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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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Tl T R ~ .- . Following fts organization under the

<o e ’ - S s vl Tt e Law 93-438), the Nuclear Regulatory
' " 3 - Commission (NRC) has stated its inten-

' © © . .7 " tion of reviewing those of its regulations -

N - .« s . _s-- -. =ndpracedures pertaining to the licens-
. R ing and regulation of nuclear facilities
PR R and materials which were originally

- . 177 ¢ what changes should be made. As part of
I s - ., D L .. " . 277 that effort, the NRC is initiating a rule
N [ . proceeding concerning .the air

L . .« -transportation of radioactive materials,

4 A «~ += "~ including packaging, with a view to the
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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 -
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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.

s T B - A HI

LN P ~a . ~t ey N P e e .~ . . .
32 e O T, 5 ISP EVE -:f: f‘“i.‘» R . ‘e PRUNY P

©arne - ~ . 3o, N N TR PR



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 — .
20 * WTILL %

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

wp v e e e gee e 3
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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

PR S iR YO SR A ¥l osure

R ¢ r e 2

o P
(3 L o

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
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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 -
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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. -
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""" 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 .- .- .

. .
. .o - o .
- L . 4 v JUNT I ST 5o - i f

i7 N M vl - . -

- ~ e e S x ML e Ll e X-
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
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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




-t

W - ) P

. 1feg

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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i L FEY A L ST S T o Y

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
: - K

s$10°

[
a

B *49 CPR 173.391.
> +»10 CPR 71:4.and

49 CPR 173.389.% , : ‘
Noté: ‘The regulations actually prescribe only. the upper limits for Limited,

¥

| . o Type A; and Type B quantities. The symbol $ means "less than or equal
« ) * . .to," and’> means "greater than."” 2 . ) -
' Coml i - T T . !
- Cad s . ’ o
" , S PN " . o
4 -) l'
£ .
b A , i N
. H . 1 N K
- b ' 13 N -
; g -
) . h‘ : \ . .
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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 = .
e, L ' T o R [ e CLal S SRR -4 S T N
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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.

-~

R TR It L s PR RN H

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 -
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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 - . -
s , 1 B

“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

2-14



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 , ]

3-2



i

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
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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)

re
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[ . - - -
~ . . T Sl

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

3 s a4, N L | . ., e .,A-‘.“- LT - Te ot T ;
f \ . Q08 - LI - . g o L gy - n e L
= - - i - - 3
TOTAL 336,000 100 1 744.000 100
- .- *yen A - N . - - - - - -~
. sem i Nel re . T - L A PSS A < MRS RO S
. . e Il s I lti oges 4 3 AP
o “, " r- roe tap o o . . s e L
N N [N RS S Y - - \ LA <t
R v - - -
+ : v LIRS AR PUE S
- - - .
Py FLrTv . s . e - Py
Ls! - .
Sl TS RUETETY R
PSS WSS .S
.
) -y o - IR ® oL oo Lo TRere o
..... - yoms . . . N - - B
~ M f « ) . [N 1 PR RS i S W /e Y
¢ > & - ’ e - - . -
< S - PRI LTIV & 3t sl cdo 0 n S W
oy - - g
1 V) * ’ € f P e A | S > \"zu‘
o -
~ v ' -t i ' T ' 1 M [ Ny vt i ML os 4 T oM er
PR, ; - s v R . ., o .



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

3-12°

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
3 -~ -~ anfiE “re e et S
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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, * ~ -
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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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o
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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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5.2
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S= . Lo..120.

Average TI per rad10act1ve materia] (RAM)’fl\ght =4.8~ 7.

2.68:x 106 (Ref.-4-2)-

8.95 x 104
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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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DL HN) PRSRNE |

i1

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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ard shipments, is 11 person-ren
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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,

| -
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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
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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



24

ey

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
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- e n ¢ - - 1 .y - e e -
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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.

