reference 7:3 that plutonium dispersed in a city having a high population '
density could result in one fatality for each 15 grams, dispersed ) amer b e - ,
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The protection afforded to, road shipment and storage in transit Js considered to be as
effective as that provided by ERDA (now DOE) during the transport of government-owned SNM. . ';: .
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7.4.3 RAIL SHIPMENTS

At present, no physical protection plans have been approved by the NRC for rail shipments,
and no shipments of NRC-licensed SNM are being made using this mode ‘of transport. In order for
a security plan utilizing this mode to be approved, protection comoarable to that currently
afforded road shipments would have to be provided. Such features of the plan as guard strength
and deployment, communications, armor, penetration resistance of the cargo compartment, and
route selection would be assessed to ensure-that the escort force could withstand an attack by a
small group until police response was ensured. For plutonium shipments, -the resistance to, ,.
penetration or sabotage of the cargo compartment would be evaluated to ensure a level equivalent
to that for road shipments. Sel - -

. .- e« . - - N

7.4.4 SHIPMENT BY INLAND WATERWAYS . L - . :

- B

No physical protection plans have been approved by the NRC for shipment by inland waterway,
and no shipments of NRC licensed SNM are currently being made using this mode of transport. A
security plan for shipment by inland waterway would be approved only if the protection.against
assault and sabotage were equal to that presently applied to road shipments. o

7.4.5 AIR SHIPMENTS - : LI SO S 6,z

Shipments of strateg1cal]y significant quantities of SNM are requ1red to be made in
cargo-only aircraft. SNM being transferred to or from such aircraft (including periods while in .
storage) must be protected by guards equipped with a;capability_for‘radio_communications to
either a local law enforcement agency or an air terminal guard force. Preplanned in-transit
storage may not exceed 24 hours. Guard surve%l]ance of the cargo compartment whenever the

compartment containing SNM is open and observation of the aircraft until it departs are required.

o ~ . - - . .
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The combination of assigned guards, communications to local police, and a reserve of armed
airport security personnel stationed at the flight lines at major commercial airports provide
significant protection against an assault or covert attempts by unauthorized personnel to board
the ‘plane. (The only air shipments currently being made or projected through ;1978 are imports
and exports -at O'Hare airport. These flights are escorted by an unarmed employee or agent of
the licensee. U.S. safeguards responsibilities-in the transportation of nuclear materials_ for
export end when the shlpment is unloaded at a foreign terminal. The NRC reg%onal offices inspect
every import and export shrpment for compl1ance wlth requ1rements ) The surve1]]ance of the
transfer onto the alrcraft p1us the -normal prefllght “check of- the cargo compartment by the
flight crew make 1t unlike]y a stowaway cou]d board and=occupy the alrcraft undetected An

attempt at diversion of the alrcraft by a member of the fl!ght crew once alrborne ‘is considered

. - - -1 - .~ - -
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to be unlikely.

cmven T e —rw - Camm e e
i 7 PRI P Pe - 3 e

Transport of plutonium by air presents a unique problem. If both, the,alrcraft were damaged
and the shipping container were breached during flight, the altitude and velocrty of the alrcraft
might’ aid “in "the plutonium dispersal.. Similarly, a- high .velocity :crash of an aircraft might
cause or contribute to the rupture of a shipping container and the scattering.of the contents. .



However, no shipments of plutonfum by air will be licensed by the NRC (except for individual
medical applications) until the Nuclear Regulatory Commission has certified to the Joint Commit- . -
tee on Atomic Energy of the Congress, as required by law, that a safe container that wili not
rupture under crash and blast-testing equivalent to the crash and explosion of a high-flying
aircraft has been developed and tested.

7.4.6 SEA SHIPMENTS -

Shipments of SNM by sea ‘are conducted in accordance with physical protection provisions
similar to those applied to air shipments. Guards equipped with radio equipment capable of - .- .
communfcating with local police or-a nearby commercial' guard force maintain surveillance over .
the SNM during transfer operations. Vessels are observed by these guards until they depart the:
harbor. Sea shipments are escorted by an unarmed employee or agent of the licensee. Ship-to-
shore contact is made at least every 24 hours to relay position information and status of the -
shipment. It is considered unlikely that a shipment, while at sea, could be successfully
diverted or sabotaged to the extent that a significant radiological hazard would result.

7.5 ALYERNATIVES = - T . - Lo i
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The present in-transit physical security requirements provide protection, at a minimum,
against theft or sabotage by a postulated threat conéisting of an internal threat of one employee * -
occupying any position and an external threat of a determined violent assault by several well-
armed, well-trained persons who might possess inside knowledge or assistance. -This protection
is the responsibility of-and’is supplied by the licensee or his agent'and consists of privateiy-
owned facilities and e?uipmeht'under the control of private guard forces. 5 : ‘
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Consideration has been given to using such other means of protecting SNM in transit as a
Federal guard force, the ERDA transport system, Department of Defense escorts; and systems. -
designed to withstand a larger, more violent assault. These alternatives are discussed below.

- * - - A B P
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7.5.1 FEDERAL GUARD FORCE™ = -~ = = tose o e e
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The Tieed for and feasibility of an  NRC security agency to assume operating responsibility -
for security forces to protect the nuclear industry was the subject of-a special review by the
NRC in 1975-75 (Security Agency Study, Ref. 7-4). “The principal conclusion was: :

At - RV et LIS LATIE 4 % /S A ™
*The study has found that creatjon of a Federal guard force for
_maintaining security in the nuclear industry would not result ina '
higher degree of guard force effectiveness than can be achieved by - R
o . the use, of private guards, properly qualified, trained and certified
(by NRC). Analysis of the existing regulatory structure indicates
~ ~ that NRC can fulfill its responsibilities to assure-adequate :.
physical protection of licensed facilities and materials through

stringently enforced regulations."

7.5.2" THE ERDA (DOE) TRANSPORT SYSTEM - SR R S o e
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The SeEﬁ}ity Agency Study also addressed the question of whether a Federal transport system
was necessary for privately owned strategic specfal nuclear material. The study concluded: - - -
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-"With regard to shipping containers and transportation vehicles,

. _..the private sector can provide a level of security equivalent to
that provided by the ERDA system which is responsible for trans- -
port of government-owned special nuclear material. . Equivalent
security can be provided by the private sector using drivers,
guards and operating techniques under stringent standards now

-« being established by NRC. "Reliable and effective communications
. can be provided by a system such as the ERDA communication system .
if commercial carriers are required to use'it." )

- e 3
G ¥

The 'present level of transport protection provided by the licensed industry is considered
to be comparable to that required by ERDA (now DOE). While the licensee (or transport company)
does not always have the capability of communicating directly to a command and control center
while in transit (as does the ERDA system), the use of radiotelephone,: intervehicle radio, and
citizens band radio combined with restrictions that normally limit travel to daylight hours on
primary highways is considered adequate to provide timely notification of local police of a
security emergency. o -

7.5.3 DEPARTMENT OF DEFENSE ESCORTS

The Posse Comitatus Act prohibits the use of Armed Forces for civil law enforcement, which .
would include protection of private property, unless expressly authorized by the Constitution or
by statutes. None of the present authorizations would permit-the -use of Armed Forces personnel
except in emergencies caused by civil disorder, calamity, or disturbance or when State authority
has broken down or there is armed insurrection. Even if this legal impediment did not exist,
there is no need or justification for using military forces and equipment to protect against the
postulated threat. The physical protection deemed necessary to defeat this threat can and is
being provided by the private sector. )

¢

7.5.4 PROTECTION AGAINST A HIGHER THREAT.LEVEL T » B -

"
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The 'NRC §s.continuous]y evaluating the nature and extent of potential.threats against
nuclear materials and facilities. ~The -threat assessment program has developed the following
information: N T T O

o The intelligence community .has no evidence that there are groups ir this country

--having the motivation, skill, and resources to.attack either a fuel facility or a fuel
shipment. . - SR v et o

W
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o .There have been no assaults in this country aééins§<ficiliﬁf§s or<spipﬁeﬁ;sjyith the

specific intent to cause a radiological release or to steal pucleir;@iteria]. ‘

N . s R
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o . - To date, there is no evidence to 1ndica§e-any~]o§§ by:}hefpjbr,&iygqéion io ﬁﬁauthor-
ized use of significant quantities of special nuclear materials.
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o An examination of over 1200 acts of violence characterized as terr;r;sn oééurring in
the :decade 1965-1975 revealed that 97X were carried out by 6 or less people and 86X by
dor less. , . . - Ll e e
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Since there is no identifiable threat, the decision as.to- the level or protection to be
applied (or the magnitude of’the‘postu1ated”thréat'against which defenses are to be established)
demands the use of subjectivd,judgmént. .- R ’ \ot

Based on the above threat assessment, it-is beiiévéd that the requirements placed on the
licensees by NRC provide a capab111ty to protect against the postu1ated threat and are in the
public interest. For purposes of a planned review in a pub]1c rulemaklng proceeding, NRC has
under preparation proposed new regulations that have as their objective the achievement of safe-
guards that would counter hypothetical threats more severe than those postulated in evaluating ..
the adequacy of current safeguards for licensed operations, including transportation activities..
In addition, consideration is being given to the protection of material during anomalous occur-
rences such as unscheduled emergency stops enroute.

B T ‘ 5

7.5.5 RESTRICTING TRANSPORT TO A PARTICULAR MODE

Regardless of the mode of transportation, adequate protection against-theft and acts of
sabotage that would result in a significant radiological hazard can be provided. For example,
while it might be argued that air shipments (fixed wing or helicopter) made from secure terminal
to secure terminal are better protected than are road-air-road or all-road shipments (the evi-_
dence is not conclusive that this argument is correct), this is not sufficient justification to
prohibit transport' by’ these latter two" methods when it can be shown that they have sufficient .
physical protection e : ' - ;

7.6 CONCLUSIONS ’ : B - - : L
) ~a . -
o Existing physical security requirements are adequate to protect, at a minimum,
against theft or sabotage of strategic special nuclear materials’ (uranium enriched
to 20% or more in the U-235 isotope, U-233, and plutonium) in transit by a postu-
lated thréat:ﬁoniiéting of an internal threat of one employee occupying any position
and an external” threat of a determined violent assault by several well-armed, . .

well-trained persons who might possess inside knowledge or assistance. 1

o The level of protection provided Dy these requirements reasonably ensures that
transportation of strategic special nuclear material does not endanger the public
health and safety or common defense and security. However, prudence dictates that
safeguards policy be subject to close and continuing review. Thus, the NRC is
conducting a pub1ic rulenaking proceeding to consider upgraded interim requirements
and longer-tern upgrading actions:~ The objective of: the rulemaking proceeding is
to consider additional safeglards measures to counter the hypothetical threats of

" internal conspiracies among 1icensee”employees and determined violent assaults that
would be more severe than those postulated in evaluating the adequacy of current
safeguards.

LT e e P e - N7
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o ° The use of the ERDA (now DOE) transport system is not, at this time, considered to
be necessary for the protection of privately owned strategic special nuclear
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. - e.g., shipping containers.

material because the present level of transport protection provided by the licensed
jndustry is considered to be comparable to that presently required by ERDA (DOE).
Similarly, the use of Department of Defense escorts is not presently needed to
protect domestic shipments against the postuIated threat because the physical

:prlvate sector

b - - ¢ 5

i

Shipments of radioactive materials not now covered by NRC physical BroteEtion

requtrements such as spent fuel and large source nonf1ssile radtolsotopes do not

const1tute a threat to the pub11c health and §afety elther because of their llmlted
potentlal “for misuse “(due in part to the hazardous radiation levels wh1ch preclude
direct handling) or because of the protection afforded by safety conSIderat1ons,

- P -
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protection deemed necessary to defeat th1s threat can and ls belng prov1ded by the

»



REFERENCES
C. Vernon Hodge, USNRC, and James E. Campbell, Sandia Laboratories, Calculations of Radio-
logical Consequences from Sabotage of Shipping Casks for Spent Fuel and High Level Waste,
September 8, 1976.

A » Y00

U.S. Atomic gpérgy E@@his%{oﬁ: Ehvirbnﬁént$1'5ur§ey of fraﬁspoftation of Radioactive
Materials to and from Nuclear Power Plants, WASH-1238, 1972; §upp. I, NUREG-75/038, 1975;
Supp. II, NUREG-0069, 1976.° '

A 4 4 §

B. L. Cohen, The Hazards In Plutonium Dispersal, Institute for Energy Analysis, Oak Ridge,
Tenn., March 1975.

U.S. Nuclear Regulatory Commission, Security Agency Study: Report to the Congress on the
Need for, and the Feasibility of, Establishing a Security Agency within the Office of
Nuclear Material Safety and Safequards, NUREG-0015, 1976.

7-14



APPENDIX A ‘ v
STANDARD SHIPMENTS MODEL -

i

A.1 INTRODUCTION

The transportation of radioactive materials involves such a diversity of isotopes, package
types, quantities of material, package radiation levels, and transport modes that a detailed
consideration-of every shipment becomes impractical. In order to realistically assess the radio-
logical risk associated with the transportation of radioactive materials, it is necessary to - <
select a finite number of shipment types that dominate the radiological risk. - o

~ P
P s

The ‘standard shipments model used in the draft version of this document was based on a 1972 -
shipper survey (Ref. ‘A1) extrapolated to 1975 and on interviews with a few major shippers. The :
results of a detailed 1975 shipper survey (Ref. A-2) were not available in time to be included in-
the draft document. The standard shipments model used in this document is much more extensive
than the previous one and'is based on the 1975 survey data. ‘The purpose of this appendix is to
illustrate the -methods used to-derive the various standard shipments models. 1In the remainder of

this appendix;'"ihe survey report" refers to the report of the ‘survey data listed as Refer-
ence A-2. . . - N -

- . . N ~ . 5.

““'In‘the 1975 survey,‘certain-shippers completed "detailed questionnaires” while others com-.
pleted "summary questionnaires." The detailed questionnaires requested information:based on
actualzshipping records while the summary questionnaires requested information based on shipper 1
estimates. Most major shippers, i.e., those known to ship large numbers of packages annually, - . ..
and all special nuclear material licensees completed detailed questionnaires, although a few were
missed and were sent’ summary questionnaires. ' Summary questionnaires sent to a cross section of
licensees were intended to represent the entire-licensee population on-a-sampling basis. _Thus,
the sumhary“hbeétionniire data base was divided into two“separate groups: one _for minor shippers . -
and ‘the other for apparent major shippers. "There exist;:therefore, three data bases: one-from
the detailed questionnaires, one from the summary questionnaires completed by minor shippers, and
one from the summary questionnaires completed by apparent major-shippers.- Each data base was
extrapolated differently to include the entire shipper population. - The set of standard shipments - - .
on which this risk assessment is based was determined from these three data bases.

LI 5. - T N - N . P
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Each standard shipment is specified by the {isotope or material-being shipped, the package . --
type, the number of packages shipped per year, the average number of, packages per shipment,- the
average quantity of material per package, the average transport index (TI) per package, the
averabe“&istancé traveled per shipment, and the primary and secondary transport modes.

¥
¢
AR



A.2 COMPILATION OF STANDARD SHIPMENTS LIST

The selection of standard shipments was made as follows. First, groups of isotopes and
materials were selected from Reports X.H,* XIII.H,* and XIV.H* of Reference A-2. The isotopes
selected accounted for 97.9% of the total packages, 99.1% of the total kilometers, 97% of the
total TI, and over 99% of the total curies or grams: as determined from the detailed question-
naires. All uranium-plutonium mixtures were combined into a single grovn with an average reactor
grade plutonium content of 25% by weight. T -

Having selected the isotopes and materials that accounted for thé vast majority o} packages, |
curies or grams, TI, and kilometers in the detailed qugstionnaire data, it was necessary to . . o
determine the distribution of shipments according to package type.and transport mode. for each t‘,f
material. For example, one needs to know how many Type B packages of Co-60 were transported by .
truck. Such information was not directly obtajnable from the survey report. Certain of the o
computer reports (I.D and II1.D) gave the breakdown for each isotope according to package type,
but not by transport mode, while others (X.A-G and XI.A-G) listed the breakdown by transport mode .
but not by package type.. . T

. I S " S T

In order to obtain’ a breakdown by both package type and transport mode, two tqbuiatiqng were ..
made. First, the number of packages of each isotope was listed by package type, independent of
transport mode, using Reports.I.D and II.D. Next, the number of packages of each isotope was
tabulated according to primary transport mode, independent of package type, using Reports X.A-G
and XI.A-G. Then, the two tabulations were combined to form a composite distribution of numbers
of packages (extrapolated to account for the unsurveyed shipperipopulation)las‘a‘function‘gﬁ_both
package type and primary transport mode. - The results are shown in Table A-1.,.The primary, uses...
of each isotope (M = medical, I = industrial, FC = fuel cycle, W = waste) are also included.in .
the table.: - . . . - - U .- - o r . Yt oA “ P
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Implicit in the tabulation of.data in Table A-1 is the.assumptijon that all,packages of a
given isotope have the same transport mode split, regardless of package type. This assumption - .
was necessary in order to combine the package data and transport mode_data. . Thus, Table.A-1 . . .
constitutes a first approximation to the breakdown, according to package type.and transport mode.
An exception was made for:Co-60 when it was noted that there were:no reported aircraft shipments ..
of Co-60 greater than 20 curies.in-the detailed. questionnaire data.. Thus, Type B and large- . .
quantity Co-60 shipments were assumed to be transported by truck. . . L oL aer v e a
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Entries listed as "Blank Entry" in Reports 1.D and II.D or “unknown" in the transport mode
breakdown of Reports.X and'XI were added to the category containing the largest percentage of
packages for that isotope.' Certain obvious discrepancies (such as very massive shipments by - -
afrcraft) were adjusted prior to tabulating the results in Table A-1.. Two large shipment types, ..
Co-60 LQ-2 and Pu-239 LQ, were not .listed in the survey data, but shipment data were obtained.., ..

from other sources.

——
The raw data for Reference A-2 are contained in a series of computer reports specified by a
Roman numeral combined with an alphabetic character.

A-2
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TABLE A-1

TOTAL PACKAGES* EXTRAPOLATED FROM DETAILED QUESTIONNAIRE (NON-URANIUM)

Major Package "

Material Use Type
Am=-241 L1 A
B .
Au-198 M A
Co=-57 M A
LSA
CO-GO I'H A
B.
LSA
LQl
LQ2
Cs-1317 1 A
B
o LSA
C-14 M A
Ga-67 M A
H=-3 . I A
~J B
LSA
Ir-192 I A
B
1-131 + .
1-125 M A
W e . B
- , LSA
Kr-85 1 A,
. B
: LSA
MC+MF FC A

© Afr -
Freight
2172
48
192
1907.
7
114
19
259
4
0
81
1
2
6356
1390
7996
112
14
627
2819

30714
83

6

243
54

5

"0

0

I

Passenger

Alrcraft Truck Mail Rail Ship Total
254 4548 63 0 14 7052,
” 6. 100. 1 0 0 15%
1568 2299 0 0 0 4059
7063 5474 0 0 0. 14444
28 2] 0 0 0 56
62 1763 0 0 0 1940
11. 299 0 0 0 329
141° 3995 0 0 0 4395
2 67 0 0 0 73
0 4 0 0 0 4
190 317N 0 0 0 4042
1 23 0 0 0 25,
4 79 0 0 0 85
7415 4865 981 0 0. 19617
5720 12750 0 0 0. 19860
11820 8227 956 0 0 28970’
166 115 13 0 0 ., 406
20 14 2 0 0" 49
22 432 0 0 0 1081
97 1944 0 0 0 4861
209442 86587 0 0 0 326743
568 235 0 ] 0 886
44 18 0 0 0 _ 68
126 640 0 0 66 1075
28 143 0 0 15 241
3 .13 0 0 1 22
M 20154 0 0 0 20154

B 4687 0 0 0

4687
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TABLE A-1 (continued)

Majog* Package Air Passenger
Material Use Type Freight Aircraft Truck Mail Rail Ship Total
MC+MF FC LQ 0 0 11 0 0 0 11
LSA 0 0 31191 0 0 0 31191
Mo-99 M A 25460 56121 46058 0 0 0 127939
B 869 1927 1573 0 0 0 - 4369
Po~-210 I A 72 -1 68 35 8 0 184
- : LQ 7 0 .6 3 1 0 17
P-32 M A . 2014 5634 3558 0 0 0 11206
Ra=226 I A 12 ) 104 0 0 0 122
e B 66 - 27 555 0 0 0 . 648
Tc+99m, M A 10090 20649 203910 0 0 0 234649
Waste W A 0 0 12877 0 0 0 12877
B 0 0 ' 806 0 0 0 806
LSA 0 0 19736 0 0 0 19736
Xe-133 1 A 6844 6154 12538 0 0 0 25536
Mixed M A . 930 1445 21842 269 0 0 24486
, B 403 5 - 83 C1 0 0 92
LSA 211 328 4963 61 0 0 5564
Pu-238 M A 12 15 139 S0 0 0 226
B 15 93 174 0 0 0. 282
LQ 0 3 5 0 0 0 8
' LSA 2 12 22 0 0 0 36
Pu-239 FC A 2 1 63 0 0 0 66
B’ 135 40 3804 0 0 0 3979
LQ ¢ 1 0 TL22 0 0 0 , 23
Pu FC A 0 0 1 0 0 0 1
' B "5 1 132 0 0 0 138
u-Pu FC A 4 "0 17 0 0 0 21
T B 62 9 303 0 0 0 374
LQ . 0 0 : 1l 0 0 0 1l
0 0 254 0 17 0 2711

Spent fuel FC Cask

- : ’ o )
Limited quantity shipments in 1imited packagings are 1isted as "various" isotopes in Table A-3.

**I - industrial; M « medical, FC - fuel cycle; W - waste material.




Uranium shipment data are tabulated separately in Table A-2 because they were determined
differently. It was recognized that most of the uranium transported is for use in the nuclear
fuel cycle for the production of power in nuclear reactors. Two previous studies (Refs. A-3 and
A-4) have addressed the environmental effects of transport of uranium and identified the shipment
types listed in Table A-2. The amounts per package, the numbers of packages per shipment, and
the average distances per package shown in the table were taken from these two previous studies.

“The first two shipment types in Table A-2 jnvolve natural uranium. The total grams of
natura) uranium transported were determined from the survey data, from both the summary and
detajled questionnaires. Natural uranium shipments were considered to be those 1isted in the
survey data as "U-238," "U-235 2," "U-235 A, B, and C," and fy." A total of 9.1 x 1010 grams of
natural and depleted uranium was transported in 1 years as determined from the survey data. Half
of this was assumed to be shipment type 1 and half shipment type 2, since “the two shipments are
sequential and the total amount of uranium must be conserved. The total packages per year of
each shipment type were determined by dividing the total grams transported by the amount per
package. The number of packages of enriched uranium for each of the renaining three shipment
types was determined in the . _ wu, from the total grams of enriched uranium transported
(3.9 x 109 grams total). by

A1l entries in the survey tables 1isted as "U-235 D-Y“ or "U-235" JEée considered as enriched
uranium.* The total amount of material in grams was determined by dividing ‘the 'amount shown
(amount of U-235 only) in the tables by the fractional enrichment. “Thus, ‘the total amounts of
enriched uranium are considerably greater than those determined from Report XIV.H, for example,
since Report XIV.H shows only the amount of U-235 contained in the U-235/U-238 mixture.

~

3

The total number of packages of uranium determined in this way does not agree with the total
number determined from the survey, but the total number of grams, of course, does agree. Since
it is only the total amount of material shipped (not the total paciages) that determines the risk
in the accident case, this sinp]itied model is considered adequate in determining the accident
risk. '

-

The average Tl per package assigned to each uranfum shipnent was computed by‘first deter-
mining the total TI for both natural and enriched uraniun from the survey data, distributing the
natural uranium TI equally among packages of shipment types 1 and 2 (as defined‘in Table A-2),
and distributing the enriched uranium T1 equally among ‘packages of ‘shipment types 3, 4, and 5.
The result is an average TI of 2. 6 each for types 1 and 2 and 1.4 each for types 3, 4, and 5.
Since the normal dose depends upon the tota1 T1 transported annually, it is unimportant how the
Tl are distributed among packages 1 as long as the total TI s accounted for. The normal dose
computed for the enriched uranium shipnents is an overestinate since the TI reported in the
survey data was most likely fissile TI rather than radiation TI. In the section of Chapter 4
where maximum fndividual doses are considered, a dose rate value from Reference A-4 was used in
place of the TI per package computed here.

The summary questionnaire data for numbers of packages were added to those from the detailed
questionnaires. The resulting package totals are shown in Table A-3, listed by isotope, package

>—
The letters A-Y following the symbol U235 in the survey data indicate the cercentage enrichment
in the isotope U-235. A-S
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o © TABLE A-2 . .
LTI ~ Lot G, : ' ’
L., URANIUM SHIPMENTS USED IN THE STANDARD SHIPMENTS
5O om0 s P e T LR
. R - oL, A Amount .

SN . + +  .Form/ . per Pkg Pkgs per

Material :: From -} .To- '  .Package*’'(grams)
o S S e '
1,050 % MLY% UFg Prod.  LSAu 3.8x10° 40 - 1,

Y o EEN . ) - .o
UFg , :UFg Prod, Enrich P1. LSA ‘' 1xl10’ 2
. [} Y3 - ;) "; 1y A -
‘r - - e ‘: .y " - ' .
UFglenr) Enfich P1. U0, Pl. , AF  2.2x10° ‘5
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Material

Various

Am-241

Au-198

Co-57

Co-60

Cs-137

Cs-137

Cc-14

Ga-167

o,

TABLE A-3

COMPILATION OF TOTAL PACKAGES SHIPPED PER YEAR

Package Type

limited**

LSA

Lo

LSA

LSA

Mode*

Packéges per Year

138508
172992
391008
4201
491
20330
73

16

55

7

115

1

201
1644
2411
2146
7947
6183
8

31

24
158
86
17447
37

21
1397
6

3

92
359
195
5535
333
792
31023

69

12
233
8691
10140
6655
1341
1407
5789
12904
10510
15536
10984
1256
147
218
151
17



Material

H=-3

Ir-192

I-131+1-125 .

Kr-85

MF+MC }

Mo-99

Po-210

P-32

Ra-226

TABLE A-3 (continued)

-

Package Type
LSA

A

LSA

LSA

Lo

Mode

AF
PAC
T
M
AF
PAC
T
AF
PAC
T
AF ~
PAC
T
AF
PAC
T
AF
PAC
T
AF
PAC
T
S

" PAC

-
7

Packages per Year

18
27

18

2
2788
97
1922
12751
440
13654
38133
260034
107817
103
220
292

8

54

22
1079
559
3446
291
241
125
634
65

22

12

58

6
21517
5004
12
33301
25838
57008
54929
109
882
1947
1876



TABLE A-3 (continued)

naterial Package Type - Mode Package per Year
Tc-99M A AF 10329
PAC 21138
o . LT 208740
Waste A T 131120
- B T -821 .
. LSA T 20097
Xe~-133 A AF 7058
PAC 6347
T 12930
Mixed A AF 930
PAC 1445
: T 26773.
) M 269
B AF - 3
PAC . , 5
T 100
N . M 1
- LSA --AF 211
PAC 328
T 5970 -
M 61
Pu-238 A AF 272
N - - PAC 1724 - =
T . 3230
. B AF 15
. ' " PAC : 93
. T . 174
LSA AF 2
~- PAC - 12 P
- ‘ . ..T - 22
LQ PAC 3
T T 5. -
Pu-239 - - A - . _AF . . L2, )
N " PAC ) 1 :
T : - 63
B . AF - - . 135 ..
PAC 40
T 3804
LQ AF 1
oo - . T 22_
Pu A e I R °
- - B g ~- AF - . . . . " s,
PAC 1l
) S Rk i “~132 ~
U-~Pu mix ., A vr [ A‘AF v 0o, Temg 2 ';-~4~ ;
) \ o i ] L. T 17
- e - B & 3 N ' AF"«‘ < - - - f 62‘ il :
PAC - 9
T 303 i
LQ T 1l
- spent fuel Cask ST ! oo 254 -
) ( . . . .k 17 ’
) U O (nat) LSA T 54000 v -
- 38 . A .. R, o --.- - 66000. .. .
UF . (nat) . A . . L.T - 2048
N N ) ' "R e 2T 2502
UF- (enr) B we vpr 0 Tawr- oy ocrez-. o~ 485 0 . .
6 S 106
U0 (enr) B T 9691 ’
2 ] 2127
U0 (fuel). ,. B T _ 1284
. 2 .

s

7L 'R - PP ,-'E—f(zaz S
ot

-- . 2 o o et r -
AF = air freight; PAC = passenger aircraft; T = truck; S = ship; R = rail;
M = mail,

1N’A'Il 1imited shipments have been grouped together.
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type, and transport mode. Data from apparent major shippers were obtained from Table 4.8 of
Reference A-2. The air/land transport mode splits listed in Table 4.8 were used. Further subdi-
vision of packages between passenger and cargo for afr transport and between truck and rail for
land transport was made using the corresponding mode splits in the detailed questionnaire data
The minor shipper summary questionnaire data were obtained from Summary Questionnaire Report 1.0.
Since this report presented only package totals for each isotope, the package type split and
transport mode split were_taken to be the same as for the detailed questionnaire data.

A.3 SIMPLIFICATION OF STANDARD SHIPMENTS LIST

A1l shipments in limited (exempt) packagings were grouped together in Table A-3, with the
transport mode split pre%erved. In Table A-4, limited quantities shipped in other packagings
were combined with other limited shipments, using the limited mode split. In order to minimize
the number of scenarfos (isotope - transport mode - package type combinations), scenarios with
fewer than 1% of the total packages of that isotope and package type were combined in the trans-
port mode with the larééet number of packages.

The total of all packages (except limited) transported by airfreight in Table A-3 was
7.32 x 105 However, for the 12-month period ending in June 1975, CAB data (Ref. A-5) indicate a
total of 31,000 all-cargo aircraft departures. If all airfreight packages were transported by
all-cargo afrcraft, there would be about 100 packages per flight, assuming an RTF of 1/24. This
does not appear to be reasonable. Many respondents to the 1975 survey probably entered the
symbol AF (freight-only aircraft) under the heading “transport mode” for all airfreight shipments.
However, the CAB data indicate that only 12.4% of the total domestic airfreight tonnage goes by
cargo-only aircraft, the majority being shipped by passenger aircraft. To account for this,
87.6% of the packageshof each isotope and package type transported by. airfreight in Table A-3
were transferred to the passenger aircraft category, with the exception of the large-quantity
shipments. ..

The transfer of bhckages from cargo aircraft to passenger aircraft results in a total of
5.12 x 105 nonlimited packages by passenger aircraft. The total number of passenger aircraft
departures in 1975 was about 4.5 x 106. Assuming only one package per flight, approximately 10%
of all passenger aircraft flights, on the average, carried radiocactive material. Since many
materials are shipped in multipackage consignments, these data appear to be compatible with the
RTFs of 1/10-1/30 diseussed in Chapter 4.

