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ENYIRONMENTAL ASSESSMENT OF THE PROPDSED NEW AGREEMENY
FOR PEACEFUL NUCLEAR COOPERATION BETWEEN THE UNITED SYATES
AND JAPAR AND AN ASSOCIATED SUBSEQUENT ARRANGEMENT
FOR THE RETURN OF RECOYERED PLUTONIUM FROM
EURATOM TO JAPAN

1.0 BACKGROUND AND NEED FOR ACTION

1.1 Introduction and Description of the Proposed Action

The proposed action 1s a new Agreement for Cooperation with
Japan concerning the peazeful uses of nuclear energy pursuant to
Section 123 of the Atomic Energy Act, as amended (AEA)L/, and
an assocfated “subsequent arrangement® pursuant to Section 131}
of the AEA. Together these actions will provide the framework
for the return from EURATOM to Japan of plutonium recovered
from spent fuel reprocessed for Japan in France or the Urited
Kingdom. The proposed new Agreement for Cooperation would
rep?age the exfsting Agreement for Cooperation with Jupan which

was signed in 1968. 2/ This new agreement has been negotiated

1/ Following a recommendation by the Secretaries of State and
Energy to approve entry into an Agreement for Cooperatfion
concerning the civil uvees of atomic energy, the President must
give his authorization to enter into the Agreement pursuant teo
Section 123b of the AEA, determining in writing that performance
of the proposed agreement will promote, and will not constitute
an unreasonable risk to, the common defense and securfty. The
sgreement must then be submitted to Congress for an aggregate
period of ninety continuous session days of review (Sections
123b and 123d, AfA). Unless a Jjoint resolution of disapproval
(Section 123d AEA) {s enacted, the agreement, as well gs the
subsequent arrangement, may then enter into force,

2/ Agreement for Cooperation between the Government of the
Unfted States and the Government of Japan Concerning Civi) Uses

of Atomic Energy, signed on February 26, 1968, 19 UST §214: 23
UST 275; 24 UST 2323. , .



in accordance with the wmandate of Sec;ion 404(2) of the Nuclear
Non-Proli{feratfon Act of 1978 (NNPA), The proposed "subsequent
arrengement” within the meaning of Section 131 of the AEA, would
be concluded under an extsting agreement for peaceful nuclear
cooperation with the European Atomic Energy Community (EURATOM)3/
to impiement a provision of the proposed agreement with Japan in
which the U.S. undertook to g{ve {ts approval, subject to

specified conditions, to the transfer of separated plutonium from
EURATOM to Japan.

As 8 general rule, neither environmental assessments (EAs) nor
environmental fmpact statements (EIS3) are required prior to
conclusfon of agreements for cocoperation or entry into of
subsequent arrangements, _Agreements for cooperat{on usually
only establish a Tegal framework for peaceful nuclear
cooperation without committing efther party to engage in any
precise form of cooperation and §t has never been Judged
necessary to prepare an "environmenta) assessment™ (EA) in
processing such an agreement. Moreover, past environmenta)
statements have been deemed to adegquately address the kinds of
activities that can occur pursuant to an sgreement for
cooperstion. A Generi{c Environmental Impact Statement has been

prepared concerning the U.S. Program of cfvil Nuclear

3/ Additiona) Agreement for Cocperation Between the United
States of America and the European Atoemic Energy Community
(EURATOM) Concerning Peacefu) Uses of Atomic Energy, (as
amended) signed June 11, 1960. 1) UST 2589; 13 UST 1439; 14 UST
1459; 24 VST 472. .



International Cooperitton entitled "Unfted States Nuctlear Power
Export Activities « Final Environmental Statement ERDA-1S42.* Tpe
{wpacts on the global commons resulting from normal nuclear power
plant operations and varfous waste digposal options have been
considered 1n past specific or generic environmental impact
:ttiements.i/ Further, a program analysis of the environments)
tmpacts on the United States and the glodal commons of RED export
activities was completed {n August 1979 and ft concluded that the
environmental {mpacts of on-going and prospective RAD export
activities on the global commons or on the United States are not
such that further environmental review pursuant to the Nationa)
Environmental Policy Act {s required.f/ Also, agreements for
cooperation are excluded from Executive Order 12114 under Section
2-5 since such agreements themselves do not “"provide® the
fac{lities referred to in the exemptton. This exclusion is
reflected by the exemption of Actf;nsntlken pursuant to Section
123 of the Atomic Energy Act or AQ4(2a) of the Nuclear
Non-#ro11fer-=i=ﬁ Act from the Unified Procedures that implement
that Executive Order. )

4/ Final Euvironmental Statement relating to the Manufacture of
Floating Nuclear Power Plants by Offshore Power Systems
NUREGOS02, (December 1978), the Lfquid Pathway Gener{c Study
NUREG-0840 {February 1978), and the Final Generic Environment2)
Statement on the Use of Recycle Plutonium in Mixed Oxide Fuel in
Light Water Reactors, NUREG-0002 (August 1676).

§/ Department of Energy, generic EIS entitled '“Storage of
Foreign Spent Power Reactor fuel™ (1879),
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Similarly, "subsequent arrangements® under the ALAS/ normally
do not impact V.S, terrttory, but rather fnvolve activities
abroad for which an agreement for cooperation gives the V.S, a
consent right. 1In general, the kinds of activities that are
covered by subsequent arrangements efther have been covered in
past specific or generic environmenta) impact statements or
they have involved the kinds of activities where {1t has been
generally concluded that they would not significently affect

the quéelity of the human environment,

However, the proposed new agreement for peaceful nuclear
cooperation with Japan and an associated subsequent arrangenmest
with EURATOM differ from past practice in one respect which has
become a matter of public interest. Article )] of the Agreement
for Cooperation requires the parties to wmake separate
arrangements, consistent with non-proliferation and national
security interests, to facifl{tate certain aspects of the
Japanese nuclear program. The separate arrangements are set

forth in an Implementing Agreement and constitue an Integral part

6/ Under the terms of the Atomic Energy Act *subsequent .
arrangements” are defined to include varfous transactions that
occur under agreements for cooperation {ncluding retransfers of
specia) nuclear material from the territory or control of a
gooperating party that only can occur under an Agreement for
Cooperation with prior U.S. approvel. 1In this case, the
subsequent arrangement would involve the granting of s U.S.
approval, pursuant to Article X1 of the U.S.<EURATOM Agreement
for Cooperation signed on November 8, 1558, &s amended to
transfer and return to Japan separated plutonium to be employed
in the Japanese civi) nuclear program,
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of the Agreement for Cooperation under the Atomic Energy Act. In
Article 1(1)(a){iif) of the Implementing Agreement, the parties
agree to the transfer of spent reactor fuel from Japan to
facilities in France and the United Kingdom for reprocessing (i.e.
the removal of the plutonfum and residual uranium). In Article
1{3){a){§1) of the Implementing Agreement, the U.S. is required to
give tts consent to EURATOM under the U.S.-EURATOM Agreement for
Cooperaticn for the return of the recovered materia) to Japan.
However, one of the conditions for this approval, as set forth in
both Annex 5 of the Implementing Agreement and the proposed
subsequent arrangement, is that the recovered plutonfum must be
shipped by air pursuant to various measures designed to assure ts
security and safety. This would include shipments via a “polar
route or another royte selected to avoid areas of natural disaster

or civil disorder.™ Since a polar route from Europe to Japan
.cou1d transit parts of the U.S., including a potential stopover in
Alaska for refueling, a question has been raised as to whether the
arrangements for these transfers might {nvolve a greater
1{kelihood ¢f environmental effects on U.S. territory than
traditional Agreements for Cooperation o; "subsequent

arrangements“ entered into pursuant to such Agreements.

'n view of this concern and the regquirement under'the Council on
Envfrdnmenta? Quality (CEQ) regulations implementing the

National Environmental Policy Act (NEPA) to “integrate the NEPA
process with other planning at the earliest possible time" (40 CFR
1501.2), this Environmental Assessment has been prepared

to assess the potential environmental impacts of afir

shipments of plutonium over U.S. territory, with or
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without a refueling stop in U.S. territory under the proposed new
agreement with Japan and associated subsequent arrangement with
EURATOM. Where applicable, 1t 2also ¢:rsiders, indirectly, the
the 1ikely environmental effects of such shipments on the global
commons, This assessment includes a discussion, prepared by the
‘Department of State, of the political and policy setting in which
the new y.S.-Japanese Agreement for Coogefation hes been
negotiated, the-quant1t!es of plutonium that could be shipped, the
11kely number of shipments that would be involved in a given
period, the nature of the conditions that will have to be met
before any such air shipments will be approved by the United
States and the alternatives to authorizing air shipments of the
subject plutonium from EURATOM back to Japan including their

environmental implications.

1.2 Invelvement of Other Agencies

This environmenta) assessment was preparec by the Department of
Energy based in part upon information provided by fnterested
’ offices in the Departments of State and fransportation, and in

the Huclear Ragulatory Commission.



. 1.3 Need for the Proposed Action

1.3.1 Need for the Agreemant for Cooperation

Under the U.S. Atomic Energy Act, an agreement for cooperation
in peacefu) uses of nuclear energy which sets forth specified
terms and conditions for such cooperation s required for
significant types of U.S. nuclear trade and cooperation with
other nations. This includes the export of nuclear reactors,
mejor reactor components, and special nuclear materials, such as
enriched uranium. The existing Agreement for Cooperation
between the U,.S. and Japan was entered {nto fn 1968. However,
the U.S. Muclear NoneProliferation Act (NNPA), which became law
in 1978, has established new, more stringent non-proli{feration
conditions for inclusion in new agreéﬁents for cooperation,
Sectiin 404(a) 3150 requires the President to inftiate 2 program
16 seck to update all existing Agreements for Cooperation to
inciude the stricter NNPA standards. Iq‘the Judgments of the
Departments of State and Energy, the proposed new Agreement for
Cooperation with Japan satfisfies 211 U.S, statutory requirements
for new agreements, fncluding al) requirements of the NNPA, It
thus responds §n a positive fashion to the NNPA's mandate 2aimed
st the renegotfation of existing agreements to fnclude updated
U.S. non-prolfferation conditions.