* 415
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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 pOSES RESULTING FROM TRUCK AND VAN TRANSPORT , .
P %7 " OF_RADIOACTIVE MATERIALS - 1975 o
- - # - 7 <+ (EXCLUSIVE OF FREIGHT HANDLERS)* - - : T

2 _ =

. L ‘ Y © Maximum @ -
b Population Annual Population Dose Annual Individual -
Mode Subgroup + . .(person-rem) S Dose (mrem)

Truck Crew 2580 870
On-1ink 172 IR

¢ e .o Off=Tink - 8. | .. .. 0.009

'
N - . A ‘

" 77" wnile stopped - 1000 s, 13 .-

261 - - Y 500%- T
Van Crew 53 . o170
On-link 216 negligible

St‘orage‘ k

T . .
£ 3 -

0ff-1ink 51 0.009 = "¢
. . Waile stopped - s L I negligible

+ oy ¥ ¥ h . A N
: -= ' Storage - : 310 -~ . - ¢-  -500% .
—— »
vems ,"*( - . - . -, -, PO
* TOTAL > - 5070 ¢ ..° - e
_— .
i . . _ N T Ty s ) -
Lo o T
R L - - o, -~ - - P
LS I R T ’ - .
x - i
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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.
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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

4-27



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.
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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. ;
D(T) = 5251 (x, AIPDCTI) (1 -e U%) (4-2)
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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.,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

“ 4-37 ) )
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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 -




"y

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 -




;e

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
b
.
.




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

.e_ . . P T f N - oL, e < Vo

the overall normal-risk-- = —~if - 5277 s

Pl - - - X L

e -t as ae oo am— =t TIL et

N N LT DL gt

-~ TABLE 8220 0 et et e
RESULTS - NORMAL TRANSPORT OF ¢ .. * i -: -« 3% - w .
0A E MA L

CThoae Eowme T orrello L 2WARLF meietairT Y et 19750, eann B o 1985
PR B - AR e et sEE BaTEEAL - TAptr.s ccter b ra 4 oo Care

Total Annual RURRRLEE i UERC LR S L
Population Dose 9,790 - - -25,400
{Person-rem)
Eipécted‘Annual ACF's ©ono T tARNE TRV SR RS SR A A 0 W R A - 19

“ P AR YT U SN SUL PR L L T AL tof SR S Fre Ll AT et ) -
Expected Annual = o ¢ ¥ Tolse 4T ce-te o,
Genetic Effects PRSI W RN TR N
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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
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Accident "Rate™ "™
Mode . (per vehicle-kilometer) Reference

Aircraft 1.44 x 1078 ; 5-2"
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SPEED OF IMPACT ONTO UNYIELDING SURFACE
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FIGURE 5-2. ACCIDENT SEVERITY CATEGORY CLASSIFICATION
SCHEME - AIRCRAFT
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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

5-21.



22-9

[

EXS

o, 4 L.l 0

-

»

' - :+  TABLE 5-8
- : RELEASE FRACTIONS
Cord SR |
. EA o Model I- Lo
Severity . LSA o : K Cask
Category Drums ~-Type A Type B (Exposure)
G i 0 ;0- 0 0
11 1.0 1.0 0 o
111 1.0 1.0 1.0 1.0 |
v 1.0 . 1.0 1.0 1.0
v 1.0 1.0 1.0 - . 1.0
vi - . 1.0 1.0 1.0 1.0
viI 1.0 1.0 . 1.0 & 1.0
‘" VIII ' 100 N 1-0 ! 1.-0 R ) 1.0
o R S ,
i - N - : f i
| b _ ,
i -, ¢ ,
i b . '
I 2 . . :
i .. s oo , ‘)
ie .7 -
A < 3 )
: = :

Cask’™
(Release)




. . e
b ¥ |
: - 5o
; .‘
- + N -
- a .
.y N @
Severity -LSA ' .
Cateqory. Drum Type A
R s, 0
, . L
%
LA § SR < L4017 .01
- e ST
. - ) .
COTIT . W1 .1
'., a f 00 -
M 1V 1.0 4 100
T - Y-
&
! v 1.0 1.0

.
A
,
. ) -
ey - ar TR
oo VI 1.0 P
L - t (l
. . “ 5
- v
‘, VIII ¢+ 1,0
. L. M
. 5
W’ -
N
R
’ -
i . . o
. o
,
- o
-' fr :’ -
£t "
T, -
, -
.
X
' “r T “
- RN 3

-
L]
o

-
.
o

. TABLE 5-8 (continued)” .

v

~ -

RELEASE FRACTIONS

4 .
v

Model 'II

Type B

No Pu.