The actual split-between all-cargo aircraft and passenger aircr;ft probably lies somewhere
between these extremegf j.e., some of the respondents to the 1975 survey probably did interpret
the symbol "AF" to mean all-cargo flights as was intended. However, since there is no way of
determining how nany'resbonded correctly, the latter more conservative approach (trahsfer}ing a
large number of packages from all-cargo aircraft to passenger aircraft) was taken in this
assessment. e

RN

i

The net result of these simplifications is shown in Table A-4. This table serves as the
basis for the analysis in the body of the report. — s

v
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*  TABLE A-4

I’ =

- -, ¢+  PACKAGE TOTALS FOR STANDARD SHIPMENTS - 1975 (PACKAGES PER YEAR)

Package Passenger

I P .- Tl e

‘Material Type "Air Freight Aircraft Truck Rail  Sship
various Limited 1.72E+4 2.95E+5 3.91E+5 - -
Am-241 A 521 4170 2.04E+4 - -
B 7 55 116 - -
Au-198 A 25 .~ 1B20 2410 - -
Co-57 A 267 . “9860 6180 - -
Co-60 A - - - 1.77E+4 ~ - -
. B . S 53 1400 - -
LQl - - 101 - -
LQ2 - - ; 4 - -
LSA 45 509 5540 - -
c-14 A 1080 1.91E+4 6660 - -
Cs=-137-- A 41 - 1080 3.10E+4 - - -
e - B 5 - 69 - - . .-
~ Ga-67 A 175 7030 1.29E+4 - -
H-3 ' A 1300 "' 2.6E+4 T 1.10E+4° - -

. B ) 18 -. - - ~364 . 1581 . - -
o LSA 2 45 18 - -

’ Ir-192 A 346 - Tt 2540 © 1920 -~ - -

e e B 1590 -1.17E+4 1.37E+4 - -

) I-1314I-125 A 4720 2.93E+5 1.08E+5 - -

- ’ B : T 13 : 310 292 - - - -
Kr-85 A . 136 . ... 1530 . 3500 - 297

) B 30 336 634 - -

- "MF+MC ~ RARY “ - - - 2.15E+4 - -
et - w3 B+, - - .- - 5000 - -

LQ - . - 12 - -

‘LSA - e - 3.33E+4 - -

Mo-99 A 3200 7.97E+4 5.49E+4 - -

.. B 109 2720 1880 - -

Po-210 A l6é  ° 113 ' 81- " 10 -

s e s s £~ LQ b U 11 . o1 - |
. P=32 LA 268 ... 7940 3820 - -
‘“Ra=226 ‘A - sy - ' 2.60E+4- - e

B 39 401 2620 - -
“Tc-99M A 1280 3.01E+4 2.09E+5 - -
Waste A - - 1.31E+5 - -
B - S R : 73 § e ! -
LSA - T ST T 2J703E+4 T - =T
Xe-133 A 875 1.22E+4 1.29E+4 - -
1. =iMixed - A oL, 115.,: ‘av  p-2260 _-.2.70E+4 - -, -
el e . B . - . 8 101 - -
- : LSA co 26 ° ° 513 ' 5830 - -
Pu-238 - A . 34 - .. > 1980, 3250 -1 - .
B 2 109 179 - -
Pu-239 B 17 165 4030 - -
LO 1 cp e LT e B o e -
U-Pu B 8 58 330 - -
Spent Fuel(T) Cask - - 254 - -
Spent Fuel(R) ‘Cask- : ~ : .- S um L s e e 1T
U;0g (Nat) .. LSA - = 5.40E+4  6.60E+4 -
U (Nat): -~ A - - - =% <2050 2500 -t
UE-2(Enr).- B = - o+ .= ¢ - %= « " 485, . = .. 106
. u (Enr) .. B - . o= ..., 9690 - . 2130
"7 U0 Fuel” B - -7 - 1280 “> - 282"

T
1

- o e
Lot g

fHa
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In addition to the number of packages per year for each isotope and transport mode combina-
tion, four other parameters are required to characterize each shipment: average distance per
shipment, average number of packages per shipment, average number of curies per package, and
average Tl per package. These parameters were determined By averaging values given in Reports I1.D
and II.D in the 1975 survey for each isotope and package type. Values for uranium shipments were
determined from Reference A-3 as discussed earlier. The results for all shipments are summarized
in Table A-5. The Tl value of 1.0 assigned for spent fuel shipments is an artifact, which, when
combined with a K value of 1000, produces a dose-rate factor of 90 mrem-m z/hr (1000 mrem=-ft /hr),
as discussed in Appendix Dx

The average distances per shipment were determined. for each isotope and package type by
dividing the TI miles for eich'entry in Reports I.D and I1.D by the Tl for that entry and then
summing over all entries foilgﬁat isotope and package type. Distances for uranium shipments were
taken directly from References A-3 and A-4. ’

Certain shipments, such as large irradiator sources or truck shipments of irradiated.fuel,
are loaded dlrectly onto the primary mode vehicle and transported directly to the receiver with
no secondary link. Hovever. most other shipments involve a secondary mode 1ink such as a van or
courier vehicle to move the material frop the shipper to the primary mode terminal (e.g., airport,
freight dock) and to take the material from another primary mode terminal to the consignee at the
end of the trip. For shipment§ by passenger aircraft, truck, and rail, the secondary mode dis-
tance is assumed to be 40 kilometers at each ‘end or 80 kilometers per shipment. ~ For shipments by
all-cargo aircraft, which do not service all major airports, the assumed distance is 80 kilometers
at each end for a total of 160 kilometers per shipment. .In the case of transport by ship, the
distance from the port to the user may be still larger; a value of 320 kilometers per shipment is
assumed (not necessarily the case for barge shlpments, as discussed in Chapter 6).

e
~f . - -

In the absence of data t&'the contraiy. one package per shipment was assumed. Data do exist
for some uranium fuel cycle and some waste shipments (Ref A-3), and these data were incorporated
into the model. These data are reercted 1n the numbers of packages per shipment for the materials
listed in Table A-5. e i

T
LR S D el -t ~
,-lx.;r' LT

A.4 DOSIMETRIC PARAMETERS FOR STANDARD SHIPMENTS -

- ~ ‘:." T :
[ AN RO V-

The consequences of an accmdent involving a release of radioactive material depend on certain
dosimetric parameters, includlng the rem-per-curle value, the particular organ or organs affected,
the fraction aerosolized, and the resuspension factor. -Each of these is discussed below.- -

- -

A.4.1 REM*PER-CURIE VALUES‘ﬁND AFFECTEQ4QRGANS .

" emiy,

+

- v - X tLr e TR

For dlsper51ble materials (gases. liquids. and volatile or disper51b1e so1ids), the rem-per-
curie value used in_this ana1y51s is the dose in rem received by an 1nd1v1dual per curle of
radloactlve material lnhaled“£ The inhalation of a radionuclide primarily affects one ‘or more
criticaI organs characteristlc of that nuclide. For example, inhaled plutonium may cause blo1og-
ical damage to bone and lung tissue. Table A-6 lists the rem-per-curie values and critical

A12°



Package Curies per:! TI 'per “Kilometers Packages
Material Type Package Package per Shipment per Shipment
various - Limited .003 ° .01 71600 [1) 1
Am=-241"- A - 3.51 - 2.1 r7 633 - 1 -
B 107 0.9 2450 1
Au-198 A .84 2.6 958 1 -
Co~57 A . . .003 .08 i 2420 1
Co-60 A - L 7.9 4.6 - 1480 1.
B 1760 1.5 T 1280 1
LQl 40000 5 .14 ~ 2010 b
LQ2 3.2x10 1.0 [2]) - 3200 1l .
LSA .16 4.8 898 1
c-14 A .02 .02 2140 1
Cs-137 A .67 2.7 346 1
B 1350 2.0 950 1
Ga-67 A .16 .2 700 1
H-3 A 8.6 .002 1770 1
B 134 0 1600 [1) 1
LSA 1.7 2.6 800 -1
Ir-192 A 64 1.3 1820 1
B 157 2.1 2030 1
I-131 + A .01 .7 - 1430 1
1-125 B 9.7 0.6 1340 1l
Mixed A o .332 D4 "7 . 544 -1
B " 146 T 3.8 "« ' < 850" 1
LSA 1.3 .73 980 1
MF+MC A - .48 - - 5,9 ' ¢ ¢ BgBY9 . 50
B .23 .07 Tedl 7940 - S0
. o, L0 _ 392 3.0 2330 1
- LSA =T - .89 TLT1,9 S~ '692 * 50
Mo-99 =~ ‘A N 1.2 7-%"71.9 T+~ 1690 1
B 94 - i. L4470 v -:3230°°7 - Te7C
Po-210 A 007 .04 1210 1
e Lo | Sd44 -0 L ..1.95 . . .2330 1
P-32 . A ;. .24 .. .25 1600 1
* Xe-133 A RS B iii-l,14 2P1850 1
. Waste A . .33 ...22.4 . 1090 50
S B oo 273 til.6.5 Gl 728 50
.. LSA .. .32 . 2.0 .. 879 50
* ‘Ra-226 A - 002 *ii.- Jp7 7839 1
B .04 3 253 1
Kr-85 ., A P 1 -8 ., 2420, 13500 [31 1
o -B 4T vg)e -0 FRVRIQ4 - 2010 - 1=
Pu-238 A 13.3 027 594'- HEERASE I
B 2630 .82 1930 . . 1
Pu-239 B 1169 6 .98 ~- 716607 - 75 o7l .
Plutonium LO 1.23x10 2.0 1600 l
Spent S ; LTI
Fuel Cask 1.4x10 [4) 1.0 [2], 2530 [5] 1
Cask 9.1%10° [4) 1.0-12] ‘1210 [S5) = .
.U (nat . .y o . . . .
© depl) e e '\: R I R VA CUE I I SO S SR
(B LSA .13 [6] &+ 2.6 ~- "+1600: .. . 40 -
U (nat .
depl) g -4 » < owtne L7
(UE ) LSA 3.5 [7) 2.6 800 2
U (ent)
(VUE ) A .BS 1.4 1210,9660 [8](9]) 5
3 (ehr)
.042 1.4 1210,9660 [9) 40

TABLE A

-5

SHIPMENT PARAMETERS FOR STANDARD SHIPMENTS

(U0, ) B
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TABLE A-5 (continued)

Package , Curies per TI per Kilometer Packages

Material Type - Package Package per Shipment per Shipment
u {enr) .—‘ i

(fuel - to.

rods) B . 32 .5 1600,9660 [9] 6

U-Pu mix B 38,300 3.3 -~ 2750 1l

Tc-99m A ©,1.03 - .16 209 1

T1-201(10} A - 8.2 . .37 2690 1

Recycle '

Pu [10} Icv 6.2x10 2.0 1600 1

Assumptions flt

[1] Certain isotopes with TI's of zero were assigned primary mode
distances of 1600 kilometers.

[2] Large casks are assigned aTI of 1 to force a doge rate factor
of 90 mrem-m? /hr (1000 mrem-ftl /hr) - see Appendix D.

[3] Kr-85 Type A goes 2420 kilometers in ddmestic traffi¢c and 13500
kilometers by shlp overseas.

(4] The spert fuel curies are dlvided into releasable material (Kr-85,
I-131, and volatile fission products) and exposure-source
materials. The curie breakdown is as follows: -

-*:’ ] Curies
;] . - Volatile
xr-as . I-131 FPission Products Exposable
e .. 6
Truck cask 1 700 . «022 -~ 200 1.4 x 10
" - 6
Rail cask 10,900 ~- .138 .- 1280 9.1 x 10
4,"' . t i

[5] Spent fuel vhen‘shipped by truck goes 2530 kilometers and when shipped
by rail goes 1210 kilometers.

[6] Shipped in 40-package lots. .

"‘ " i3
{7] shipped in 2-package lots. g
aree f~1 A

i8] Shipped in 5-package lots.. s i :

(9] Overseas uranium shipments go 9660 kilometers by ship. Domestic ship-
ments go 1210 kilometers by truck. 1.

{10] These shipments occur in 1985 only.

R
e -
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SL-yY

ﬁaierial

t

1

Limited [1]
AM-241
Au-198
Co-57
Co=60".

c-14
Cs-137

Ga-67
B-3, 2],

Ir-192 *, |

I-13141-125
Mixed [3}
MCHMF [4]

Mo-99
T1-201
Pa-210

P-32
Xe-133
waste [5]

Ra-226 (63

TABLE A~6

REM-PER-CURIE (INHALED) VALUES FOR STANDARD SHIPMENTS

Physical

Form . Rem/Ci Inhaled Organ Time Period Ref.,
1iquid 1.1 x 108,  thyroid 60 d A-6
special form 3.1 x"104<' WB 1 hr A-7, A-8
liquid 1.4 x.1031, LLI 168 hr/wk A-9 -
liquid 1.4 x 10 N LLI | 168 hr/wk A-9
dispersible - .6 . ‘ o
solid . 1.3 x 107" lung 50 y A-6
special form 1.,34* WB ¢ 1 hr A-7, A-8
liquid 700 ° 40 WB . 168 hr/wk A-9
liquid. 3.7 x 10_, WB 50 y A~6
special form 3.4 x 10_2* WB 1 hr A-7, A-8
special form 9.0 x 10 “* WB 1l hr A-7, A-8
liquid/gas '’ 64 WB 70 4 aA-10
special form 4.0 x 106 * WB 1 hr A-7, A-8
liquid 1.1 x 10, thyroid 60 & A-6
liquiada’ 1.1 x 107 ° thyroid 60 d A-6
dispersible 6
solid - 1.3 x 104 lung 50 y A-6.
liquid 2.1 x 10 LLI 60 d A-6
liquida - ' 2280 . LLI 168 hr/wk A-9
dispersible 9
solid’ 7.1 x 104 lung 168 hr/wk A-9
liquia  ° 7.1 x 10 bone 168 hr/wk A-9
gas © 476 wB 168 hr/wk A-9
dispersible A '
solid 3.7 x 10_.1 WB . 50 y A-6, A-9
special form 7.0 x 10 ~* WB 1 hr A-7, A-8

] - -
I ]
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TABLE A-6 (continued)

Physical
Material Form Rem/Ci Inhaled Organ Time Period Ref.
Kr=835 gas 9.61 WB 50 y A-6
Tc-99m liquid 89 lung 24d A-6
Pu-238 . dispersible " g .
’ solid ' 1.2 x 10, - .~ lung liy A-6
- . TN 3.1 x 10 lung 50"y A-6
S - 7.6 x.10 bone 50 y a-6
.. special form - .- - A-7, A-8
Spent fuel . A . . .
I-131 gaseous fission 6
o product ' * 1.1'x 10 thyroid 60 A A-6
Kr-85 gaseous fission -
product 0.61 WB 50 y A-6
Mixed e )
' fission volatile fission 4
, prod. "[7]) product 3.7 x 104 WB' 50 y A-6
.Exposure [8] special form 1.2 x 10 ** - wWB 1 hr A-6, A-7, A-8
U '(nat & dispersible solid, ¢ 7 )
depl) [9] volatile solid 1.94 x 10,  .bone 50 y ' :—ii
PR 4,73°x 10_, .lung 50 y -
. L special form ' 5;7*x‘1073* WB 1l hr A-7, A-8
U (enr) [10] dispersible solid 1.94 x 10, . bone 50 y A-11
v b 4.74 x 10_, - lung 50 y A-ll
gpecial form 5.2.x 106 * WB 1 hr A-7, A-8
plutonium dispersible solid 2.99 x 187 iung ly A-g, A-ig
[{11) - et .06 x ung 50 y A-6, A-
ER -3.74.x 101 bone . 50y a-6, A-12
2oy special form 2.9 x,10 wB 1 hr A-7, A-8
LI 4 ! poroqa” '

v
¢

— ' ‘
Rem/hr/ci for nondispersible materials.




. -
TABLE A-6 (continued) ) . ’
Notes: )
1. Modeled as I-131. o B ! C -
2. Taken for individuals older than 10-15 years and for a body half-time of 10 days.
3. Modeled as I-131 since most of this material is radiopharmaceutical byproduct material.
4. Modeled as Co-60 since that isotope is both a fission product and corrosion .pr‘o‘d’uct.
5. Modeled as Cs-137.
6. The radiation comes from the decay of Bi-214.. .. N T VER S
7. Modeled as Cs-137. 1 S R St L geae v -

8. The gamma source for irradiated fuel was derived from isotopic mixture in Reference A-8, N

allowing for 150-day cooling. The principal contributors are -Ir-95 and Ru-106. .. ’: :. )
9. 99.3 percent U-238/.007 percent U-235. -
10. 3 percent enrichment assumed.

11. The calculaticn for rem-per-curie for recycle plutonium is detailed 'inj}ppe'r_!dix '(_:.j R V-
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organs for each material in the standard chipments 1list, including special form and otker nondis-
persible materials. Critical organs were determined from rem-per-curie values from References A-6,
A-10, and A-11, and from the 1list of critical organs in the ICRP/NRCP tabulation of maximum
permissible concentrations.

For materials whose rem-per-curie values are not specifically tabulated, values were computed
based on the ICRP/NCRP maximum permissible concentrations in air for chronic exposure at 168
hours per week as follows:

10% x 0,
D= W (A'])
a -
where D, = statutory organ dose 1imit (15 rem/year for internal organs)
BR = breathing rate
HPCa = maximum permissible concentration in air
K = unit conversion factor

For breathing rate of 20 liters per minute, this becomes:

»
M =

- * [

! I, '-3 -
Rem/curie = ‘————],'427 X 10 ] . (A-2)
(inhaled) - MPC, - ' . C " Lot
Nondispersible materials present only a direct radiation hazard in.the accident case (as M

well as the normal case); therefore, the dose received is a whole-body dose. The computational:
method of determining whole-body doses from direct.external exposure sources.is discussed in
Appendix G. For nondispersible materfals, the gamma-ray doses delivered in ) hour it'a distance

0

of 1 meter from a l-curie source are Visted in Table A-6. - '~ "7 . . L NN

A.8.2 RESPIRABLE FRACTION =' "7 ™ ° "“ffuii vy~ o= v sy o o o

The fraction of material that is respirable (able to be inhaled and deposited in the pulmon-
ary region of the lungs) was chosen conservatively to be 1.0 unless data were available to the
contrary. A respirable fraction of unity is probably a reasonable choice for gases and liquids,
but it is probably very conservative for most dispersible solids. Specific data (Refs. A-13 and
A-14) were available for plutonium and for U3°8 and were used in the calculation. The respirable
fractions used for each standard shipment are listed in Table A-7.

A.4.3 AEROSOLIZED FRACTION

The aerosolized fraction of material released in an accident depends on the accident environ-
ment. A container may be crushed beneath a truck, in which case very little material is aerosol-
ized, or it may bounce into the air following the impact and disperse its entire contents. The
aerosolized fraction estimated for each standard shipment is listed in Table A-7. For most
packages, the aerosolized fraction was assumed to be 1.0. However, certain shipments, notably
uranium, involve large quantities of material (105 to 106 grams per package). An assumption of
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TABLE A-7
- ADDITIONAL DOSIMETRIC FACTORS *
Respirable RAerosolized ‘Resuspension
Material Fraction Fraction Dose Factor

" "Limited" [1] “1.0° 1.0 " 1.0
Am-241 [2] 0.0 1 0.0 -0.0-

. Au=-198.. 1.0 1.0 1.03
Co~57 1.0 1.0 1.0 -
‘CO-GO [2] 0.0'1.0 0-0'1.00 x 0.0'1.6
Cc-14 1.0 1.0 1.0 .
Cs~-137 0.0,1.0 0.0,1.0 - 0.0,1.62
Ga-67 [2] 6.0 0.0 0.0
H-3 1.0 1.0 1.0 ..
Ir-192 0.0 0.0 0.0 -~ -
MP+MC 1.0 1.0 1.6

. I=131 + I-125 1.0 , - 1.0, _1.09
Mixed 1.0 1.0 ! 1.09
Mo-99 = s~ 1.0 -~ 1.0 . 1.0 -
Po-210 .. 1.0 N 1.0 . . . 1.5
Ra-226 [2] ) * 0.0 0.0° " “7 0.0 -
P-32 + * 1.0 -0 - 1.0 - C R P9 R
Xe-133 1.0 . 1.0 ) 1.0
Waste 1.0 1.0 ° : 1.62 °
Kr-85 1.0 1.0 1.0
Pu-238 [2] 0.0 0.0 Cereen- 0.0 .,
Pu [2'31 0.0'0-2 000'1-0 b ’“OQO']..SO e e
Pu [4] : 0.2 .05 1.6

. -.Spent fuel-I-131 1.0 . . w10 . e . 1.09 .

Kr-85 1.0 o ” 1.0 b v 1.0 3

SRS ) SN Y B S B E S e 11 E s et -.1.62" .
U30g -0 . w e 0006 < e Loen 05 oL .,.1.63 _,
U . 1.0 ’ 0T .01 TR N 1.63 -
UJ¥u thas s 0,2 R T TN I S &1 SEENEES BN
Tc-99m 1.0 1.0 1.0

. uo,e [2) 0.0,0.2 0.0,.05 0.0,1.63

N R [N P S IR A R R e I A Lfe T e . EBLS
TTe et T S 4 T otrod IoTanoer oL eIt -3
L IR S L R N SR L S S . ~

“ﬁ“if1f~;Li@}§éé;is

. [2] Speciai;form;mateziais are Assigned value ond;O. Ifma‘ﬁéiegiél:
. appears both in special and normal form, both sets of values are "~
’ shown. TTIL U e W FL T T T e (SoeTERD LT e Ml Y
[3] Small plutonium shipments. o

. [4)*Large pluto

cy 7 PO

modeled as I-131.
Tl N P TG SIS RIS | E AT L S

> Faf

nium shipments.

b 7 SR SN 4 R SRR Y] RS

.

R L P I
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unity aerosolized fraction for such shipments should be excessively conservative, since complete
aerosolization of such large amounts of material would be quite difficult.

The mechanisms of aerosolization can be divided into four principal categories: wind resus-
pension of spilled contents, impact or fire-driven pressure rupture, fire entrainment of spilled
contents, and explosion. By examination of potentfal accident environments, it was determined
that the pressure-rupture accident is the only mechanism that occurs in a significant proportion
of accidents and with a significant potential release. Even when it does occur, not all of the
material ejected from the container would be aerosolized. The situation would be analogous to
throwing a handful of sand into the air; most of it would fall back down, with only a small
portion of it becoming aerosolized. Based on these considerations, it was estimated that, on the
average, no more than 5% of the released material is aerosolized

A 1% aerosolized fraction was seiected for UF Since UF is a solid up to a temperature of
64°C, it was considered to remain essential]y non-aerosolized except when involved in a.fire, in
which case it was considered 100X aerosolized. Since UF6 is transported principally by truck or
rail and since fires occur in only about 1X of all truck or rail accidents, an average aerosol-

ized fraction of 1X was considered appropriate. ’
A.4.4 RESUSPENSION FACTOR

The resuspension dose factors take into account the doses received by individuals after the
initial debris cloud passes. The dose results from radioactivelparticles deposited on the ground
during the cloud passage which are resuspended and inhaled. A discussion of the methods used to
estimate resuspension factors is provided in Chapter 5 and will not be repeated here. The resus-
pension factors for each shipment considered are listed in Table A-7.

A.5 1985 STANDARD SHIPMENTS

PN

-

The numbers’ of radioactive material packages expected to be shipped in 1985 are listed in
Table A-8. A1l industrial and most radiopharmaceutical (non-SNM, nonsource material) shipments
and all Pu-238 packages were scaled upward by a factor of 2.6 from their 1975 values. This
corresponds to an average increase of 10% per year during the 10-year period 1975 to 1985.

i -
~

Pu-239 shipments were estimated to be unchanged from their ié?é'vaiues since these‘involve
principally research reactors and weapon-productfon facilities. However, a new type of plutonium
shipment, "recycle Pu," was added to account for the recycling of plutonium recovered from spent
fuel and the fabricating of mixed oxide (MOX) fuel by 1980.  For an estimated (Ref. A-\Z) 20,535
kg per year transported in 1985, 4 packages per year will be shipped in integrated contalner
vehicles (ICV) in 503-kg quantities.' This plutonium is considered as “once-through" plutonium,
and the average number of curies per package is deteruined from the “jsotopic content discussed in

Appendix C. ey

¢l
o = oVt

Spent fuel shipments for 1985 are based on an estimated total amount’of 2,849 tonnes per
year (Ref. A-12). Each truck shipment is estimated to contain 0.5 tonne, and each rail shipment
3.2 tonnes (Ref. A-3). The transport mode split between truck and rail is taken to be the same
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Material -

Limited

Am-241 -
Au-198 -
Co~-57
QOTQO

o

Ga=67

H-3

Ir-192
£-13141-125
Kr-85
MF+MC

TABLE A-8
STANDARD SHIPMENTS - 1985 (PACKAGES PER YEAR)

Packagqe Type
Ex

.

o

e mI>
[42]
b

BrP@>PEDP>EP

e
0o
>

st

AF

4.47x10

1.22x10
161
25
694

-

1440
2810
2920
13
455
3380
47
5
7500
3.45x10
4720
13
354
78

-
|-
-

4
4.

4

P A/C
7767x10°

1820

2.56x10%

4

5.18x10,

6.76x10
946
117

2.93x10°

310
3980
874

-
-
5
-

s

Truck 6
1.02x104
5.30x10

302 -

2410
1.61x10
4.60x10

3800

262
10
1.44x10
1.73x10
8.06x10
179

4

4
4
4

2.86x10%
393
47
4990 ,
3.56x10¢
1.08x10
292"
9100
1650
8.9x10
2.07x10
50
1.38x10

4

Rail

[42]

~ =
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TABLE A-8 (continued)

Material Package Type AP -~ P A/C Truck Rail Ship
Mo-99 A 8320 zTﬁTéIos T ix0° = =
B, 283 7070 4890 - -
Po-210 A 336 - 211, 260 -
LQ 32 - 4 .18’ 3 -
P-32 A 697 2.06x10 9930, - -
Ra=226 A - v 2,6x10 - -
B 440 Y | 2620 5 - -
Tc-99m A 3330 7.83x10 5.43x104 - -
715201 A - 7500 4.25x10° - -
Waste A - - 5.4x10° - -
B - - 3300 4 - -
LSA - - 4 8.4x104 - -
Xe=133 A 2280 3.17x10 3.35x104 - -
Mixed A 299 5880 7.02x10 - -
B - 21 263 4 - -
LSA 68 1330 1.52x10 - -
Pu-238 A .88 5150 . 8450 - -
: B 288 - : 465 - -
Pu-239 B f 182 - 4030 - -
LQ 1 - - - -
Spent fuel Cask - - 1530 5 652 5 -
U 08 LSA - - 2.24x10 2.73x104 -
uPg nat. A - - 8440 . 1.04x10 -
UF’: Enr. B - - 2010 4 - 439
UO2 Enc B - - 4.01x10 - 8820
U05 Fuel B - - 5300 - 1170
u-Bu Mix B 33 240 1370 - -
Recycle Pu Icv - - 41 - -




as that predicted by Blomeke et al. (Ref. A-15). The results are 1,530 truck shipments and 652
rail shipments. B

Uranium fuel cycle shipments for 1985 were determined using an estimated 5,383 tonnes of
enriched uranium produced- in 1985 (Ref. A-12). When conpared to the 1300 tonnes determined from
the 1975 survey, an industry growth factor of 4.14 was determined. All uranium and uranium-
plutonium-mixture shipments were scaled upward by this factor from their 1975 values. Only the
total numbers of packages were scaled; the average number of curies per package (or shipment),
the TI per package, and the distance per package were assumed "to be the same as in 1975.

The projected package totais for certain of the 1985 standard shipments were not obtained in
any of the above ways. An executive of a major U.S. radioisotope suppiier estimated that:

1. The use of I-131, Ra-226, and Au-198 is not expected to expand by 10% per year as
suggested for other radioisotopes.

2. Several isotopes are not expected to be transported by passenger aircraft in the future.
The isotopes Am-241, Co-60, Ir-192, Po-210, Ra-226, Pu-238, and Pu-239 were transferred to air-
freight mode.

3. Ga-67 will be shipped by air instead of truck.
4. T1-201 is expected to be significant in 1985.

.~ - . = L

A.6 EXPORT-IMPORT MODEL ° . ' . - ‘ L

The standard shipment 1ist in Table A-4 was determined from information contained in the
1975 survey report. In order to determine the ‘impacts of 'export ‘shipments explicitly,’ a standard
shipment list similar to that of Table A-4 was compiled from the detailed~questipnnaire,survey
data for exports only. Imports are discussed in Section A.6.2. :

. . - g

.
» - I3 . - o 4
P O S BTR - T RN S S

[

A.6.1 EXPORT STANDARD SHIPMENTS LIST ) ' =

A list of total packages by bicisgé'iné and iransport_modé_andlcorrésponding package param-
eters for export shipments is shown in Table A-9. The data were obtained by sorting the export-
shipments data in the 1975 survey by isotope, package type, and transport mode and determining
thé total number of- packages (extrapolated). the average number of curies or grams per package,
the average TI per package, and the average distance traveied per package

Materials included in the standard shipments list used in the total impact calculation were
included in the export standard shipments 1ist. These materials accounted for more than 89X of
the total packages, curies, and TI exported, as indicated in the 1975 survey data.

Exports account for about 5 x - 106 .curies, or about 1X of the total number of curies trans-
ported in the United'States About 95% of the number of curies’ exported are Co-60, Ir-192,

. e N

A-23



pe-v

1975

- " ¥ . TABLE A-9
STANDARD SHIPMENTS MODEL FOR EXPORT SHIPMENTS - TOTAL PACKAGES PER YEAR

:BY PACKAGE TYPE, TRANSPORT MODE, AVERAGE CURIES/PACKAGE,

' ci
Material Type - Package
Am-241 A o 2.8 -
Am=-241 TBL - 13.1. |,
Au-198 A 16,0 ¢
Co=-57. A »086 -
Co-60 L B 7.3 )
Co-60 "' B 2670 -
Co=-60" LSA - .0001
28-137 A 2.0
c-14 .} v A 0.27
H=3A , N .06
H-3T A 50 .
Ir=192 A 66

. B 126 ,
1-131° - A 09
Kr-85 A 2.2
MF I A 9.6
Mo=-99! - A 2.64

co . B 76.7
1u-238 ~ B 359
Pu=-239 - B . 1.45
p=-32 . N . 0.13
Ra-226 A3 0.004
Xe-133 A . 5.4 .
Mixed ° A 0.016 ¢
Limited Lim . 6x10°% -
U=-Pu B 0.11 "
UO; (enr) , B 0.013
UF¢ (enr) B 0.34 -
U0, =RX B 1.48x10°"

A 0044

u-238

- AVERAGE TI/PACKAGE, AND AVERAGE MILES/PACKAGE
, . Extrapoléted Total Pack;qea
oy * Air Freight Pass. A/C ’ Ship Truck Total
Package Form [Package Kkm/Pkg Fackage  Km/Pkg : Package Km/Pkg FPackage  Km/Pkg Packade
L2,2 SF - 14 y; 6440 18 4990 < 7 - 11500. .14: . 1450 O 53 .
;1 0.4 SF 6 = 8050 1 8050 - - - - v}
' 6.0 L 1 2090 - 2 - - - - 1
0.5 L 3 64 17 1210 - - - - 20
v 0.5 SP | 6120 - - - - - - 4
4 1.0 SP - 11350 - - - - 13 2450 13
- 0 L 1 - - - - - - 1
. 5.0 SF v Y = - - - - - - 3 1770 3
3 L - 2 ¢ 1329!403 64 4030 - - - ot 132
s Loy 83g - 19 100 - - ") 1260 1
1,0 NS . 10 4830 - - - - - - 10
2.3 NS - 64 1240 - - - - - - 64
.48 L ¢ 14 3olo0 146 4030 - - - - 160
.28 G 70 . 10400 1 11900 42 13500 4 1380 135
3.1 G 36 : 3880 3 - - - - - l-O 36
3.3 L 125 1:;(3)8 = 70 5230 - - 22 243 2{7
x 3.0 L - 7" 11 7570 - - - = 8
' 0.84 SP ‘10 8050 1 6600 - - 1 1830 12
. 0.0 . SP 12 . 8050 ] 96. - - - - 16
0.43 - L 7 - g;gg 21 3380 - - - - 28
+ 1.6 . sp 10 - - - - - - < 10
© 0.28 -G 3 9660 24 4380 - - 1 1260 28
* 0.1 L .1 403 13 1290 - - - - 14
‘o + L 10 ° 12600 8 7570 - - - - - 18
0 © L L 41 4030 - - - - - 7580 4
.26 DS - 18 9140 29 10500  1,24x1d" 14000 18 gg9 - 1-25%10
3.4 " D8 117 9660 - - 261 760 27 5 405
3.5 SP 34 9820 - - - ot - s 3t
© .27 SP 3 8050 - - 81 16100 9 93




Mo-99, and Pu-238. Over 80X of the approximately 15,000 packages exported are enriched UOZ'
although these represent only a small number of the total curies.

Enriched UOZ and UF6 account for about 72% of the approximately 6,500 annual TI exported.
The total TI1 exported is about 0.1% of the total TI transported annually. .

A.6.2 IMPORT MODEL - . . . . _—

-~ e

An examination of the import shipments reported in the 1975 shipper survey iﬁdicatéd the
following unextrapolated-totals:

19 packages -
J.2x 10° curies . . .
40 TI (estimated) : ) .- -

Virtually all the curies were contained in the four special-form Co-60 packages averaging - ,
1.83 x 105 curies per package. Thus, the accident risk is evaluated in Chapter 5 for these fgur
truck shipments only. The normal risk is discussed in Chapter 4 based on the total TI trans-
ported. Although the packages arrived in the U.S. by.passenger and cargo aircxaft. mail, ship,
and truck, the environmental impacts of these shipments (evaluated oq]y from the‘iimé the ship-
ments enter the U.S. until they reach their U.S. destination) were made by assuming they traveled
by truck from their port of entry to their dest1nat1on .The reported lmports included Type A
packages of I-125, Yb-169, Cf-252, and C-14, exempt packages of enriched uoz and natura1 .uranium
metal, one Type B package of Pu-239, one Type B (fissile) package of enriched U02. and four

Type B packages of Co-sg . - . i . -

hed

A
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APPENDIX B
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B.1 NUCLEAR REGULATORY COMMISSION REGULATIONS

B.1.1

10 CFR Part 7] Packaging of Radioactive Material for Transport and Transportation of
Radioactive Material under Certain Conditions
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. UNITED STATES NUCLEAR REGULATORY COMMISQION
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(b} *Close . refection by wnct
means immediate contact by.watcr of ..
sufficient thickness to reflect a maximum
number of neutrons; .

(c) *“Containment vesscl" mcms lhe
receptacle on which principal reliance is
placed to retain the radioactive malcml
dnmng transport; E

“h

s

(d) *“Fissile classification®” means
classification of 8 package or shipment of
Jfissilc materials according to the con-
trols necded to provide nuclear cri-

Aprit 30, 1975

transport licensed matersal except.as - .

N

PEES

- 1

materials,ifhe delivers such materialsto 4~ + +
.. Ka carrier for transport or transports such
5 - material outside the confires of hns plam .-

¥

o
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i
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200 curies;
(iii) Group V radionuclides: 5.000 -3

PART 71 ¢ PACKAGING OF RADIOACTIVE MATERIAL FOR TRANSPORT-

tivality safcty during transportation as
follows:

(1) Tussile Class [: Packages which
may be transported in unlumited num.
bers and in any arrangement, and which
require no nuclear criticality safety con-
trols during transportation. For pur-
poscs of nuclcar criticality safety con-
trol, a transportation 1ndex is not-
assigned to Fissile Class 1 packages.
However, the cxternal radiaion levels
may require a transport index number.

(2) Fissile Class Il Pachges which
may be lunsported together in any ar-
rangement but in numbers which do not
cxcced an aggregate transport index of
50. For purposcs of nuclear criticality
safety control, sndividual packages may
have a transport index of not lcss than
0.1 and not more than 10. However, the
externe! radiation levels may require a
higher transport index number but not to
exceed 10 Such shipments require no
nuclear criticality safety control by the
shipper during transportation.

(3) Fissile Class 115: Shipments of
packages which do not meet the require-
ments of Fisule Classes | or I and which.
are controlled in transportation by
special srrangements between the ship-
per and the carrier to provide nuclesr
criticality safety. 3.