The NNPA also states that it {s U.S. policy to take such actions
as are required to .anfirm the relfability of the U.S. as a
nuclear supplier to nations that adhere to effective non-
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proliferation policies. President Reagan has Y{kewise declyred
fh{s fntentfon to seek to restore the reputation of the U.S. as
credible nuclear trading partner with countries whose non-
proliferation credentials are unquestioned and Japan {s one such
tountry., The proposed rew U,S.-Japan agreement has been
negotiated with this poal {n wind, and tts implementaticn is
necessary 1f the Unfted States (s to reestablish ftself as a

dependabdle nuclear suppliier to Japan.

Among the provisifons of the e}isting United States-Japan
Agreement {s the U.S. consent right over reprocessing of U.S.
origin nuclear fuel {n Japin. In the past, the U.S. has
provided such consent oniy for short periods of time and for
timited quantities of material. This has created consideradle
uncertatinty for Japan, where reprocessing and use of the derived
plutonfum for peaceful energy production play an fmportant role
fn current and future energy plans. The proposed new Agreement
for Cooperation, and 1ts associated Impienenting Agreement
provides advance, 1ong-tefm U.S. consent tou Japan for the
reprocessing, alteration, and storage of nuclear material
subject to the Agreement where the reprocessing and sﬁbsequent
use of the recovered plutonium occur fn facilities ;nd within a
program that mee¢t and continue to meet the criter{a set out in
the U.S. law, facluding criterfa relating to adequate
fnternationa) ;lfegu1rds ard physical protection. Since Japan
also avails itself of the use of reprocessing services within
the European Comnunity (in France and the United Kingdom), the
proposed Implementing Agreement with Japan als; provides for the
granting of certain long-term 2pprovals under the U.S.~EURATOM
1- 8
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Agreement pertaining <o the use of such reprocessing serviges,
Under the arrangements proposed, Japin would recefve longe-term
V.S, approvals to ship spent fuel to EURATOM for reprocessing and
{f some {mportant criteris are met, EURATOM would receive
long-term approvals t; return the separated plutonium to Japan
where 1% would agatn become subject to the terms of the

U.S.-Japlnesé Agreement for Cooperation,

The proposed new Agreement for Cooperation thus affirms the U.S.
intention to be a predictable nuclear trading partner. It also
sdtisfies the Intention of President Reagan as expressed in the
Joint commynique of May 8, 198! with then Prime Minister Suzukf
of Japan, to work out & pernadent sotutfon to the fssue of

reprocessing in Japan,

The following points highlight the -benefits of the new Agreement
for Cdcperatioﬁ to the Unfted States,

. 1t contatns 211 consent rights and gusramtees required by
U.S. Yaw, thus substantially ubgrading U.S. controls over

ftems sublect to the agreement;

« 1t will strengthen the international non-proliferation
regime, 2 fundamental U.S, natione) security and foreign
policy objective, by obtaining agreement by a major U.S.
nuclear trading partner to new rigorous non-proliferation
conditions and controls 1n agreements for peacefyl nuclesr

cooper. ’ )



1t proviaas the basis }or the U.S. to work closely with
Japan {n ensuring application of state-of~thereprt

safeguards concepts and physical protection measures,

1t estadblishes a detafled tracking system for U.S. origin
nuclear materfal {partfcularly plutonfum] while {n

transit.

By affirming the U.S. intention to be & relfable nuclear
trading partner, the new agreement helps to ensure the
continuation and growth of U.S. nuclear exports to Japan,
The exports fnclude enrichment services with an average
annual value of approximately $250 million and component
exports whose value {s 21so substantial, The {nternational
market in enrichment services has become {ntensely
competitive, and the U.S. share of that market has been
deciining. Japan {s the dbest foreign customer of the Unitad
States for enrichment services, but 15 11ikely to remain so
only {f the U.S., can be relfed upon to cooperate on a firm

and predictable basis, The proposed new agreement provides
such a basis,

The new Agreement for Cooperation should help to ensure &
continuation of strong support from Japan on'non-pro11}era-
tion fssues generally, including support for the Nuclear
Nen-Proliferation Treaty, (MPT) and controls on
nuclear-related exports to countries of proli{feration

concern.
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« 7The new agreement wil) de;onst}ite to other major U.S.
nuclear trading partners the willingness and determinition
of the United States to be a predictable partner, thereby
enhancing the prospect that such countries will wish to

continue to deal with the U.S. and accept nonproliferation
conditions.

The specific arrangements incorporated in the Agreement for
Cooperation related to the ¢transfer of spent fuel from Japan to
EURATOM and return of recovered nuclear materia) to Japan are
responsive to the present relfance of the Japanese nuc1éar
program on foreign as well as domestic reprocessing. A separate
document entitied “Analysis of Consents and Approvals Agreed
Upon in Conjunction with the Proposed new Agreement for
Cooperation Between the Government of the United States and the
Government of Japan Concerning Peaceful Uses of Nuclear Energy”
provides an overview of Japan's energy resources, nuclear
program, and the rationale for the U.S. 1ong-tefm consents {n
the Implementing Agreement. That anaIys;s describes Japan's
extracrdinary reliance upon tmported energy sodrces {over 80
percent of total consumption) as well as Japan's natfonal
commitment to reduce the vulnerabi{lity of 1ts energy supply by
expanding the role of nuclear power, ircluding the development of
the breeder reactors as well as the recycliing of nuclear fuel to
waximize the energy value of such materfal., Japan has been
shipping spent fuel abroad for reprocessing asince the late 1960's.
This has fncluded U.S. orfgin mater{al as well ac auclear material
from CURATOM which has been used to fuel a British built, *Calder
Hal1“ type reactor station {n Japan., Until Japan's commercial
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size reprocessing plant* TS TomsXrudted, this pattern wil)
continue., The U.S. has approved, on a case-by-case basis,
nusarous transfers of U.S. orfgin spent fuel from Japan to EURATOM
for reprocessing as well as the return in 1984 of some separated
plutonfum from EURATOM to Japan for use in the Japanzse breeder

development program (in the so-called *JOYD" fast breeder reactor
experiment).

1.3.2. The need for the 'subseqdent arrangement” with EURATOM

and the associated arrangements to assure the safe,

secure and timely return of separated plutonium to

Japan

The particular provisions of the proposed arrangements that are
the focus of this Environmenta) Assessment are designed to
"facilitate the timely return to Japan from EURATOM of the
plutonium that will be reprocessed and separated in French and
Britist reprocessing plants located in the European Community.
At the present time such returns have to be considered and
approved on & case-by-case biasis but there have been no mutually
agreed long-term understendings as to the wode of transfer. or
the safety and phystcal security protective measures that wil)
apply to such transfers. Under the proposed new procedures the
U.S. would grint EURATOM & long-term euthorization to permit. such

¢ransfers td occur so long &8s they go by afrcraft 1n accordance

*To follow its current pilct reprocessing p1an} at Tokad Mura.



with rigorous protective measures. Of specia) concern to the
U.S. in negotiating these provisions was the need to develop
agvreeable physical security protection measures and other
precautions to ensure that the plutonium involved would be
transferred to Japan 1} an environmen*»7ly safe, secure, and
reliable manner. The new understandings that have been developed
with Japan and EURATOM therefore provide for stringent criteria
relating to the safe packaging of the plutonfum as well as
precautions against theft, sefzure, or hijacking of the
material, in¢cluding the application of criteria to assure
appropriate routing, provisions for effective communication, and
continuous monitoring of shipments as well as provision for the
apnlication of effective emergency response measures {f

circunstances so required,

Three features of these arrangements bear special emphasis in this

regard for purposes of this Environmental Assessment:

« Al return shipments of separated plutonfum from EURATOM
to Japan must be in de&icated cargo aircraft., This was a
requirement established by the United States and agreed to
by Japan, Air shipment significantly reduces the time
during which the plutonfum fs in transit over long
aistances and helps minimize access to the material by

tndividuals not associated with the shipment.

The air route taken must be a polar rpoute or other route
designed to avoid areas of natural disaster or civil

1. 13



disturbance. The arrangements (and this point must be
emphasized) do not designate a particular route, nor do
they obligate any country to permit the shipments to
transit {ts territory. Rather, they specify criteria to
ensure that the route chosen will minimize access to the
materia) and provide the best basis for associated
physical protection measures, for example by facilitating
control over the sftuation in which the afrcraft might be

on the ground.

The plutonium 1tself must be encased in a manner to ensure
it will not be accessidble to the environment, human or
natural, even in the event of a3 crash. Annex 5 to the
Implementing Agreement which is part of the new Agreement
for Cooperation provides & fundamental condition of the

shipments that:

“Shipment casks will be designed and certified
to maintain their {integrity even {n a crash of
the atrcraft, and these casks will be stowed
in locked or sealed containers which impede
access to the nuclear material by ynauthorized
persons. lIndividual transport containers will
be equipped with transponders or transmitters
to f;ci\itate location in the event of a
crash.”

Shipments wil} be'nade in casks that are ei{ther certified by the
U.S. NRC in accordance with the criteria in NUREG-C360* (a
condition that will apply when U.S. territory 1s involved) or

*"Qualification Criteria to Certify a Package for Air Transport of
plutonium,* NUREG-0360, January 1678.