1975
" Pu

1985

Pu

-
.
] T
<
®

Cask
(exposure)

Cask
(release)

o b

.
.0 0
* Nl
. )
01 : 0
IR N
~ T b
.
" .1 0 .
- '; *

.
)
.
ot -
i

N B
05,
" 4 .
" .
N 51 B
.
'
WE o
3
4 t
. '
e ' \
+
N
re

0

:

3.18x10"7
3.18x107°

3.12x1073

0

0

°
‘e
a N
t
.
- ¥t
- i ,
s
- [

.1




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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] - * 4
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 ; ¢ .
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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)

5-38-,
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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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buildings- °

" ad DFe20(x]

b. DF220([y})

LA SR ™
c] (2) Deconi., . .
~single, fam.., |
resxdences
T DF<20(1)
b. DFz220(m]

”'*(3) Decon.

o

"”'public*land

t~a; DF<20 -
b. DF220

(4) Decon.
commercial

o industrial.frh,

"z,area e
-.‘ ;;a-. F<20
b., DF220
(S)Decon>

il

'4,(
(43

T

,“,parks Do,

i

P8y Decon. e

n Yvacant areas
“”(scrape ‘and
,bury) oot
(7). 1.64x107,
"y, evacuees .

<~ (8) xncome
loss

1.7x10% "
1.06x10

[ L]

G e

11.4&103
2.45x10

v

n.exlog
2.5x10

»
(2
>

¢

4 6x10

4. 9x106

37.2x10% -

-wata14=-

$98.6x10°

.+ 10 days -

B ‘.1.." N v ) I . B S g . ,r )
e mp e DT U U T gL 5-11 (continued) e T ¢
L V-’r?{'a o Lohg-Livéd’Conthminant 'Short-Lived Contaminant
L e ! = Decont. “Estimated Decont. Estimated
‘Population Zone ., Land Use [w] ‘Technique’ Cost (S) Technique Cost ($)
Urban - R ; 20% high. . 1) Decon. ) +{T) cordon''

.. . density tesxd. apartment!‘&‘ ; off resid:> .+ .,
(3861 persons/ " . . . areas with -

T DF220 “[t] -

(2) cordon

- 7.2x10%

'

" "off all parks
"-' and vacant

o

“ 3,2x10%

areas
(3) Decon.
resid. with

DF = 20 3.5x10°

(4) Decon.
commercial
& industrial 6
areas 9.5x10

*““1’(5) 10,900

- evacuees for
60 dayss )
©1.,63x10° for 6
30.8x10
. (6) Decon.
‘public: 6
areas 7.1x10

-

(7)‘income

loss 51.8x10°

Total =
o $106x10%(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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Area Contaminated (square meters)

FIGURE 5-12.
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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).
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: 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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TABLE 5-16 ' S e
+iz7+: - -INDIVIDUAL RISK OF EARLY FATALITY BY VARIOUS CAUSES (Ref. 5-20)

¢
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B R By e - Ty .- TR, 0 <

Accident Type Number per Year Individual Risk per Year

Motor “Vehicle ¢ v:ul' « 5,5 x 10§~ ¢ - 7 1 in 4,000 - " .
Fallg'. 57 ° 7 "2ac i v 1.8 x 10° eyt B oamr e 17401050000 w02 in 42
«Pires's - ¢ ilmt ot Ce oy o 9,.8 x 107 tmveties Lo r sr1vdn 25,000 ¢ o -
Drowning 6.2 x 10 - . +-1.imn-30,000. -~ .. .. i
Air Travel l.8 x 1l in 100,000

Falling Objects ~i:. -~ -+1,3"x 103 Slei® miteer 1 in 160,000, - - 2,
Electrocution™: ':'"7 o4lv 1.1 x 10% -1 .3 c.0f .4n 160,000 7z o

Lightning 160 1 in 2,000,000 . 27:2:"
Tornadoes 91 1 in 2,500,000
Hur:icanesw Tia g boonetey Inel ?93 S noties s 3 .ﬁf‘c‘tl in-2,‘500',000’..?
100 Nuclear Reactors B ' ™ ".3'x 710 3% 523 ! arincl dn”§,000,/000,000 =
Ttansportation of
. Radioactive -Material ;- ,icaver 3 % Bo- cwfoT T 7 cavstn Y L .. .
(from Radioactive . ) , . ‘-4 . s SN ;)
causes) Vino 2ITTISNNLGLS0x 10T. ##-2i-ill f.rifr”] 4n%200;000,000; 000***
TURD gt rma
3. *5tatistical estimate. _ = Soeatrenprta L afeaets wlld qesd s oilet T
**Statistical estimate for g7, PO TERITE T oms e s
‘a*#yging a population at risk of 75:million people. NS O PSPPI 1 450 N
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