(e) ‘‘Fissile materials® means
uranium-233, uranium-235,
plutonium-238, plutomum -239, and
plutonium-241; vo-

{f) “Large quantity” mcans a quan-
tity of radioactive material, the aggreg-
ate radioactivity of which exceeds any
one of the following: .. ! -

(1) For transport groups as del‘med
in paragraph (p) of this section:. -

(1) Group 1 or 1l radionuclides: 20
curies;

(ii) Group I1I or 1V radionuclides:

L

curies; * R

{iv) Group Vl or VIl ndlonuchdu.
50,000 cuncs'
and -
(2) For :pecnl form maxerul as.
defined in paragraph (o) of this section:
$,000 curies.

(g) “Low specific activity material™
means any of the following:

(1) Uranium or thorium ores and.-
physical- or chemical cunccnlrn(es of
those ores; ¢ ot .

(2) Unirradiaied namral or dcplcled
uranium or ulundhled natural
thorium; 2

(3} Tritium mnde in aquevus solu-.
tions provaded the concentration does
not exceed S O millicurics per muillliter:

(4) Maicrial in which the activity is
essentially umiformly distributed and in

) jd

Py

+

P

-~ s s

© [aheic scrap, glasswace, paper, aod cardbuard, sold

JIFR1762

« receptacles and wrappers and their con<’
& tents excluding fissilc material and other
& radioactive material, but including ab-

tion per gram ul‘ contents dncs not ex-
cecd:

() 00001 millicuric of Group l Ta-
dionuchides; or

(ii} 0.00S millicuric of Gmup Il fa.
dionuchdes; or

(i) 0.3 millicurie of Groups Hior
1V radionuclides.

NOTE Ths mcludn. hu h act Iu-nnl o,

materials of low radiactivity u.nmnlmn such ot
J or ol frum

wastes uch as bulding cubble, metal, -und u-l

or l-qmd phm -aue. lludgu. ud uha.

material eucrnally contaminated with E
radioactive maternal, prov:ded that the &
radioactive material is not readxly dis-
persible and the curface contamination,
when averaged over an area of 1 square
meter, docs not exceed 0.0001 millicurie
(220,000 disintcgrations per minute) pes
square centimeter of Group I ra-
dionuclides or 0.001 millicurie (2,200,-
000 disintegrations per minute) per
square centimeter ol other ra-
dlonuchdes.

(h) “Maximum normal operating
pressure™ means the maximum gauge
pressure which 15 cxpected to develop in
the containment vesscl under the normal
conditions of transport specified in Ap-
pendix A of this part; -

(i) “Moderator™ means a mllcnll
used to reduce, by scattering collisions
and without appreciable capture, the
kinetic energy of neutrons; - ... .

(i) *Optimum intersperscd hy-
drogenous moderation™ means the oc-
currence of hydrogenous material bet-
ween containment vessels to such an ex-
tent that the mulmum nuclear reactivity
results; © "

(x) "l’nchge means pachgmg a.nd
its radioactive contents;

(1) “Packaging™ means one or more’ !

PR ACE AN N S S

res

.-t

Bree e

&
o
=

«
sorbent material, spacing structurks, .".'
thermal insulation, radiation shiclding;
devices for cooling and for. absorbing .
mechanical shock, external fittings,
neutron moderators, nonfissile neutron

which the estimated average coacentra.”

4
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absorbers, and other supplementary | the following shall apply:s .« . v 1 ¢
equipment; (1) 1If the identity and respective ac-* 5;
(m) “Primary coolant™ means a gas, . | tivity of cach radionuclide are lno\m.‘ .
Ilquld or solid, of combination of them, . | the permissible activity of, esch. rs-
in contact with the radioactive matenal | dionuclide shall be such that the sum, for
or, if the matcrial is in special form, ia ; | all groups present, of the ratio between
contact with its capsule, and used.to | the 1atal activity for cach group to the .
remove decay heat; < =5 <. .» - | permisable acuvity for cach group will, -
(n) "Sample packue “means a; | not be greater than wnity.- . - cre.
packagcwhich is fubricated, packed, and (i) Ifthe groups ol the radionuchides” *'
closed to f:mly represent the proposed | ] are known but the amount in cach group |
packnge as it would be preseated for - | cannat be. reasonably determined, the: ..
. . _' e : :‘-‘ -,‘_,.;A.v:,, ‘:ij; ; " Loty . 194’ = 1-: -;';x- CaPs ]
PPN PREPIVIS
v T ot S EPIREIT 1 e e gered oo e by Y
- 4 ~tE Ty v 2 ¥e 3 1 vy
- o Dm0 v 0 & s at POV SR 4
- PR o om pegm e T 3 . EL
. [T S RN PN . ¥ cob e N " —:k::, e
N A . g cyela re 8TE3 2o LI wu' ol

B -~

. e

B-2: -

2t 68° F. or in air at 86° F.
)

lranspnrl, simulating the material to be
transportcd, as to weight and phyncal
and chenuical form; .

(0) *Special form™ mcans nny o( the-
following physical forms of licenscd
matcrial of any transport group:

(1) Thematerial is in solid form hav-
ing no dimension lcss than 0.5
millimcter or at lcast onc dimension
greater than five millimclcn: ducs not
mck, sublime, or ignitc in air at a tem-
perature of 1,000* F.. will not sbaucr or
crumble if subjected to the p
test described in Appendix D of this
¥ part; and is not dissolved or converted ™ -
nto dispersible form to the extent of
more thaan 0.005 percent by weight by
immersion for | week in water at 68° F =
or in air af 86° F.; or

* {2) The mttetul is securely con- -
tained in a capsule having no dimension
less than 0.5 millimcter or at least one
dimension greater than five millimeters,- -~
which-will retain its contents if subjected
10 the lests prescribed in Appendix D of
this part; and which is construcied of
materials which do not melt, sublime, ur
ignite in air at I.4152 F., and do not dis-
solve or convert into dispersible form to
the cxtent of more than 0 005 pereent by
weight by immersion for | week in water

‘

y

-

“Transport group™ means” any
onc of scven groups into which ra-
dionuclides is normal form arc
classified, according to their toxicity and
their rclative potential hazard' in
transport, in Appendix C of this part.

- {1} Anyradionuclide not specifically -
listed in one of the groups in Appendix C - °
shall be assigned to one of the Groups in
accordance with the following table:

-

Radicactive hall-life

Radw-
suclide -

Ote 1000 1000 days se Over 106 -
days | 104 years - years

- anlll..O'upll..anlll.

Atomc
=.

-8,
Aromc

'y

qul.....anl.—.qulll.

Faogen

1
- o

el

.‘w - $e nedag

(2) For mixtures of radionuclides

e

LN . T T Wb et

IPP I

LN

1Y ey
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mixture shall be assigned to the moﬂ
testricive group present.

(iii) If the wdentity of all or some of
the radionuclidss cannot be reasonably
detennined, each of those unidentified
radionuclides shall be considered at
belonging to the most restrictive group
which cannot be potiuv:ly excluded.

f(iv) Mixtures consisting cf a siagle
& radioactive decay chain where the ra-
£ dionuclides are 10 the naturally occur-
c ring proportions shall be considered as
a consisting of a sinzle sradionuchide. The

group and activaty shall be that of the
first member prescnt 1n the chain, except
that if a rad:onuclid2 “x* has & hzalf-hfe
lorger than that of that first member and
an activity greater thaa that of any other
member, including the first, at a1y time
during transportation, the transport
group of the nuchide “x™ and the activity
of the mixture shall be the maximum ac-
tivity of that nuchide *x™ during
transportation.

] ’ .

~

Terms defined in Farts 20 30 to 36 in-
& clusive, and 70 of this chapter hive the
same meaning when used in this part.

99"] I

nwer

-(q) “Type A quantity™ and “type B
quantity” means a quantity of radiosc-
tive materisl the sgaregate radioactivity
of which does not exceed that :pecmed
in the following table: s

2 Tsensport grovps - Type A * Type B
see § AP ... yquantity  quaainty .
5 {n curies) Ln curies)
8 Jeorsosmemsesoosemmarsmsomess 0 00] -0
1] reroveares . 003 20
m Tyt 200
w 0 T 200
) r—— 20 - 5000
Viand VIL e 1,000 30,600
Specinl fOrM e 420 S, 8000
- <<

potnllol of llcuud

Caver¥ ooy,

K] 71.5 Trans
i erltl.

5 -,

rey "

(n) No licensee lhl“ luuport any &

H ".& he delivers to a carrier for transport:

packages, placarding of the transjmrta-
tion vehicle, monitoring requirements
and accident reporting.

(b} When Depantment of Transpor-
taticn regulations are not spplicable to
shipments of licensed matenial by rail, |
highway, or water because the shipment
or the transportation of the shipment is
not in intersiate or foreign commerce, or
to skipments of licenzed materisl by sir
becauss the shipment is not transported
in civil aircraft, the licensee shall con- -
form to the standards and requlrementl
of the Department of Tunsporlmon
specified in paragraph (2) of this section,

(2) Thorium, or uranium containing
not more than 0.72 pezcent by weight of
Tissile materal; or

(3) Uranium compounds, ¢ 21 than
metal (c.g., UFe UFs, or ursnium oxide
in bulk form, not pelletted or fubricated
ifito shapes) or aqueous! solutrons «f
uranium, 1n which the totat amount - -
uranium-233 and plutcnium presemt
docs not exceed 1,03 percent by weight
of the uranium-23S content, and the
total fissile content does not exceed
1.00¢ pereent by weight of the total
uranium content; or

4) Homozenous hydron:nnns! solu-
tions or mixtures containing not more
than:

(i) 500 grams of any fissile material,-
provided the atomic rauio of hydrogesn to
fissile material is greater than 7,600, or

(i) 800 ,igrams’ " of

g
[
cto the same extent as if the shipment or
~ transportation were in interstate or
7 foreizn commerce or In civil aircraft,
Any requests for modifications, waivers, 9
or exemptions from thoss requirements, E
L and any notifications referred 1o in those g
requirsments shall be filed with or made
to, the Nuclear Repulstory Commission.
(c) Parezraph (8) of this exction shell
aot apply to the traurportation ‘of °,
Hesnead matesd , or to the dzlivery of
licsnsed material to a carrier for
transport, where such transportation Is
subject to the Yegulations of the Depari-
ment of Transportation or the US
| _Postal Service ‘

[
Faa v

-

ratio of hydrogen to fissile matcrial is
greater than 5,200, and the content of
other fissile materis] is not more than |

x

I uranium-235 content; or £ :
(1ii) SO0 grams of uranium-233 and
uramum-235- Provided, That the atomic
ratio of hydrogen 10 'fissile maierial is
greater than 5,200, and the conteat of
plutonium is not more than | percent by
weight of the tots! uranium-233 and
uranium-235 content; or i
+(5) Less'than 350 grams:of (issile
material: Provided, That there is not
more than § grams of fissile material in
 any cublc fool wmun the puhgc

I_! 7!.8 Ennptluol iabyﬂc.us.

N Exmmom "t
§ 71.6 Spodﬂc umyﬂou.
E On application of any Imete:ted per-"
& sonoron its own Initiative, the Commis-
7 sion mey grant such exemptions from the
requirements of the tegulations in this
part as it determines sre suthorized by ey
taw and will not endanger life or proper- Phyucum. as dcﬁned in §35 .J(b) of
ty or the common defense and sccurity. ¢ g this chapter, arc exempt from the regula-
¥" >™1% tions in this part to the extent that they
*f 717 Exemption for no more thaz & transport licenscd material for use in the
- -Type A im“““-’ NS practice of medicine. : . -
P S EET TS FRA sl vt § - -

A hetnsee is exempt from all the rc- g 7nse E:eupllu lor nune wmsterial.

quirements of this partto the exient that 3 [N

ooy

£ s, LR

&

LR ! * 2
"A lneemee is exemp( from require-
ments .in §§ 71.33,-71.35(b), .71.36(b).

TN37.71.38, 71.39,3nd .71 .40 to the ex-

5 ® hchaes each of which contains

I d material ide of the

of Lis plant or other place of use, or
deliver any licensed mstenal to a carrier
for transport, unless the s com-
piles with the apphcnblc requirements of
« the regulations aporopriste to the mode
& of trensport, of the Department of 1
®© Transportation in 49 CFR Parts
170-189, 14 CFR Part 103 and 46 Part
146, and the US. Postal Service in 39
CFR Parts 14 sad 1S insofar as such
regulations relate to the packaging of
byproduct, ‘source,” or specisl nuclear
mnerm marking snd labeling of the
packages, londln; |nd storage of

- .. i :

A ——
lwuuw-m-uz.mmnu

no i d material having a specific ac- 1
tivity in ‘excessiof :0.002:;
microcuric/gram; or - . .

(b) . Shipments sub)ect |o the muh-
tions of the Depariment of Transporta-
tion in 49 CFR parts 170—189, 14 CFR
part 103, or 46 CFR part 1460r the US. -

3 Postal Service in 39 CFR parts 14 and 15

€ of packages each of which contains no
* more than a typc A quanuty of radiosc-
tive material, as defined in § 71.4(q),
which may include one of the following: -

(1) Not moreuun 1s ;unuoﬂ'mile
materisljor” ~ -

tent that he delivers to 2 carrier for
transport packages each of which con-
€ tins one of the following:

8- (s) - Not more lhm 15 grams of ﬁmle
material;or i 77

IS I-Y E

-y e P

ot more than 0 72 percent by weight of
fissile material; or

metal (¢.g., UFe,UFe 01 nrlmum oxide

C o gestr A L, oaw B Fa_— ‘ -
PR

————
tm-mmnlw-un-d‘unmwtym

l‘l’hh -pplmn mN hydwgt- ud ‘nn o apply
10 heavy bydroges (1€, dewteroum or trnnmm).
$ Amended 38 FR 16347 - ~ ¢

Cane e

edeugasted by 38 FR 10437,
Mmendod I8 FR 10437, -

£ _texmy are

4

M
s

June 20, 2975

B-3

W

P

e

rrur

uranium-235: Frovided, That the atomic: ~

percent by " weight of the totsl: ©

-(b) - Thorium, or uranium containing ’

(¢) Uranium compound:. other lhln .
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in bulk form, not pelleited or fabricated
imo shapes) or squeous! solutions of
uranium, in which the tolal amount of
uranium-233 and plutonium present
does not excced 1.08 percent by weight
of the uranium-235 content, and the
total fissile content does not exceed
1.00¢ percent by weight of the !oul
uranjum content; or -

(d) Homogeneous hydrogeaom’

*§ 71.11 General license for shipment
of licensed material

A general hicense is hereby issued, to

ipumnnl to this chapter, to deliver
xlicensed material to a carrier for
5 transport, without complying with the
package standards of Subpart C of |hu
part, when esther:

persons holding specific licenses issued

20-23
1320

L 2]
13-18

NOTE. Combuuhon of fisslie morerials are-
awibarized, Fos of fissile Is, the
tramiport andes is the sum of the individust corres

ding transport indeaes, The total Ncl N
shall mt exceed 10. ‘

17.19
18-17

90160
. 15-%0

TN

l— 7112 Geoeral licente for shipment |
in DOT specification coataleers, in

solutions or mixtures comnmng not
more than: - T,
(1) SO0 grams ol‘any ﬁssue material,*

t2) 800 grams > of- &
uranium-233: Prowided, That the atomic
ratio of hydrogen to fissile matenial is o

greater than 5,200, and the content of ¢¢_ . - H

other fissile matenal s not more than
percent by weight of the total
uranium-23S contentior 7T ., v v
(3) 500 grams of uramum-ZJ! and-
uramum-235: Provided, That the atomic;
rato of hydrogen to fissile material is -
greater than 5,200, and the content of -
plutonium 15 not more than | percent by,
uc:;ht of the total uranium-233 and

following limitations on s contents:
provided the atomic ratio of hydrogen to.: ,': .- -
fisssle mautenial 15 greater than 7,600; 0 &

[~ (2) The fisule material contents of

(a) The matenal is shupped as s
Fissile Class 11l shipment with the
.8

(1) Nosingle package contains more |, ;; A seneul license is hereby issued, 10,
zthan a type A quanmy of radioactive Jpersons holding a general or :pec;ﬁc
material, as defined in § 71.4(q); and 4 hicense issucd pursuant to this chnp\er.lo

. gdelm:r licensed material to a carrier l'or
nnspon.

packeges approved for use by
another person, aud in packages zp+ -
proved by a foreign national com-
peteat nthorlly. \

[~ (a) Ina specilication container for
() 500 grams of uranium-235; or fissile material as specified in § 173,396 °
(i)~ 300 grams total of uranium-233, 5 (b) or (c) or for a type B quantity of

plutonium-238, plutonium- 239 and §nd|oactwe material as specified in °

plutonium-241; or e § 173.394(b) or § 173.395(b), or for a
(iii) "Any combination of \ large quantity of radioactive material as

uranium-233; uranium-23S,” and’ & speaified in § 173.393(c) or § 173.395(c)

the shipment do not exceed:

uranium-23S content; or. e
(¢) Less than 350 ;nms of. ﬁmle

38 FA 10437,

any cubic foot within the packsge. . =

. -~ s #

§ 7110 Limited exempticn for ship-
ment of type B quantities of,
radioactive -ltnhlr PRI RN

A person dehvenng a tyye B qulmny*
of radioactive material, as defined m
§ 71.4(q). to a carrier for transport in ac-
cordance with the provisions of a special
permit, which has been issued by the

material* Provided, That there is not § ..

more than 5 grams of fisstle matenal in- L3

plutonium in mch quantities that the sum’
of the ratios of the quantity of each of

sions (i) and (ii) of this subparagraph .
does not exceed unity; or -

(iv) 2500 grams of plutonium-238,
plutonium-239, and plutonium-241 en. -
capsulated ss plutonium-deryllium-
ncutron sources, with no one package
containing in excess of 400 grams of,
plutonium-238, plutonium-239, and
plutonium-241; or
. (b) The material is ;hnpped as Fiulle
Class Il packages with the following:
limitations on the contents of cach

o4

Department of Transportation and is in;

the requirements in this part with respect.

whichever is Iater, except as to activities
described both in the special permit and
in an application for a liccnse which the
person has, prior to the termination date
of the exempuion, filed wuh the Commis-
sion. 1T 1he person has filed such an ap-
plication, the exemption grantcd by this
section shall continue until the applica-
tion has been finally determined by the
_Cummumm. REN

$ 57 ..
l—, - Gmnu. LICI‘NS!;S“

*INis applies 10 1ght water and doss not
apply l.o heary 'll" O N
ngM. hydrogen snd does
n:t lpply 0 heavy by
or tritium). .
"TASICd VR ER 10412,
$Amended 18 FR 16347

of!

~ - et .

o t o

Saem

April 30,1975 - | ..

package:
effect on June 30, 1973, is exempt from - x: -1

L L o

]

(1) No single pnch;e contains more &

- i - -8

ha s R S
(2):' No package conuin: fissile
material in-excess of the amounts
specified in the following table, and each
package 15 labeled with the correspond. -
ng lunspoﬂ index:

Pade 1

RN L N

. e 4

Matumum quantiy of fisite material

in a wagle pockage ’C‘:’ "
(4 LI
N ETR) * 0T Pletoswem  spondeg

uns u m rluo- a3 Pu Be iramsport |
Ggram) (gram) aem  newtron  index
-7 (grems) ¢ sowrces te
PRI & £ e (grame) et El
3340 27:30-. 1323 . 320400 10
305 2417 2123 240320 L IS
I 24 9N 160-240 L 5

————— norr f -
*Redesigaaied 38 FR 104)7, . N

B-4

of the regulations of the Department of,

Transportation, 49 CFR part 173; or
them to the quantity specified in subdivi- * 7=

(b) In a package for which a license,
certificate of compliance or other ap-
proval has been issued by the Comms-
sion's Director of Nuclear Material
Safety and Safeguards or the Atomiz

Energy ... Commission, provided that:

(1) The person using a package pur-
suant lo the general license provided by |
this paragraph: '

(i) Has s copy of the specific licer-se,
certificate of compliance, or other ap~
proval suthorizing use of the pachge
and all documents referred to in the
license, ceruficate, or other approval, as
applicable; O 2
(ii) Complies 'with the terms and,,_

to such shipments. The exemplion = than a type A quantity of radioactive u:condmons of the license, certificate, or ~ .
granted by this section shall termingte vn & marerial, as deﬁned in § 71.4(q); and
December 31, 1973, or on the date on &

which the DOT special permit expires,

% other approval, as applicable, and the
applicable requirements of thispart;and -
(iii) Prior to first use of the package
submits in writing 10 the Director of

Nuclear Material Safety and Safeguards
or the °  Atomic Enargy Commission,
his name and hicense number, the name -

and license or centificate number of the ~ .

perton to whom the package approval
has been issued, and the package 1den. -
tification* number specified -in the
package approval - - .
(2) The packaze approval authorizes
use of the package under general license i
provnded in this paraznph & Ty

EE iar,

(c) inas pachge wluch meeu (hc pct- x
lincnt requirements in the 1967 regula., -~
tions of the International Atomic Encrgy
Agency and the usc of which has been ap-

A proved in a farsien national competent

PATI

[N
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authority certificate which uas been b used in the hicense.

revalidated by ‘the Department of @ (b) The rcference to § 71.7(b) in .

Transportation, Provided, That the pere

son using a package pursuant to the

general ticense provided by ‘this
~ paragraph: *
g (1) Has and com .ics with the ap-’
= plicable certificate , the revalidation, and
& the documents referenced in the certifi-
8 cate rclative to the use and maintenance
of the packaging, and the acuions to be
taken prior to shipment, and *

{2y Complies with the applicable re-
quirements of this part, and the Depart-,
ment of 7 ransportation regulations 1n 49
CFR part 173, 14 CFR part 103, and 46
hCFR part 146

r"§ {11.13 Comnunications.

ANl communications concerning the
rcgulations in this part should be ad-
dressed to the Nuclear Regulatory Come,
mission, Washington, D C 20555, At-
tention. Director of Nuclear Material
Safety and Safcguards, or may be
dclivered in person at the Commission’s
offices _at 1717 H Street NW_,
‘Washington, D.C. or at 7920 Norfolk
| Avenue, Bethesda, Maryland. ©

40 FR 8774

re -

*§ 71.14 Interpretations.

Excépt 'as specifically authorized by
the Commission in writing, no in-
terpretation of the meanmg of the
_regulations in this part by an officer or
employee of the Commission other than
a written interpretation by the General
Counsel will be recognized to be binding
on the gommiuion. '

St e

31 FR 9941

3

*§ 7115 " Additions] requirements.

The Commission may by rule, regula-
tion, or order imposc upon any hcensee
such requirements, in addnion to those
established in this pant, as it deems
necessary or appropriatc to protect
_health or to minimize danger to lifc or
| property. i o

[e%s§ 71.16 * Amendment of existing
= licenses. o

B

- v

(a) Licenses issued pursuant to this
part and in cffect on October 4, 1968,
which authonize Fussile Class 11 packages
are hereby ded by increasing the
minimum number of units specified for
each Fussile Class 11 package by a factor
of 1.25. The mew numbcer, shall be
rounded up to the first decimsl. In addi-
tion, the term *radiation units™ is
changed to “transport index™ wherever

37 FP 3988
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: licenses issucd pursuant to this part prior
:lo March 26, 1972,°* 13 changed to
rllj 71.9(b).

= .
~ . . <

g (¢) . The refcrence to § 71.9¢(b) in
2 Jicenses 1ssucd pursuant to this part prior
£ to June 30, 1973, 15 changed to 71.12(b)

[]
)
L

- .

™ Suhpart B—Llcense Applications

- . "1
§ 7121 Contents of application.”

An application for & spc?:iﬁ::' license

include, for ecach proposed packaging
design and mcthod of transport, the
following information in addition to any
otherwise rcquired:
. (a) A package .desc
quired by § 71.22;

(b) A package eval
by § 71.23, . - :

(c) A description of proposed pro-
cedural controls as required by § 71.24;

(d) In the case of fissile material, an
idenufication of the proposed fissile
class - -

.
.

ription &3 re-!

. €

luation as tequired

N -

§ 7122 Packuge description. . . -
The application shall include.a
description of the proposed package in
sufficient detail to idenufy the package
W accurately and to provide a sufficient
 basis for evaluation of the packaging.
The description should include-
(s) With respect to the packaging-
~ (1) Gross weight, ...
(2) Model number; . -
(3) Specific materials of construc-
tion, weights, dimensions, and fabfica-
tion methods of. R :
(i) Receptacles, identifying the one
,which is considcred to be the contain-
ment vessel; - © e msen s g
(ii) Materials specifically vsed as
nonfissile neutron absorbers or modera-
tors; J R U
(ui) Internal and external structures
supporting or protecting receptacles;
(v) Valves, sampling ports, Ufting
devices, and tic-down devices;
(v) Structural and mechanical mcans
for the transfer and dissipation of heat;
and - t . -
~(4) " 1dentification : and volumes . of
any coolants and of receptacics contain-
ing coolant.
+ (b} ‘Wuth respect to 8
the package: . » -
S%n Leo.

<

-
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under this part may be submitted as an,
application for a license or license”
amendment under this chapter and shall

(1) ldentification and maximum
radicactivity of radinactive constitucnts;

(2) ldentification and maximum
quanttics of fissilc constitucnts;

(3) Chemical and physical form; .

. (4) - Extent of reficction, the amount
and identity of non-fissilgneutron absor-
bers in the fissile constuutents, and the
atomic ratio of moderator te fissile con- |
stituents; ST
. (5) - Maximum weight; and |

(6) -Maximum amount of decay heat |

§ 7123 Package evaluation. .
- The apphcant shall:. ..
(a) - Demonstrate that the package
satisfies the standards specified in Sub-~
part C; - . -
(b} For a Fissile Class I1 package,
asccrtain and specify the number of simi-
tar packages which may be transported
together in accordance with § 71,39, and
(¢} For a Fissile Class 111 shipment,
describe any proposed special controls
and precautions to he excrcised during
transport, loading, unloading, and han-
dling, and in the event of accident or

L:iehy, _
u')—§ 7124 I'rocﬂ!nn% controls.

¢

ae T .

398

@ . The applicant shall describe the regu-’

- & 1ar and periodic inspection procedures

1

"';'_proposcd to comply with § 71.51(c).

|'?
£2* The Commission may at any time re-
gquire further information in order to
& enadle 1t to determine whether a license,’
@ certificate of compliance, or other ap-
proval should be granted, deniced,
_mgdiﬁcd. suspended, or revoked.

™ Subpart C—-P’ckagc Standards

7125 Additional information. ’

I3

§ 7131 " General standards for ‘all
" packaging. - -0

3
A

(a) " Packaging shall be of such
materials and construction that there
will be no significant chemical, galvanic,
or other feaction among the packaging
components, or between the packaging
components and the package contents.
x -(b) Packaging shall be equipped with
% 5 positive closure which will prevent in-
adivertent opening.

(c) Lifung devices: . o N

(1) If there is a system of lfiing
devices which is a structural part of the
package, the system shall be capable of
supporting thrce times the weight of the
loaded package without generating stress
in any material of the packaging in ex-
cess of its yicld strength,

(2) If there is a system

AR

of lifting

April 30, 1975
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devices which is a structural parl only of
the lid, the system shall be capable of
supporting three times the weight of the :
lid and any attachments without generat- |
ing stress in any material of the lid in ex-
cess of its yicld slrengxh. : !

(3) Ifthcre is a structural part of the
package which could be employed to lift ~
the package and which does not comply
with subparagraph (1) of this paragraph, .
the part shall be securely covered or:
locked during transport in such a man-
ner as to prevent its use for that purpose.

(4) Each lifting device which is a
structural pari of the package shall be so
designed that failure of the device under
excessis ¢ load would not impair the con-
fainment or shiclding properties of the:
package.

_ (d) Tie-down devices:

(1) If there is a system of tie-down
devices which is a structural part of the,
package, the system shall be capable of
withstanding, without generating stress
in any matcrial of the package in excess
of its yicld strength, a static’ force ap-
plied 10 the center of gravity of the'
package having a vertical component of,
two times the weight of the package with’
its contents, a horizontal component
along the direction in which the vehicle
travels of 10 times the weight of the
package with its contents, and a horizon-
tal component in the transverse direction
of 5 times the weight of the pach;e with
its contents.

(2) If there is a structural part of the,
package which could be employed to tie
the package down and which does not
comply with subparagraph (1) of this
paragraph, thé part shall be securely
covered or locked during transport in
such a manner as to prevent its use for
that purpose.

(3) Each tie-down device whnch isa
structural part of the package shall be so
designed that failure of the device under
excessive load would not impair the
lb:lny of the package to meet other re-
|_quirements of this subpart.

:

71.32 Sirsctural standards for Iype
-~

B and large quantity packsging. !
'3‘ Packaging used to shipatype Bora
& large quantity of radioactive matenial, as
w defined in § 71.4 (q) snd (N, shall be’
8 designed and constructed in accordance
with the unlcluul nmd-rds oI' this sece
tion, ’

.
[N 3

N FR 894

* Standards dnﬂ’crem from lhose
specificd in this section may be approved
by the Commussion if the controls pro-
poscd 1o be exercised by the shipper are
% demonstirated to be adequate to uwre
the safety of the shipment.  * .

(a) Load resistance, Regarded as l

Aprit 30, 1978

simple beam supported st its cnds along
any major axis, packaging shall be capa-
hle of withstanding a static load, normal
to and umiformly distributed along its

weight, without ;eneuun; stress in any

yicld strength,

(b) External pru:un. Packaging
shall be adequate to assure that the con-_
tainment vessel will suffer nn loss of con-"
tents if subjected to an external pressure
of 25 pounds per square inch gauge.

fissile material pnch;es. .

w'A package used for the shipmem
of fissile material shalt be so designed
and constructed “and its contents w
Timited that it would be subcriticul sf itis
assumed that water leaks into the con-
tainment vessel, and:

tents occurs to the most reactive credible
extent consistent with the chemical and
physical form of the contents; and " -

(2) The containment vessel is fully
reflected on all sides by water. *

- (b) A package used for the shipment
of fissile material shall be so designed
and constructed and its contents o
= limited that it would be subcritical if itis
é assumed thaf any contedits of the package.
« which are liquid during normal.
7 transport leak out of the containment-
vessel, and that the fissile mncnal is
then: 't

(1) In" the most reactive crednble

(2) Moderated by water outside of
the containment vessel 10 the most reac-
tive credible extent; and

(3), Fully renecled on all sides by
water, -

(c) The Commmlon may approve
exceplions to the requirements of this
section where the containment vessel jn-
corporates special design features which
would preclude leakage of liquids in
spite of any single packaging error and
sppropriate measures are taken before

of cuch conlnnmem vessel,

¢ 71.34 Evaluation of a single
package. © -7 ¢ ‘

v §

(a) The effect of the |ransporl en-,
vironment on the safety of any single
package of radioactive material shal} be
cvaluned as follows: oW

- (1) Theabilityofa p:chge to wuhs-
tand conditiuns likely to occur in normal
transport shall be assessed by subjccuing
a sample package or scale model, by test
or othcr asscssment, to the normal con-

B-6

length, equal to § times its fully loaded-

matcrial of the packaging in excess oflu ,

§ 71.33 Criticality standards for

(1)’ Water moderation of the con-,

configuration consistent with the chemi-_
cal and physical form of the material;” '

cach sh:pmcm to verify the leak ughmen &

ditions of lnnspon as specified in
§71.35;and
(2) The effect on a packsge of condi- .
tions likely to occur in an accident shall *
be assessed by subjecting a sample-
package or scais model, by test or other .
assessment, to the hypothetical,accident
condilions as specified in § 71.36.
(b) Taking into account controls to |
be excercised by the shipper, the Commis-
sion may permit the shipment 10 be’
evaluated together with or without the!

.

3

‘T transporting vehicle, for the purpose of

 one or more tests. '
(c) Normal conditions of transpon
and hypothetical accident conditions
different from thosc specified in § 71.35°
and § 71.36 may be approved by the
Commission if the controls proposed to*
be exercised by the shipper are®
demonstrated to be adequate to assure
the safety of the shipment. X
§ 7135 Standards for mormal condl-
tions of trumsport for a single

package.

(a) A package used for the shipment:
A of fissile material or more than a type A

gquamity of radioactive material, as
defined in § 71.4(q), shall benodeugned

Land constructed and its contents 30’

g limited that under the normal conditions
oftramsport specified in appendix A of
this part: |

(1) There will be no release of
radioactive material from the eomam-
ment vessel;

(2) The effectiveness of the pukng-
ing will not be substantially reduced;

(3) There will be no mixture of pascs
or vapors in the package which could,’
through any credible increase of
pressuge or an explosion, significantly
reduce the effectiveness of the package;

(4) " Radioactive contamination of the
liquid ur gaseous primary coolant will
not exceed 107 curies of activity of
Group 1 radionuclides per milliliter,
3 5x10-¢ curies of acuvity of Group 11 ra-
@ dionuclides per milliliter, 3x10-4 curics
e of activity of Group 111 and Group IV
% radionuclides per milliliter; and

(5) - There will be no loss of coolant,

(b) . A package uscd for the shipment
of fissile material shall be so designed
and constructed and its contents so
Iimited that under the normal conditions
of transport specificd in Appendix A of
this part: -

.{1) The package will be subcnucal

(2) The geometric form of the
package contenls would not be whsun-
tially altered;

(3} There will be no leakage of water
into the containment wessel, This re.
quirement need not be met if, in the
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cvaluation of undamaged pacxages
under § 71.38(a), § 71.39(aX1). or

ol‘ the material; and

(4) There will be no substantial
reduction in the effcctiveness of the
packaging, including- B

(i) Reduction by more than S percent
in the total effective volume of the

3 FR 994!

assessed, -

cent in the effective spacing on which
nuclear safcty is assessed, between the
center of the containment vessel and the
outer surface of the packaging; or

(iii) Occurrence of any aperture in
the outer surface of the packaging large
enough to permit the enlry of a 4-inch
cube T

>(c) A pachge used for the shnpmcm
of  more than a type A quantity of
radioactive material as defined in
§ 71.4(q), shall be 30 designed and con-
structed and its contents so limited that
under the normal conditions of transport
specified in appendix A of this part, the
containment vessel would not be vented
directly to the atmosphere. .