1- 14



that are certified by Japan on a basis consistent with the U.S.

criteri2. The Japanese side letter to the Agreement states:

"It was confirmed during the negotiations that any
shipments transiting or overflying United States
territorial jurisdiction must utilize shipment cssks
certified by the United States Huclear Regulatory
Commission as meeting the safety and environmental
standards codified in United States law and
regulations. Moreover, it was confirmed that, in &l
cases, the safety of the shipment casks {s also to be
certified by the appropriate authorities of the
Government of Japan. I can confirm that although
Japan regulations have not yet been finalized, it is
expected they will provide a level of safety and
environmental protection comparable to that provided
for in the current regulations of the United States
Nuclea Regulatory Commission, while fulfilling the
requirements of sub-paragraph (d) of paragraph 2 Annex
5 and the applicable provisions of the International
Standards and Recommended Practices for the Safe
Transport of Dangerous Goods by A{r found in Annex 18
to the Convention on International Civil Aviation.“

The foregoing three conditions relating to plutonium shipments are
ref1e£ted not only in the new U,.S.-Japan Agreement for Cooperation
but they also will govern the subsesquent arrangement approving
such retransfers that the U.S. would propose ts grant to EURATOM
pursuant to the terms of the U.S.~EURATOM Agreement for

Cooperation,

Although the U.S. will be exercising its consent for the shipment

of the plutonium {n the manner just described, this consent will

only pertain to U.S. 1legal controls in the applicable agreements

for cooperation. Neither the proposed agreement for cooperation

with Japan, the existing agreement with EURATOM fior the proposed
i- 15



subsequent arrangement under that agreement will detract from any
other provisions of the U.S. Yow pertatining to the shipment of
nuclear material through U.S, territory., Accordingly, for a
shipment to depart EURATOM {1t must comply with the provisifans of
the Internatfonal agreements, but for tt to enter U.S. territory
1t must a1so comply with applicable U.S. Tlaws and regulations,
including those for the protection of the environment and human
health and safety. In this regard, fn & recent communication to
Governor Cowper of Alaska on May 15, 1687, who {s concerned about
the environmental fmplicatfons of such possible shipments, the
Chatrman of the U.S. Nuclear Regulatory Regulatory Commission,

Lando Zech, addressed this very fssue, and the Chafirman made the
follewing statement:

*Any plutonfum afr shipments under the proposed agreement which
Tand {n, or pass over the United States terrftory will have to
meet the Commisston's standards for plutonium transportation,
tncluding standards for plutonfum cask design. These standards
and requirements are based, {n part, on Public Law 94-79 and
are implemented in NRC re*ulltion 10 CFR 71.88 on air
transport of plutenium, hese safety standards are stringent
and are intended to provide a high degree of assurance that
plutonium packages can withstand virtually a1l afrcrafs
accidents. 1 am enclosing for your information a copy of
NUREG-0360, Qualification Criteria to Certify a Package for
Afr Transport of Pjutonium and 310 CFR Part 71, Packaging and
Transportation of Radicactive Material.*

The U.S. long-term consent provided for these shipments also s
not {rrevocable., Pursuant to Article 3 of the proposed
Implementing Agreement with Japan, the U.S. reserves the right to
suspend 1ts consent for these shipments, 1n whole or {»

part, {1f they pose & substantial risk to the U.S. nationa)
1- 16



security or non-proliferation 1n£erests. This right of
suspension 15 not to be exercised 1ightly. However, each party
may suspend the arrangements {f their fundamenta) {nterests are
Jeopardtzed., (A se(}ous and not readily corrected threat to the
phystcal security of-91uton1um shipments might be -one valid

ground for suspending the U.S. approval to transfer separated
plutonfum from EURATOM to Japan.)

With these elements, the negotiators of the proposed
arrangements determined that a workable framework had been
ectablished for the return of recovered plutonium from EURATOM
to Japan on long term basis. Without this agreed framework,
the U.S. and Japan would be requircd, 1n consultation with

EURATOM, to establish arrangements for each plutonium shipment
individually.

Under the terms of the proposed subsequent arrangement with
EURATOM, 1t ts anticipated that the first 8ir shipment wild
occur around 1990 assuming the requisite approvals or cask
certifications are granted {n time. It also is anticipated
that there will be a gradual fncrease {n the frequency of afr
shipments from two per year to & possible three per month,

and that the quantity of plutonfum, which {s expected to

be 4n the form of plutonium oxide, will dnit{ally be
approximately 50 kilograms per flight, The maximum amount of
plutonium to be shipped would be 150 kg. This quantity per
flight will probably increase as larger casks are developed that
meet the regulatory requirements and subsequeni1y fncrease the

psylead of the sfrcraft, Over the course of the new
1- 17



Agreement for Cooperation which will last for a thirly year
period, the maxiaum quantity of plutonfum thet will be

transferred will be approximately 25 metric tonnes.

1t must be refterated again, that under the foregoing criteria
that have been agreed to by the U.S§. and.Japan. no sir ‘
shipments are to cccur unless they will eccur 4n casks designed
and certified to maintadn thelir fntegrity {n the event of a
crash of the afrcraft, More will be said about the environmenta)

fmplications of air shipment Yater {n this assessment,

1t 1s conceivable that under the modaifties that have been
agreed to, the Government of Japan, {n appropriate
consultation, with the Government of the United States, may
elect an afr route that neither overfiies the United States nor
lands on V.S, territory. In this case, both parties still have
a common {nterest in assuring that the shipment will have no
adverse effect on the global commons. Japan also has 8 strong
self {nterest 1n assuring that the nost rigorous safety and
environmental standards are applied to air shipments of .
plutonium flown tnto fts own territory. According]y; tﬂe
Japanese side-letter on Physical Protection states that the
Japanese regulations will provide a level of safety and
environmenta) protection comparable to that provided for in the
current regulations of the U.S. NRC,

1- 18



2.0 U.S. REGULATORY FRAMENORK

Before addressing the environmenta) effects of the use of afr
transport for such plutontum shipments (as well as the alternate
modes of transport that may be availabdle), the U.S. lega) and
regulatory framework that will apply to any air shipments of the
ieparlted plutonfum that will overfly U.S. territory or that may
Yand within the United States for refueling purposes will be
summarized. These {nclude the applicable regulations of the
Department of Transportation, mainly with the Federal Aviation
Administration, and the criteria and tests that are employed bdy
the USNRC fn reviewing and certifying casks for afr shipment of
plutonium. Mention also wil) be made of the relevant
Transportation GuideIiges that have been adopted by the
International Atomic Energy lgency and how they compare to the

U.5. standards and criteria.

2.1 Role of the Federal Aviation Administration

-

Entry of aircraft engaged {n commerce 1dto the United States is
regulated by the Federal Aviation Administration, Under Part

129 of the Federal Aviation Regulations (14 CFR Part 129}, the
FAA fssues operations specifications for any foreign afr carrier
which ha:z economic authority from the Department of Transporta-
tion to serve the U.S. prior to the commencement of such services,

The operations specifications, among other matters, 1ist the



afrports to be used and routes t$ be flown, However, an airport
used solely for technical stops fer refueling, minor maintenance
or due to an emergency is not required to dbe 1isted in the
operations specifications, WNeither 15 a carrfer which does not
have operations specifications required te obtatin them {f enroute
stops are only for non-commercial, technical purposes. By
*non-commercial® one means, for example, ;.stop for refueling or
maintenance purposes that does not involve acceptance or removal
of cargo or passengers. The nature of the cargo carried on an
afrcraft making technical stops {s not relevant to whether
operations specifications are required. The FAA has concluded
that authorization of stops for these purposes does not require
separate environmental review bacause such stops do not create any
significant impact; on the environment. While the FAA {s
responsible for establishing Federa’ afirways and jet routes
throughout the U.S., o new Federal airways or jet routes would be
required for the transit of U.S. airspace, as covered by the
proposed new Agreement for Cooperation with Japan, and therefore
there would be no'requfrement for the FAA to prepare environmental
assessments. Even 4f there were 2 requirement to establish & new
airway or jet route, such actfons are categorically e;cluded from
the requirement to prepare.environnent|1 a;sessaenti on the basis
that they are operational rules which normally have been found to

have no significant fmpact on the gquality of human health or
welfare,

Annex 5 to the proposed Implementing Agreement calls for

submission of a transportation plean, which will permit
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appropriate U.S. authorities to review, for each case,
operational {ssues, afrcraft crew suftability and tratning,

travel and rest schedules.

2.2 Role of the Department of Transportation In

Regulating Shipments of Radioactive Materials

The regulations of the Department of Transportation (49 CFR
Parts 171, 172, 173 and 175) establish regulatory requirements
for radfoactive materfats packages to be transported by aircryft.
These regulations also establish the limits bf exposure,
criticality control, design requirements, storage restrictions,
and inspections applicable to 811 types of radicactive material
being transported. Thus, a plutonium shipment which complied
with 211 applicable safety regulations would expose the crew

. and escorts to no greater risk than-would be posed by uny other
shipment of radioactive materials,

The Department of Transportation also acts as ‘qompetéht
suthority" for the United States under the Chicago Conventioq
on International Civil Aviation. The radioactive material s
to be packaged, marked, labelled, tlassif{ed, described and
otherwise be in a condition for shipment as required by the
*Technical Instructions for the Safe Transport of Dangerous
Goods by Afr" {1ssued by 1CAD, and the app]!cab1e sections of 49
CFR Parts 172 and 173. The "Technical Instructions® tssued by
the international Civ1l Aviation Organization,(1CAD) have been
accepted by the United States (49 CFR 171.11). ‘'These
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instructions set 1ntern§t10na\ standards for package
certification pursuant to the Chicego Convention. They 2re to be
followed for use in air transportation and any related ground
transportation in the United States, The Instructions are
designed to provide conststency and Yimit adverse effects to the

afrcrew, ground workers, end the general public for dnternational

shipments of hazardous materfals.,

*Competent Authority"® under the cﬁicago Convention weans a
nstional agency responsible under {1ts nationa) Yaw for the
control or regulation of the traniportation ¢f hazardous
materials. The Materfals Transportation Bureau (MTB) of the

U.S. Department of Transportation {s the Unfted States

Competent Authority. [49 CFR 107.3 and 173.471(e)) TYhe Competent
Authority is responsible for adminfstering the requirements of
Sectfon 8 of the 1AEA "Regulatfons for the Safe Transport of
Radiocactive Materials, Safety Serfes No. 6" as amended. To

this end, the U.S. Competent Authority dssues Certificates for
packagings of Type B, B(U), B(M) or fissile material packages

as required by the IAEA Safety Series 6 for export of
radiocactive paterials and revalidates foreign packagings for
i{mport to the U.S., Shippers must register -with the V.S,
Competent Authority as a user of the appropriate U.S. Competent
Authority Certificate and the shipment must be made in ‘
accordance with the certificate. Certificates issued by @

foreign competent authority must be revalidated by the U.S.
Competent Authority prior to the first shipment of such a package
into or from the U.S. y



The DOT regulations specify that each Type B{U) or B(M) must be
desfgned and constructed to wmeet the applicable requirements 4n
10 CFR Part 71. For domestic transport, authorfized Type B
packagings for fissile radicactive matertfals must therefore meet
the regulations of the U.S. NRC., Those packagings meeting the
regulatfons of the 1AEA Safety Series 6 and for which the
foreign competent authority certiffcate has been revalidated by
the U.S. Competent Authority are authorized only for export and
import shipments [49 cri 173,417, 173.471, 173.472, and 173.473].
Foreign-made packagings may apply for an NRC Certificate of
Compiiance; in which case, the process for certification would
follow 211 applicable NRC regulations as contained in 10 CFR
Part 71. The RRC has, for example, certified ihe European-made
Transnucleatre cask for use by a U.S, domestic utflity for

transshipment of spent nuclear fuel in the U.S.