[

2 § 71.36 Standards for 4I|yp¢.)lh'¢'|lcll
« sccident conditions for a single
package.

RSN ey

.4
-

8 (2) A pachze used I'or lhe slupmem
of mort than a'type A quantity of

radioactive material, as deflined -in
§ 71.4(q). shall be s0 dcsigned and con-
steucted and its contents so limited that
if subjected to the hypolhelical accident
conditions specified in appendix B of
this part as the frec drop, puncture, ther-

the sequence listed in appendix B, it will
| _mect the following conditions: _ '

(1) The reduction of shielding would
not be sufficient lo increase the external
radiation dose rate 1o more than 1,000
millicems per hour at 3 feet from the ex-
ternal surface of the package.

<(2) No radioactive material would
be released from the package except for
gascs and contaminated coalant contain-
ing total radioactivity exceeding neither:
(i) 0.1 percent of the total radioac-
tivity of the package contents, nor ~ °
(ii) 0.01 curic of .Group 1 ra-
dionuclides, 0.5 curic of Group 11 ra-
dionuctides, 10 curies of Group 11l ra-
dionuclides, 10 curwes of Group 1V ra-
dionuclides. and -1,000 curies of inert
gases srrcspective of transport group.

A package nced not satisly the require-

33 FR 18D

packaging on \vhlch nuclear ufety |s
i

(ii) Reduction by more than § per-‘

ot

mal, and water Immersion conditions in’

3 FR 9941

ments of this paragraph il it contains
only low specific activity matenials, as”

§ 71.40(a)," it -has becn assumed that ndcﬁned in § 71.4(g), and 1s transported
modctation is present to such an extent gon a-motor vehicle, railroad car,
83 10 Cause maximum feactivity consis- & aircraft, inland water craft, or hold or
tent with the chemical and physical lurm 2 deck of a scagoing vessel assigned for lhe

sole use of the licensee. - --, |
i T Agre -
)y A pachge used for the shipment
of fissile matenial shatl be so designed
and construcied and its* contents 3o

N - e

limited that if subjected to the hypotheti-

cal accident conditions spocsficd in Ap-
pendix B of this part as the Free Drop,
Puncture, Therma!, and Water Immer-
sion conditions, in the sequence listed in'
Appendix B, the package would be
subcritical. In determining whether this
standard is satjsfied, il shall be usumed
that: - vor

(l) The fissile mnerlll isin lhe most
reactive credible configuration consis-
tent with the damaged condition of the
package and the chemical md physlcal
form of the contents;

(2) Water moderation occurs to the
most reactive credible extent consistent
with the damaged condition of the
package and the chemical lnd phyncal
form of the contents; and -

(3) There is reflection by vsater on
all sides and as close as is consistent with
the dama;ed condmon of the package.

P FENS
§ 7137 Enlullol of an array of
paehgu of ﬂalle nnerhl.

(a) The tffect of the tnnsport en-
vironment on the nuclear safety of an ar-
ray of packages of fissile material shall
be evaluated by subjecting a sample
package or a scale model, by test or,
other assessment, to the hypothetical ac-

cident conditions specified “in § 71,38,

§71.39, or §71.40 for the proposed
fissile class, and by assuming that each
package in the array is damaged to the
same extent as the sample package or

scale model. In this case of a Fissile .

Class 111 shipment, the Comniission may,

Aaking into sccount controls to be exer-’

cised by the shipper, permit the shipment
to be evaluated as 2 whole rather than as
individual packsges, and ecither with or
without the transporting vehicle, for the’
purpose of one of more-tests.

(b) In determining whether the stan.’

dards of §§ 71.38(b), 71.39(a) (2). and
71.40(b) are samﬁed it shall be assumed |
that: oA

(1) The fissile material is in the most
reactive credible configuration consis-

teng with the damaged condition of the -

package, the chemical and physical form
of the contents, and controls excrcised
over The number of pulagcs o bc
transported mgelhet and

{(2) Watcr modcration oécurs 1o the

B-7 -
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most reactive eredibic extent consistent
with the, damaged condition of the
packuge and the chemical and physical
form of the contents.

§ 71.38 Speclllc standards for a
* Fissile Clus 1 pnk-ge.

A Fissile Class I package shall be so
designed and constructed and s con-
tents 30 hmited that, P

{a) Any ber of such und d
packages would be subcritical in any ‘ar-
rangement, and with optimum .in-
1erspersed hydrogenous moderation
unless there is a greater amount of in-
terspersed moderation in the packaging,
in which case that greater amount may be
considered; and

(b) ~Two hundred fifty such pnckagcs
would be subcritical in any arrangement,
if each package werc subjected to the hy-
pothetical accident conditions specified
in Appendix B of this part as the Free
Drop, Thermal, and Water Immersion

dati in the listed in Ap-
pendix B, with close reflection by water
on all sides of the array and with op-
timum-interspersed hydrogenous
moderation unless there, 1s a greater
amount of interspersed moderanon in
é the packaging in which case that greater
& amount may be considered. The condi-

185 tion of the package shall be nsumcd to

be as descnbed in § n 37 -
§ 71.39 Speelﬂc sundlrdl (or a
Cl I-'iullc Class 11 pnckl;e. o -

(l) A- Fimlc Class ll pachgc shall
be so designed and constructed and its
contents so limited, and the number of
such packages which may be tnnsporled
together so limted, that.

(1) Five times that number of such
undamaged packages would be subcriu-
cal in -any-arrangement .if closely
.reflected by water; and

(2) .Twice that number of tuch
packages would be subcritical in any ar-
rangement if cach package were sub-
jecied to the hypotheu:al accident con-
dutions specified in Appendix B of this
.part as the Free Drop, Thermal, and
Water Immersion conditions, in the se-
quence listed in Appendix B, with close
reflection by water on all sides of the are
ray and with optimum intcrspersed hy-
drogenous moderatton unless there 1s a
greater amount of intcrspersed modera-
tion in the packaging, in which case that
greater amount may be considered. The
condition of the package shall be
-assumed to be as described in § 71.37.

(b) The transport index for each’
Fissile Class 11 package is calculated by
.thviding the number 50 by the number of

Apeil 30,1976 ~ ¢, :-
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such Fissile Class I packages which may
be transported together as determined

 under the limitations of paragraph (a) of
% this section. The calculated number shall

31 FR 9941

- arrangement and with the most reactive’

be rounded vp to the ﬁru decimal pllce:

i 71.40 Speclﬂe llnduds for a
Flssile Clus (1) :hlpne-t. H
A package ror F’mle Cllss (1} slnp-
ment shall be so designed and con.
structed and its contents so limited, and' &
the number of packages in a Fissile Class
111 shipment shall be so limited, that:
(s) The undamaged shipment would;
be subcritical with an identicat shipment
in contact with it and with the two ship~
ments closely reflected on all udel byl
* water; and
(b) The shipment would be subcnlb
cal if each package were subjected to the'
hypothetical accident conditions’
specified in Appendix B of this part as
the Free Drop, Thermal, and Water Im-
mersion conditions, in the sequence
listed in Appendix B, with close reflec.!
tion by water on all sides of the array and
with the packages in the most rucuve

degree of interspersed hydrogenous
moderation which would be credible
considering the controls to be exercised

1978, .

placed within outer packaging that mects
the requirements of Subpart C for -
packaging of matcrial in’ normal form. .
The scparate inner container shall not -
release plutonium when the entire
package is subjecicd to the normal and
accadent test conditions specified in Ap- ;
pendices A and B. Solid plutonium in the
following forms is cxempt from the re-
quirements of this paragraph: = -

-(1) Reactor fuel elements; | -

(2) Mectal or meial alloy; or .

- (3)' Other plutonium bearing solids
that the Commission determines should -
be exempt from the rcqniremems of this
section. - ‘

(¢) Authority in hccnses issucd pur-

suant to this part for delivery of
plutonium to a carrier for transport
under conditions which do not meet the |
limitations of paragraphs (3} and (b) of
this section. shall expnre on June 17,

“y N . N

Subpm D—Openling Procedures

§ 11.$l~ Esl-blhhmnl and mainte-
, naace of procedures. . )

L - e -

The hcensee shall establish and main-.
tain: -, o -

() Openung proccdure: adequate!

over the shipment. The condition of the B to assure that the determinations and

package shall be assumed to be a3
described 1n § 71.37. Hypothetical acci-' £
dent conditions different from those .-
specified, in this paragraph may be ap-
proved by the Commission if the con-
tiols proposed to be exercised by the
shipper are demonstrated to be adequate
to assure the ufny of the lhtpment e,
b 3
] 11.41 rnvlonly conlncled
packages for irradiated solid
anclear fuel.-: ¢ - . 4 -

.
PSRl S

Notwithstanding any other provisions
of this Subpart, a package, the use of
which has been authorized by the Com-'
mission for the tr t of irradiated’
solid nuclesr fuel on or after September
23, 1961, and which has been completcly
ennnrucled prior to January 1, 1967, -
shall be deemed to comply with the
‘package siandards of this subpart for
(Im purpose. .t d 3

AR
- 2

- s

-
s

wrw t4 - k

( 7[ 42 Speclll nq-lnnuu for &
plutoninm lhlp-nu after Juu 17, 7
-« 1978,

Tas eI ~

0= e

[
(a) Notwilhstanding lhe excmpuon

8 controls required by this chapter arc ac-

complished; -
(b) Procedures for opcmn; and clos-’

R

7 ing packages in which hicensed material -

is transporied to provide safety and to
assure that, prior to delivery to a carricr
for transport, each pachge is properly
closed for transport; and .

(¢) Regular and periodic mspecuon
procedures adequate to assure that the.
procedures required by paragraphs (a)
| and (b) of this section are followed. -

I 7152 Aunmpllou - to nknowu
1 propestles,

LF SN

I AR |

When the uolopuc “abundance,” mass, .
coneemnuon. degree of irradiation,’
degree of moderation, or other pertinent
property of . fissile material in any’
package is not known, the licensee shall
package the fissile mamnl as if the’

¥ unknown properties have such credible’ g

valucs as. will cause the mulmum
nuclear reactivity,
§ 7ns3 Pullnlnry ddet-luﬂnu.

(n) Pnor to lhe first use ol‘ any .

3 FR 994}

I_iﬂ.ﬂ Reporl:. - Cr

- (b) Prior to the first use, of any
packaging for the shipment of licensed”
materials, where the maximum normat
operating pressure will exceed 5 pounds
per squarc inch gauge, the licensce shall
test the containment vessel 10 assure that
it will not lcak at an internal pressure 50,
petcent higher than the maximum nor-
mal operating pressure,
(c) Packaging shall be comptcuously
and durably marked with its model num-
ber. Prior to applying the model number, .
the licensee shall determine that the
packaging has been fabricated in accor-
dance with the design approved by the
Commlsslon. )

§ 71.54 Rocllu determinations.
- ¢ . T

Prior 10 each use of a package for ship-
ment of licensed matenal the licensee -
shall ascertain that the package with its
contents satisfics the applicable require-*
ments of Subpart C of this part and of the
license, including determinations that:

{a) The packaging has not been uzo
nificantly damaged;

(b) Any moderators and nonfmnle.
neutron absorbers, if required, are pre-’
sent and arc as lulbonzcd by the Com-s
mission; = '%

(c) The closure of lhe packuz and
any seuling gaskets arc present and are”
free from defects;

(d) Any valve lhrough which prim-
ary coolant can flow is protected agaihst
tampering;

(¢) The internal gauge prescure of
the package will not exceed, during the,
anticipated period of transport, the max-,
imum normal operating pressure; :: ¢

(N - Contamination . of the primary
coolant will not exceed, during the anti-
cipated period of transport, the himits
specified in § 71.35(a) (4). coa g
The provisions of this scction shall not’
be applicable for packages authorired in}
the gencral licenses granted by § 71 6. In
such cases the licensec shall ascertain’
that the contents of the package are as
luthomcd in the general hcense

§ 71.8S  Opeaing Instroctions, -

LR

A

Prior to delivery of a package 1o a car-
rier for transport, the licensee shall
& assure that” any_special instruction

ot - -‘;needed 10 safcly open the package are’

seot to or have been made available 1n”
the conngnee.

) - - -

4

[ 4 X 1

« in § 71.9, plutonium in excess of twenty
& (20) curies per package shall be shipped .
8 asasalid,

‘(db) Plutonium in éxcess of lwcnly
(20) cwrics per package shall he
packaged in a scparate innct contamer

TEay

April 30,1975 * ~ ¢

packaging for the shipment of licensed?

materials, the licensce shall ascertam The licensee shall report to the Direce.
that there are no cracks, pinholes, un- @ 4,0 or Nuclear Matenal “Safety and
controlled voids or other defects which w Sal‘;gn:rds 11.5.-Nuclear Regulatory
could significantly reduce the effective.” N . Washi DC. 20888,

ness of the packaging. . | within 30 Oays any instance in which

-
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effecivencss of any authorized packag.

there is substantial reduction in the
ing duiing usc.

§ 7162 Records.”

e (a) The licensee shall maintain for a

peniod of 2 years after its generation a
 1ecord of cach shipment of Nissile
% matciial or of more than 3 type A quan-
ity of radioactive matenal as defined in

l__whcrc spphicable.

(1) Identification of the packaging
by model number; -

{(2) Details of any significant defects
in the packaging, with the means
employed 1o sepair the defects and pre-
vent their recurrence; ¢

coolant; ¢

(4) Type and quanuty of liccnsed
material 1n each packagc, and the total
quantity in each shipment;

(S} Foreachitemofirrad.. .~
material, ‘

(1) Identification by modcl number;

(ii) Jrradiation and decay lustory to
the extent appropriate to demonsirate
that its nuclear and thermal charac-
teristics comply with License conditions;

(iii) * Any abnormal or unusual condi-
tion relevant to radiation safety.

(6) Date of the shipment;

(7) For Fussile Class 111, any special
controls exercised; B

(8) Name and address of the
transferee;

(9) Address to which the shipment
was made; and °_ ‘ . M

(10) Results“of the determinations
required by §§ 71.53 and 71.54.

(b) Thelicensee shall make available
to the Commission for inspection, upon
reasonable notice, all records required
by this part. .

L

i FR 9941

§ 71.63 Inspeciion and tests.

{a) The licensce shall permit the
Commission at all reasonable times 10
inspect the licensed material, packaging,
and premises and facilities in which the
licensed material or packaging are used,
produced, tested, stored or shipped.

(b) The licensee shall perform and
permit the Commission to perform, such
tests as the Commission dcems necessary
or appropriate for the adminisiration of
| the scgulations in this chapter.

§ 71.64 _Violations.
5 An injunnio;l or o;hcr court order
« may be obtained prohibiung any viola-
% jion of any provision of the Atomic
Encrgy Act of 1954, as amended, or Ti-

. -

tie 11 of the Energy Reorganization'Act”™ ™

§ 71.4(q)..in a single package, showng,

(3) Volume and identification of

of 1274, or any rcgulation or order
1ssucd thereunder. A court order may be
obtained for the payment of a civil

62,63,81,82,101,103, 104,107, 0r 109
of the Act, ot scction 206 of the Energy

- St
£ Reorganization Act of 1974, ur any rule,

regulaton, or order issued thcreunder,
or any term, condition, or lunitation of
Qanyl issued thereunder, or for any
violation fur which a licensc may be
revoked undcr scction 186 of the Act.
Any person who willfully violates any
provision of the Act or any regulation of
order issucd thereunder may beguilty of
a crime and, upon conviction may be
punished by fine or imprisonment or
_bolh. as provided by law.

©
-4
“

"

e

penalty isnposcd pursuant to section 234 °
.1 of the Act for violation of scction 53, 57,

el

APPLNDICTS
1 -

APPLNDIX A—NOPMAL CONDITIONS OF
TRANSPORT
2 L ot B
fach of the follveing marmal conditins of
sranspoct o to be applicd separately 1o dercrnine ne
eftect on 8 package
| Hew—=Dorect sunlight at sn smbeent
pesature of 130° F i sull ar -

+

m

“2  Cold—eAn ambiewmt lcmperatere ;-f -0 ¢ ~m
stutl air and shade . N
'3 B pheric pe of 03 umes
standard simosphenic pressure ~ - - -

4 WVitrstemeaVibratiwn mormatly incudem to
ranspuat ke LR .

S , Water Spray-A water speay sufficiently heavy
10 keep the entire expused surface of the package ex-
cept the buttam cuntinuously wet during a perusd 30
| meautes ’ + R

‘- . e ea e
™6 #ree Drp—Beiwven 1-172 sad 2 12 hours -
afier the conclusion of the water spray test, a free
drop through the distance specified below unio s flat - -
essentially waywciding horizontal serface, kriking the
surface 1n a pusston for which manimum damyge 1s
expected. - I N -

PR .. .
FREE FALL DISTANCE . .
L e - .o . -
s ! Peckage wright ° - _ Duiwnre
o e pwnds) (fev) -
Less than 10000 4
T 10,000 10 20,000 oo cevecranecccecsreonee ¢ 3
L T — 2
pet More than 30,000 eesrsseee ]
£ o, ep s -
.9 ?  Comer Drop—A (tee dop onto each cornes of

the package in successon, o m the case of 8 cyhindis- -
cal package onta each quarier of each nm, from 3
Beght of 1 fuot onto 3 Mat essentially wnyieiding
horizontal surface This test apphies valy 1o packagés
which are construcied pomarnity of wuod or fibere
board, and do mot exceed 110 pounds gross weight,
and 10 all Fisute Class 11 packagings

8 Penetrainm—Impact of the hemisphenicat end
of 8 vertical sieel cylinder 1-14 snches in diameter
and weighing 13 pounds dropped from a height of 40
nches oato the exposed surface of the package which
is expecied 10 be most vulnerable to punciure The
long anis of the cylinder shall be perp tar 1o ihe
_relue surface

) Compressiom—tFor packages not exceeding
10 000 puunds in weight, 8 compresuve load equal to
etther $ imes the werght of the package or 2 pounds
per square inch multiphicd by the masimem hosizon-
12} cross sectoon of the packsge, whichever is greater

The load shall be applred duting 8 period of 24
hours, wmformly agains the top sad buttom of the
package on the positaon in which the package weuld
mormally be transpuried

April 30,1975
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[~APPLNDIX C—TRANSPORT GROUPING OF -
RAD! o

T° APPENDIX C—TRANSPORT GROUPING OF

[~ APPLNDIX B—lg;:m I:ETICALKA(;'(‘IDFNT ANUCLIDES b RADIONUCTIDLS ot

The followag hypthetical actrd g ore Element® Redionucinie®*®  Growp I Elemem® Radwmechde**®  Growp
1o be applied muily.in he ardes ind J,
dererminc thew cy cffectvnag g wu- Actmum (39) Ac 227 1 As 196 v
tay of pachages. b Ac 28 = 1 As ::: [ :x

1. Free Drp—A free dwplhm s ‘-lamd . e An
30 Fect uma a flal Ameticen (M)-rmee A% 241-—rre . Hafaowm (71 ) v
serface, urikig the swrface 1n 8 n-ca M " ) e——— o (67) oo Ho 166 lemee IV

3 ‘i n'_, ‘ ”u Antimany (SY s ::; Hydrogen (1) cceeeee H I (¢ trmtiom).e. ¢
— . : :g*——-"— th 1ndiom (€9) cerree 18 113 M ccvcsraee IV

2. Pwncrwre—A fm dmp lhmqh [ lmu« of N " Ar37 vi N laltdm m
40 inches siriking, in & possion for which maumem | A7800 U1F) ~:“ M atlism v
daoape is capecied, the top end of 8 verical ’ At { v ia 118 iv
cyhmdracal mild steel bar mounted v a8 essemially . '-;:'.-' bl lodme (33) [ Bb1] n
wayseldmg hocitontal surface, The bar shall he & e . ATomed W e s
ches b diameter, wh the top horizontal aad nsedge | AT (O3 o Cang 1126 n .
rovaded 10 8 radins of At more thaa oac-quarter MN. w 1129 1n
inch, and of such 8 Scagth 8t 1o Cawse mazimwn Mﬂ— W N | 1 | JUNEEUUE——— | | |
damage 10 the package, hut avt bess than 8 inches | 1 A " - < 1132 - IV
long. The long axass of the bar shall be perpeadicular Bar l(‘“ 2 I v 3 | I ) S——— | | |
w0 Ihe unywiding borizosal sarface. . - - 2133 " . [ 7 PE—— 1

§ 3. to 8 thermal test i which | - o T Irdsim (T2 :u:n.__....._. l:

"lkbcumlolhepa:hgehuleumulm - - - redium ( e | ]

£ which would reselt from exposure of the whoie | Berkelum O7).—. 8K 249 ; 10 192ememe. 111

N . Beryltivem (4) Be? v 3 Cle 194 -

g pxtac oo of 1.875° F. for PR 21206 v B 1 IV
30 smunmes with an comessivity cocflicsem of 09, Bi 207 " o lrom (26) Fe 35 v
asseming the surlaces of the package have an absorp. N 2!0. " L Fe 3% w
Won coefficient of 08, The package shall aot be 22 m 2 Keypton (36)eceer—.. Kr 83 m n
cuoled artificially umil 3 hours afier the ten perd - « Be 82 - v Ke 83 m (uacom.  V
waless i can be shown that the temperature o the - | Bromine 33) e B B2mr e 0 presscd).””
wode of the peckage bas begun 10 fall ia dess then 3 | Codmivm (481 D B0 " L Kr S "
o, - . a:"'—'—" w Ks 83 (uncom« vl

4, Waer Jmmenim (fisule material packages - Semm—aee—— presscd).**
only)—immertion ia water 1o the eatent that all por. Calciven (20). g 3 :x Ke$?. n
s of the packags 1o be tesied are under ot Jeast 35 | 7 ‘,""""““‘" H S e Kz 87 (wncom- v
foen of water for & persod of mot kess than § bours, - - | Cotforarves (98)..... €Y 249 ——oeee 3 prexsed) ** ,

C o ean e 230 e Lanchomuet (57)ememe La 140 — IV
B crasz ! Load (82). 203 -
s .. B Corboats) c4 v nzuo.... 1)
v ves g Ceriem (58) Ce 14} v [ % [} T
DL W Ct 143 e ::: Lutecive (71) oo Lu 172 .
o~ . 8 Co 1o Lo 73 I
_® Cesium 139) o8l ! Magactium (12).~... Mg 28 m
N ) QIM M. 1M Mangancse (25) eoe M 52 W
- ceme O 1 n Ma 34 v
I e e . Cs 133 v Ma 36 v
- 3 e - . 1% v Mercery (80) — . Hg 197 m w
R (=9 1 ) R | Ma $6 w
Chioriae (17). oo C136 m Mercuty (80) oeeee. HE 197 m w.
aits v Hg 197 w
s v ] Curomiem (24)ecee. Cr 52 13 4 B Hg 203 w
s - Cobelt (27) Co 56 n Mised fission prod- n
.. . e, Ce 57 v wcts MFP. -
. [ . CeS8m - IV — . s .
b LI gz_ :x Molybdcaum (42) ... Mo 99 wv -
. “‘« B 3 . N .t c an Casd w Neodymivm (60)..e : ::;_-_—.——- :;
. o - | Cwivm 98) g;:; : Neprunive (93} . Np 237 1
[ ? Cm 244 ' . . Np2)9 ]
- erm— Nickel (28).. Ni 36. "
Cm 243 et TR Ni s v
Cm M6 oo § i Ne w
| SRSSPRRST T VN T T D— | (] D Ni &S v
Dy 183 v Nickiom (41) ceree NB9Y m - v
Dy 166 v T MY AV -
Erteom (63) Er 169 v 3 e w.
Corvpivm (83} - En 150.. o Omem () i v
EviS2m v = - T o9l RV
Ee 152 " . Os 193 v
Es 134 Palladrom (46) e PS 103 W,
Ee 135 v rI0 v’
Fluorns (9) F! = -
Gadulmivm (61 omre Gd 133 cooeceee IV D o) M
Gd 159 e IV P ies v
Galiswea (31} Ga 61 " Y
G n v 1 #e PUIIT O ecesniennns AV £
Germaniws 13Y) e Ge 7 ::: ) "l W
Gold (V) Au 193 = V.
ped i< innmmmni 11 Plutcmms (98] e Pu 238 (F) oo,

Aprit 30, 1978

m——
Sce fuutmacs at end of 1able,

B-10

LI 31 1 ) PUNSRRR |

————————
Scx hxumucs 21 ond of 1abie.

b
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APPENDIX L1 RANSPORT GROUPING OF

APPENDIX  —TRANSPORT GROUPING OF

p—
APPINDIX D—=TESTS TOR SPLCIAL FORM

RADIONUCLIDLS~-Cintinucd RADIONUCLIDLS—Conunucd
- - - LICENSED MATE RIAL
Element* Redumuclides**. Grovp | ' Elemem® Radwauciudes®*® , Grosp l: W’M‘;)mp—A;‘ free drt;p ;ﬁrm;h & duismae of
= b 30 feet wnto a Nat essentiatly wayrclding boriziatal
. L. : ;:? " e : a ; S ﬁR ;;f”‘":::": ::l = surface, unling the surface m such & pusitia as bo
7 b B L T Nssral L I G e e et e e crcvlar end of
Pol o) Po 210 | 5 Thelem (69) cooemere TM 168 coreemaceel M & - P y N 2
1 mch diameter meel rnd werghing 3 pownds, dinp-

Potassium (19) cecmeee

Prasendymivm (59)..

Promcthiom (61)eeeee P 147 oo IV
Pm 149 v

Protactiniom (31)eeee P2 20 edoonee e
P2 2M eceeiinens 1

Pa 233 1

Radwm (85) Rs 223 n
| T ¢ ] IUINS—— | |

N T R €

h Ra 228, - )
Radon (86) Ra 220 w
- - R 232 1l
Rhesivm (73) Re 183 v
N Re 186 e IV
.o Re 187 134
! - Re 188 cececeees IV
- « ¢ Re Natwralpereereee IV
llodm (45)-....- RE 103 W corereeeee BV
- 2 Rh 103 w
llbldlln (!1)..-—.- Rd 86 L
. R 87 e IV
A ' Rb Natweal eeeeeee. IV
Inlhnm (44) e R 97 v
* Re 103 w
T | T |- JOUINNN— | o
‘ F -Re 106 n
Samarivm (62) oo S 143 correeeaeeeeeen 11
. wd PO ol e |} |
b ] B | USSR | 4
TN - iR |} PG | 4

- - «x . gk“ 'v
Sel (). Se 13 v
Salcon (14) $: 3 1v
Salver (47!"--—— Ag 305 [0 4
N . YRl J p— || ]
. AR v
Sod (11}, Na 22 n
< Na 24 w

$ I (38} SBSm w o,
. BT b g 1) w
1 -Se 89 n
hid S 90 1
) .- -5 9N 1"
’ ) s S92 w
Sulphwe (16} $38 w

Tontalem {73} ceeeees Ta 182 m
Technetiom (0)_.. Te% m w
LIRS L, (] YOS |
.- PPN (1 X YOS ) 4

v © Te$? v
LI v, b (] . ] JUCEE— ) 4
R s Te®® (1]
"l’clhmu- (32)..-- Te §25 Mecerccecaee IV
U v . sTe 1 v
.o PRI (N} w
PR . Te 129 Mo I8
s. o« - » ~ “Teh2? - 1V
‘ c - IUURETS (3 ) 1) YOSSUURS |}
T oo 1V
T«hu- (65).._..— ™ 160. m
'l'hllun(ll)..._.. T1 200 1w
wre.. 2200 v
P 7 1v
- b 1, JpUSUS—— | }

- Thurwe M)......_. Th 227 ceeeercncnsne
b L} 2] JUSeT—— |
b LT ) S |

———
See footnotes st end of table.

Tm 170 cescerenemeses” M1
PO () & [ J—— |
~.5n 113 v
SA 117 Maremeenmenes” 1
[} — | |
FENT 1 PUU—— |

Tin {S0)

g;llllﬂl m H3 v
- 'H3(asagas,ae

Jemnous paint, oc
.  sdsorbed on sold
- mater1al) cecomeee

vil
R

PN, S

W 181
WSS ceoverasennnee
WY eeemveeees

’ U 235 (F) cconmanoceee
U 236

U e

RETE T T 0 p—

. U Enriched (F) omr

m
u JUSS——
vas

. v4
Xe 128

Xe 131 oo
XeidMim (uaeum~ -

| Rl

e

[v3))
Xenon (54)

N pressed
N Xe l)).................
. Xe $3) {uncom-  “-

31 FR 2041

<

Yuerbiom (70) ceeeeee. YO ns N

Yuowm (39) Ys :

v’o

- Y¥m

Yo

L Y9N

. Yo
Za s

2269 m

B Za 69

Zlmolnn(‘ﬂ)_..... Zr 93

P T

o ox -

o

Zwnc (30)

A

.o s 3

"R pd through 2 distance ol 30 inches The capsule or
¢ niatersat shall be placed om 3 shoet of ead, of hard
etz aumberr 1.8 to 4 Santhe Vickers scale, and mor
mare than | inch thick, supporicd by a w-uh enwen.

> | tally wayiclding surface
N 3 Hestivg—Hcating in 2if W 3 unpemwe of
L] 1415 F and femaining at 1hat temperature for 8
perwod of 10 minstes

T <

. . N

4 dmmenur—{mmerson for 24 bours i water
8 foum temperature Tbe water shall be st pH b-pH
S.wnha y
per centimeter . -

e Abwat membct theown pucuhcm
*Uncimpressed means Ml & plmc ~t n«d
ing rne siminphere

-

X The rrcord keepmg and reporting re-
quirements contained in this part have

°**Advmic weight shewn "‘“ the radumachde o been approved by the -Burcau of the

* symbol. " “a ey -
m=Mctausblc mate. T e "t
(F) Foslc maternal PR .

. ¢

% Dudgct in accordance with the Federal
’{Ecpons Act of l942 L
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B.1.2

10 CFR §573.30-36, PHYSICAL PROTECTION OF SPECIAL NUCLEAR MATERIAL IN TRANSIT

4

cLop o s
PxraicAL ProTecTioN of Bracut ..
Nucizaa Marzaial of Traare,
§73.30 Cenerslroguirement. . |
(a) Except as specified [n §73.38(a)
or as otherwise authorized pursuant to
§ 73.30(f), each Ycensee who transports
or who delivers to a carrier for transport
either uranium-235 (contalned in ura.
nium enriched to 20 percent or more in
the U-21$ isotope), uranium-233, or plu-
jontum, of any combination of these
materials, which i3 8,000 grams or more
computed by the. formula, gramsms
(grams contalned U-235) 425 (grams
U-2334grams plutonium), zhall make
srrangements to assure that such special
nuclear material will, if a common or
contract carrier is used, be transported
ander the established procedures of a
carrier which provides a system for the
physical protection of valuable material
in tiansit and requires an exchangs of
hand-to-hand jeceipts at origin and
destination and at all points enroute
where there is a transfer of custody.
(b) Transit times of shipments other
uun those specified in § 73.1(b) (3) ahall
be minimized and routes shall be se-
lected Lo avold arees of natural disaster
ders. Such shall

or ciril dis
be preplanned to assure that deliveries
occur at a thine when the receiver at the
final delivery point iy present to accept
receipt of shipment.

(¢)_Special nuclear material shall be

shippéd in contoiners which are sealed
by tamper indicsting type senls. The
container shall al»o be Jocked §f 1t 1s not
in another container or vehicle which is
locked, If inspection of the contsiner or
vchicle Is not required by Btate or local
suthoritics before fAinal destinats

B

« FIEY

.ml &lp-anbym& e ea
u)u-mmuummu

~ made without any schaduled intermedt-

als stops to tr special lear mae
tuiﬂototbercmobetwemthuacmu
from which it is ahipped and the facllity
otuunezlm. .

(L) Al motor vehicles uczed to mns
port special nuclear material shall be
. equipped with a radiotelephone which
. can communicate with a Lcensee or his
agent. The licensee or agent with whom
communications shall be maintained for
different segments of the shipment shall
be predesignated before a shipment is
mads. Calls to such licensee or agent
shall be made at least every 2 hours
when radiotelephone or conventional
telephone coversge along the route is
. available Lo relay position and projected
route. Call frequency may extend up to
5 hours when radiotelephone or cone
ventional telephone covernge is not
avallable along the preplanned route,
at which time a conventional telephone
eall shall be made. In the event no eall
iz xeedved in accordance with these re-
. quir the 1} or his agent
ahall timmediately nolify an appropriate
law enforcement authority and the ap-
proprhte Nukar Regulatory Cnmmimou In-

§ Office ;
luled in Appmdu Aolths ptl.

: ) A shipment shall be accompanied
by lt Jesst two people in the yehicle con-
taining the shipment, which may be two
drivers or one driver and an au!
lndhldull. The vehicle contalning the

the
outermost container or vehicle shall also
indicating type

apply to ship=
:(r;c;nts of quantitics specified In § 73.1(b)
(d) When guards are used pursuant
to §§ 73.31ter (1), 18.31(:)(2) 7333 and
7338, the licensce sball not Dcrmlt an
individual to not as a guard unlezs thers
i3 documentolion that the individual

has deen qualified by demonstrating an
understanding of his duties and respon=
sibilities. "The licensee or his axent ahall
have deccumentation that guards have
been requalulod annually,

(8) By January 7, 1974, each Jceosee
shall submit a pian outlining the proce=
dures thet will be used to mect the re-
quiremeits of 35 73.30 mrwch 7338 and
73.70(g) hicludivg o pian for Lhe selece
tion, cuulifienting, and training of armed
escoris, or the specification and design
of & specinlly designed truck or trsiler
a8 appropriate. This plan shall be fol-
lowe"_“d by the licensec afier March 8,

() A licensec or applicant for a ll-
cense my opply to the Commisston for
awnwn. ol prcposed procedures for
tra rt of ) meterial In
& manncr not otherwise aithorized by
the regulations of this part. Guch applie

cation shall include a description and >

quantity of the special nucleer material
trvolved, the orizin and destination, the
carricrs to Le uned, the expected time in
transit, the number of transfer points,
the communications {0 be used, the ve-
hicle visual ldenﬂﬂutlon, and the cargo
ncurlv survelllance measures to be

m P-ncnphl M), (e}, (), and (D)
cl:!”‘.mls are effective March €,

shall be under continuous vis-

ubotm:ehlde.nme.wmmn

alecper berth. The shipment shall be fur-
l.bcr vroucted by one of the following

(l) An n'med escort consisting of at
Jeast two guards shall aecompany the
shipment in a separate escort vehicle. Fae
coriy shall maintain eontinunus vigilance
for the presence of canditions or situa~
‘Jons which m!zht threaten the security
of the shipment, takes such action ss cir-
cumslances might require to avold inter-
ference with salfe ge of
the esrgo vehldc. provide assistanoe o,

- of suminon aid for crew of cargo vehicles
in case of emergency, check scals and
locks at each stop wbere time permits,
and observe the carzo vehicle and sdja-
cent arcas during stops or layovers. Con-
tinuous radio communication capability
ehall be provided between the cargo ve-
hicle and the escort vchicle. Escort ve-
hicies ahall also be equipped with a radio-
tclephone. The licensee may use his own
employces 88 armed cscorts or he may
use on agent. Only the driver iz required
in the vrhicle containing special nucicar
material for shipments involving an
average of less than an hour ia trans-
portation, {f communication-js maime
tained during the course of the shipment

* with the Yeensee or agent monitaring the

_shipment.

(2) The shipment shall be made ins
specially designed truck or traller which
reduccs the vulnerabllity to dtversion.
Derign features of the truck or trafler
shall permit immobilization of the van
and provide barriers or deterrenls to
physical penetration of the cargo com-
partment unless armed guards are also
used in which ease immoblizatior of

(d) ‘Transfers to and fromothnmodu
of transportation l!ull 1o socordance
'uh $7338, -

(a) Vehicles shall be marked on top’
with identilying letters or numbers
which will permit identification of ihe
vehicle under daylicht conditions from
the »ir in clear weather at 1,000 feet
above ground level, The same’ code of,
letters and numbers as thoss used on’
the top shall also be marked on the sides,
and reat of the vehicle to permit identi.’
Qication fram the ground.

w(,r‘) mncuonueﬂuunmrchl

§ 7332 -Shipmem by aln R
(3 Exnpt a :pedﬁcally npproved Iay lhc ;

shipment ot spedll nudeu' material
shall be made In passenger alrcraft in.
excess of (1) 20 grams of 20 curies,
whichever is less, of plutonium or urane,
fum-233, er (2) 350 grams of uraniam.’
235 (contained in uranium enriched lo
20 percent or more in the U-235 isolcped.
) In shipments on cargo alreraft of.
either uranium-23S (contalned in urani-
um enriched to 20 percent o more In
the U-235 isotope), uranium-233 or plu-
tonlum, or any combination of thess
materinls which is 5,000 grams or more
computed by the formula, ETAmMS=
(grams contained U-235) 4. 2.8(grams U=
233 4 grams plutonium), transfera shall
be In accordance with § 73.35, Tranafers
shall be minimired, '
(¢) Export shipments shall be esccrt~

ed Dy an unarmned authorired individe
ual, who may be & crew member, from
the last terminal In the United States
until the shipment s unloaded st & fore
oign terminal. He shall perform monie
toring dutles at forelgn tenninals as d-
seribed In § 7335, - ‘

(@) Parscraph (e) of Ll secl.lou is
effective March 8, 1974, L
§ 7833 "~ Shipment by ruil,

{a) A shipment by rafl shall be escort-
ed by two guards, tn the shipment car
or an escort car of the traln, who shell
keep the shilpmant cars under odservae
tion and who rhall detraln at stops when
practicable and time pernuta to ruard
the shipment cars under cbscreation,
and checz car or contaloer locks and
scals, - Radioleleph feation
shall be maintained with a )icensee or
his agent to relay position ecery 2 hours
or less, and at scheduled ston in the
event thet radiotelephone coverige was
not aveilable tn the last § Tours before
the stop. The lictnsee or agent with
whom communications shall be malne
tained for different segments cf the shipe
ment shall be predesignatad bLefure a
shipment is made, In the tvent no call
is received in accordance with thrrae re-
quirements, the lcensee or hir egent
shall immeadintely notify an r3prontle
ate law enfercement authority and the
sppropnate \vdﬂv Regulatory Cumm-m-vn ta-

and k nt R 1 Oftice !
tisted in Arpmdl\ A of thus part. .

M) Trausfers shan be In accordance
with § 73.38,

”.(,2 ‘This section s aTective March 6,




$7334 Sulpmemtbysss. °~ . " 7 - -§73.36 Miscellanoous requirerents. (e) Each licensee who receives a ship-
(a) Bh!pm&'m shall be m:ﬁe‘ onver 5] hchgcensee wbt;du?u delvery :é :::;td?:w'”;wmﬁ‘;d:’" tﬁ:;‘hl::e “:‘g

sels making the minimum po. call. - special nuclear material free on boa :

oTranafers Lo and from otber modes of * - (fob) the point at which it s delivered - telegraph or maigram, or facsimile.t the per-

transportation shall be in sccordance - - 4o g carrier for transport shall mmake the
with § 73.35. There shall be no schaduled arrangements Lo assure that such special
fransfers to other ships. ‘At domestic ' -~ quclear material will be protected In

ports of call where other caryo ls trans- = transit as proscribed in $1 93 30 through
ferred, the shipments shall be prolected ™ © - 1335, rather than the person who de-
in sccordance with § T335{a), -~ "~ “- ~  Yivers such shipment to the carrier for, -

(b) The shipment shall be placed in & * transport. 3 R
secure compariment which s Jocked and (b) Each l'censee who Imports special
asealed. Locks and sesls shall be perfodi- - puclear material ahall niake arrange-
cally inspected in transit, if T ts to assure that such material will
by an escort or crew member,  ? ~°  be protected in transit as follows:

(¢) Exportshipmentsshallbeescorted .. - (1) An individual designated-by the
by an uparmed suthorized indfvidual, », . *Jicensee or his ngent, or as spocifled by &~
who may be & crew member, from the “*:  contract of carriage, shall confirm the
last port In the United States until the . contaluer count and examine Jocks and/
shipment is unloaded &t a forelzn port. or seals for evidence of tampering, at the
He shall perform monitoring cuties st . - first place in the United Btales st which
foreign ports as described in § 7235, - +the shipment is discharged from the

(d) Ship-to-shore communications ~arriving cwrrier.
shall be avallable, and a ship-to-shore ., €2) The shipment shall be protected at
contact shall be made every {xculy-four - the first terminal at which it arrives in
hours to relay position tnformation, and . | ».the United States and all subsequent
the status of the shipment, which shall ., . termihals as provided ia §§ 73.30 through
bo detenainad by & dally inspection * . 7335 and paragraphs (c) and (D) of this
where possible. This information shall .. section, -~ -
be sent, as citen as It is avaflable, to the .+« €e) (1} Each Lizensee who dellvers spe-

licensee or his agent who makes Lhe ar-

son who delivered the matenal to 3 camer for

+ transport and the Director of the appro-

, priate Nuclear Regulatory Commission

Inspection and Enforcemcent Regional

.. Office listed in Appendix A of the arrival

- of the shipment at its destination. When

. an Energy Research and Development

.. Administration (ERDA) license-exempt
contractor Is the consignee, the licensce

. who is the consignor shall notify by tele-
->phonc and telegraph, or mailgram, or facum-
et the Disector of the appropnate Nuciess

SRege, -
;. ulatory Commission Inspection and En-
«forcement Reglonal Ofice listed In Ap-
pendix A of the arrival of the shipment
. . Btits destination immediately upon being
< - hotified of the receipt of the shipment
- by the license-excmpt contraclor as ar-
. ranged pursuant to paragraph {c) () of

this section. In the event such a shipment
‘« {alls to arrive at Its destination at the
estimated time, the consignee, I & -
censee, or in the case of an cxport ship-
ment. the licensee who exported the ship-
“-ment, shall iImmedistely notify by teles

“ *elal mueclear material to & carrier for =  plone and tiegraph, or maiigram, or 'Iu-um-

nnzlmp;c:nc:u for the protection of the R m;.m“ ‘:.“ 1;.‘?“;"3“& nwf;-u,e’ . et thel 9[ the approp Nuclear
This consignes by tlcphone, telegraph, or - S . R
“-(,2 section s eftective Mach 6, teletype, of Lhe time of departure of the " ulatory « tonal :)m ‘:_";d‘“xg l\:‘_
shipment, and shall notlfy or connrm *forcement Reg o the leen P
§73.35 Tranuler ol special muclear Sith the conslgnee (he method of trans. - Pendix A of this pazt, & ¢ licensee
material portation, tncluding the nomes of car- - , °F other ver:ox‘x Vl’xo delivered r:‘he ’I:Mlel:
All tranafers shal] be monltored by & Hers, and the estimated U of & T L e mage the physical protection
B i 1 ma. e case of & shipment, tée an boatd Uiy hane v o, or -
stitute, If nccessury. Monltaring of spe- :1.011 ) lg_“‘g:“;'- W“;‘:ﬁ'} I 4¢“;lﬂ’°d }; o "‘"'lf’yum D rector of the :’pﬁmpmu
ﬂ:}dﬂgw, “x?:nlgr'l:l ers be shall, before the shipment is delivered to ", 'Nw“f‘dmé‘:th“’" ad"“"’,?“ ln‘g;‘;
| cdinte stope the carrler, obtain writlen certifleation - He 800, FCREOIT, O Chor being
(a) At schoduled Intermedisle KUO50 from the licensee who  to take detivery  lsted 10 APPeadiE £ 00 0 8
where spectal nuclear ot of the shipment at the f.ob. point that _ Saken o trace Boe SR BOien - go
scheduled for transfer, the guar t the physical protection tere- who SITRN

srrangemen
cbserve the opening of the carge coms quired by §§ 7330 through 7335 for 1i-
m::;::’& m‘.&; m!r?ts; censed shapmicnts have been made. When a con-
continuous visual surveillance of the
compartment. Continuous visusl

Commussion hicense 13 the consgnee of a shup- -
surveillance of the cargo compartment

ment, the licensee . s

. mepts for physical protection of a ship-
>~ yent of spceial nuclear material as re-

tractor exempt frum the requizements for s - -~ ,Suired by 57330 through 7336 shall

imroediately conduct & trace tvestiga-
- tion of any shipment that is Jost or un-

shall, before the shipment iz delivered .. sccounted for after the estimated ar-

shall be meintained up to the Ume the %o the carrier, obtuin written certllca- ; . . rival time and file &

vehicle s ready to depart. The guard tion from the contractor who ir to takse

report with the

. Commission ss specified tn §73.71. If
the licensee who conducts the trace in-
tigation Is not the consignee, he shall

B b ity the liccnsio or  clivery of the shipment at the fo..
his Lol the latest status tely rangenients required by ERDA Manual or NRC

thereafter. Manual Chapters 2401 or 2405, as appropruate, .
() At ’l:o!nu where :z;:cu}ll. ::udur hne been made. srpropTe =

to starage, from one vehicle to nother, = (¢) (3) Each licensee who delivers spc-
or from storage 10 & vehicle, the guard 0} nuclear material to & carzler ot
transport or -rel ial nuclear
by observin®  pgeerial fob. &t the point where it 1s
delivered to a carrier for transport shall

Rl A 4

7’ also immediately report the results of his
**_investigation by telephone and telegraph,
.or teletype to the consignee.
>~ . (g) Paragrapha (a), (D), (¢) and
,g;:f this section are effective March &,

sl - . '
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of a shipment shall be maln~ al shipment at its destination. ~=~—~-——=> =« = . .- -
terminal !.rriv of the shipmen tinatlo A

or in storage. Shipmeats shall be pre= " (4 1n addition to complying with the

cargo exports 1al

shall sintained up 1o the time the

vehicle rﬁ:f.’m“m&:‘nﬁ o 3330 through 1355, .&?ﬂ:’uuui'{
up to the first point where pmen!

clo umtll 1t hos departod, and shall notity ummocmenm);‘o:nwamwud
Btates, The licensee also make ar-

status tmmediately thereafier, rangements with the :ons!meo to be no-

an

to
tifled lmmedia telephone
tmmedistely notlty the carrier and the mnu:&mu’ubh.olu\eu-

B-13°
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B.1.3 10 CFR 520.205, PROCEDURES FOR PICKING UP, RECEIVING, AND OPENING PACKAGES

. . §20208 Procodurcs for plckingwp, re- (e) (1) Xach licenses, upon receipt of & e
(3)(1) Each licensee who expects to ; material n excess TSps A co
- receive a package contalning quantities &?&W in paragraph (b) of o M
of radioactive material In excess of the * ~ by exclusive nmmm transported
Type A quantities specified in paragraph **  ~ ¢he o) l?v.eu e, shall monitor | C e .
(b) of this section shall: ““ e T A o ke TN
() 1If the package is to be dellvered ' ~* 500 gy m,“b'mmlw‘!du, s .
to the lcensee's facility by the carrler, later thnpn three h.mmm receipt, but no - oo .
©  make arrangements to receive the packe " 18 received at th after the package . ..
age when it is offered for delivery by the .. received du:xn :h:b‘m' facllity it - -
carrier; or P M ol i g the licensee's narmal - . 4
(1) If the package is to be picked up l-ftern:rm;‘lln' or 1% hours if recelved .l .
by the licensee at the carrier's terminal, ' 2 X working bours, « - - - R
~ make arrangements to receive notifica- um’;‘u‘:‘,‘wz;" arefoundonthe . ..
) tion from the carrier of the arrival of the £ 200 ace package in excess -
package, at the time of arrival. -« - ° T n ‘:‘ﬂ"mwrhour.outmmxm s
(2) Each licensee who picks up &, ~ oo OCX:CHNMmdmmm. -

' p;;:‘:ue “r;d?x':;:f material from & _ ;. 1 fxceu of 10 millirem per“?:‘ul:; o e e
S carrier's termin ick up the pack- M ST g nsee L -
- . age expeditiously upanprecelp‘; of notifi- shnzll'l;nmedutely notify by:telephone - - tee ;

" eatlon from the carrier of its arrival. b :h ain egraph, mailgram, or facsimile, - -
- D) (1) Each licensee, upon receipt of .. . Shnor iare iy LPTopriate NRC Re. - ,
- & package of radicactive material, shall . Eh nal Office listed In Appendix D, and - PO
monitor the external surfaces of the,,  'he¢final delivering carrier. 1. - - e ‘- .
«« package for radioactive contamination - ,- m:g:mmh licensee shall establish and : e
- . caused by leakage of the radioactive con- - aees procedures for safely openlng - Tt ' -t vow-dp
tents, except: - - packages in which licensed material ts * .- R
., = (1) Packages contalning no more than :ﬁ‘"’d' and shall assure that such pro- ° R
the exempt quantity specified in the m“’“ are followed and that due con-' : . oo
- table in this psragraph: . sideration is given to special mstructions .
QD Packages containing. no more _ - ¢ 10T the type ol package betng opened. ~ © - -
+ " than 10 millicuries of radioactive mate~ ‘ oo N -
: 3+ ypial consisting solely of tritiom, carbons - © - ) . Tam Lo
S - 14, sulfur-35, or jodine-125; o oo )
- Lt 4t (1) Packazges contalining only radioe ts roe . v ame -
- - ¢ petive material as gases or in special = A - -
‘ ~ form; ** = ! .- W v N P ERON
- ++ (iv) Packages containing only radlo- -~ ~ T n , -t "
o active material in other than liquid form - s * ..
Bami F *. Gincluding Mo-99/Tc-99m generstors) © - =% ' ° . - -
and not exceviing the Type A quantity = & - ~ * A . . * "
.. .~ limit specificd in the table in this para- ’ ML R ’ - B
sl graph:; and ~ - - L. Tre 0 v s Y i PE—.
.. ' 1) Packares cortaining only’ mdie. = or b2 - v e . )
) f:_ ~ - nuclfdes with half-lives of less than :o;y . ! R Tt . e e v
- .~ days and s total quantity of no more .*' - I . . .-
o . . ., than 100 millcurles. - - < . .. - Lot . :
. .. ‘The monitoring shall be performed ag" - =+ » e - : .
... socn as practicsble after receipt, butno - > foa Yol s . . .
- s Iater than thres hours after the pack- s T . PRV .
3 " age is recetved ot the licensee’s facility - 8 S - 5 S et R ..
© ., -7 if recelved during the licenses’s normals %" -7 4o T o T e * . Coos
. '+ "..working hours, of eightesn hours if re= > ¢RI L s /o - .- e T
Lo P celved after narmal working hourg, % *» "7t .. i ¢ o PIS i - ool
T .- 7. .(2) It removable radiosctive contampe’ * 1. - C @ T 1id v : . - -
-yy . ; Dation in excess of 0.01 microcuries’ LS L L LT [P R SN R ;
(22,000 disintegrations per minute) per * 3" KEr K o .
sy - 100 square centimeters of package sur- N s et s
2 - face 1s found cn the external surfaces of oo 4 . - .
the package, the licenses shall mmedt. *- 5+ « "7’ * 8 . - e b e e -
subnomy_mnnddennnn:m“ .1.. oot A P -
and, by telephone and telegraph, maligam, oe ‘1“1 <) UL . Tt oo co
Eacsimie,} the approprt N-da-mw_{_" A <Iova ~ e . . .
xS Insvection and Ef 3 D o . ‘-
Offics thown tn Appendix D, .o, o= (7 ioTive s e LT T -
Tasiz o EXRMPT AW A oty ';':J":“i,_. o - i :. * “ o o
LN T rT %4 . BReyr ora DS M <. .
- e srie s MEIT N L u i . e WS L, R ~
oo 4 b % . T -
group ® - N ~ PO
P, Lt - > LRI SR S P .
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B.2

B.2.1

DEPARTMENT OF TRANSPOR,TA’}ION REGULATIONS 3

- W

8 173.393  Geners! packaging and ship-
ment requirements. . - -

(a) Unless otherwlse specified, all -
shipments of radioactive materials must -

meet all requirements of this section, and
must be packag
§9 173.381 through 173.398.

(1) The outs.de of cach package must
fnecorporate a feature such as & seal,
which 1s not readily breakable and which,
while intact, will be evidence that the
package has not been iilicitly opened. -

(¢) The smallest outside dimenston of
any package must be 4 inches or greater.

(d) Each radloactive material must be
packaged In a packaging which has been

packaging re-
quirements of § 173.134 or § 173.184. Py~
rophoric radioactive liquids may not be
shipped by air.

by afr.

() Liquid radicactive material in
Type A quantities must be packaged in
or within a Jeak-resistant azd corrosion-
resistant inner contalnment vessel. In
sddition: .

€1) The packaging must be adequate
to prevent loss or dispersal of the radio-
active contents from the inner contain-
ment veasel if the package wers sub-
jected to the § meter (30-fool) dArop
t‘?tpraerlbedln $173.398(¢)(2) (1) ; and

ed as prescribed in®

@) Enough absorbent material must ' .
. be provided to absorb at Jeast twice ths ,

volume of radioactive liquid contents.
‘The absorbent-material may be Jocated
outside the radiation shield only if it
can be shown that if the radioactive lig-

uid contents were taken up by the ab. -

sorbent material the resultant dose cate
- at the surface of the package would not
exceed 1,000 millirem per hour; or -

(3) A secondary ‘lcak-resistant and -
» . corrosion-resistant contalnment vessel  package, the shipper shall insure by ex-

. must be provided to retain the radloac-
tive contents under the nrormal ccndi-
tions -of transport as Dprescribed in
$173.393(b), assuming the fatlure of ¢the
inner primary containment vessel.

_~ . ({h) There must be no slgnificart re-

- movable radloactive surface contamina~
‘tion on the exterior of the pacikags (see
§1733%), . . - )

T+ _(1) Except for shipmenta described in
* paragraph (J) of this section, all radio-

sctive materisls must be packaged In

.- . sultable packaging (shielded, f necnse

sary) so that at any time during ide
normal conditions Incident to transpe-
- tation the radistion dose rate does not

exceed 200 millirem per hour at any peint —~

on the external surface of the packazs,
;gd the transport index does not excesd
()) Packages for which the radiation
dose rate exceeds the limits specified In
paragraph (1) of this section, but docs
not exceed at any time during trani-
portation any of the limits specified In
paragraphs (§) (1) through (4) of this
section may be transported ina transport
«ehicle which has been consigned as ex-

clusive use (except aircraft). Specific-

instructions for maintenance of the ex-
clusive use (sole use) shipment controls
must be provided by the shipper to the

carrier. Such Instructions must be In- 5

:ll:ded with the shipping paper informu-
n: - ER T
{1) 1,000 millirem per hour at 3 fees
from the externa) surface of the package
(closed transport vehicle only);, . - -
€(2) 200 millirem per hour at any point
on
wehicle (closed transport vehicle only) ;.
(3) Ten millirem per hour st any poix(
2 meters (six feet) from the vertieal

planes projected by the outer lateral sur- .-

face of the car or vehicle; or if the load

§s transported in an open transport ve- -

hicle, at any point 2 meters (six feet)
from the vertical planes projected from
the outer edges of the vehicle. - .:-
(4§) 2 millirem per hour in &any nore
mally occupled position in the car or.
wehicle, except that this provision does
not apply to private motor carriers.
(k) [Reserved) . © e
€1) Packages consigned for export are
also subject to the regulations of the for=
elgn governments involved In the ship-
ment. See §§ 1738, 1739, and 173.393L.
(The regulations of the International
Atomic Energy Agency (IAEA) are used
2y most forelgn governments.) ", | . .7

[ e
v .
e e <

o !
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the external surface of the car or

e

49 CFR §173.393, GENERAL PACKAGING AND SHIPPING REQUIREMENTS

(n) Prior to the first shipment of any
Ppackaye, the shipper shall determine bv
examinstion or appropriate test that:

. (1) The packaging meets the specified
_ Quality of design and construction: ard
< (2) The elfectiveness of the shielding
and containment, and, where necessary,
the heat transler characteristics of the
package are within the limits applicable
.$o or specified for the package design.
- {n) Prior to each shipment of any

» amination or appropriste test that:
1) The pack;:; is proper for the con-

tents to be ship;

3¢3) ‘The packaging is in unimpaired
physical condition except for superficial
marks;. -° ¢
«(2) Each closure device of the -
wg. l1’ru:lmlmlzed any drequ!nd mk’:.cku
-~ properly instal and secured
of defects: - and tree
-+ (4) Yor e flsslle material, mod-
- arator and neutron mbsorber, n‘gqulred.
88 present in proper condition;

(8) Any special insiructions for filling,
closing, and preparation of the peckage
for shipment have been followed;
(8) Each closure, valve, and any other
- opening of the contalnment system
through which the radioactive content
might escape 1s . properly closed snd
sealed; -

_(7) Fach package containing liquid in
excess of a Type A quantity and destined
for alr shipment is tested to demonstrate

-that it is lenk tight under an amblent at-
- mospheric pressure differential of at Jeast

.10S5 atmospnere (absolute) (7.3 p.sia. or

‘0.5 kg./cra?) ; the test may be conducted
“on the entire containment? system or on
‘- &Ny receptacle or vessel within the con-
tainment system, &s appropriate to deter-
mine compliance with the requirement;
+ ¢~ (8) If the maximum rormal operating

, pressure of a package is likely to exceed

,0.35 kg./cm.* (gage), the Internal pres-
_ sure of the containment system will not

exceed the design pressure during trans-
portation; and
(9) External radiation and contami-

. mtig levels are within the allowable
" (0) No person may offer for transpor-
tation a package of 1adloactive materials
until the temperature of the packaging
system has reached equilibrium (see also
paragraph (e) of this section) unless, for
tlie specific contents, he has ascertained
that the maximum epplicable surface
temperature limits cannot be exceeded.

* (p) No person may offer for transpor-
- tation aboard a passenger carrying atre

craft any radioactive material unless that

materisl 1 intended for use in, or inci-
dent {0, research, or medical diagnosis
.or treatment, or is excepted under the
. provisions of §175.10 ¢f this subchapter.
_ [Amdt 373-3, 33 PR 14926, Oct. 4, 1968, as
amended by Amdt. 173-8, 34 FR 7162, May 1,
1969, Amat. No 173-88, PR 17970, Sept. 2,

.
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B.2.2

.lﬂj’l Limited quantlties of r-dlo-
.dv-l“ materials and radicective de
v

(a) Limited quantities of radiocactive
materials in normsal form not exceeding
0.01 millicurie of Group I radionuclides;
° 0.1 millicurie of Group II radionuclides;
- 1 millicuris of Groups III, IV, ¥V, or VI
° radionuclides; 28 curies of Group VII
radionuclides; tritium oxide in aqueous
solution with & concentration not ex~
ceading 0.5 millicuries per mitliliter and
with & total activity per package of not
more than 3 curies; or 1 millicurie of
radioactive material in special form; and
not contalning more than 18 grams of
urantum-23$ are excepted from specifica= ~
- tion packaging, marking, and labeling, -
and are excepted from the provisions of
[ 3 1'{8.398 in t.ht following conditlom :u
met:
(1) The mterms are mckued

s strong tight packages such that there will
B be no leakage of radioactive materialy’
under conditions normally lneldent 80

transportation.

[£)) mnuhgemutbuuehthut.hc
- ' radiation dose rate at any point ea the-
°  external surface of ths package doe.l m
"t sxceed 0.5 millirem per hour.

. u)'rhmmuxtbenodxnmcmtn-
movable radioactive surface contamins.
uanonthoexumonhcm uu
§173.397). N
+ (4) ‘The outside of the lnner eonu.lner

must bear the marking “Radloactive.”

.

apparatus, or other similar devices, hay-
ing Uimited quantities of radioactive ma=

. terials (cther than liquids) In & nmone '

 ing,
l! the rouov!nz conditions are mets.

"~ Mors 13 Por radicective gases, the
ment for the radicactive material %o

- millirem

{b) Manufactured articles such-as -
Instruments, clocks, electronie tubes or - = -

Fah PRI (X

49 CFR §173.391, SMALL QUANTITIES OF RADIOACTIVE MATERIALS AND RADIOACTIVE DEVICES

(6) No package may contain more
than 15 grams of fissile material.
(), A manufactured article, other
than a reactor fuel element, in whick
the only radioactive material is metallls *-
natural or depleted uranium or natural L
thorfum or.alloys thereof, is excepted - [
from specification packaging, marking,- : - . - 7
and labeling, and is excepted from the . -~ . N
provisions of §173.393, if the following - - ' .
conditions are met: - - . . ..
' (1) The radiation dose rate at any N -
point ont the external surface of the oute .
side- eonhh;‘er does not exceed 08 - . .
- (2) 'nxm must be no :l:nlﬂcnntndlo-, s ...
active surface contamination on the ex~
terior of the package. To determine X
whether “significant,” the sundud ln' )
§ 173.397 must be used. e hy - -
(3) The total radioactivity ccntent of : .
each article must not exceed 3 curies. |
(4) The outer surface of the urantum
or thortum Is enclosed in & non-radio- -
aclive, sealed, metallic sheath, . . . “
msm-mdamybcpuhﬂllfﬂ -t s w
mmupwutlouetnumunnm - m._ . Ca L
(d) Shipments made under this sece .. "~
tlon for transportation are not subject to : )
* Subpart F of Part 172 of this subchapter, .
to Part 174 of this subchapter except - . - ot
lluzllndcohrtlﬂonhumbcmp- wTh [ N
ter except § 1"7117. " -

R ~
e TN L .2
e - o .
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& package contalning radioactive . s VO
e nmtnotexceedthemnﬁﬁushonh the e ¢ o ae .
- the following table: Lo LoionotLoy RIS
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"APPENDIX C
PLUTONIUM

c.1 HISTORICAL BACKGROUND (Refs. C-1 and C-2)

The e]enent p‘luton‘lum was first artificially fomed by deuteron bombardment of ‘uranium
oxide. -

238

Np

u?38 4 W +2n

92 93

. T
ays 94

1
This was perfomed in February 1941 by Arthur Wall, Glenn T. Seaborg, and Joseph Kennedy
at the University of California‘at Berkeley using a 152 cm (60-inch) cyc'lotron When an isotope
(Pu-239) of the new élement -was shown to be fissionable in March 1941,.continuing research.
became shrouded in the secrecy of the Manhattan Project. - . -
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The initial focus of plutonium research was aimed at production of enough Pu-239 to manus ;
facture a nuclear weapon. The only practical means of accomplishing this task was through the
use of thermal reactors with sufficient neutron flux to produce significant quantities of .the
nateria] through the fol‘lowing capture/decay chain: . - - N .

N st
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Hith the advent of the Atoms for Peace progran. the fhrust of the plutonim research
program was directed toward the possibilities of using Pu—239 as a reactor fue'l es we'n as
exploiting the useful aspects of other plutonium isotopes. ’

In the 35 years since its initial manufacture, plutonium has becoee one of the most studied
and best understood heavy elements in the periodic table. .. .. ., .. . . .
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C.2 CHEMISTRY AND METALLURGY

P'lutoniu! 1s the fifth e'lenent in the actinide sev:ies It %£ a reac.t'lve silvery—whit.e )
metal that can exist in four valence states (+3, +4, 45, +6), with the +4 state being the most
stable under -physiological:conditions (Ref. C-3). .It rapidly oxidizes in noist air, forling
mixtures of oxides and hydrides. Plutonium reacts with all common gases at e‘levated tenpera-
tures, is soluble in most dilute acids and in most mineral acids, and forms numerous organic

and inorganic compounds (Ref. C-4). sh b sr L eshl e A e e ..
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Metallurgically, plutonium is very unusual, It exhibits six distinct allotropic phases
and is a very dense metal (19.86 g/cn3 in the most dense form) with a low melting point (640°C).
1t has a very low latent heat of fusion (2856 Joule/g-atom) and is second only to manganese in
the magnitude of its electrical resistivity (1.45 microohm-m at room temperature).

C.3 NUCLEAR PROPERTIES (Refs. C-4 and C-5)

Fifteen 1sotopes of plutonium, Pu-232 to Pu-246, have teEn‘identified.N The most common
isotope, Pu-239, has a 2{.390_year half-1ife and decays by energetic alpha emission (4.§4 to
5.16 meV (Ref. C-6)). This isotope is used in nuclear weapons and is a potential fuel for
nuclear reactors because of its high thermal neutrontfission cross-section and high neutron
vield.

Pu-238 is another important plutonium isotope. Because of its energetic alpha particles
(4.7 to 5.5 MeV (Ref. C-6)) and relatively short half-life (86.4 years), it has been used as an
isotopic heat source for cardiac pacemakers and for thermoelectric power generation devices
such as the SNAP systems used in lunar missions.

The isotopes Pu-240, Pu-241, and Pu-242 are formed from Pu-239 by successive neutron
capture. Of these three, Pu-241 is a relatively short-lived (13 years) beta emitter whose -
daughter product, americium-241, is used in neutron sources. Am-241-is a relatively ]ong-livedJ
(458 years) alpha emitter that constitutes a radiological health hazard comparable to Pu-239 on

a dose per curie basis. - Lo e e .

T
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In this study, three types of plutonium shipments are considered:. shipments of pure .
isotopic material (i.e., Pu-238 or Pu-239), shipments of uranjum-plutonium mixtures, and ship-
ments of light-water-reactor-produced plutonfum. Table C-1 1ists the specific activitity
(curies per gram) and the biological hazard from inhalation (rem per curie inhaled) for some
isotopes of plutonium, americium, and curium. Clearly, the biological hazard of a shipment of
plutonium is hlghly dependent on its isotopic makeup. In the case of plutonium associated with
the nuclear fuel cycle. the isotopic content and dosimetric impact predicted in Reference C-10

. 5y P R o

(see Table C-Z) were used. - FEoer e - L
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C.4 PHYSIOLOGICAL ASPECTS

T, e A . " <
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The data base for conclusions concerning the physiological effect of plutonium exposure in
man is quite l1imited. It consists of five principal sources:

1. A group of 25 Los Alamos Scientific Laboratory personnel who were exposed to plutoniun

during the early 1940s (Ref. C-ll), R T
"2, A group of 18 critical]y v people who were injected with plutoniun in the late .
1940s (Ref. c-12), RO - oee R T T e
Foee AR A RIS REIE OIS I T U R ¥
3. 452 members of the United States Transuranium Registry (Ref. C-13), - s e
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, TABLE C-1
F47 " SPECIFIC ACTIVITY AND DOSE COMMITMENT FROM

i

IR
‘ A e

"oy o
v s

" SOME ISOTOPES OF PLUTONIUM, AMERICIUM, AND CURIUM (Refs. C-7, C-9)

. sen. . ,Specific Type of 50-Year Bone Dose 50-Year Lung Dose

Isotope ' Activity (ci/gm)” Radiation (rem/ci inhaled) (rem/ci inhaled)
Pu-238# ’ 17.1 o 7.6 x 108 3.1 x 10°
Pu=239% 7 urov. 0,06 1y 4 a o 8.7 x 108 2.9 x 10°
Pu-240%:: 0,228 .. a 8.7 x 10° 2.9 x 108
Pu-241+ . 98.98 .., p 1.7 x 107 5.9 x 10°
Pu-242%+ 0.00382 ., a p . 5.5 % 108 4.6 x 108
Am-241%., 3.43 5., o oo 9.0 x 108 3.2 108
Cm-243%+ 6.0 ..., o . . 2.8 x 10° 5.3 x 108
Cm-244% « 83.3 | an . 4.2x10° 3.1 x 108
Cn-246* 0.26 " iit a 4.1 x 108 108

Fudie. rere

- ..
Dose from Reference C-7'with 1 u median diameter.