General transportation requirements thatZgovern the ladbeling,
determination of the "Transport Index,® and the allowa:ble

number of packages are discussed below,

The Transport Index (TI) 1s a dimensfonless number placed on
the label of a package to designate the degree of control to be
exercised by the carrier during transportation., 1t {s

determined as follows:

1. The "TI” 1s equivalent to the number expressing the

ma~imum radiation level {n miYlirem per hour at one meter

r X



from the external surface of the package (rounded up to the

first decimal place).

2. For Fissile Class 1! or Fissile Class 111, the Tl is the
number expressing the maximum vadiation level at one meter
from the external surface of the package, or the number
obtained by dividing 50 by the allowable number of packages
which may be transported together, whichever is larger.

[49 CFR 173.403)]

The labeling reduirements to be applied to radiocactive
materials packages are found 2t 49 CFR 172.403. The Categories
of Labels are White-I, Yellow-1! and Yellow-III and are 2
function of the “TI," the radiation level at packige surface
and the fissile class. The following Table is taken from the

applicable section in the DOT regulations.

Additional requirements of the DOT for carriage by aircraft are
found in 49 CFR Part 175. Since this Environmental Assessment fis
addressing the "Subsequent Arrangement® .that siipu1ates the
plutonium will be shipped only by dedicated cargo aircraft, the
requirements of the DOT governing cargo aircraft are relevant
here [49 CFR 1758.702 (b) (2) (fv)]). This section states:

The total transport index for all packages containing

fissile radicactive materials does not exceed 50.0



This Timitation will restrict the number of packages andg,

therefore, the quantity of piutonium that hay be air

transported.
Radiation level 1imitations for air transport are as follows:

1. the radiation level may not exceed 200 millirem per hour

at any point on the external surface of the package,

2. the transport index of the package may not exceed 10,

and

3. the radiation level may not exceed 2 miilirem per hour

in any normally occupied position of the transport vehicle.

2.3 The role of the U.S. Nuclear Regulatory Commission

In 1975, Congress mandated that protection against the
potential hazards of an air accident involving plutonium
warranted restriction of such shipments until a container for
transporting plutonium had been developed and tested that would
withstand a severe aircraft accident. 1In the “"Scheuer
Amendment" to the Energy Reorganization Act of 1874, P.L.

94-97, 89 Stat. 413 (Aug. 9, 1975), 42 USC 5841 noted, Congress
provided:

"The Nuclear Regulatory Commission shall not Yicense
any shipments by afr transport of plutonium in any
form, whether exports, imports or domestic
shipments: Provided, however, that any plutonium in
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any form contatined in a medical device designed for
frdividual 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 & safe container has been
developed and tested which wiil not rupture under
crash &nd blast-testing equivalent to the crash and
explosion of a high-flying afrcraft."

This provision is currently enforced through NRC regulations

at 10 CFR 71.88, which provide that:
"Notwithstanding the provisions of any general
licenses...the 1icensee shall assure that plutonium
in eny form, whether for import, export, or domestic
shipment, is not transported by air or delivered to
3 carrier for 2iv transport unless...(4) The
plutonium is shipped in & package specifically
juthorized for the shipment of plutonium by air in
the Certificate of Compiiance for that package
issued by the Commiszion."
On June 2, 1975, the NRC initiated a processy for establishing
the criteria for fssuing certificate for plutonium air shipment
packaging. In 1978 these criteria were published as
"Qualification Criteria to Cartify & Package for Air Transport

of Plutonfum™ NUREG-0360 (Janmuary 1978).

The NRC criteria for certification of plutonium transport
packages assure “"near certafn® package survivel in aircraft
accidents occurring during take-off, landing or ground
aperations and a "high degree” of protection against accidents
of extreme severity such as mid-air collisions and high speed
crashes. Certification requirements include a series of
sequential tasts such that the total damsge produced is an
accumulation of the effects produced by each test. The

physisal tests are intended to simulate the accident

»
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environments that could be produced in severe aircraft
accidents., The qualification criteria and acceptance standards
represent a2 minimum level of required package performance and

are evaluated after the accident-simulat{on tests.

-

Sequential Tests

Six tests are to be performed sequentia!!} in the order
indicated to determine their cumulative effect. These tests

are briefly described below:

1. SURFACE/CRASH TEST: Impact at c velocity of not less
than 422 ft/sec at a right angle onto a flat, essentially

unyielding surface, in the orientation expected to result in

maximum damage at the conclusion of the test sequence.

2. CRUSH TEST: A static compressive load of 70,000 pounds
applied in the orientation expected to result in maximum

damage at the conclusion of the test sequence...

3. PUNCTURE TEST: ....For packages weighing 500 pounds or
wore, the base of a solid probe of mild steei to be placed
on a flat, essentially unyielding surface and the package
dropped from a height of 10 feet onto the probe, striking in
the position expected to result in maximum damage at the

conclusion of the test sequence.



&, RIPPING/TEARING TEST: The package to be firmly
restrained and supported such that fts longitudinal axis is
{nclined approximately 45% to the horizontal. The

package to be struck at approximately the center of {ts
vertical projection by the end of a structural steel angle
section falling from a hefght of at lTeast 150 feet. The
package to be rotated approximately 90° about its
longfitudinal axis and struck by 2 steel angle section

falling as before.

5. THERMAL TEST: The package to be exposed to luminous
flames from a pool fire of JP-4 or JP-S aviation fuel for a
period of at least 60 minutes. ... At the conclusior of the
thermal test, the package shall be allowed tc ¢ool naturally
. or shall be cooled by water sprinkling, whichever is
expected to result in maximum damsage &t the conclusion of
the test sequence,
6. IMMERSION TE%T: Immersion under l£ least three feet of
water for at least eight hours. . '

Individual Tests:

In addition to the sequential tests described above, the.
following are required:

I. FREE-FALL IMPACT: Impact at a velocity not less than the

calculated terminal free-fall velocity at mean sea level at
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3 right angle onto a flat essentially unyielding surface, in
the orientation expected to result in maximum damage.

{NOTE: the test is not required 4f the calculated terminal
velocity of the package is less than the 422 ft/sec used in
the SURFACE/CRASH test described in No. 1. above, or if {ts

terminal velocity, excerding 422 ft/sec, is used in the
SURFACE/CRASH test.)

11. DEEP SUBMERSION: The package to be submerged and

subjected to an external water pressure of at least 600 pst

for not less than eight hours.

Acceptance Standards

Three standards are required to be met following the Sequential

Tests and Individual Test I; they are:

1. CONTAINMENT: The containment vessei must not be ruptured
in its post-tested condition and the package must provide a
sufficient degree of containment to restrict accumulated
Yoss of plutonium contents to not more than an Az

quantity in a pericd of one week.¥

*A2 quantity of plutonium is defined in Table YII of the IAEA
*Regulations for the Safe Transport of Radioactive Materials

(IAEA Safety Series €) or in 10 CFR Part 71, Appendix A, Table
A-ll

2- 11



2. SHIELDING: Demonstration that the external radiation leve)
would not exceed one rem per hour at a2 distance of three feet

from the surface of the package tn 1ts post-tested condition
in air,

3. SUB-CRITICALITY: A single packuge and an array of
packages shall be demonstrated to be sub-critical i¢n

accurdance with 310 CFR Part 71, following damage sustatined {n
the tests proscribed by NUREG-0380.

The acceptance standard for the Individual Test Il, the deep
submersion test, 1s that there be no detectadble leakage of

water into the containment vessel of the package.

Other ‘Requirements and Operational Lontrols

The other requirements specified in FUREG~0350 are related to
assurances of testing requirements and demonstration ihat the
peckage will meet the acceptance standards. The operqtiona\
controls are related to the proper stowage and tiedown of
plutonium packages and the exclustion of other huzar&ous
materials from the cargo.

The NRC qualification criteria were reviewed by a special panel
of the National Research Council for the Nationa! Academy of
Sciences, WUREG/CR-0429, and by the KRC's Advisory Committee on

Reactor Safeguards, which concurred in their adequacy. Tne
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Natfonal uesearchICouncii's ad‘hozuzomm1ttee on the
Transportation of Plutonium by air drew the following

conclusions in this regard:

“The committee concluded therefare that a package designed,
constructed, and tested to meet the requirements of Section
11 of the commission's Qualification Criterfa could
withstand the crash and explosion of a high flytng afrcrafe,
with the fnner container remaining Intact. Each engineering
test prescribed 4n the qualificatien criteria was found to
be at or near the extreme 1imit for the particular type of
abuse to the package that 1t simulates. Considering the
severity of testing fn sequence, the committee found the
criterfa to be prudent and conservative, It is highly
fmprodbeble that all of the test conditions would be
encountered in any actual sirplane crash.”



NRC's requirements for packaging and transport of licensed
material package, design features, test results, and
requirements for package fabrication, fnspection, and operation
are published at 10 CFR Part 71. Afr transport of plutonium i
addressed specifically at )0 CFR 71.88.