**bose from Reference’C-9 with'1 y median diametér.’ .,

s
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-+ 1SOTOPIC CONTENT (WEIGHT PERCENT) AND DOSIMETRIC IMPACT OF VARIOUS MIXTURES
! . OF PLUTONIUM ASSOCIATED WITH LIGHT-WATER REACTORS (Refs. C-8, C-10)

(38

[
YR}
’

) High-Burnup Predicted 1990 Predicted
Isotope <" LWR Fuel®* ¢ Industry Average - - Equilibrium Recycle
. Pu=-238 iy 1.9 u 1.2 i 3.4
r-» Pu=239 .. 63.0 53.0 41.17
w Pu=240 , :19.0 . 25.8 27.1
i 5Pu-241 > I 1200 13-5 . 15.4
o Pu=242 . .oa 3.8 6.0 . 11.7
Am-241 yen- 0.6 0.7 ‘ 0.7 1
. Specific Activity .. 12.3 13.68 . 15,93
(ci/gm)st (0.4) (0.32) (0.69) f
Tt "\n" )‘«¢
50 year lung 7 7 6 - X
< dose (tem/cl)"“' 1 '1:06'x 207+ 27 17.13 x 107 ¢ ¢ ;, 1.85.x.10
50 year bone 7 7 g
dose (rem/ci)*" i 3 47 x 10 3.5 x 10 5.03 x 10
*35,000 HWD?tonne Yankee fuel . e '

**Values for the alpha component of activity are shown in parentheses
##*Including both « and p components.




4, A group of 25 Rocky Flats workers exposed to aerosolized plutonium during a fire in
October 1965 (Ref C-'I4), and ' .

5. Approxmate'ly 200 accidental exposure cases among other government contractors
(Ref. C-IS) . B - . -

Because of the nature of these exposures (largely accidental), detailed and accurate dosimetry
is not possible. However, there has been no evidence of cancer, other illnesses, or death that - ~
can be attributed unequivocably to plutonium exposure in human beings. A large amount of
expermental data has been gathered concerning the behavior of various chemical-and physical
forms of p'Iutomum in several species of animals’ (dogs, rats pigs, sheep, and prmates). and
inferences concerni r< man can ‘be drawn from these data. . LT

- f . -
.~

‘Under the circ'mstances of an accidental exposure, the plutonium will be deposited on the
skin, in a wound, in the gastrointestinal tract, or in the respiratory tract. After this -
deposition, p’lutonium may be transported by the blood or lymphatic system to other organs or
tlssues of the body or it may be’ e'limnated directly. The rate and amount of translocation and
the eVentua'I destination are strong'ly dependent on the site of deposition ‘and the physical and--
chemcal properties of the piutomum compound (Ref C-16) to which the person was exposed

c.4.1 sxm bsbosmou . ‘ : . - -

Anmal data on systemic uptake of p'lutomun through intact ‘or abraded skin:show wide
vanations The ’Iargest observed uptake in animals was 1-2% with Pu(N03)4 in 10M HNO4 through
rat skin The degree of xabsorption seems to be strongly influenced by the area of skin.exposed,
the mass “of p'lutonium app’lied and the patho'logical effects of the solvent -on the skin
{Refs. €-3 and C-16) Plutonium appears to be Jess extensively absorbed through human -skin.
In two cases where humans' have been exposed to plutonium-bearing solutions “with:significant -
p]utoniwn concentrations. absorption (as determined from urinalysis data) was less than
2 x10 -7 of the 1ncident amount (Refs -C-4 and c-1s) If plutonium is introduced into a punc-
ture wound, abraswn, or cut, a higher percentage (0.3% to 2.7X) may be absorbed (Ref. C-4).
The remainder is sloughed from the wound by normal‘ healing and drainage processes. ~Using the
very iinited data base, it appears that most of the material absorbed from wounds translocates
to’ bone or liver tissue (Ref. C-'IG) i e : S

B s B I L T e .

C.4.2 G!\STROINTESTINAL :iRACT’DEPOSITION

The presence of 'Iarge amounts’ of p'lutonim in the gastrointestinal (GI) tract following an :
accident would not’ noma'l]y ‘be expected.” The two" routes to the GI tract are iconsumption of
contaminated foodstuffs and passage from the nasopharyngeal or trachesbronchial ‘regions of the
respiratory tract. The presence of significant quantities of plutonium in food is unlikely
because” of its very 'Iou uptake by plant roots. - Under ideal conditions for plant uptake, only
.0002 of the concentration “n soil appeared in the plants growing there (Ref.'C-17). Even if
soluble plutonium enters the GI tract, only 2 small fraction is absorbed. This low absorption
is a result of the hydro]ysis of the solub]e salt to form insoluble species (Ref. C-3). Exper-"
imental values for rats and pigs range fro- 7 x 10 X for, Puo2 to 1.9 X 'ID for Pu(Noa)4
(Refs. C-3 and C-16). The material absorbed is translocated mostly to skeletal:structure and,

c-5



to a lesser extent, to_the liver. The amount of absorption appears to be strong]y dependent on
the valence of available Pu ifons and on the pH of the administered solution. In fact, the
maximum value of 2X.was for a highly acid nitrate that man would not norma]ly encounter
(Ref. C-17). The maximum permissible concentration (MPC) for Pu in water set by the ICRP is
based on 0.003% absorption, which is conservative based on the pH data.

R

C.4.3 RESPIRATORY DEPOSITION

Because of. the chemical nature of plutonium, deposition of insoluble particles, probabiy
oxides, in the respiratory tract is considered the most likely route to man (Ref. C-18). Once
the particles enter the respiratory tract, their behavior is very dependent upon the particle .‘
size and solubility. The various pathways that may be taken are shown in Figure C-1. The
effect of particle size on deposition location is illustrated in Figure C-2 and discussed in
greater detail below.

Large particles (>10.microns in equivalent aerodynamic diameter) are filtered out of the
inspired air by the cilia in the.nasopharyngeal passages. They are captured in the mucoid
lining of the passages, transported with_the mucus drainage, and eventually swallowed (pathway b
on Figure C-1). Intermediate sized particles (1 to 10 microns in equ1va1ent aerodynamic dia-
meter) are deposited principally in the pulmonary or nasopharyngeal region with a small fraction
depositing in the tracheobronchial region (Refs. C-7 and C-8). Some of these particles a]so
become entrained in the mucoid lining and are moved upward towards the pharynx by mucociliary
action for eventual deposition into the.upper GI tract (pathway d in Figure C-]) In addition,_
a small number of these particles are dissolved. in blood (pathway con Figure C-l) Small
particles (<1 micron in equivalent aercdynamic diameter) are preferentlally dep051ted in the
pulmonary region. . They come in direct contact with the alveoli and are rapidly phagocytizedf
and localized in the-reticuloendothelial cells of the alveoli (Ref, C-16).

% - .-
v, .

Soluble plutonium readily diffuses from the reticuloendothciiallcei]s of the alveoli'into;J'
the blood and lymphatic systems and is translocated into skeletal and liver tissue with a_
clearance half-time of-150-200 days (Ref. C-16).

e e e T
Insoluble plutonium, notably Puoz, has much longer lung ciearancé half-time (?00-1000 &ays).,q

Clearance mechanisms include tracheobronchial mucociliary action (pathways f and k on Fig-
ure C-1), some dissolution (pathway e on Figure C-1), and lymphatic absorption (pathway g on
‘Figure C-1). The overall pattern of the plutonium translocation (in beag]es) is shown on
Figure C-3. : The buildup in the thoracic lymph nodes appears to be an endpoxnt in that there is
very little movement.of the plutonium from the thoracic lymph nodes to systemic blood (path—
way h on Figure C-1)..-~ * . -.» «, . .

- T — . e s
¥ - . '

a4
P, tr, s PAE

- Studfes indicate that different isotopes of plutonlum may exhiblt dlfferent biological
behavior. For instance, Pu-238 appears to translocate faster than other plutonium isotopes,

<

- - . N s v - s
£ M ) N - H 5 L -

.

-—
Phagocytosis is a process by which special cells such as white blood cells, rid the-body of
bacteria and unwanted debris in the tissue.: During phagocytosis. the foreign matter is actu- -
ally surrounded and ingested by the cell (Ref. C-19)..

L'(_
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Nasopharyngeal b
Region (NP) e
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Tracheobronchiall.
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Liver - .
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FIGURE C-1. BIOLOGICAL PATHWAYS FOR INHALED
MATERIAL (Refs..C-3, C-7, C- 19 c- 20)

(a) Nasopharyngeal absorptiqn in blood s )
(b) and . (d) Mucociliary translocation .to upper GI tract .
{c) Tracheobronchial absorptlon in blood T . _ "
(e) Alveolar diffusion - -. . < :~'N’» '>; 1,.”;,

(f)fShort-term and (k)° long-term mucociliary translocation of - N
_phagocytized material to tracheobronchial region - ‘

(g) Absorption. into lymphatic syétem T T,
(h) Transfer to venous system SRV Lo
(i) Gastrointestinal absorption in blood

(3) Excretion from GI tract as feces or absorption from GI tract
and excretion as urine
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FIGURE C-2." DEPOSITION MODEL (Ref. C-7).

The radioactive or mass fraction of an aerosol that is deposited in the
nasopharyngeal, tracheobronchial,’and pulmonary regions is given:in relation .:
to the activity of mass median aerodynamic diameter. (AMAD) or (MMAD) of the
aerosol distribution. The model is intended for use with aerosol distribu- -~
tions that have an AMAD or MMAD between 0.2 and 10 microns:with geometric:
standard deviations of less than 4.5. Provisional deposition estimates_further
extending the size range are given. by the broken lines.. For the unusual dis- ~
tribution having an AMAD or MMAD greater than 20 microns, complete nasopharyn-
geal deposition can be assumed. The model does-not apply to aerosols with
AMADs or MMADs below 0.1 micron. . . ..
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apparently due to particle disintegration or surface fragmentation caused by its higher spe-
cific activity.

C.5 BIOLOGICAL EFFECTS

The effects of plutonium on t}sZG;"5¥§“i;}§£ly‘£ functlon‘o?wthe'hfah:energx alpha and
beta radiation emitted during radioactive decay. Because of the nature of alpha and beta
particles, their energy deposition occurs in a relatiiely small amount of body tissue. When
tissue of laboratory animals is exposed to a sufficient quantity of plutonium, the energy
deposition results in early effects ranging over severa) degrees of illness including death.
In smaller doses, the radiation appears to act as a carcinogenic agent.

It should be noted here that no evidence of canCEr. other {llness, ‘or death that can be
attributed unequivocably to acc1dental or intentional plutonium exposure “in human beings has
occurred {Refs. C-4, C-11, C-12, C- l3 c-14, C 15, €-16, C-17, and C-18). This record does not
exclude the possibility of long-term low-dose effects that may requ1re more than 20-30 years to

reveal themselves. Specific effects within organs of lnterest are discussed 1n detail below.
3 .

C.5.1 EFFECTS ON SKELETAL AND HEMATOPOIETIC SYSTEMS (Refs. C-ﬁ, c-4, C-16, C-l9, and C-21)

i t

If plutonium is translocated to skeletal sites, it is'preferentially deposited on the bone
surfaces. Depending on the rate of growth or remodeling of the bone’ (and hence on the age of
the exposed indiv1dual) the deposit may remain on the surface or be buried Very large bone
accumulations of plutonlum result in suppressed osteogenes:s and eventual tissue necrosis. At
Tower doses, pathologlcal bone fractures may occur. At low doses, the! 1nc1dence of osteogenic
sarcoma also shows a narked increase. All of these effects are on the skeletal tissue itself.
The effect on hematopoletic tissue within the bone structure can result in depression of gran-
ular leukocytes at low doses and lymphophenia at higher doses. The ev1dence from either exper-
imental or clinical studies that plutonium produces leukemia is at present scanty. However,
theoretical consideration and clinical investlgation of persons “injected with Th-232 indicate
that leukemia should not be excluded as a risk from plutonium exposure.

- T
L & -
LR

C.5.2 EFFECT ON LIVER (Refs. C-16 and C-17)  ° P - :

-~ - L) '
: s ’:" L '
3 e
-+~

Very low doses of pluton1um to ‘the liver appear to have no effect in laboratory animals.
As the dose increases, bile duct “tumors and cirrhosis have been observed although bile duct
tumors also occurred in control animals.»=The correlatlon ‘of liver results from*animals to man

L N

remains somewhat unclear at this tjme -
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-

C.5.3 EFFECT ON LYMPH NODES (Ref. C-16)

It has been concluded from the rodent. and'dod'iipEriments‘that thé lymph nodes are not
especially susceptible to the carcinogenic action o§ alpha radiation from plutonium. However,
the question of possible long-term plutonlum-lnduced lymphosarcoma “is not completely addressed
by these results. Information obtained from long-term studies on occupationally exposed pluto-
nium workers should provide more definitive information on lymph-system effects.

c-10 -~



C.5.4 EFFECTS ON LUNGS {Refs. C-16 and C-22)

The data on plutonium effects-in the-lungs are heavily based on beagle experiments. Llarge .
deposits (>0.5 uCi/g of lung) 1n the-pulmonary tissue .of_ these anlmals have caused severe o
inflammation, edema, hemorrhage, and death within a relatively short period of time (1 week)
At somewhat -lower -doses (0.05 - 0.1 pCi/g of lung) pulmonary fibrosis occurs, resultlng,1n
respiratory insufficiency and eventual death...At lower deposition levels (0.6 to 14 pCi to;al‘
lung burden), -bronchiolo-alveolar carcinomas have developed. A1though‘the,pathogéqgsisfis not
well known, it appears that the bronchiolo-alveolar carcinogenesis may be related to the fibrq-

tic repair of the localized radiation damage.
C.5.5 GENETIC EFFECTS (Ref. C-23) -

It has been known for several years that doses of high linear energy transfer (LET) radia-
tion are more effective at producing somatic damage than low-LET radiation. However, the
correlation of LET to mutation induction has not been well established. Based on recent mouse
data, it appears that the RBE for genetic effects from low doses and dose rates of high LET
radiation may be higher than anticipated. However, the ICRP feels that the quality factors in
use are adequate. In view of the very small gonadal uptake of plutonium, the genetic risk is
clearly less than the risk to lung or skeletal tissue.

C.5.6 MITIGATION OF PLUTONIUM CONTAMINATION (Ref. C-16)

Several techniques have been developed to mitigate the effects of plutonium exposure. The
most common method of dealing with exposure to soluble plutonium compounds involves intravenous
injection of DTPA (diethylenetinaminepentacetic acid). This acid forms stable plutonium com-
plexes and increases urinary excretion of the element, in some cases by orders of magnitude.

In cases involving insoluble pulmonary plutonium deposits, pulmonary lavage with physio~
Jogical saline has been used with some success. This is a relatively high-risk medical pro-
cedure, however, so the actual hazard of the deposited material must be carefully evaluated.

C.6 PLUTONIUM TOXICITY

The toxicity -of plutonium has been the subject of considerable discussion. It has been
alleged that plutonium is one of the most potent respiratory carcinogens known (Refs. C-24 and
C-25). These assertions are based on two principal premises:

1.  The so-called "hot particle” theory, which states that the dose received by an organ
should be computed using the very small mass of irradiated tissue surrounding the deposited
particle rather than the entire organ mass (Ref. C-24) and

2. The ciliary impairment that is alleged to be present in smokers (Ref. C-26).

Neither of these theories has gained widespread acceptance in the medical or health physics
communities, and both have been strongly refuted by experts in the specific areas (Refs. C-18,
c-27, c-28, C-29, C-30, C-31, and C-32)

c-n:- .



The more widely accepted feeling is that, although plutonium is certainly a potent carcin-
ogen, it is not “the most-toxic substance known to man." As an acute toxin, plutonium is much
less potent than several of the substances: considered as "super toxins" shown in Table*C-3
(Ref. C-33). As a carcinogen, comparison with chemical substances is more.tenuous due to a
multitude of units and exposure periods, 'although attempts have been made (Refs. C-20 and
c-34). Compérisons'of long-term toxicity have been made,- however, with:other radioactive
materfals (Ref. C-33) based on maximum permissible concentrations, and these results show e
plutonium to be the isotope of highest risk to bone from inhalation but of comparable or less
risk than that of other isotopes in terms of ingestion hazard and hazaru to other organs.
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TABLE C-3 .

ACUTE_TOXICITY OF SOME_SUBSTANCES (REF. C-33)

- Substances " criterion**
N ‘potulinus’ toxin A .  LDgg
' ‘Botulinus toxin A '
- (crystalline) LD50
- Tetanus toxin oL LDy,
piptheria toxin _ . LD,
‘Nerve Gas' -
GB* - -, 50% deaths
L /. + in 1-2 hr,
) VX RN “; .
1 , ! .
- !Bufotoxin’ o LDg,
" % 'Curare S LD, .
b . .
i+ Strychnine oo LD50
T Jpu-239 T i 50/30
o : Pll-239‘ B . 50/30

. Species
Mouse

Mouse
Mouse
Mouse

Human
Ruman

Cat
Mousge
Mouse

Dog

. Rat

’

-+ Quantity*
Route (per kg body weiaht)
Ipr 3 x 10"6 ng/ka
ipr 7 x 1077 rg/ka
1pr 1 x 107% ua/ke
Ipr 0.3 wg/ka
INH 16 ug/kq
INH 8 . ug/kgt
v 390  sg/ka
Ipr 500 ug/kg
Ipr 500 ug/kqi
INB ' 500-800 ug/kq
INH , 2000 ug/kg:

* - 'Kffet Wacholz (1975) assumlng a 75 kg man and 17 liter/min breathinq rate.

24The items marked LD., are actually the lowest figures found in the literature for
50

(s

L] "':
ﬁ~ be labelled LDLo 5 f

., ’*Eatimate. . -

B

i

- g }- classical LD50 i Except for the confusion of terminology engendered, thev might

|
i
'

’*Ipt - percentaneous 1njection; INH - inhalation; v - intravenously.
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APPENDIX D
POPULATION DOSE FORMULAS FOR NORMAL TRANSPORT

The formulation for the assessment of population dose is based on-an expression for dose
rate as a function of distance from a point source of radiation. This point source approxi-
mation is acceptable for distances between the receptor and the source of more than two source
characterlst1c lengths. At smaller distances, the po1nt«source approximation overpredicts ex-
posure and, therefore, will provide a conservative estimate of dose. The dose rate foému]ation
is given by: ’

b(d) = xe'“: B(d) . (0-1)
d
where D(d) = dose rate at a distance d (mrem/hr)

d = distance from source (ft)
p = absorption coefficient for air (.00118 ft Y
B(d) = Berger buildup factor in air, where in this case B(d) = .0006d + 1
“(dimensionless) (Ref. D-1)
K = dose rate factor (mrem-ftzlhr)

D.1 DOSE TO PERSONS SURROUNDING THE TRANSPORT LINK WHILE THE SHIPMENT IS MOVING

An expression for the total integrated dose absorbed by an individual at a distance x from
the path of a radioacpive shipment with dose rate factor K passing at velocity V has been
derived (Ref. D-1) from Equation (D-1) and is given by .

D(x) = z%x(x) . (0-2)

where V = shipment speed (ft/hr) )
X = pefpéndicdlar*distance*of individual from shipment path (ft) = - oo

e e e e s e e - .-
4 rea o - . e > PR

" Yool ot iemiie
I(x) = f B r)dr
A r{r--x )

By appropriate transformations, this jntegral can be expressed in terms of modified Besse]
functions of the second kind of order zero, which can be evaluated. For a K of 1 mrem-ft /hr
and a V of 1 mile/hr, the absorbed dose as a functon of x is as shown in Figure D-1.

In order to obtain integrated population dose in sectors of length L and width d on both

sides of the roadway (Figure D-2), Equation (D-2) is multiplied by the average population
density and L and integrated over the width of the strip
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d
Dose = Z(PD)(L).[ D(x)dx (D-3)

min

where Dose = integratea population dose in strip (person-mrem)
PD = average population density (persoﬂ?ftz)
L = length of strip (ft)
min = minimum distance from population to shipment centerline (ft)
d = maximum distance over which exposure is evaluated (ft)
D(x)dx = incremental dose function from Equation (D-2) (mrem-ft)

mens mewtoen na

Equation D-3 predicts an infinite dose as min approaéhesﬁﬁ;kiﬁus a limit on this value
must be set. Values for min were selected based on actual roadway dimensions. A value of
2,600 feet was selected for d based on a previous assessment (Ref. D-1).

Consider a single trip made by a radioactive package with dose rate factor K. The trip is
considered to involve three population density zones: rural, suburban, and urban. The total

population dose resulting from the trip of length L (feet) is made"ﬁb of the sum of the doses
received in each of the three zones:

= + + Tt i
Dose Doser Doses Doseu

where the subscripts r, s, and u refer to rural, suburban, and urban, respectively. The use of
the integrated dose expression of Equation D-3 results in the following expression:

f_PD f_PD f PD .
— rr.+ 's_'s + u'u , _
Dose = 4K(L) [T Il‘ —vs— IS '—-vu— Iu] _ (D-4)
where fr = fraction of distance traveled in rural population density zone
f, = fraction of distance traveled in suburban population density zone
fu = fraction of distance traveled in urban population density zone
PDr = population density (rural) (people/ftz)

PD_ = population density (suburban) (people/ftz)

?Du = population density fu;ban) (people/ftz) B}

I = I(x)dx
o
r

Is = jg(x)dx
ming

I = 1(x)dx
u n,



min_ = minimum distance from exposable population to shipment centerline (ft) (rural)
mins = mlmmum distance from exposable‘;)o;amatwn to shipment centerline (ft) (suburban)
minu = minimum distance from exposable population to shipment centerline (ft) ku;i:an)
¢ V;_ = ‘average speed in rural area (ft/hr) ' m DN
V's =‘ averagerspeed in suburban area (ft/hr) ' : }
Vu = average srzed in urban area (ft/hr)

Long-haul shipments use freeways or four-’lane roads m most ’Iow and medwm popu]ahon
density zones. However, in high density zones, use of c1ty streets is often unavoidable.
Since the minimum exposure distance (min) is smaller under these circumstances, the last term

of Equation {D-4) is modified as follows: s - . -, et .
4K(f)(PD,)(L) '
Dose , = ——vu-—— Iu(fo + K f'l) - (D-5)
where f, = fraction of high density zone distance traveled on freeways or four-lane roads
f1 = fraction of high density zone distance traveled on city streets M Tl s
K' = constant that accounts for closer minimum distance on city streets. This
constant K' is given by - L E - o cn - ,
l‘v) - ei“ % : - . N B s ok i T - PN L Tn - ‘.
I(x)dx e e Wt = [
min
4 K' = ]
St 5 e e S 7T S O S Coan mslezer Iy et
s Jl(x)dx.‘ - L L S TR I S S S T
in, B T T T R
where  min, = {s the minimum distance of the exposable population from the shipment center-

;e

line for shipments‘on city streets. N el

H (ﬂ 2 K:‘ oo } ;
vy b

The upper 1integration limit d was t.aken to be’ 2, 600 ft, and t.he 10wer hmts mn = min
minu 100 ft in all three popu]ation densit.y zones. A value of 30 ft as ; selected for mnu

on city streets, resu’ltmg in a value ‘of 1. 536 for KT TWith these ‘Iimits, the “dimensionless *~

integral I = Is = Iu was evaluated numerically and found to be equal to 2.4? <~~~ -

i
+ .

R N s B LT - -t s :‘,‘r

When the expression for urban dose D of Equatmn (D-5) is substituted into Equation (D-4),
the, following expression results: AT irE RL . 4va toT 3T . Lap c amer. s 0T

SRR TE ST R T SISk PP IS SNE B TOVE S £ P

IR P S B S L TR N P e TR N
f PO f.P L
D fuPDu

.:-Dose = 4KL(2.42) =L + 22 + L5 (f agt e e o et e AAD-E) o~
EVIE VRIS o™t 1.535f]) £, seal e Faty o o (qu) Lox

T S u
LOLYNE UL i,-r XSG ,i"~*u r ;:;;:— i""f ooy = \

- . te e

L alAe

RN St AL I By

1f the population densities (PD) are expressed as |::ersons/uﬁ2 and the velocities (V) are
expressed in miles per hour (mph), the dose received per mile traveled is: =, ny -~ : .

PRI

39 L ed feoon Ty rmv o A c b
...... B N N A TR AR :
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v

- f_PD f PD f PD
Dose (person- = 3.47-x 107 19(K) 'V LG sv S & " “’f + 1.6361,) (D-7)
rem/mile) . r s u

The annual normal population dose for this shipment scenario is obtained by multiplying the
above equation by the total number of package-miles per year for this type of shipment, or
PPS x SPY x FMPS,

where PPS = .average number of packages per shipment
SPY = number of shipments per year
FMPS = average distance traveled (miles ) per shipment

The dose rate factor K may be expressed as K = KoTI, where Ko is a transport index to dose rate
conversion factor:

K, = (3 + &)’ s -

where 2d = typical package dimension in feet.
In this assessment:

%

Ko

13.4 12 for a typical Type A package : -
16.0 ftz for a typical Type B package T -7

An irradiated fuel cask, however, is treated simply as a source with a dose rate factor K = 1000
mrem-ftzlhr, no TI is assigned.

The final expression for the annual population dose for a given shipment scenario, and the
one used in this assessment to evaluate the normal population dose to surrounding population
while the shipment is moving, is the following: o

(Dose)
(persoW°¥em€}- 3.47°% 107100k YT (PPS)(SPY)(FMPS) =" =

year) : NS L 23NN AL @ (0-8)
f_PD f_PD f. PD
rr+'s’s + u ]
o e (f,, 21,6361 L ., e o
“at - o o ‘, ~ ‘|'( N R ¥, (”..!r AL & - -4 ‘:\ N ~re
where Ko = 13.4 ftz for a.Type A package and 16 0 ftz for a Type B package . -
TI = average Tl per-package' .3 paus™ b.s y.oo-Tiac o ude L ¢ 't. BTSN S
PPS = average number of packages per shipment
+*+ SPY = number of:shipments per year: - TS N R TS N Ry
FMPS = average distance (miles) per shipnent AR RN TR PR
fr' fs, fu = fraction of distance traveled in rural, suburban, and urban areas, respectively
PO, PD;KPD = population density (person/niz) in, rural suburban. and™ urban areas respectively
Vr' Vs, Vu = average speed (mph) in “fural, suburban, and urban areas respective]y
Loee o I B e R I s T IR TR L RO B L L A A ars
f, = fraction of urban travel on freeways or four-lane roads® : -~ .. ;1 ¢ ‘o ocv
fy = fraction of urban travel on city streets
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D.2 DOSE TO POPULATION DURING SHIPMENT STOPS

1f the shipment stops for crew change, meals, refueling, etc., people in an annular area
around the stop point are exposed. The population dose is ‘again obtained by 1ntegrat1ng a form
of Equation (D-1) that includes an annular differential element, 2nrdr:

- d
L RSN T -, .
Bose = K_(T1)(aT)(PDYf (2nr) (-"—-%(I))d" (0-9)
X r
where Dose = integrated population dose per shipment (person-mrem)
AT = total stop time per shipment (hr) '

Numerical evaluation of the integral for various values of x and d yields:

x(ft d(ft) integral
a0 26.104 -
5 1000 29.827
. S . 2600 -.._31.613 o
10 2600 27.275

By accounting for the fraction of stops that occur in various population density zones and
by making appropriate unit convers1ons, the integrated popu1at1on dose in person-rem per year
resulting from stops for a given shlpment type is given by: -

Dose = Ql KO(TI)(PﬁS)(SPY) [éTFSPDr),+ ATS(PDS) + ATuPDu ‘ (b-:0)
where T. = total stop time in rural population density zones (hours) "~
T = total stop time intsubur‘ban population dehsity zones (hours) ’
Tu = total stop time in urban population densit&izones (hours)
Q, = 2.54 x 10”9 (rem-knZ/mren-1t2) (for x = 10 feet and d = 2600 feet)
- [ = P

D.3 DOSE TO WAREHOUSE PERSONNEL WHILE PACKAGE IS IN STORAGE

- e, ¥ - PR .
3 . . . NP S R o 4

The dose to warehouse personnel is computed the same way as the dose recelved by persons ’
while the shipment is stopped. The result is: i .

3 - PN

(Dose)stor = QzK (Tl)(PPS)(SPY)(ATstor)(PDstor) . i o (ur11)
where Dosestor = 1ntegrated population exposureﬁzgersoh:;Em/year) B T
TeE ':T!'N = total storage time per shipment (hours)*‘ AR EA A A A . s,
& ?.,Stor.s 3T Oy -1 ettt T N B 57 A o S Aow e, .- —~ -
PDstor = popu1ation dens1ty 1n warehouse aree -
Qz =2.77 x 10° (rem- 2/mrem-ft ) (for = 5 feet and d = 1 000 feet)

~ .y, - s s
Pt

Ce s L P



A

D.4 DOSE _TO CREWMEN

The annual dose to crewman is obtained directly fron Equation (D-1) by using an average
source-to-crew characteristic distance (d) for each transport mode:

-pd
= e B(d _
(Dose) ey = QalKg)(TII(PPS)(SPYI(N) _aTu AT pio - (0-12)
where Nc = npumber of crewman aboard
d = average distance to crew compartment (ft)
Q3 = 1073 (rem/mrem) . -
s : | fr ‘ fs ‘ fu
ATship = average time required for a shipment = v * V; + V: FMPS
FMPS = average distance (miles) per shipment

<
A

-pd
The values of 5——2—§$92 for the assumed values of d for the various modes are shown below:
d . .

Mode d(feet) 4 .

Van 7 2.03 x 1072

Truck 10 " geax103

Pass. Arcraft . 50 ., .  3.88x 107

Cargo Aircraft . 20. . .. . 2 é?df’lo 3 -
Rail v L. 500 ..., 288x10°% o
Ship 200 S 2.21x 10 -5

Barge T e WeewaesY

nesg T g =

Because of regulatory limits for dose rate® in the” crev compartment 2 mrem/hr is used as
an upper limit for dose rate in this assessment. If the TI carried would cause this limit to
be exceeded it is assumed that shielding would be’ introduced to reduce the dose rate to this

;& e~

level.

LT r

D.5 DOSE TO PERSONS IN VEHICLES SHARING THE TRANSPORT LINK HITH THE SHIPMENT

ULNACTATTCOEA S} CUILUXS  TR3Ii. T, LIL 0

Ftgure D-3 shows a truck carrying radioactive material.; 'The truck is traveling at a speed
V along with other vehicles in the same ]ane. Occasionally vehic!es traveling in the opposite
direction pass the truck in the other lane. There are two separate doses to be computed:

- S A : B el EES Sty B ] ’J .

1.  The dose to persons traveling in the opposite direction from the shipment and

2. The dose to persons traveling in the same direction as the shipment.

D-8 -
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D.5.1 DOSE TO PERSONS TRAVELING IN THE OPPOSITE DIRECTION

Assume that both the shipment and the oncoming traffic are moving at speed V(ka/hr). The
dose received by an individual in an oncoming vehicle may be computed by assuming that this
vehicle is at rest and he is passed by the shipment at a speed of 2V. An expression for the
integrated dose from a moving source was given in Equation {D-2).

Thus, the average integrated dose received by a person in an oncoming vehicle passing the
truck at a distance x is:

— 2K _
D = (m'l’ I(x) ) (D-13)
The average number N of oncoming vehicles per mile is
Nl
N= = (D-14)
[ VT

where N' is the traffic count (average number of cars per hour traveling in one direction).
Llet P be the average number of persons per vehicle. Thus the average number N of persons who
travel in the opposite direction to the shipment and who are exposed per kilometer traveled by
the truck is

N =np=NE , (0-15)

~

The average annual population dose to persons traveling in the opposite direction to the shipment
ijs given by D x Navg X FMPS, where FMPS is the average distance per shipment. Multiplication
of this number by SPY, the annual number of shipments of the type being considered, results in
the annual population do§e'for the given shipment. scenario:

t
4
.

Dose = {%; 1(x) %;- PCFMPS)(SPY) - - ‘
x - (0-16)
= KI(x) ﬁ'-i P(FMPS)(SPY) .
V. M

T : i -

The traffic count N' and the average jrgl‘locity V depend upon the population density zone and the
time of day (i.e., rush hour or normal traffic). The value of the integral I(x) depends on the
distance x of closest approach, which fn turn depends on the type of road. The assumptions
made for the various values for x and the corresponding values for I(x) are tabulated below:

Type of Road x(ft) 100¢rt"})
Freeway 50 2.9 x 10:2
Four-Lane 30 4.8 x 10_y
City Streets 10 1.5 x 10

The following additional assumptions are made:

1. AN rural and suburban truck travel is on freeways.

D-10



2. The traffic count doubles during the commuter rush periods (applicable in urban and
suburban population zones). :

3. The average speeds decrease by a factor of 2 during commuter rugh beriods (applicable
in urban and suburban population zones).