The NRC has certi{ified two packages for transporting plutonium by
air under these criterfa: PAT-1 (August 4, 1978; suttable for
up to 2.0 kg of plutonium oxfde {n any solid form); and PAT.2
(September 14, 1983, revised October 13, 1983, suftable for gram
quantities of plutonfum shipped by DOE, espectally for
internationa) safeguards activities). Each certification was
supported by a safety analysis report for packaging {SARP)
detailing how the packaging was determined to meet the
applicable criteria of NUREG-0360, and 10 CFR Part 7). A copy of
the certification for PAT-1 is encYosed as Annex A to this
assessment,

Any a'r shipments of plutonfum that transit the United States,
whether pursuant to the proposed new Agreement for Cooperation
with Japan or not, will have to take place {n the above or
sfmilarly certified packaging so Yong as the Scheuer amendment
and the KRC's {mplementing regulations remain 1n place. No '
wodification or 1iberalization of the conditions 1n the Scheuer
amendment are under consideration or are contemplated. Should
cnother package other than the PAT-1 package be used, that

package will have to meet the criteria previously described. 1In

this regard Japan, 4n collaboration with the Sandia National

2. 14
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Laboratory, s in the procesi of &evelcp1ng and testing a \arger
cask than PAT-1 (known as PAT-3) that would be designed to hold
six to seven kilograms of plutonfum oxide {about 13 to 1§
pounds). The testing program for this cask s sti)) in
pregress. If a \arg;r cask 1s not certified by the U.S5. NRC under
the conditions outlined above for any reason, or. {4f delays in
such certiffcation occur, 1t 15 assumed in this analysis that
the air shipments that will occur through U.S. territory will
employ the use of the smaller PAT-1 contadner. It aYso is
assumed, as already noted, that {f no afr transit of VU.S.
territory is fnvolved, Japanese rules, regulations and practices
on their own will mandate the application of standards similar
to those applicable in the Unfted States.

2.4 Transportation Guidelines of the International Atomic

Energy Agency

The International Atomic Energy Agency (IAEA) established, as a
part of {ts safety standards serfes, the "Regulations for the’
Safe Transport of Redicactive Materials, Safety Serfes 6" in
1961, These safety standards or regulatfons have been adopted

by many 1AEA Member States for multimodal transport and
world-wide application and have resulted in an excellent safety
record for the {nternational transport of radioactive and fis;ile
materials, The regulations are under constant review by the
Standing Advisory Group on the Safe Transport of Radiocactive
Materials (SAGSTRAM) and numerous Amendments to Safety Series 6

have been approved and published, the most currént Amendment
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being the 1985 Editfon, ~Safety Serles 6 i3 supported by other
1AEA documents, specifically Safety Series Nos. 7, 37, and 80,
The revision process c&llis for proposals to the Amendments ang
{fdentification of problems by the member states. These are
referred to SAGSTRAM for action.

Under current TAEA regulations, plutonfum may be afr transported
in Type B(U) packages., The criterfa specified {n NUREG-0360 to
ensure syfficient protection fn the case of an accident 1n afr

transport {s consfderadly more stringent than the Type B(U)

requirements. During the most recent review o0f the l1AEA Safety
Series 6, Switzerland proposed amending the regulatifons to
provide that plutonfum transported by atr be contained in
packages capable of *ensuring contafinment to the contents in the
case of accident" (IAEA Log No.SS6/PA/87-010)., Thts fssue was
also addressed by the UK, fn an ldentification of Problem paper
(XAEA‘Log. No. $S6/1P/87-012), The U.K, paper states:

-

-

*Guidance 45 required on the validity of the requirements of
Safety Series No 6, 1985 Edition, in respect of air
transport, taking into account the more stringent measures
which are being applied by some transport authorities and the
fnconsistency and lack of harmony which resulit. The views of
%he1lA§A_|nd other Member States on this problem are

nvited, '

Justification for fdentification of the problem and proposed
revision by the U.X, are:

<

*To ensure that IAEA Regulations afford & cénsistent level of
protection by 411 modes of transport; to respond to public
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concerns on this question; and ¢o provide a basis for
regulatory harmony in {nternational transpart by afr.*

At the SAGSTRAM meeting in June 1987, these {tems were among
many reviewed, Although no action to change the IAEA
regulatfons f{n regard to plutonfum air shipments was taken, the
JAEA will sponsor a study on the consequences of serfous air
accidents. Whether this will lead to more stringent
certificatfon requirements by the IAEA more 1n Yine with the
present U.S. position 1s uncertain at this time. It s
sfgnificant, however, in terms of global environmental concerns
and the options considered {n this document, that adoption by
the JAEA of more stringent packaging requirements for air

transport of plutonium are being considered.



3,0 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION

In this section of this assessment, vdditionsl information is
provided pertinent to evalvating the 1ikely environmental
effects of the proposed new agreement for cooperation and
especially the terms in Article § of the Implementing Agreement
that would govern the U.S. approval to EURATOM to retransfer
plutonfum oxfde by adr transport to Japan. These evaluations
are Yimited to potential radiclogical {mpacts., The
non-radioclogica) environmental {mpacts associated with air
transport of this materfal (e.g., degradation of afr quality due
to use of aviation fuel, {ncreased nofse Yevels, etc.) will be
negligibly small given the few air shipments required to
fmplement this agreement and the temporal nature of thee

‘ impacts.

This ;ection {ncludes gener2) desc:iptive data pertaining to the
use qf air transport from Europe to Japan, analysis of
radiclogical effects under normal operations and from potential
accidents, and other {mplications.

3.1 General Observations

The following background fnformation §s pertinent to evaluating
the 1mplications of the possibie shipment of the subject
plutonium by afr. '

As required by the agreed understandings in Annex 5 a1}

shipments will be {n dedicated cargo afrcraft. A likely
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candidate 2aircraft is the 747 which has a range of payload
capability suftable for the shipment requirements. For example,

Jane's A1 the World's Aircraft states that the 747F has a

maximum cargo capacity of 254,900 pounds and carries a typical
fuel load of 300,000 pounds. This aircraft is used routinely
for long distance international flights,

As already noted, the Annex 5 gufdelines call for a route “from
‘an airport in the United Kingdpm or France to an airport in Japan
via the polar.route or another rcute selected to avoid areas of
natural disaster or civil disorder™. Thus any route is a
possible route, provided that it is selected only to avoid
natural disaster or civil disorder. The agreement does not
obligate Japan to choose a route crossing U.S. territory, nor
does 1t expressly authorize a transit of U.S. territory. Any
proposal to choose a route crossing U.S., territory or using the
U.S., as a refueling point must be set forth in the
transportation plan.

Within this context, there are three apparent routes of fiight
between France and the U.K, and‘Jipan that merit comment: (a) a
route that overflies or refuels {n the U.S.; (b) one that goes

the shortest distance; or (c) a route that avoids both the U.S.
and USSR, '

The most direct route from major airports in France and the U.K,

to Japan that would accommodate efther overflight or landing in



- o sws

the U.S. for refueling 15 a great cirﬂel polar route. This
route passes over the extreme northern parts of Greenlend ang
Canada's Ellesmere Island, parallels the coasts of Canada's
Queen Elf{zabeth lsland, crosses Alaska from Northeast to
Southwest, and then Gverflfes the Pacific Ocean para)leling the
Kamchatka Pentnsula to Japan., This 1s the route that appears to

" de receiving greatest current attention.

The second option would be to choose 8 route goitng the shortest
distance. This would be & great circle route over the polar
regions that crosses much of the eastern part of the Soviet

Union and aveids the U.S. altogether. It 15 the assumption in
this analysis that this option s unlikely tc be acceptadle on
political or national securfty grounds to e{ther the U.S. or
Japan or both countries.

The third option would be to selec{ some other.routing that
avoids either the U.S. or the USSR so long (in accordance with
the agreed criterfa) as 1t avoids areas of civil disorder

or natura) disaster; The determination of & pfecise and suitable
route of flight that totally avoids the U.S, and the USSR cannot
be made at this time due to the many var{ables fnvoived. This
route would not be a great circle and would be therefore much

longer and could cross any number of international boundaries.

1/ A great cirzle {5 the shortest distance between two points
on & sphere. It is formed by the intersection of the surface of
¢ spher2 with a plane passing through the center of the sphere.

L]



Looking 8t the first option, the typfcal afr distances and

flying time, based on a ground speed of 450 knots, are shown

below.
Nautical Mi\eszl Time
France to Alasky 40656 9.03 hrs.
Alasks to Japan 2990 6.66 hrs.
Tota) “TUT6 15.69 hrs.

For comparative purposes, a non=stop overfiight of the USSR is
approximately 5700 nautical miles and would take approximately

12 and one-h2alf hours.

2/ A nautical mile 1s the international standard unit of
distance for air and sea navigation and represents one minute
of arc of a great circle, {.e. one minute of Yatitude anywhere
on the globe 4s one nautical mile. A knot represents a speed
of one nautical mile per hour. Multiply by 1,151 %o obtain
statute miles or by 1.852 to obtain kilometers.
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Although much of the 7056 mile route with overflight or

stopover tn Alaska s over water, 451 of the flight ¢s over
land a3 indicated below:

United States (Alaska) 1578 Nautical miles
Canada (Ellesmere 13land) §00 * N
Denmark (Greenland) 800 * .
Japan 200 " .
France . 180 " "
' Total “32¢5 Navtical
miles

While no precise route has been selected nor s any mandated
by the Agreement, it fs common knowledge that Japan {s
considering, along with other options, a route that would
fnclude 2 refueling stop in Alaska. There are several
apparent reasons why this option ¢s being studied. It would
traverse a3 remote area of the glodbe and would hav; the plane
touch down 1n a protected tetting. A refueling stop would
enhance, over time, the targo carrying capacity of the craft.
Alsol a route that traverses a remote area like A\asga offers
certain marginal envirenmental advlhtlges since ihe chances of
an accident involving mid-atr coliisions are likely to be
recduced dwing to the sm2ller volume of air traffic than other
possible Yocations.

In this regard, it may be useful to note some genera)
statistics retevant to assessing the Tikely probabilfty that @

dedicated cargn carrier might encounter an accident. Figure 1



shows the declining accident rates3 for Non-scheduled Air
Carrfers for the years 1976 through 1986. The averaged rates
for the eleven years s 1.29 accidents per 100,000 flight

hours (37 accidents divided by 2,873,294 hours). For purposes
of analysis, this figure {s conservative when compared with
statisgtics for similar aircraft under the category of

Scheduled Air Carriers, Figure 2 shows the declining accident
rates 3/ for Scheduled Air Carriers, which is somewhat

less than that for Non-scheduled carriers flying the same types
of aircraft. The Scheduled Air Carrier accident rate for the
eleven years between 1976 and 1986 is 0.28 per 100,000 flight
hours (212 accidents divided by 74,903,156 hours). The

combined weighted accident rates over the eleven year period for
both Non-Scheduled and Scheduled Air Carriers §s 1,57 accidents
per 100,000 fiight hours. This analytical method has been chosen
because although the shipments of plutonium will not be on
“scheduled" flights, the safety reviews and other relevant
aspects of the flight will be on dedicated atrcraft whose

attributes are the same or similar to scheduied afrcraft
flights.

Expressed in terms of accidents per million miles f10wn4,
the accident rates for Scheduled and Non-scheduled Afir
Carriers was 0.0049 for 1984, 0.0082 for 1983, and 0.0068 for

1982. For comparison, NUREG-0170, published in 1977, gives an

3/ NTSB: Safety Information Release S8 B87-2 1/12/87.

4/ National Transportation Safety Board, Annual Review of
Aircraft Accident Data, U.S. Air Carrier Operations, Lalendar
Year 1384, NYSB/ARC-B7/02, April 1987.
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overall aircraft sccident rate of 1,44 x 10°% vehicle-kitometer
which, when expressed in the same units, is 0.0089 accidents per
mitlion miles, showing consistency between current afrcraft
statistics and NUREG~0170 statistics.

As already stressed, in the event the first route noted sbove
were selected (namely an overflight or landing in the U.S.),
a1l shipments would have to be made {n accordance with the
applicable U,S. federal regulations that have been described
in this assessment. The package would have to be certified by
the U.S. NRC to meet their qualification criteria for air
transport of plutenium. The aircraft also would have to be
loaded in accordance with U,S, Department of Transportation
regulations. Also, should the aircraft Yand in Alaska for a
short refueling stop, U.S. regulations (14 CFR 121.507) would

require & crew change prior to departure on the next segment of
the flight.

Payload should not be a problem. As noted, the only currently
certified U.S. cask that could be used to transport plutonium
fs the PAT-1 container, Although designed to carry 2 kg of
plutonjum, the PAT-1 container {s 1imited, as a condition of
certification, to a 25 watt maximum heat load, which is the
load produced by to 1.648 kg of plutonium oxide. 1In addition,
DOT regulations 49 CFR 175.702(b)(1) 1imit the total Transport
Index per shipment for Fissile Class I! material) to 50. As the
transport index for each PAT-1 package uontaining 1.648 kg of

plutonium oxide is 1.6, the total maximum number of PAT-1



packages per shipment i35 31. At 500 pounds per package, this
gives & tota) shipment weight of 15,500 pounds to Cransport
£1.088 kilograms of plutonium oxide. This plus any
contatnerization and overpscks would be wel) within the
raximum payload of 245,000 pounds for the 747 (or equivalent)
aircraft. Should a Yargar package such a¢ the PAT«III now
being tested be certified, up to 150 kilograms of plutonium
oxfde could be shipped provided the package plus
containerfzation and overpacks did not exceed the aircraft
maximum capacity for wefght and volume and provided that the

total Transport lndex per shipmeqt does not exceed 50,

In the paragraphs that follow the radiclogical effects that can
be expected from a possidle shipment of the subject plutonium
with 3 refueling stop fn the U,S. under normal flight conditions

and under accident conditions are.-analyzed,

3.2 Radiological Impacts Under Norma1 Conditions

The radiological effects of nucléar.mater1a1 in air transport
have been previously reviewed in NUREG-0170, “Fina)
Environmental Statement on the Transportation of Radioactive
Material by Air and Other Modes® prepared by the NRC, This
study concluded that becauss the radiological effects of
nuclear material decrease rapidly with distance, there was no
measurable effect to those on the ground while the aircraft is
"airborne. Since the plutonium will be packaged and
unpackaged, Yoaded and unloaded, and otherwise handled

exclusively in foreign Jurisdictions, the potential exposure
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within the U.S. during norma) shipments will be 1imited to
that experienced by the air crew, any escort force on board,
sand those on the ground during refueling operations. Annex §
of the Implementing Agreement requires use of a dedicated
cargo aircraft so_that there will be no passenger exposure.
Annex 5 also requires, as an fntegral element of the

transportation plan that:

“At 21) afrports isolation of the aircraft will be ensured
to the maximum extent feasible by controlling the access to
the aircraft, with the cooperation of relevant authorities
including police or by use of other armed personnel to
protect against theft or sabotage."

Although this provision 15 directed to physfcal protection
requirements, 1t will have the secondary effect of limiting

exposure to personnel on the ground.

As Just noted, the Department of Transportation regulations
for Cargo Aircraft transport, 49 CFR 175.702, limit the total
Tl allowed per shipment to 50. This same regulation requires
that a distance of 30 feet (9 meters) be established between
the cargo (plutonium oxfde carrying container) and the flight
crew, With these constraints, each air shipﬁent would be
limited to a maximum number of 31 contatners pér shipment,
with a total load of 51 kilograms of plutonium oxide assuming
a PAT-1 container {s employed. This loading could be
{fnereased {f a Yarger, PAT-111 container is successfully
developed and certified by NRC as meeting the rigorous U.S.
tests already described.
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The radiation exposure of normal transport by means of an
exclusive use cargo aircraft to the crew and on flight escort
force, as well as the incidenta) radiation exposure to
bystanders during any flight stopover, can be calculated hased

on various parameters., Those used in this evalyation are set

forth in Figure 3.

The inflight radiation exposure to the flight crew can be
estimated by treating the shipment of 31 containers as a point
source with a total radiation level of 50 mrem/hr at one meter
(corresponding to 3 total Tl of 50)., The rate of crew exposure
is then 0.6 mrem/hr, It is also assumed that 2 armed guards are
on board at a distance of 9 meters from the cargo. (This
calculation 1s conservative in that it ignores the fact that the
loading of containers in an a}ray and the associated overpacks
and tiedowns al) provide some Shielding which reduces the
radifation level,)
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FIGURE 3

PARAMETERS FOR DETERMINATION OF DOSES
PER FLIGHT FROM NORMAL AIR TRANSPORT

Fiight Crew and Guards 5 people
Pistance Between Cargo and Crew 9 meters
Total Transport Index per Flight §0 (T1)
Refueling Stopover Time 8 hrs.
Ground Crew and Bystanders 10 people

Average Exposure Distance During Stopover 50 meters

Cargo S$ize (weight of Puoz powder) 51 kg*

*Assumes PAT.] container. Annual cargo s anticipated to range
from 600 to 1,800 kg.
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The radfation exposure %o 2ach crew member:

Direct Flight (16 hrs) 9.6 mrem per flignt
Flight with refueling stop

1st leg (5.6 hrs) §.7 mrem per flight
Stopover (B hrs) 0

2nd Yeg (7 hrs) 4.2 mrem per flight

The radifation exposure to the groﬁna ¢crew and bystanders at the
afrport during a refueling stopover of 8 hours s estimated by
using the methodology of NUREG-0170. Assuming annual shipments

ranging from 600 to 1,800 kgl/ the number of flights would

range from 12 to 36 per yearg/§ and the annu2) radfation

exposures wduld be as presented below. Since the flight crew
will be rotated between these and other non-rédiation flights,

the crew exposures are presented as person-rem.

1/ To provide annual dose estimates which are comparable between
The adr and sea transport cases, transport quantities ranging fronm
600 to 1800 kg were used 4n both cases.

2/ 1t 1s assumed that the tots) number of fiights will not
exceed ¢twelve per year, At this frequency, 1800 kg could only
be transported in a one year pertod 1f the maximum allowed per
flight s raised to 150 kg. his may be possible {f a larger
container such as the PAT-111 s certified and provides
sufficient shielding to lower the transport index and/or ¢f &n
exception 1s made to the 5C TI 1imit per flight, (Presumably
this {s a principal reason why efforts are being made to certify
a larger contajner,) Since at the present time the maximum
allowed per fl¢ght is 51 kg, 1t 15 assumed in this assessment,
for dose estimation purposes, that up to 36 shipuents would be
made per year (f.e., up to 1800 kg), even though it is not
ant{c1pated that the annual number of flights would exceed
twelve,
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Based on these varfous assumptions, the annual exposure

resulting from normal air transport would bde:

AYY Direct Flights 0.59 to 1.77 personerem
- to crew

All Flights with Refueling
Stop (8 hr):

15t leg 0.33 to 0.9 person-rem
to Ccrew

8 hr Stopover - 0.14 to 0.42 person-rem
$¢ ground crew

2nd leg 0.26 to 0.78 person-rem
to crew

The annval radiation exposure from normal transport would be
highest for flights which stopped over for refueling, with an
annual exposure of from 0.73 to 2.19 person-rem. This annual
exposuyre 1; small when compared to the annual exposuves

calculated for cargo and passenger afrcraft 4n the domestic U.S.
by the NRC 4n NUREG-0170, December 1977. NUREG-0170 estimated a
tot‘\ 1985 exposure of 43 person-rem te flight and ground crews
for all cargo afrcraft in the U.S. (Table 4-17 of NUREG-0170). 1If

there was no refueling stop involved, the annual exposure could be
reduced from the amounts Just described.

3.3 Radiologfcal Impacts from Potentia) Accident

Theoretically, the risk from accidents involving the shipment of
plutonium by atr will be a function of the probabflity of an
accident, the probadiifty of the 1oss of shielding efficiency or
contai{nment during an accident, and the radiological effects of
such loss of protective covering. This 1atte; factor depends on
such varfables as the form of nuclear material, {ts quantity,
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Yocation, weather patterns and mitigating measures taken for
recovering the wmaterfal,

As we have already emphisized earlier fn this analysis, because
of the concern raised in the 18705 that the protection against
the possible effects of an sfrcraft accident fnvolving plutontum
warranted extraordinary measures independent of routine risk
analysts, Congress enacted fnto Yaw (Public Law 94-79) on August
9, 1975 the so-called Scheuer Amendment:

*The Nuclear Regulatory Commission shall not license any
shipments by afr transport of plutonfum {n any form, whether
exports, imports or domestic shipments; provided, however,
that any plutonium in any form contained 1n a medical device
destgned for human application is not subject to this
restriction, This restrictton shall be tn 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-}estin? equivalent to the
crash and exploston of high-flying aircrafe.®

As a result of Public Law §4-79, the NRC established a
certification program consisting of: (1) e2valuation of the
conditions which could be produced {n severe aircraft accidents;
(2) development of an acceptance standards for packages used to
transport plutonfum by sir; and (3) a serfes of physfcal tests
and engineerfng studies of plutonium packages to demonstrate
their ability to meet the qualificatfons criterfa. Al of these
measures were described at length earlier 4n this analysis. Ve
noted that the PAT-1 cask has been certified by the NRC to meet
the requirement of NUREG-0360 and is capable therefore of

withstanding severe afrcraft accidents, and also 4f a Yarger cask
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{s successfully developed to overfly or refuel in the U.S., 1t
would have to meet these seme standards to certify {1ts

acceptaditity for use ftn air transport of plutonium.