4, Urban travel may be on freeways, four-lane roads, or city streets. Suburban and .
rural travel is all on freeways. . -

5. Urban travel on freeways and four-lane roads during rush hour is at half the Sverage

.

suburban velocity.
6. Urban travel on ‘freeways during non-rush hours is at the average rural velocity.
“ Urban” travel on four-lane roads during non-rush hours is at the average suburban
velocity. . . -

Under these assumptions the following expression is obtained for the annual.population dose in
person-rem/year to persons traveling in a direction opposite to the shipment for a given ship-

ment typé:‘"‘ T ile . S ‘
(Dose)opp QK YCT1)(PPS)SPY) (FHPS)(P)(E) . I S 1))
L S ;o . - PR , R - 3 . M
where PR
F= f r f thNsIfwy an;Ifgy
.. 2
: vTr (VTS/Z) (VTS) o
ARY "f;nf' %‘V thNquwy . fn ulfwy L . P .
u i fwy v /2) ((Vqy ) e e s e
(Vrs )™ fimn wITTT S
. vty fenNiley | anLI;i AERSS T
(Vys/2) (Vyg)
Rt < N3 Ta e | Yoy 3
+ f hZNuIcs . fnN:JIcs ,
°\ vy /2)° (vp?

“ “ PR [P IO - T,
R ? AR B S 2 i

In deriving this expression, the substitution K = K0 x TI x PPS has been made, where TI =
TI/package, and PPS = numper of packages/shipment. Other symbols in this equation are as

B T N
follows R

A " -1 ! - - - - N B
[N . s s LI F S S NGNS T 4T T 4

£ f .f = 'fractions of distance traveled in rural, suburban, and urban zones, respectively -

r'istu o - su : 2o
fo, = fraction of distance tra;eIed in rush Aour tr;ffic CoE T
L fraction of distance traveled in norn§} trgffic e
ff;yﬂﬁ fraction of travel on freeways or infé;;tat;s -7 . e
fap = fraction of travel on four-lane roads

ree < s M .
nt. M - e b o .l..‘,.' 1‘.‘;L._A‘L.a,_ PR PR 4 o
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f__ = fraction of.travel on city streets
V.n_ = average velocity on freeways (miles/hour)

VTs = average velocity on freeways in suburban population density zones and
on all four-lane roads (miles/hour)

vTu = average velocity on city streets (miles/hour)

- _ -2,.-1
Loy = 1 (50 18) =2.9 x 10721t
_ _ -2,.-1
I, = 1(30ft)=4.8x 10721t
I,= 1(101ft)=15x 10717

3 rem\/ 1 mile) _ -7
(10 mrem)( t') 1.89 x 10

The annual dose §s computed for each shipment scenario using Equation (D-17}, and the results
are summed over all the standard shipments to obtain the total annual dose to persons traveling
in a direction opposite to that of the shipment.

D.5.2 DOSE TO PERSONS TRAVELING IN THE SAME DIRECTION AS THE SHIPMENT -

P b oo -~

On the average, vehicles carrying radioactive material move at the same speed as the rest |
of the traffic. Thus, vehicles traveling in the same direction as the shipment can be modeled ‘
as a static set of vehicles at fixed distances from the shipment The dosé in millirem received
by a person located at distance x from the radicactive material may be computed by multiplying
the dose rate from Equation (D-2) by the duration AT of the exposure:

-~ P

3

-px . :
D= 5"—-‘2’-‘52 AT - . : (0-18)

. X

For a given scenario, the total annual exposure tix:’:"e‘_’is givenwgy_'_t.li_e quotient of total miles

per year (miles per shipment x shipments.per year) and average velocity: .
- (FMPS)(SPY) N _
8T ann Vi A oo (0-19)

It jis assumed that people are distributed unifom’ly a]ong the shipment path with a linear

.

density given by . omE e ._...m_.. .

i -

4

L]
Linear Density (persons/mile) = -NT (D-20)
1 [ P - T . N . d T"'..l:a' ar 2 S [T
: (.or td - PR b
The annual dose t.o persons trave]ing 1n the same direction as the shipment for a given o ,

scenario is determined by multiplying the expression for the dose given in Equation (D-18) by *
the linear density given>in Equation (D-20),. using Equation (D-19).for ATann’ and integrating
over x from some minimum distance d out to a mximum distance "max": ’

L. R AV D PN P ..

ey s . [ ey . T T ).
(Dose)same dir. 2(V )( vV, )K T 2~-~,‘.~d’§, . - v e (P 2]),
T T X .
Che ALYTTICT L gt : - >

The factor of 2 takes into account vehicles ahead of and behind the shipment.
D-12



As in the case of persons traveling in the opposite direction, N' and VT depend on the
population density zone ana the time of day (rush hour or normal traffic). Also the distance d
of closest approach depends on the type of road. The average values selected for d are 100 ft
for freeways and interstates, 30 ft for four-lane roads, and 10 ft for city streets. Using the
same traffic assumptions as made for the calculation” of the dose to persons traveling in the
direction opposite to that of the shipment, the following expression is obtained for the annual

dose (for a given shipment scenario) received by persons traveling in the same directions as
the shipment: -

(Dose)same dir. = Q'(Ko)(TI)(PPS)(FMPS)(SPY)(P)F (0-22)

where the traffic factor F is the same as that given in Equation (D-17), except that:

1 L (100 ft) = .008

fwy
I, = I;(30ft) =.03]
I, = I, (07) = .097

2600 ft

and I, (d) = / e MXB(x)
. J x
The constant Q' is:

' - -3 rem 1 mile _ ~7
Q=2x10 arem X 57280 Tt = 3.79 x 10

The annual dose is computed for each shipment scenario using Equation (D-22), and the results
are summed over all the standard shipments to obtain the total annual dose to persons traveling
along the route in the same direction as the shipment.

D-13°
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APPENDIX E  ~ - >
- : DEMOGRAPHIC MODEL - :

E.1 INTRODUCTION

The analyses of both the normal and acc1dent transport risks depend on the popuiation
den51ty. 1 e., the average number of people per unit area. Because population densities vary
greatiy, three different popuiation density zones correspondlng roughly to urban, suburban, and
rural areas were considered. The average population demrsities assigned to’ each were determined
from 1970 census data (Ref. E-1).

Accnrding to the 1970 census definition, urban population comprises all persons in places
of 2, 500 or more inhabitants but not those 1iving ‘in rural portions of extended cities. Urban
areas contain 73.5 percent of the total popu]ation o

.

E.2 URBANIZED AREAS

The Census Bureau has delineated so-called "urbanized areas" to provide a better separation
of urban ‘and rural popuiation in the vicinities of the larger cities. An urbanized area consists-~
of a central city with 50,000 or more “inhabitants and “surrounding ‘closely-settled territory.
Areas of 1arge non-re51dent1a1 tracts devoted to such urban land uses as railroad yards, airports,
factories parks go]f courses, and cemeteries are excluded in computing the population density.
The average population density in 'urbanized areas is 1 303/km (3, 375/mi2), 31.5 percent of the
tota] population live within the central cities of urbanized areas, and 26.8 percent live in the
urban frinqe for a total of 58 3 percent 1iving 1nside urbanized areas.’ ~

- . 3

v

Prbanized areas such as Columbus; Ohio; Menpbis;'TennesseeE New Haven, Connecticut; San . -
Antonio, Texas; and Wilmington, Delaware,-have population densities higher than_the.average,~”
while Atlanta, Georgia; Dallas, Texas; Des Moines, Iowa; and Bridgeport, Connecticut, have
popu]ationqdensities Tower than the average.

.t s, CEE e vy e g

. The average urban ‘housing area consists of ‘four to fivé housing-units per acre or-about -

3, 861 persons/km (10 000 persons/mi ). If “this value for urban population density is assumed -
and 54 percent of the' urbanized area population 1ive in the central city, .18:2 percent of the
urbanized area is occupied by ‘the central -city.- This assumption forces an assumed density of -
79 persons/km for the so-called urban fringe. These two densities were selected to represent -
the urban and suburban population densities throughout the country.

wiw - -

E.3 OTHER URBAN AREAS

~ ae Ls core I w - PR .. R
LREO L . e T

e About 15 2 percent ‘of the total population live in areas that are classified as urban, but.
that are outside the urbanized areas in and around the larger cities. - The average:population
density in these areas is taken to be 719 persons/km , as in suburban population density zones.

E—]
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E.4 RURAL AREAS

Rural areas, which contain 98.5 percent of the land area (approximately 3.5 million square
miles) and 26.5 percent of the total population (approximately 50 million people), have an
average population density of 6 persons/knz. This figure was selected to represent rural areas.

E.5 EXTREME-DEMSITY URBAN AREAS

v ! H

+

Certain cities have population densities far in excess of the average value for urbanized
areas. An analysis of population-densities. of cities, each having a total population of more
than 100,000 persons, indicated that there were: -

1. 98 cities with a population density less than 1} 930/ku2 (5, Ooolmiz),
2. 37 cities with a population density between 1,930 and 3, 861/ka (5,000 - 10 ooomz).
3. 10 cities with a population density between 3,861 and 5, 792/km (10,000 - 15, OOO/mi ),
4. 7 cities with a population density between 5,792 and 7, 722/km (15 000 - 20, 000/mi ).
5. 0 cities with a population density between 7,722 and 9, 653/km (20 000 - 25,000/mi ),
and
6. 1 city (New York City) with a population density greater than 9.653/km2. T
In each of these cases, the populatfon density was determined by dividing the total population
in the city by the land area enclosed by the city limits. Two additionai points were noted: ’
1. New York City is cleariy in a class by itse]f. The nost densely populated borough is
Manhattan, with a population density of. 26,188 persons/km (67, 808/ui2)

-
¥,
PR

2. C(Cities with the larger population densities are not alvays the cities with the larger
total populations. For example, Los Angeles, California, with a total population of 2,816,000,
has a population density. of 2, 345/kn2 while Paterson, New Jersey, with a total population or
145,000, has a population density of 6, 657/kn » almost three times as great as that of Los
Angeles. - o vom ;

.

- ‘e H

The risks associated with the transportation of radioactive naterial through areas of very
high population density: are currently being evaluated in.a follow-on, study ,In tne current
report, the consequences of a severe accident.within such an area are evaluated for certain
worst-case isotopes and are presented along with an estimate of the probability of occurrence.
The annual risk estimates for all radioactive materfal transport, however, are made using the
average values of 3,861, 719, and 6 persons/kn .

E.6 SUMMARY AND CONCLUSIONS

e

For the purposes of this assessment, the 1970 census data were reduced to a nationwide
model that specified three population zones - urban, suburban, and rural The fraction of total
land area, fraction of total population, and associated popu]ation densities for each of

5 Tat

ot - .-~ .
-3 -~ LI «t

- o
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the population zones are shown in Table E-1. A population density of 15,444 persons/km2 was
used to represent an extremely dense urban area in the worst-case accident analysis in

Chapter 5.
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Population
Zone

Urbanized Area
1. Central city
2. Urban fringe

. Other Urban Areas

Rural Areas

1. Urban (A.1)

. Suburban (A.2+B)

2
3. Rural (C)
5

. Extreme density

urban

TABLE' E-1
TABULAR SUMMARY OF DEMOGRAPHIC MODEL

. Demographic Model Used in This Assessment

Fraction Fraction Population Density
of Land Area of Population (persons/knz)

.0098 .583 1303
.0018 .315 3861
.008 . 268 79
.0053 .152 719
.985 . 265 6
.0018 .315 3861
.013 .42 9
.985 . 265 6

- - 15444



REFERENCE

E-1. “Statistical Abstracts of the United States 1974" (95th Edition), U.S. Department of
Commerce Social and Economic Statistics Division; U.S. Bureau of the Census.
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APPENDIX F '
INCIDENTS REPORTED TO DOT INVOLVING RADIOACTIVE
MATERIAL FROM 1971 THROUGH 1974

This Appendix contains a 1ist of the 98 incidents invoiving radioactive materials that
were reported to the U.S. Department of Transportation (DOT) from 1971 through 1974." The data
tabulated in Table #-1, were obtained from the DOT Hazardous Materfals Incident Reports. A
sample of ‘tl';e pO'I:»reoort. form is presented as Figure F-1. -

- ot el

Columns 1 and 2 of Table F-1 describe the material invo1ved for each incident (e.g.,
R.A.M.N.0.S. - Radioactive Material - Not Otherwise Specified) and give the 5-digit code for
‘that material. Columns 3 and 4 describe the packaging in which the nateria‘l was shipped, as
:’obtained from It.eln G on Figure F-1. Co'lmns 5 and 6 1ist the nature of the packaging failure
from the 15 possibilities listed on Item F of Figure F-1. Columns 7 and 8 show the number of
failed containers and . the total .number of cont.ainers 4in the shipment: Column 9 shows the
) specia‘l permit number obtained from Item G.30 ‘on Figure F-1. . Co'lmn 9 shows the - specia'l permit
nusber. obtained from Iten 6.30 on Figure F-1. ‘Column 10 gives the incident report. number: the

. first aigitiis ‘the last: digit of the year in which the incident occurred (e g., * 4.7 .~ vefers to

yida

1974), and the second and third digits refer to the month of the incident. The renaimng five
digits codify the report within the month. - . :

.y ‘e . .

A
1)
NERTIR
3
.
5
'
'
>

)
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c-d

INCIDENTS REPORTED TO DOT INVOLVING RADIOACTIVE MATERIALS (SORTED BY REPORT NUMBERS)

TABLE F-1

CoMMODITY

RaCINACTIVE MATERIA
LIRCONIUM SCRAP{BOR
UNKN

QUES

UNKN '
RADIOACTIVE DEVICES
RADIQACTIVE DEVICES
RADIOACTIVE MATERIA
RACIJACTIVE MATERIA
RADIDACTIVE MATERIA
RADIJACTIVE MTATERI
RADIOACTIVE MATERIA
RADINACTIVE MATERIA
FISSILE RAOINACTIVE
RADIJACTIVE MATFRIA
RADINACTIVE MATERIA
RADIDACTIVE MTATER]
RADINACTIVE MATERTA
RADIJACTIVE MATERLA
RADIOACT IVE MATERLA
RACIDACTIVE NMATERIA
RADIOACTIVE MATERIA
RADIOACTIVE MTATERY
RADINACTIVE MTATERI]
RADIDACTIVE YATERIA
RADINACTIVE MATFRIA
RADINACTIVE “ATERIA
RADIOACTIVE MTATER]
QeAoMe NoD.S.
a.‘.". N.').s.
ReAoMe SMALL QUANTY
R.AoMe LOW SPEC ACT
R.A.*. NoO.So
ReA,¥, LPY SPEC ACT
RADINACTIVE OEVICES
ReAeMs LOW SPEC ACY
ReAoM, LOW SPEC ACT
RADINACTIVE DEVICES
ReAsMs NoDoSo
ReAoMy NoDeSo
ReAeMe NoDoSe
R.‘.". N.O.s.
ReAe¥y NoD.Se
..A.". “.ﬂ.s.
R,A.M, LOW SPEC ACT
ReAoeMe NeOeSe
R.‘.q. NQO.SO
R.A‘n. “.O.S.
'.A.". NQO.SO
“.A.“. NQOOSO

CNOE

03931)
111259
1)
93292
30002
09719
03010
0%9139
3930
€930
c3°29
98939
08940
0st10
03230
03939
0r320
0463)
03330
C893)
08930
grae3)
G3n20
02929
089130
939230
08913
Jae2)
03930
28730
08940
08920
089130
031%29
08919
08920

+ 93920

08919
C3910
03930
nsq31p
29330
03930
98013
08920
08939
08930
08930
0”930
09930

CANT )

NRUM MTL
TYANK CAR
DPUM MTL

BOX W00D
CONT LD

CyL NTL
CONT PLS
CONT LD

DRUM MTL
rIX WN0D
TURE GLS
TANK TRK
LINR PLS
CyL MTL

17¢

CYL MTL
BOX MTL
17

DRUM MTL
DRIM MTL
PAIL 4TL
BAG PPR
CAN MTL
21¢

ROTL GLS
NRUM MT{
CYL MTL
174

POX FBR
17H

NRUM MTL
AIX W0OOD
CAN MTL
RLANK

TA

AOX FAR
BLANK
nayM MTL
TANX PRT
CAN MTL
CAN MTL
EH

128

TA

CONT 2

80X
6D
B8OX

Wooo
FBR

TUBE FBR

DRUM MTL

TA

80X woOoD

80X WOOD

BOX
21C
128

21¢

FBR -.

FALLWRE 1

EXT PUNCT
ANNY-SINE
[ EEXTRYIT )]
Niraganany
OTHER
LOPSE FVC
FXT PUNCT
YT ITTETY)
NTHER
LOOSE FVC

- BARERANANA

OROPPED .
TTEITTITT]
EXT PUNCT .
OTHER
CROPPED
EXT PUNCT
INT PRESS
OTHER
OTHER FRT
IHNNER REC
LOOSE FVC:
EXT HEAT ¢’
HELD
OTHER FRT
QTHER FAT
NEF FVC
EXT PUNCT
DROAPPLH -
EXT-PUNCT
OTHER FRT:
CORR=RUST’
DRNOPPED
OROPPED
OTHER LIQ
EXT PUNCT
CORR-RUST
OTHER FRT
OTHFR
BOTTOM
DRNPPED
WATER
OTHER
EXT.PUNCT
OTHER -~
OTHER
OTHER '
OTHER
DROPPED
DROPPED

FAILURE 2 & FAIL

OTHER

OTHER
(FXTIYYTY] ]
LLINIITELT R
(XTI YXyY]
NEQANNREAN
QTHER

THNNSNAENEN

RITITIITIT
RTITIIIITIN
RILTILITIT

[TTITTTTTRR

NARANRERAN--

(LITILTYTT I8
EERTLITRTY M
LTI TTT

 FREEZING

CORR=RUST
fanangavyy
(AT ELFXTR] ]
30TTOM
ALY LY LR Y]
Taanyunangy-
AnNasapneng
LOOSE FVC

< LOOSE FVC

"LOOSE FVC

LTI

8OTTOM

.

BOTTOM

80DY=-SIDE
OTHER

80DY-S IDE
OTHER
OTHER

"EXT PUNCT

F‘C)h'h‘h“lhl:’C).‘F‘—‘D‘r‘hlt"‘b‘h‘F‘F‘F‘F‘hﬂ#“’hl'l‘UGP‘r-F".haF‘h‘{,k‘b‘h‘(")"rlF'QtJrﬂcﬁ

# SHIP SP NO.

$P6000

SP3248

;

-~

-
NN 0o po 2 O P O bt bt put g0

o

REPORT NO,

10200274
10101044
143579944
10300124
10801134
11000764
1110102A
11201 72A
20101244
20101374
2010193A
2020138A
2030227A
20401184
204022%A
27500444
2070120A
2079314
20703994
20300914
2090377A
210523894

< 2100393A

2120196A
2120244A
20101154
30102624
30300984
3079241
20702704
30805204
3100029A
3100274A
31100504
3110179A
31200454
4020081 A
4720243
40203044
4020098A
4030170A
40302224
4930399A
4030476A
40401294
40401324
40401320
4040403A
40404044
4050132A




€-d

Tol e

Sy e s

i
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a0

b T vt = A

w1 COMMODITY T --CONE
£ v 1
AR A N T VR O
’ i i 4 {
ReAeMe NoOoSe | - €a930
R.AWM, thoS¢ N :r 1 0591'3
gj’-loﬂo;N-O.S. i 5 09930
‘p.A.“.;ng.s. LI [LEED]
"'Q.A.""N.Otsl LA 1 08913)
JReAMIINGDGS. | ] 0393
“Ro.AoM, SPEC, FORM . 08959
tReAoMe NeBoSet . - 03930
Rolo"o N.O.S. N ',. H LELED)
R Ao '4.'"00050‘ 2, l cR93)
‘ p.Ao“. NoDeS.' 1 q 2991310
f"ao‘o"o NtOoSn ; i i 039130
SReKMe NoOoSe” | 1 08930
7 "ReAeMa NeOoSe .. . | 08930
T FISSILE R.AiM, i 05110
;D M.BuM, N.O.Se | | 0R930
‘;! { ReAoeMe’ NeDeSe 6 0393
{7 ReAsY, SMALL QUANTY, 03940
£ T RIAMI NSS! | © 08939
3 b RilheM, N oOoSo gi: 08930
i o RoAJM. NuDlSe [ % | 08230
,: Ro‘-‘. .O.S. l Iy .ﬂﬂqy)
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g ReAoMe, NeNuSe ; ?: I 03330
i T ReAaMs NeDoeSe. 649919
1+ ReAoMy LGM SPEC Acr 03920
P ™ ReAoM, No0LSe 17 | '0723)
|~ ReAaMs NoDWSS, '09920
Lo RokoMa” NeGsSe- | ° 1 708930
[." THPRIUM NITRATE SOU 13270
i ReA:M, SPEC, FOPM ! 039%0
¥ ReAeMe NoDoSe ! H 0830
| ReAdMe NofoSe : €893)
e R.A‘“c ‘NeBsSe 4 ; 029390
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" ReAiM. SPEC. FORM 08959
I RaAiMe NeQeSe [ o 1109930
2 ReAeMs NaDeSe | R TYEL
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ReAoMs No 0.54 0”930

, CONT 1

N I
RLANK;
"ALANK
ALANK
-7,
feomt STY
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DKUW MTL
TR}
180X FBR
‘7: t
i
) ¥4 JEN
,CONT PLS
TANK PRT
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. BLANK,
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80X, FAR
1BLANK
§BOX§“YL
{AOX MTL
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TYPE B
ILINR PLS
‘BLANw
(T\MK (134
A0TL GLS
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TRAOTL °LS

TABLE F-1 (continued)

CONT 2"
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i
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128 t
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ki

BO* FBR

FAILURE 1
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OTHER
OTHER |
OTHFR .
nENPPED
OTHTE .
DnOPPED
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OTHER
£XT PUNCY
CHIME
WATER '
PPOPPED
OROPPED
OTHER
EXT OUNCT
OTHER
DROPPED
8OPY-SIDE
OTHER '
OTHER FRT
WATER

. OTHFR FRT

DROPPED
CTHER |
DPOPPED
OTHZR |
EXT PUNCT
£XT PUNCT
OTHER ,
OROPPED
NTHER
LOOSE FVC
LOOSE FVC
OTHEZR 'FRT
CORR=-RUST
OTHER FRT
EXT PUNCT
DROPPED
WATER
LOOSE FVC
LOOSE FVC
EXT PUNCT
EXT PUNCT

OTHER
DEF FVC
OTHER

FAILURE -2

3

2
\

*
N 1
o
e

OTHER FRY
EXT PUNCT

N
BODY-$ {DE

Pt
'

4
4
H

BOTTOM ~
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- § !
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OTHER FRT
OTHER FRY

Lo
+

# FAIL
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REPORT NO,

40%G129A
4OSOTAQA
4D50141A
L050229A
43 %D255A
ADSOLAAA
ADB0104A
40A0105A
40602347
40608804
£360A8A
40702556A

. 40T0340A

40703624
40T062%A
4070739A
4070803A

. ANT08A6A

$P5BTQ )
© 41206284

A030255A
4080493A
AQB0A9TA
4NR0630A
40B0679A
408069RA
AD807R9A
408N94TA
A0901793A
4090112A
4090307A
4090223A
40902594
409N529A
A090721A
4090R4SA
4100226A
4100433A
41005854
410063%A
4110257TA
4120197A
4120978
4120235A
412023358
4120390A

41206388
4120646A
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B DEPARTMENT OF~'}RANSPORTATION e Porm Approved OMB Ne. 045613
« >« - HAZARDQUS MATERIALS INCIDENT REPORT . & . - -

INSTRUCTIONS: Submit this report in duplicate to the Secretary, Hazardous Materials Regulations Board, Department of
Transportation, Weshington, D.C. 20590, (ATTN: Op. Div.). 1f space provided for any item is inedequate, complete that
item under Section H, **Remarks’’, keying 1o the entry ber being pleted. Copies of this form, in limited quantities,
may be obtained from the Secretary, Hazardous Materials Regulistions Board. Additional copies in this P ribed [

may be reproduced and used, if on the same size and kind of paper,

al xcioent
1. TYPE OF OPERATION FREIGHT
10 ar 23 JwmcHwary s[Jrai. a[JwaTEr 5 3 rorwaroer ¢[] ?II::E:"

2. DATE AND TIME OF INCIDENT (Moath - Day - Year) 3. LOCATION OF INCIDENT
..m,
p.m,
B | REPORTING CARRIER, COMPANY OR INDIVIDUAL S - - Sy
4, FULL NAME 3. ADDRESS (Nunbder, Street, City, State and Zip Code)

S. TYPE OF VENICLE OR FACILITY

-

C | SHIPMENT INFORMATION .

7. NAME AND ADDAESS OF SHIPPER (Origen sddress) 8. MAME AND ADDRESS OF CONSIGNEE (Deatination addreas)
e . .
- M ~ - -
= .. ¥ . -
9. SHIPPING PAPER IDENTIFICATION NO. i 10, SHIPPING PAPERS ISSUED B8Y .
. - . ’ . - O carrier _ Oswirrer
. - - A . - - Pikd -4 -
: T e CJotuer. : N
(ldentity)

D | DEATHS, INJURIES, LOSS AND DAMAGE i

DUE TO HAZARDOUS MATERIAL S INVOLVED 13. ESTIMATED AMOUNT OF LOSS AND/OR
PROPERTY DAMAGE INCLUDING COST
+ WY i ff la.»nuuun PeRsons xu.n.:o: OF DECONTAMINATION (Round off in
. - P . - . dollars) p

14. ESTIMATED TOTAL QUANTITY OF HAZARDOUS MATERIALS RELEASED

fm e

0 [ - .- - .o~ ~ vom ' -|® ~ -
E |HAZARDOUS MATERIALS INVOL VED . ' "
4 18, CLASSIFICATION . N . L - o : S 17.' TRADE NAME
. -t »(Sec, 172.4) - * PR I . - 3 . .
. e e D I Y 2 LB R I PIEE SEE I AT R e LR N AT .
- -~ oo . L ¥ e e e Tome s N e ~ *
F IMATURE OF PACKAGING FAILURE . . . -~ . ., ... . ... .. L. . .
18, (Chock all applicadle bozsa)
:. . ot =
M (1) DROPPED IN HANDLING el BN BT !XTIRNN_‘PUNCTUN!‘* {3} DAMAGE 8Y OTHER FREIGHT
- (&) WATER DAMAGE . ;1 {{%) DAMAGE FROM OTHER LIQUID 16) FREEZING
s N R . N aa teoe-cals s l . FE IV
N (7 EXTERNAL HEAT T, . il (O} INTERNAL PRESSURE '; T - 1 |i® cormosiON O‘ﬂ !UST "
(1) DEFECTIVE FITTINGS,. . |” {{41) LOOSE FITTINGS, VALVES OR {123 FAILURE OF INNER
VALVES, OR CLOSURES . CLOSURES - - . .. .RECEPTACLES .
- R R B T T PO [ T T L ) 4 - VU
"1 {13 BOTTOM FAILUR!_ MR [ {14 soDY OR*SID! FAILURE - (“lh WELD FAILURE N

N 19, SPACE FOR DOT USE ONLY
(16) CHIME FAILURE (17} OTHER CONDITIONS (Identity)

erm DOT F S300.1 (10-70)

FIGURE F-1. HAZARDOUS MATERIALS IKCIDENT REPORT
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soparately for each. I{ more space is c

PACKAGING INFORMATION « If more than uu al-o or rypc p-eh-‘ln‘ l- Involved In losa of rial show

ind inf 1

* below Reying to the item number.

ITEM

2

3

TYPE OF PACKAGING INCLUDING INNER
20 | RECEPTACLES (Stes! drums, wooden box,

eylinder, eotc.)

CAPACITY OR WEIGHT PER UNIT
21 | (39 gallona, §5 Ibe., etc.)

NUMBER OF PACKAGES FROM WHICH
22 | MATERIAL ESCAPED

NUMBER OF PACKAGES OF SAME TYPE
23 | IN SHIPMENT

DOT SPECIFICATION NUMBER{S) ON
24 | PACKAGES (21P, 17E, JAA, etc., or none)

SMOW ALL OTHER DOT PACKAGING
23 | MARKINGS (Part 278)

NAME, SYMBOL, OR REGISTRATION NUM-

2 BER OF PACKAGING MANUFACTURER

SHOW SERIAL NUMBER DF CYLINDERS,
27 | CARGO TANKS, TANK CARS, PORTABLE
TANKS

28 | TYPE DOT LABELIS) APPLIED

A REGISTRATION
1F RECONDITIONED

NO. OR SYMBOL

29 OR DATE OF LAST

REQUALIFIED, SHOW TION

B | TEST OF INSPEC.

IF SHIPMENT 1S UNDER OOT OR USCG
30 |SPECIAL PERMIT, ENTER PERMIT NO.
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FIGURE F-1 (continued)
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o APPENDIX G
- - CALCULATION METHODOLOGY FOR ACCIDENT ANALYSIS

- - - ¢

The methodology used to compute annual, eir'ly fatalif,ies and latent cancer fatalities
resulting from accidents involving shipments of radioactive material is presented in detail in
Reference G-1. The procedures are outlined in this Appendix. )

G.1. COMPUTATION OF ANNUAL EARLY FATALITY PROBABILITY

The technique for computing annual ea‘rl} faiﬁalityf)fréﬁabi'lity is i1lustrated in Figure G-1.
Initially, the average dose received by i‘ndividuals within a given isodose area isf computed for
each radwnuc'lidg in each accident severity category: .

¢i,j,k = (ni)(RFj,k)(AERi)(Rgspi)(si?(RPCi)(DF) ‘_ {(G-1)

where ¢
i

average dose received in the _area‘-(rem)
index over radionuclides -

e St ]

j = index over the accident severity categories
- k = 1index over the package types — .
; n= curies per shipment (Ci) . - .
i, RF = release fraction . ‘ o T e e B ER e 8
“-AER = - aerosolized fraction *-;. e N
RESP =  fraction of aerosolized material of respirable dimension in reference mixture

E = _ particle size distribution factor*
RPC = dose ‘per curie inhaled ( ren/Ci)
__DF = _ailution factor (This value i\_r_rc'l‘t‘l;je‘s the effects of a 0.01 m/sec deposition
velocity.)

RN o I T E 3

A I
3

The appropriate dose-response relationshib‘(seve phabter 3) is then used to determine the
probability of early fatality for each:expo'sed *fndividual. This is shown as block 6 on

M T e b ot

Figure G-1. Once the individual probabﬂi;y per exposu?é ‘has been computed, a combination of
binomial and Poisson statistics is used to'compute the probability of a given number of early
fatalities within a given isodose area: oL ER .

T

Ay e mran e

1y k . iok f,1 A
L 'P“‘"=Z(k) Py 1= P (Lﬁ—) - ©2)

s gl
prized”
- - -

td i=k

v B

e
«

l? -

s
v P
B

D Rnree L, aaea TR

‘This factor accounts for potential variation in particle size between the aerosol used for
reference for the rep-per-curie value and the actual aerosol being shipped. In the analysis
in Chapter 5, a respirability of 0.24 is used for rem-per-curie reference and a value of 0.11
was obtained from an industry survey. Hence,’E = 0.46. . ..

*
PR W N 2 I
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P(k) = probability of k early fatalities .
{ = predicted number of people in specific isodose area’
P = individual probability of early fatality when exposed to a given dose
1

A = expected number of people in fsodose area (product of area and average population
density) IR RSP - -
Using a Tay'lor expansion. Equatior (G 2) can be reduced to

(xp e 1)
P(k) = _E!_
which is in the form of a-Poisson distribution with parameter AP1X where P(k) {s the probability
of k early fatalities assuming that an accident does oceur., This va’lue must now be combined
with the annual probability of an accident of specific severity in the specific popuiation
density zone involving a specific mode of transport:

(6;3)

. PO 4 11 =(P(k)i’k)(P(acc)i'j']) e (6-4)
where i C
P(acc)i,j,k,1 = annual probability of ith severity accident in jth population density
zone involving kth radionuclide -being shipped by the 1th mode .
combination P A U N o
P(k)i K = P(k) from Equation (G-3) B I N -

L I N - .
P . o o, - P -
] - i EE A ARVIRS

The annua’l accident rate for accidents of a given severity is computed as fo'l'low5'

=

f:, Vg ';1 [(APM]’p)(r]i 1.p)(i 5 'l,p)(SPYk 1) (FMPsk ‘.p)] e

" (6-5)
* [(“”"1,5) ("1.1,:.)( 1.5.0.5) (SPYk.i) (F"”Sk,i,s)] -
where . . 3
Y ij e accidents per year of -ith severity in jth population density zone for kth
o o Yadal L .
- ' radionuclide ‘transported by 1th mode combination .-> ..~ -« _ x 31 v, -
-3 p ="contribution from primary mode =t Lo 90 ¢ L Lt TnoL . v Lt e e

s = contribution from secondary mode
APH]. = gverall accident rate for 1th mode prinary vehicle - - - -
"i,'l = fraction of 1th mode combination accidents that are of seventy i
6i, 'R = fraction of ith severity accidents with 1th mode combination in jth population
density zone
SPYk 1= shipments per year of kth radienuclide by ith mode combination’
FM!’Sk 1= distance per shipment for kth radionuclide by 1th'mode combination

Au «v‘fr.