In this section of the assessment an estimate of the likely
radiological effects that could be attributadble to accidents
fnvolving the PAT-1 contatner are analyzed. The annual
radiological risk from accidents 1s estimated by considering the
probability of occurrence of an aéc(dent of a given severfity
level and the consequences assocfated with a particular severity

Tevel accident.

NUREG-0170 presents a range of accident severity levels which

are classified from level ! to level VII! (See Figure §.2 fronm
NUREG- 0170 which follows). These sevgrity Tevels ¢classify @

'range of speed of impact and duration of high temperature fire
conditions for aircraft accidents. i

Examination of Figure 5,2 from NUREG-0170 {indicates that
cert1f1ed.containe; for air transport; 1ike the PAT-) container,
1s designed and has been demonstrated by test to withstand 8l
severity categor{es up to and fncluding severit} Tevel VII with
no re1éase of material from the contalncr. 1In order to compute
the probability of an accident with a severity level Vi1, 1t {s
first necessary to use the overall accident rate for air

transport by cargo afrcraft.

From the National Traffic Safety Board Safety jnformation

release $SBB87-2, dated January 12, 1967, an overall asccident rate
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¢ obtained for Non-Scheduled Akr Carrfers. This sveraly rate
1s nn'average for the years 1976-1980 and {s expressed as 1.3 x
10°% total accidents per hour. Table 5.2 of NUREG-017D
presents the fractional occurrences of afrcraft accidents by
accifdent severity category. Since, with a PAT-1 type container,
therc are no releases for accident severfty level Categories
JeV1l, the 99.97% of @11 accidents can be {gnored in this
accident analysis. The remaining 0.03% occurrence for severity

Tevel V111 {s consfdered to occur‘random1y along the flight path.

With an assumption that each flight will have & duration of 16
hours, and that the totsl number of flights per year will range
from 12 to 36 ({n order to transport 600 to 1800 kg per year), the
chance of severity level YIll accident annually ringes from about
0.79 x 10'6 to 2.37 x 10'6. Kith only 13% of the flight time over
U.S. land, the chance of & severity level VII1! accident annually
over U.S. land is 1.5 x 107 o 4.5 x 1077,
fFor ‘ severity level Y1ll accident condition, the requ1atory
specification 45 that the PAT-) contafner shall be assumed to
release an 'Az quantity® of wmaterifal in a week follouing,thq
sccident. As 3 result of detatled testing of these contadiners,
1t has been demonstrated that actual releases, following

severfty leve) VII! tests, are less than 'the regulatory
specificatfon, As {ndicated in KUREGC-0360, the ’Az quantity"” per

container for the plutonfum recycle mixture s 46 mC{ of activity.

For dose assessment purposes,this assessment, assumes that an

airplane crashes on land {including after 2 mid-afr colliston) and
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that 211 of the 31 containers leak the specified Az quantity in
. one day rather than over a week., Further, it is assumed, without
postulating any specific wechanism for such, that a1l of the “A2

quantity" for containers is available to be dispersed in the air,

Using a plutonium fire mode) developed by Lawrence Livermore
Laboratory called “HOT SPOT'l,, a release height of 10

meters and a wind speed of one meter per second, the 50 yr,
committed effective dose equivalent to a person 500 mzters
downwind will be 0.7 rem. This dose is conservative since it
assumes that all of the radioactivity that is reledase¢ from the
breached containers becomes airborne and 1s available ¥or
inhalation, and that all of the released particles are 1 micron in
diameter, whereas the particle size distribution is likely to
fnclude only a fraction of particles this diameter or smaller and
in the respirable size range. Because of the routing it is
assumed that the accident would occur 'in & remote area and it is
assumed conservatively that 10 persons would be similarly exposed,.
The total committed effective dose equivalent would then be 7
person-rem. Considering the annualfzed probabiiity of an aircraft
accident over U.S. land of 1.5 x 10'7 to 4.5 x 10‘7. the annual
radfatien risk 4s 1.1 x 10°5 to 3.2 x 10-6 person-rem. Using a
health effect risk coeffictent of 165 health effects (primarily

1/"HOT SPOT," Health Physics Codes, Lawrence Livermore National
Taboratory, April 1985 {M-161).
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increased risk of death from cancer) per million person-remif, the
estimated number of adverse health effects from severe airgraft
accidents leading to plutonium inhalation exposures is 2 x 10‘10
to 6 x 10'10 per year, a value extremely small compared to the
normal incidence of cancer in the gencral population or the risk

of accidential death due to transportation.

Since 1t is difficult to predict the population density near the
crash site, for demonstration purpo;es we c3n postulate an
extremely conservative case where the population exposed within a
50 miles radius to the above effective dose equivalent s
100,000. Then, the number of adverse hzalth effects per

year in this total population would be 2x10=6 to 6x10-6.
Accordingly, even under the above (extremely conservative) case,
the number of adverse health effects per year {s a very low

figure, well below one (1).

Figure 4 which follows tabulates some relevant information

pertinent to the accident scenario,

2/ International Commission on Radiological Protection, 1977.
Recommendations of the International Commission on Radiological
Protection (Adopted January 17, 1977). ICRP Publ., 26, Annals of
the ICRP 1(3).
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3.4 Effects on the Global Coammons

An additional word is warranted adout the implications of an &ir
accident on the globa) commons. This has two features « namely
what {s 1ikely to occur {f a U.S. NRC certified cask, Tike PAT.},
is fnvolved, and secondly, what is likely to be the s{tuation if
there is no overf\tght or refueling stop in the U.S., hence no
formal need for & U.S. NRC certification of the cask, and if a
cask essentially only meeting Japanese certification standards is
employed.

1t is the judgment of this analysis that if & PAT-1 cask or a
larger cask meeting V.S, NRC standards is employed, the likely
risks and effects of an accident will be the same or similar to
those just described. We also assume that a similar situation
will apply 1f U,S. territory is not involved and if no formal U.S.
NRC ce;tification fs required. We base this on the conclusion
that the certification standards, processes, and conditions
adopted and applied by Japan yil\ be comparable in conservatism to
those applied within the United State;. *This 1s confirmed in the

Jupanese side-letter on Physical Protection cfted eariier.
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FIGURE 4

Tadle of Parameters used for ASe ARccfdents Assessment

Accident Severfty Levels X-Vlll(l’
Total Accident Rate for Non-Scheduled .5

Air Transport 1.3 x 10 per hr (2)
Fractional Occurrence of Severity -1

Leve) Y111 Accidents I x 1077 (1)
Plutonfum Avatlable for Accident Fire Ay (2.6 mg per pkg)
Risk Coefficient 165 adverse health
effects

106 person=rem {3)

{1) NUREG-D)?70, Final) Environmental Statement on the
Transportation of Radicactive Material by Air and Other Modes,
December 1977,

{2) NTSB Data

(3) ICRP Report No. 26.
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4.0 ALTERNATIVES TO THE PROPOSED ACYION

This section of the assessment discusses the implications of the
major alternatives to the proposed course of action described in
Section 1. These include the alternatives of:

. taking no action on the proposed Agreement for Cooperation

end associated “subsequent arrangement™ with EURATOM;

. concluding an Agreement for Cooperation, not involving
advance long-term U.S. consent to the return of
U.S.~origin plutonium from Europe to Japan (such shipments

will continue to be approved case~by-case);
« the use of transportation modes or transportation criteria
other than those contemplated in the new Agreement and the

associated “subsequent arrangement.,®

4.1 Alternative 1 ~ Take No Action

Under this alternative, the U.S. would not enter into the

proposed new Agreement for Cooperation with Japan. Neither

would it conclude any alternate new Agreement for Cooperation

with Japan at this time. 1In this event, the expected benefits

for the U.S. described under the Need for Action section prepared
by the Department of State would not materialize and the President

would not carry out the mandate of NNPA, There will most 1ikely



be a serfous loss of confidence by Japan and other countries in
the U.S. as 2 civil nuclear cooperating partner with 3 consequent
reduction in U,S., influence over the course of the Japanese
program and the program of other cooperating countries. Also,
most 1ikely there would be a serious deterioration in the
overall quality of the U.S.-Japanese bilateral nuclear
relationship, a reduction {n U.S. nuclear exports, including the
provision of enrichm2nt services to Japan, and a reduction of
the ability of the U.S. to work cooperatively with Japan in the
improvement of the international non-proliferation regime
tncluding physical security measures applicable to {nternational

transfers of separated plutonium,

A U.S, refusal to conclude a new agreement for cooperation with
Japan on the basis described above would not necessarily
preclude the return of separated piutonifum from EURATOM to Japan
or the need for the U.S. to address this {ssue and how such
shipments can be managed in the safest and most secure manner,
Japan and EURATOM undoubtedly wil) still come to the U.S, with
requests for approvals of retransfers and returns of separated
plutonium from EURATOM to Japan. Accordingly, unless it wishes
to block such returns altogether, the U.S, will be confronted
with efther {nsisting on transportation guidelines and
conditions similar to those 2lready negotiated between the two
governments or on some alternative lrrangeﬁents. However, under
this option, since the U.S. wil)l not be granting Japan a
long-term approval (via EURATOM) of such returns, {t could have
Yess influence than under the proposed new agreement for
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cooperation on the prote:tiv} measures that will apply over the
longer-term to such shipments,

Also, {f the U,5, refused to approve any returns ef plutontium to
Japan whatsoever, this would not necessarily preclude separated
plutonfum going back from EURATOM to Japan nor uo§1d {1t prevent
{nternationa) transfers of separated plutonium between other
natfons., Japan has access o plutonium tn Europe that has been
produced in the Japanese “"Calder Hal1" type reactor. Moreover,
there are other transfers cf plutonium vccurring between other
countries over which the V.S, has no control. However, by being
cooperative with Japan, as proposed in the new U,.S.-Japanese
Agreement for Cooperation, 1t can be argued that the U.5. 1¢ fn
an improved position to fnduce Japan to agree to rigorous safety
and physical security measures governing such transfers over
long-distances that could become a mode! for application in

other natfons as well.