P(acc) is obtained by using the Poisson distribution on yi .J k 'I from Equation (G-S)

Awws

£ - 7 e PR

:::::

the use of;the Boo'lean identity
TR e e e LR Pyt SRD perPhes s PRIt L L oIENnI0 A0 T Tugeen, 04

e e~

Y f s e

‘It should be noted that the Poisson approxination for the probabi‘lity of a given number of ‘-*<7-’
people in an isodose area combined with the binomial dose-effect relationship over predicts ..
fatality probability for small.values of A. .,

PRI b ERGRI L4 R A TS AR N N RIS vL v
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P(AUBUC) = 1 - PR)P(B)P(T) (G-6)

where P(A) = the Boolean complement of P(A),

to combine fatality probabilities over all severity categories, population density zones, llode
combinations, and materials. i

Thus. the annual probahility of a specific number of early fatalities from a given radio-
nuclide, shipped by a given mode combination in a given population density zone, over all

accident severity categories is given by: oL

8
Pj,k,l = 1.0 -ii=l] Q- Pi) ) ‘ (G-7)

-

¥ s . - s
- es L " S RGN

where f = index over accident severity categories
91 = P(k),I FRR) computed in Equation (G-4)
j = index over the population density zones
= {ndex over the radionuclides
1 = index over the mode combinatfons for specific radionuclide

e . onmay s
e TSTLU I v - e ot
S - - (O T P ] L e S

This technique {s used to conbine results for the population density zones and mode coubina-
tions for each atmospherically dispersed radionuclide that can produce a sufficient dose to
cause an early fatality. o, <

L2 * LA

1 P : N .
PR e PR

Some sources:of whole-body external penetrating radiation,also have the potential for
providing sufficient dose to cause early-fatalities. ~The number of these. fatalities can be
computed using the following formula for the dose rate at a distance r from this type of source:

LS BT <5 RPIEC B T o S
DR(r) = (5597 ENTFHBCE) - vem s e e el (6-8)
e P pe STk e T ¢ ' LN P T
~ P IS - N . - v - s [T
where DR(r) = dose rate at r (rem/hr) - e . - 3 e ,\A' .
n = curies of material (Ci) . »r : . , ,“, .: . r

E = energy of photons (HeV)

= energy attenuation coefficient (0 00393 m 1(0 00118 ft: ]))‘ R S
iet.;ov = distance to.source (@) ., . .. __ . ... ., ..

- B(r) = Berger buildup factor (0. 00018r +1) (dimensionless r in meters)

LA S PRI O

: ot

This result is most accurate for photon energies between approximatel'fr.o 25 MeV and 4.5 MeV.'
Outside those ranges, the values for, Bs, B(r) and the numerical constant would need to be adjusted:-

(Refs. G=2° «d G-3). The method of couputing results for _this type of source s very sinilar
to that use. or atmospherically dispersed sources and is i1lustrated in Figure G-2. =t fieo.
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The results of computation for all potentially fatal exposure sources and for all potentially
fatal atmospherically dispersed sources can now be combined to give the annual probability of a
specific number of early fatalities from transportation accidents involving all radionuclides
shipped. This is given by:

n
P=1.0- ]n](l = Py - (G-9)

where 1 = index over the radionuclides shinped
n = number of radionuclides shipped that can produce a sufficient dose to cause early
fatalities : ..
P] = probabi]ity combined over severi ties, popu'lati on density zones,' and mode combinations

B R B T Sy
<

6.2 COMPUTATION OF LATENT CANCER FATALITIES DUE TO AIRBORNE RELEASES FROM ACCIDENTS

S s e 3 . - L e e

e N,
- .

The method for computing annual latent cancer fatalities (LCF) from accidents is il1lus-
trated in Figure G-3. Initially, “the accident rate for each of the eight severity categories
for each mode combination in each population zone is computed:

- waa

dassy:a:ccments 1,1,k = [("l.p)(j 1.;!)(Y l.p)(s" k.l.P)(FHPS k‘]'p)]‘—:“ ’ . (G-10)

T CaAser PapA e e

R

- T i e ]

Ny Y AR KT - n w8 .u*mr’

where 1 = index over $he accident severity categories

J = index over the population zones L e

k = index over the radionuclides shipped P

1 = index over the transport mode combinations '

p = primary mode contribution v s T

s = secondary mode contribution
A] = total accidents per unit distance for 1th transport mode combination
Gj 15 fraction of class § accidents 1n jth population density zone for 1th mode
A= class h accident fraction for 1th transport mode
SPYk 1= shipments per year for kth radionuclide by 1th mode
FHPSK 1= distance per shipment for kth radionuclide by 1th mode

The number determined using Equation (G-10) is the annual accident ‘rate for a specific
severity accident, occurring in a specific popu’lation density zone, involving a specific radio-
nuclide, shipped by a specific mode combination.

This must now be combined with the integrated organ dose resulting from a given atmospheric

release of material. This dose is computed for a single exposure to the nth organ froam the kth
radfonuclide fnvolved in a category h accident in the jth population density zone.

k0 = (cik) (PPSk) (RFk) (AERk) (assrk) (Rpcn'k) (IF) (nr) (PD I XRDFi) (611

6-6
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where Ci = curies per pai:kage for the kth radionuclide
l’PSk = packages .of the kth radionuclide per shipsent
RFk h= release fraction for an h severity accident involving a package used to ship
the kth radionuclide
AER = percent of released amount of kth radionuclide that is aerosolized
RESPk = percent of aerosolized amount of kth radionuc'lide material that is of a
respirable size o
RP(:k = rem per curie (inhaled) delivered to nth organ by kth radionuclide
IF = integration factor over designated area
OF = dilution factor .
PD = population density i
E= particle size distribution factor (see Equation (G-1))
RDF, resuspension dose factor (This value includes a resuspension factor of 10 5
and i svevalu‘ated for each isotope.)

-1

The IF ana DF values are obtained from appropriate meteorological data, and the E and RPC
values are obtained from appropriate dosimetric data. . -

The total integrated organ dose per year to the ‘nth organ from the ith severity c]ass of
accidents for the 1th transport mode with the kth radionuclide in the jth population density
zone can now be specified by:

- tE

Dose/yry 5y 1.n s (,‘]) ("1‘.1) (5'. j) (spvk.,) (rnpsk’l) (’3.1.n) (6-12)

4 e

where § = fndex over accident severity categories
J = index over population density zones =
k = index over radionuclides i
1 = index over transport mode combinations B
n = index over organs T,

(A, Y, 8, are variables from Equation (G-‘IO))

TR TR )
- -
-:J g

By summing the values determined in Eqdation {(G-12) over all modes of transportation, all
accident severity categories, all population density zones, and all transported radionuclides,
the total annual dose to the nth organ for all classes of accident {s obtained.

< s

. t u
D = Dose/ _
Y—::ern = g 2 2 ( 0Se/¥Ty 5.k, 1) (6-13)

M-

k=1 1=

PP P

-

where r = number of. accident severity categories. ..
s = number of population density zones .-

t = number of transported radionuclides - - .-
u = number of transport mode combinatfons = | e
n = index over organs ) . N

U R e AvAE e

P e e — s meim
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Once the total annual organ doses are computed, they are converted to expected latent
cancer fatalities using the LCF coefficients discussed in Chapter 3.

v .
LCF = 2 K (Dose/year) (G-14)
M =1 n. . R

i

Y

where LCF = expected latent cancer fatalities
Kn = latent cancer }atazlity coefficient for nth organ
n = index over organs
V= nugnber of organs

-

G.3 COMPUTATION OF LATENT CANCER 'FATALITIES FROM_EXTERNAL EXPOSURE EOURhE'

Certain transported radioactive materials are not readily dispersible by virtue of their
packagings (e.g., special form packages) or their chemical or physical form {e.g., nonvolatile
components of spent reactor fuel or radiography source capsules). These materials may, however,
provide a significant point source of external penetrating radiation. The integrated dose from
shipments of this type (based on a 1-hour exposure) is given by:

ID=CKnETPD f (2nr) _-pr (G-15)
e B(r)dr
X r

where ID = integrated population exposure (person-rem)
C = units conversion constant (rem/mrem x knzlftz =9.3x 10°”)
K = 5597.2 (see Equation G-8)
n = curies per package (Ci)
E = photon energy (MeV)
T = exposure time (assumed to be 1 hour)
PD = population density (persons/knz)
x = minizum distance from source to populated zone (assumed to be 3 meters)
d = maximum distarice over which exposure is assumed to occur (assumed to be 780 meters)

The similarity between this and the “Dose while stopped” in Appendix D is intentional.
When the integral is evaluated for the given limits and the expressfon is simplified, the
result is:

ID = 1.4183 x 107> (n)(EXPD) (6-16)

Once the integrated dose is determined, the LCF coefficient of 121.6 per 106 person-ream {s
applied to predict the latent cancer fatalities. This value is then combined with the LCF for
dispersion calculations to give a total expected annual LCF.

€-9 = ..
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o APPENDIX H
 MEYHOD FOR DERATING ACCIDENT SEVERITY CATEGORIES

w

El
e

The accident severity categories for aircraft presented in Chapter 5 are based on an
equiva]ent drop height mpact onto an unyielding surface as a measure of energy available for
container defornatlon._ This can be expressed in terms of impact velocity as shown on Figure 5-2.

The actua1 damage mechanmsm, however, is the abrupt dece?eratIOn that results in package
deformation. T . T i

oo *a . e -
. N : R . -

. e - . . .
-l s P S

One "unyielding” surface that has been used in shipping container tests at Sandia Labora-
tories (Ref. H-1) is a 10-centimeter-thick sheet of steel over a 4.5-meter-thick slab of rein-
forced concrete. However. a very sma]l fraction of the earth's surface approaches this crlterion

-~

for being uny1e1ding - ” o .

AP R . - . T e - .. T
- - . N .

To evaluate and quant1fy the extent to which surfaces are’ uny1e1d1ng, an ana]ys1s was
performed to re]ate the 1mpact velocities on real elastic surfaces to those’ experienced onto an
unyielding surface in terms of Poisson's ratio and Young's modulus of e1astic1ty T -

Consider an infinitely rigid sphere (E = =) being dropped onto an elastic half plane
(E < ®). The maximum displacement of the half plane is given in Reference H-2 as:

- 2/5
e

16 K

displacement of half plane
mass of sphere

radius of sphere

Young's modulus of half plane
Poisson ratio for half plane
impact velocity of sphere

where

€< ¢ M » B N
"

1f sinusodial behavior of the half plane is assumed, the maximum value of deceleration can
be derived:

2/5

A, = omsn? o5 | 18R (H-2)
51— =

1f steel is used as an “unyielding" target, the equivalent velocity for a given value of
deceleration can be found by solving Equation (H-2) for velocity for both the unyielding target

and the real target at the same value of deceleratfon. If this is done, the following relation-
ship is obtained:

H-1 =-

(H-1)



L2 /3
vyieldinq= ! g Eg (H-3)

Vsteel 1- 32 E

Table H-1 shows a breakdown of actual surface occurrence probabilities in the United
States (based on air carrier routes) together with surface properties. Values computed for
V/V are shown for each surface type. . )

The ratio of velocities shown in Table H-l was used to evaluate the joint probability of
experiencino an accident of a given severity and having it occur on a surface of given hardness. '
The result is a “derating system" that shifts accidents that have velocities typical of a_Class
VIII accident, for example, to a lower severity class typical of an impact velocity given by

V= observeq/(wv ) . (H-4)

Y .

?

For example, a hard rock inpact (V/Vs = 2.21) has a probability of 0 05. Applyinq the 2. 21
factor to a velocity typfcal of a Class VIII accident gives an effective velocity of 507 l:-/hr
(1127/2.21), which is in the Class VII accident severity category. As a _result, 5X of the

Class VIII accidents are reassigned to Class VII due to inpacts on hard rocks. A sililar

procedure is used for all other surfaces. The procedure is shown explicitly in Table H-2.

LSS
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TABLE H-1

-~ CALCULATED PROBABILITIES AND CHARACTERISTICS OF SURFACES

UNDER FLIGHT PATHS BETWEEN MAJOR U.S. AIR HUBS (Ref. H-3)

N v
v
4

Example
mcer,_ iniiféh
Sand, cﬁltivated
soil 3

Partialfy con-
solidated clay
o | ;

Tuff, alluvium
sagdsto%e

Granite; gneiss

’

uAbutments,

.

steel . .

¥ 3 i
[

i

i

i
l
H
'
'

s
t

g —
- w oo

; Young's Poisson's
Probability Modulus-E(pascal) iRatio v/vVs
“g.8 77 T1sx10%° T ;0.5 " 4.48
i ' ’
0.28 6.9 x 10° 0.2 7.05
1
0.39 | 5.52,% 107 0:3 3,37
0.09 1.38 x 1010 S 0.20 2.53
0.05 - | 2,07, x 100 " 0.2 2.21
{ ' 1
PR S "
0.01" - 2.07.x 1ot T 0.33 7 1.0
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TABLE H-2

DETAILED DERATING SCHEME

T 1 m w v
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* ! ! s * e » 11 . ' .
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L1 0,04 . 306-604 0,096 0.0004 VIIl = 0042 0.0015  .0027 0O ° 0 0.0046
o > . i
: viIL - 0.01m1 o o 0.0117 o 0.0054
! ' 297 0.01%4¢
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. VIII - 0.0084 [ 0 ° 0.0084 0
Al 1 -
- 0.0279
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' 1
! ' . VIl - 0.0 ] o ° [ [
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, o : v - 0,001 0.0015 0 ] ° ]
Al - - ‘ T
~ " - Vit - 0.0 0 - [ [ [} []
STt vit - o012 Jo o ) 0.0112 o
-0, ° 0.0027 ©0.0117 .
11 0.09 . 0,081 0.0009 vl - 0.0144 ] 117 0 [ 0.0434
’ v = 0.0044 ° 0.0027 0.0117 © [
- . v - 0,002% ,0038 © [} [ °
, viiz - 0.0 o ° ] [ [
' vII - 0.0 o ° 0 ° °
vi - 0.0178 [ 0 [ 0.0004 0.,0054
1 o WA - categories v - 0.0138 0 ° 0,8937
1 .73 o~ 1. 11 not derated . () 0.0084 0.0054
IV - 0.0470 [ » 0.0045 0.0195 0.014 0.009
111 = 0,009} 0.0045 0.0081 0.0)51 0.03523 0.0162
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APPENDIX 1 - o
SENSITIVITY ANALYSIS .-

1.1 INTRODUCTION

This appendix contains an analys1$ of ‘the sensitivity of the risk assessment presented in
this document to some of the parameters used in the calculation. It'should be noted from the -
outset that this is neither an error analysis nor a full parametric study. ' The purpose of this
analysis is simply ‘to determine how sensitive the calculation is to some of the more important
parameters Since values chosen for many of these parameters were based on certain assumptions,
the results of this’ parameter study should help to indicate the sensitivity ‘of this assessment =~
to those assumptions. The parameters considered are divided into three categories: fundamental
parameters, general parameters, and shipment parameters. The fundamental parameters are those
included in both the normal and accident calculations or used throughout ‘one of . these two calcu-
lations. The fundamenta1 parameters include the population densities and the meteorological
parameters Genera] parameters ‘are those parameters included in part of either of the two
calculations. Examp]es are release fractions for a specific package type and average velocities.’
Shipment'parameters are those determined from the 1975 survey data. ''They inctude the average
curies per package, distance per shipment, and TI per package. In the following sections, the i’
sensitivity of the calculation to each of these three parameter types is discussed.
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1.2 SENSITIVITY OF ANALYSIS TO FUNDAMENTAL PARAMETERS o PR LT e e ST
e TG e s fa .. e R T T SO SO R :
The' sensitivity of the assessment to fundamental parameters is measured by’ the change in =’
the annual risk (either the normal or accident "components)-when the value of the parameter “is
changed by a fixed amount. '~In the two fo]lowing ‘sections, the changes fn "annual risks (expres-
sed as a percent) are presented for 2 fixed (10 percent) -change in one parameter with-all other =°°
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Using the parameters ‘{n the 1975 Baseline model an incremental increase of 10 percent was
made (independent]y) in “each ‘of the three population densities. ’ The ‘results are’ shown fn”

Tab]e I 1. A TR ' FEE v IR BN A B F Al LIRS ST s P
) . TABLE 1-1
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Rural Population Density 0 0



It is evident from the table that the accident risk component is much more sensitive to the
value chosen for the urban population density than is normal risk. Normal risk is relatively
insensitive to population density changes. Changes in rural density are unimportant in all
cases.

1.2.2 CHANGES IN THE METEOROLOGICAL PARAMETERS

The atmospheric dispersion model used in the accident risk analysis is a Gaussian plume
model using turbulent diffusion coefficients. An initial release height of 10 meters is as-
sumed, and cloud depletion by dry deposition is allowed. . Rather than investigate the sensi-
tivity of the atnosphericxdispersion model to these parameters, a 10 percent increase in the
diffusion factors was assumed (see Figure 5-7). The result was a 9 percent change in the annual

accident radiological risk. The annual normal risk value is, of course, unaffected by this
change. . - © rega e

PN -t

v

1.3 SENSITIVITY OF THE AECIDENT ANALYSIS TO GENERAL PARAMETERS

- "-:a '4:49, - 14 sy - S el g .
In this section, the sensitivity of the calculation of the annual, radiological risk re- .

sulting from potential transportation accidents is examined. Because of the different nature of

the normal transport risk calcu]ation, its sensitivity to both general and shipment parameters

is discussed in Section I.5. . . .

-
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The accident risk depends on, among other things the product of the annual accident rate,
the package release fraction, the fraction of all accidents estinated to occur in a given popu- ,
the product itself) is a function of both the transport mode and the accident severity category.
Table I-2 is a tabulation of these products by severity category,for-each popuiation zone for
type A packages (or drums).transported.by the truck mode.. The last column in Table 1-2 shuws
the percent contribution of each product to the, total (sum of all the products) , The table .
shows that for transport of any given type A package by truck under all the assumptions inherentr
in the calculation, 84 percent of the accident risk is from accidents that occur in urban zones,
and most of this results from class II, III, and IV accidents. Thus. an error. in estinating the .
urban population density or the fraction of distance traveled in urban areas has a much greater
effect on the risk estimate. (for type A packages by truck) than corresponding errors for suburban
and rural zones.; Abbreviated tabulations were nade for each transport node, package type. and
population zone calculation and are presented in Tables I-3 to I- 7

D

POy
The values shown in these tables are independent of the standard shipment mode] they apply
individually to each package transported. By~ the sane token, ‘a cooparison of the relative risks
of two transported packages can be made directly from these tables o only if they contain the same
quantities of-the same material and are transported the same distance. Different materials may
still be compared by recalling that the risk is proportional to the quantity of material trans-
ported, to the distance traveled, and to material characteristics such as fraction aerosolized,

fraction respirable, and the rem-per-curie value. VUTIRLD LEL L0 v th, st m

Pt oa -

I-2
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PRODUCT OF ACCIDENT RATE, RELEASE-FRACTION, FRACTION OF ACCIDENTS
IN ‘GIVEN POPULATION ZONE, AND POPULATION DENSITY
o FOR TYPE A PACKAGES BY TRUCK

Severity Population ‘ Fraction
Category “Zone Product 0f Total
1 R 0 0
11 R- .23 4.5 x 107°
111 R 1.3 2.6 x 10”4
) -q * Total
IV R 3.1 - 6.0 x 10 Rural
. : g 0.1%
v R .89 1.7 x 10
vI ‘R .49 9.6 x 107°
vII R.. " .043 8.5 x 10~
VIII ‘R’ .0086 1.7 x 1078
1 s 0 0
I s ‘28 5.4 x 1073
<, - - -2
111 ¥ 214 42 x10 Total
. -2 Suburban
v 5 489 9.6 x 10 Tor
v s 64 1.3 x 102
Vi s 17 . 3.3x1203 -
Lota .. i. . -4 5
vIX 8 .~ .65 1.3 x 10~4
VIIX 5. 057 " 1.1 x 1070
1 v i 0 0
11 v 1180 2.3 x 107}
111 U 861 1.7 x 1071
-1 Total
1v v 1970 3.9 x 10 Urban
. -2 84t
v v 230 4.5 x 10
vI v 45 8.8 x 103
vII u 3.5 6.8 x 1074
VIII U .31 6.0 x 107°

1-3 -



TABLE I-3
PRINCIPAL CONTRIBUTORS TO ACCIDENT RISK FOR TRUCKS

Package  Accident Population . Percent

Type Severity - Zone - - - of Risk
A, Drum v Urban 38.5
11 Urban 23.1
11X Urban 16.9
v Suburban 9.6
v Urban 4.5
I11 Suburbafi - 4.2
v Suburban 1.3

TOTAL 98.1

B, Cask-2 v Urban 32.1
) v Urban 27.5

111 Urban 12.0

v Suburban 9.0

v Suburban 6.8

Vi Urban 6.3

111 Suburban 3.0

vl Suburban 2.3

TOTAL 99.0

8-Pu vl Urban 51.8
. , VI1 Urban 20.0

v VI Suburban 19.3

. VIl Suburban 3.7

VIIl Urban 3.5

TOTAL 98.3

Cask-1 VIII Urban 72.8
(exposure) VIII Suburban 15.5
T VII Urban 8.4

VIl Suburban 1.6

VI Urban 1.1

TOTAL 99.4

1-4



TABLE I-4

PRINCIPAL CONTRIBUTORS TO ACCIDENT RISK FOR AIRCRAFT '°

Package
Type

A, Drum <

B, Cask-2

B-Pu

Cask-1

(exposure)

> e 17

* o7~ Accident
._.i. Severity

VI
Vi1

VIII
VIII
VIl
VIII
1) it

VIl
VII

Population

‘ Zone

Suburban
Urban
Suburban
Urban
Suburban
Urban
Suburban
Suburban
Urban
Urban

Suburban
Urban
Suburban
Urban
Suburban
‘Urban
el
Suburban
Urban
Urban

Urban
Suburban
1. .Urban
Rural
Suburban
Urban
Suburban
Rural

I-5-.-

TOTAL

TOTAL"

TOTAL

TOTAL

- Percent
of Risk
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PRINCIPAL CONTRIBUTORS TO ACCIDENT RISK FOR RAIL

TABLE I-5

Package
Type

A, Drum

- Accident
o Severity

v - III, IV
D § |
III, 1v

v

B, Cask-2 111, 1V

v
“IHI, IV
v

B-Pu VIl
VI
s VII
- VIII
vI , T
VIII

VIII- -
VII1
e VII
+ .. VIII
VI

Population
Zone

Urban
Urban
Suburban
Urban

Urban
Urban
Suburban
Suburban

Urban
Urban
Suburban
Urban
Suburban
Suburban

Urban
Suburban
Urban
Rural
Subyrban

I-6 -

TOTAL

TOTAL

TOTAL

TOTAL:

- Percent

of Risk

32.8
14.6
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TABLE I-6 - -
PRINCIPAL CONTRIBUTORS TO ACCIDENT RISK
FOR WATERBORNE MODES AND VARTOUS PACKAGE TY

PES
Package ’ Accident ' Population - Percent -

Typ Severity Zone ; of Risk
A . v " Suburban 56.4
1v Urban 33.6

11 __, ’Urban - 7.2

11 .. Suburban 1.3

TOTAL 98.5

B, Cask-2 1v . Suburban 57.0
' 1V Urban 34.0 -

128 - “Suburban 5.7

vl © . Suburban 2.2

TOTAL 98.9

BPu VIl Suburban 81.7
y VIIl Suburban 11.8

Vi Suburban 6.4

- TOTAL 99.9

Cask-1' - VIII "~ . Suburban R X
(exposure) VIl o Suburban : 12.4
) TOTAL 99.9



TABLE I-7
PRINCIPAL CONTRIBUTORS TO ACCIDENT RISK FOR
~SECONDARY MODES_AND VARIOUS PACKAGE TYPES

Package Accident e Population . Percent

Type Severity - Zone - - © 7 of Risk
A, Drum 1V Urban 41.7
111 Urban 22.4

11 Urban «» 11.5

1v Suburban . 7.9

v Urban 7.3

Vi Urban 2.9

111 . Suburban 2.7

- 11 Suburban 1.4

TOTAL 97.8

B, Cask-2 v Urban 36.8
) v Urban 21.0

vl Urban 14.5

111 Urban 11.3

v Suburban 7.0

1v Suburban 4.0

VI Suburban 2.7

TOTAL 97.3

B-Pu v vl | Urban 58.0
VIl Urban 17.8

vl Suburan 11.0

VIII <, ~..Urban 6.3

VIl ., Suburban 5.1

VIII Suburban 1.8

o TOTAL 100.0

Cask-1 VIII Urban 72.9
(exposure) VIII Suburban 20.9
VIl Urban 4,2

Vil Suburban 1.2

TOTAL 99.2
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1.4 SENSITIVITY OF THE ACCIDENT ANALYSIS TO THE SHIPMENT PARAMETERS

In this section the sensitivity of the accident risk analysis to the particular set of
standard shipments is considered in a general way. Then the various combinations of mode,
package type, accident severity, and population zone that make major contributions to the annual
risk are tabulated using the 1975 standard shipments model.

In addition to the four-factor product discussed in Section I-3, the accident risk calcu-
lation also depends on the product of a number of factors that are characteristic of the material
shipped and other shipment paraméters. For purposes of comparing the relative hazards of dif-
ferent shipments, it is useful to Qefine a new parameter called the "hazard factor."

3

Hazard Factor = (curies per package5 x (packages per ;hipment)'x (rem per curie inhaled)
x (average distance per shipment) x (LCF coefficient for organ associated
with rem per curie value) x (fraction aerphso'ljzed)‘i (fraction respir-
able) x (resuspension dose factor). '
when comparing nondispersib]é waterials, the gamma ray energy E is substituted for the rem per
curie inhaled.

-

Table I-8 lists hazard factor sums for tt{e various transport mode and ‘package type com-
binations. Each entry repreéent.s the sum of all hazard factors for that package type and trans-
port mode using the 1975 standard shipments model. jThése sums, which i:ontgin the standard
shiprents inforfmagion, are then combined with the information contained in Tables I-3 :through
1-7 to obtain a ranking of the relative risk contributions by pgf:kaﬁe type, transbor.-t mode,
population zoné, and accident severity catggéi-y for }he"1975 standard éh;ilpments. i The results
are shown in Table 1-9. The first part of j.hew tab'le‘_list's. in order ‘of ‘d‘ec;'easing importance,
the combinations that are the major contributors to the annual risk. . Note the number of truck
mode shipments that are major contributors. This does not necessarily mean that truck shipments
are more hazardous. It simply ref1ect:s thelpredoninance‘iof 'tiuc;'shipments of the standard
shippents model. The second table.lists the'percent contributions to the annual accident risk
for each transﬁori mode, summed over package iypes. The rena:lning three tables show the relative
contributions of each package type, each of the eigﬁt accident -severity categories, and each
population zone to the accident risk. The major contribution made by type A packages is in part
due to the re'lgti‘ve'ly large number of packaﬁgs "of this type. Do

v o 3 <
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It is 1nteres)tjng' ‘to note that the most severe at:ic\idehts :do not contribute the greatest
amounts to the annual “sccident risk under the assumptions used in ‘this assessment. Over 80
percent of the risk comes from accidents of severities III, IV, and V. This results in part
from the very low probability of category VII and VIII accidents and in part from the conser-

vative set of release fractions for type A and B packages.

1.9 -
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" Package

I

F .
Pa - passenger air; T - truck; R - rail; Ca - cargo air,

Type/Mode  Truck
A {.1;:1109
B " a9ix10?
BPu 4 é.31x‘191 -
~ .Cask=1 ‘ i.6f8f107 “
‘Cask~2 1.0 x 108 .
:Dr;m o n2x1®
. P;ckagé i % ¥
Iype/Mode: . Ship . .
At n0x107
‘s ; 1.0 % 107
we e
.Cask=11 | -, 0
'f‘Ca'lak-z T Jo o
"}D:{um 20

. Van(Pa)*
. 6.8 x 105 1.2 x 108

12"

. TABLE 1.8
HAZARD FACTOR SUMS

' Pisa. Alr

2.0°'x 108 5.7 x 10

1.9 %203 6.5 x 101
;03 LI 0.
7.2'x 10° " 8.6 x 10°

o
? Barge " van (T)*
$0 1.9 x 10
10 ., 14x10°
Y 1.4 x 10M!
S0 : . 0
0 0
0 8.1.x 10°

Cargo Air

Rail
4.4 x 20°, 1.3 x 108
5.1 x 10%: 5.0 x 108

9.8 x 1017 0
o 3.2 x10°
o 2u4x10

5.2 x 10° 0
Van (R)* Van (Ca)®*
1.1 x 107 5.1°x 10°
1.7 x 107 3.5 x 107
0 6.1 x 10°

2.1 x 10° 0

1.6 x 10° 0

0 8.8 x 104




TABLE I-9

" OVERALL RISK CONTRIBUTION FROM ACCIDENTS FOR

1975 STANDARD SHIPMENTS --

I-11 o

Package . TAccident ... - . Population _ Percentage of. Total -
Mode Type Severity Zone Accident Risk
"' Truck A, Drum 1v - Urban 14.5
~+ Truck BPu-:: VI .. -Urban - 11.2 .
. Truck . A, Drum 11 _Urban 8.7
“Truck 8, Cask-2 v <77 Urban 6.7
Truck A, .Drum 111 . .-~ ~-Urban.- 6.4 .
Truck 8, Cask-2 v Urban 5.7
Truck BPu VII Urban 4.3
i Truck BPu.-- . - - vl ,.Suburban - - - ... 4.2 .
. Truck . . A, Drum . IV ) Suburban 3.6
Truck - ' B, Cask=2" -°111 --*-7 ¢ -~ Urban - oIt . 2.8
- Sec. Modes BPu:. < > .2 .. VI c- . Urban-c.; o, vr g 21 .
\ Truck ,B, Cask-2 v ] Suburban ’ 1.9
) Truck A, Drum - -° - - V: - "ToUrban”Tc e T TR 1.7y - ¢
Truck - - < A, Drum - . . II1 . Suburban . - 2a..1.6 -
Rail . . Ay Drem | IV Urban 1.5
“‘Rafl - A, Drum CTIIE e -~7 -<Urban- et LS T
<t T Truck <:B, Cask=2-- ¢=*+: IV - « -~ c-Suburban . . - ... .1.4,
. Truck ., B, Cask-2 VI , Urban R
= - Sec. Modes™' T B, Cask=2 -~ - 7T"E ynSeTvT o v yUpban T ¢ i oe. S B Rttty
*eos.oq vt TR ecion LD onermiret.anat Yo L A N S TP T I M 34
e . . . . TOTAL 82.1X )
L R o L AN AL Sl B P S PR PR S O S
v o *aey, A X i . - e R - . P
JOTALS PR ot S0t SO S eha U I A TR SUUR. SR e SR
Percentage of Percentage of
Mode Accident Risk Package Type Accident Risk
Truck 79.3 A, Drum 45.0
Pass. Air 2.7 B, Cask-2 28.0
Cargo Air 0.2 BPu 26.0
Rail 8.8
Ship 1.1
Sec. Modes 7.9
Accident Percentage of Population Percentage of
Severity Accident Risk Zone Accident Risk
1 0 Urban 80.2
2 10.0 Suburban 18.3
3 15.0 Rural 1.5
4 31.0
5 14.0
6 23.0
7 6.0
8 1.0



Although for most shipment scenarios the largest fractions of accidents were expected to
occur in rural and suburban population zones, the urban zone contributes over 80 percent of the
annual accident risk. The large population density of urban areas outweighs the relatively low
fraction of accidents expected “to occur in these . areas

1.5 SENSITIVITY OF THE NORMAL DOSE CALCULATION TO VARIOUS PARAMETERS .

,. -~ #
< U ey i =

The annual normal population dose resulting from any one of, the standard shipments is
proportional to the total TI transported per year apd the total distance. A 10 percent error,
for example, in the average TI per package, the total packages per year; or the average distance
per shipment would result in a 10 percent error in the annual normal dose. )

Table I-10 contains tabulations”of the percent of contributions.to the annualAnormal risk
by certain package types, population subgroups, transport modes, package type-population sub=~
group combinations, and transport mode-population subgroup combinations. The data for the table
were obtained from the normal dose analysis using the 1975 standard shipment data. The dominant
contribution of type A packages’ to the normal dose, as in the accident case, results from the
comparatively large number of such packages in the standard shipments ‘model. Type A packages
make a larger contribution in the normal case because of the large fraction of the total TI that
they represent. The truck mode is also the greatest contributor. to the normal risk again due
in part to the comparatively large number of truck shipments. It is interesting to note that 65
percent of the normal risk results from doses to passengers, crew, attendants, handlers, and
warehouse personnel. These dose calculations are independent of the population densities esti-
mated for each of the three population zones. .-
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TABLE I-10
PRINCIPAL CONTRIBUTORS TO THE NORMAL RISK

1-13

Package Type Population Subgroup Mode
Percerit of Percent of - Percent of
Package Normal Risk Subgroup Normal Risk Mode Normal Risk
A, Drum 88.0 Passengers 24 Truck 45.0
B, B-Pu, 11.0 Crew 32 Pass. Air 29.7
Cask 1.0 Attendants 1 Cargo Afr 0.2
Handlers 18 Rail 1.0
off-Link 4 _ Ship 0.1
On-Link 4 Sec. Modes 25.0
Stops 11
Storage 6
Package Type/Subgroup
Package Type Subgroup Percentage
A, Drum Crew 27
A, Drum Passengers 21
A, Drum Handlers 16
A, Drum Stops 11
A, Drum Storage 6
B, B-Pu Crew 5
A, Drum Off-Link 4
A, Drum On-Link 4
B, B-Pu Passengers 3-
B, B-Pu Handlers 1
Mode1/Subgroup
Mode Subgroup Percentage
Truck Crew 26
Pass. Afr Passengers 24
Sec. Modes Handlers 12
Truck Stops 10
Sec. Mores Crew 5
Truck On-Link 2
Pass. Air Attendants 1
Pass. Air Handlers 4
Truck off-Link 4
Truck Storage 3
Sec. Modes On-Link 2
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