Under this alternative, transportation {mpacts would be expected
to be similar to those that would occur under the proposed
action. However, these {mpacts would not occur on U,S.
territories., ’

4.2 ~Alternative 2: Conclude a new Agreement for Cooperation

with Japan that does not ented) an advance, Yong-term U.S.

approva) of the return of U,S.-0rigfn plutonium from

Europe to Japan. Instead, continue to suybject such

shipments to case-by-csse U.S., approval,'®
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The U.S. proposal to negotfate a new agreenment incorporating al
of the non-proliferation requirements of the Non-Proliferation
Act of 1978 (NNPA) was made {n the context of & U.S. willingness
(previously approved at the Presidential level) to extend to
Japan various long-ternm approvals., As noted, these included
Tong-term approvals of reprocessing operations in Japan, of the
shipment of spent fuel to EURATOM for reprocessing purposes and
of the return of the separated plutonium returned to Japsn from
EURATOM for specified projects, The Government of Japan (in
agreeing after several years of arduous exploratory discussions
to negotifate 3 new agreement) expressed the strong view that @
U.S. advance consent arrangement should form part of the
package, Given the uncertainty that Japan had encountered
during the Jlate 1970's in obtafining necessary U.S. consents to
such operations, the Japanese Government felt {t would have to
establish & more stable understand?ng with the U.S., as to how
the U, S, would exercise {ts consent rights as part of any new
agre;ment for cgoperation {ncorporsting the naw NNPA conditions,
Had the U.S. not been prepared to extend Japan such long-term
approvals, 1t appears certain that 1t would not have been
feasible to negotiate and conclude a new agreement for

cooperation incorporating the new conditfons {n the NNPA.

Moreover, even {f one assumes that it might have been feasibdle
to conclude the kind of sgreement for cooperation with Japan
described under this second alternative, this would not
necessarily alter the environmental {implications and effects
described in this Environmental Assessment, That s to say, if

the U.S. preserved for ftself the ability to approve returns of
‘-» ‘.—p‘ll.



separated plutonfum to Japan on & case-by-case dasis, at the
present time 1t most Vikely would stfl) f;vor or {nsist on air
shipment as the preferred mode of transportation. Moreover, {t
might insist that such transfers ~ake place under ail of the
same safety related and security related conditions as have been
included {n Annex 5 to the proposed new Agreement for
Cooperation, The environmental {mpacts of this alternative
would be expected to be similar with those anticipated under the

proposed new Agreement for Cooperation.

4.3 Alternative 3 - Conclude a new Agreement but alter the

principal conditions of transport Enter into a new

Agreement for Cooperation with Japen calling for long-term
U.S. approvals of plutonium returns from EURATOM to Japan.
However, modify the modes of transport and the physical
. security requirements to app\ytto such transfers so that
':they differ from those set forth in Annex § fn the

Agreement Package (i.e., the proposed course of action).

Under this option the U.S. would stin grant long-term approvals
of plutonium returns from EURATOM to Japan but the modalities of
shipment would differ from those that have been negotfated. The

major sub-alternstives could include the following:

a, shipping the material by methods other than afr transport,
namely through the use of sea transport or a combination

of air and sea transport;

b. shipping the material by air but in much' smaller
quantitifes than currently anticipated;
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¢. shipping the material by alir but by a route other than
“the polar route" or snother route deliberstely selected

to avoid areas of natural disaster or civil disorder,

These sub-options are discussed fn further detail below,

a. Shipping by sea or a combination of afr transport and sea
transport

There are two 2lternative modes of transport to the use of air
shipment that are theoretically avatladle for moving plutonium
from Europe to Japan: shipping the material by sea for the
entire route or f1y1ng {t part way, transferring the material to

a vessel and shippfng it the remainder of the distance by sea.

Sea Shipment

There §s precedent for sea transport by common carrier for the

entire route. 1In particular, on July 20, 1584 the Secretary of
Energy, pursuant to Section 131 of the Atomic EnefgyhAct.
approved a shipment of 189 kilograms of fissile plutonfum (287
kgs total PuO,) from France to Japan aboard a d;d{cited
Japanese carge vessel, The plutonfum was encased in 16 French
and 4 British casks* and the shipment was subjected to very
rigorous physfcal protection and surveiilance measures
throughout the voyage.
*French mede) FS-47 cask and the British mode1.1356 cask
otherwise known as the "PUB® cask in Japan,
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These inclyded:

. modifications of the vesse) to preclude removal) of
contafners at sea (disabltng of hatch cover motors and

on-board cranes);

. the assignment of suitable individuals experirnced in
plutonium handling, maritime safety, and physical

protection « including the use of armed guards;

. the establishment of a central control station 1n Japan
manned 24 hours @ day with real time communications with
the vesse)l as well as governmenta) authorities responsible

] for emergency response;

« the establishment of‘speciai communication systems

permitting the escorts to communicate ¢n 3 real time basis

sith the Japanese central control station, as well as satellite
tracking of the ship's position and status of container seals

with automated communication to the central control station;

. the prior fnvestigation of all members of crew and the

escort force to determine their trustworthiness; and
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. the estadlishment of contingency plans for the crew,
response force, central control station personnel, as well

as appropriate authorities in participating governments;

Finally, and significantly, the vesse) was placed under
surveillance by m&\itgry vessels, or mar{time safety vessels,
fncluding U.S. vessels, throughout the voyage. Alsc, the ship
was provided with additiona) fue) tanks, and did not mike any
stops for bﬁnkering. |

While every effort was made to secure, protect and monitor the
1984 ses shipment in a5 rigorous @ manner §s possible, there was
substantial concern at the time within the Executive Branch and
the Congress* that the transit time for such a shipment was too
long to become a desiradble precedent for the future - if one
considers the risk of theft or attaci‘by hostile forces and the
fact ihat » commercia) carrier was being employed. Also there was
& perception that the need for escort survetllance by U.S.
military forces 'to help ensure the physical protection of the
system was extremely expensfve and could detract from the normal
defente missfons of U.S, armed forces. Accordingly, the U.S.
expressed the view that future shipments of thi; kind should be by

air, and the {nterested agencies {n Japan have been working _

*0n August 33, 1684, 15 members of the fongress wrote to
President Reagan urging, among other things, that he not permit
any further shipments of this materfal to take.pizce by sea but
rather {nsist upon air transport as being the only mode of
transport that the U.S, wbuld spprove.
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to make this an achlevable obJective. Pursuant to the new

Agreement package with Japan, only afr transfers would be

eif{gtble to receive long-term U.S. approvals. The use of any

other

modes of transfer would have to be reviewed and approved

by the U.S. on a case-by-case basis.

There

could of course, be sfgnificant environmental effects

should the material fal) into the hands of terrorists.

Within this context, the option of transferring plutonium by sea

would

Tines:

have distinguishing characteristics aleng the following

The use of the sed option presumadly could involve @
substantially greater guantity of plutonfum per shipment
than by afir - {f one assumes an afrcraft 45 uniikely to
carry more than adbout 150-200 kflograms per flight., Also,.
a vessel could carry fabricated or partially fadbricated
fuel elements in a suitadble cask uﬁ;rcas no afr cask now
in ex1stenc£‘or contemplated would be Yarge enough to

carry fabricated or partially fabricated elements:

The nomina) transit time of vessel from Europe to Japan
(sssuming no stop-overs) would be several weeks {f one
postulates gofng through the Panama Canal, whereas
shipment by afr could take place in about 16 hours. The
duration of the sea shipment from Le Havre to Tokyo in

1984 was about 45 days, without any stops.
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. An afr shipment {5 veVPIVIPILYY to fatercept and
essentially requires a milditary afrcraft to do the jeb,
whereas a ship s easier to find end approach {though this
{s by no means 3 simple matter), Also, the difficulty of
{nterception and hostile boarding on the high seas wil)

depend on the specific physical protection measures

1np1emeﬁted.

. If & vesse) sank or encountered an accident enroute, the
environmental effects would depend somewhat on the
circumstances, Yocation, weather condittons, ate. 1If a
breach of a cask occurred at deep ocean depths the
encrmous dilution characteristics of the otean would

preciude adverse effects to the environment.

Certain general observations alsoc can be made about the
rediological consequences of sea transport of plutonfum oxide

poudér from France to Japan under both routine and accident

tonditions. These observations may be.compared with similar

radiological assessments of transport by air, provided in
Sectien 3.0,

With respect to routine exposure at see, ynder DOT regulation 49

CFR 176.740 (a), the sum of the transport indexes for all
radicective packages on board a vessel must not exceed 200. As
discussed below, 2 sfngle container carrylng less than 1.648 kg
of plutonium oxide powder has 8 transport index of about 1.6.
Therefore, shipments would have to be made at east three times
per year to accommodate the forecaested cargo sizes. However, for

4. 10



purposes of determining the annual radiation dose, we may assume
for stmplification a single shipment of the entire annual 1oaq,
based on an expected Yinear relatfonthip between size of shipment
and radiation dose.

The PAT-1 contafner has been certified by the NRC for atr
transport of plutontum, and {ts specifications for this purpose
have been discussed previously, Although PAT-] containers or
sintlar designs would not be necessary for sea transport
(because high velocity f{mpacts would not be expected) and would
not Yikely be used, sufficient data are available for the PAT-}
container and 1t §s vseful to apply such data to the calculation
of dose estimates for sea transport. ODose estimates are
expected to be about the same regardless of the type of
contafiner used, because the PAT-1 and other contafner do not

provide extensive shielding.*

*Calculations should be made for exposure from actua) contadners
which mi?ht be used for sea transport of plutonium oxide, such &s
the British 1356 and the French FS47 which were used for a
shipment of plutonium oxide from France to Japan {n 1684,
Transport index and A, quantity date were not avaflable for these
casks at the time of Greparatfon of this document, However, dose
estimates are anticipated to be similar to those using the PAT-1.

4- 11



The PAT-) can carry vp to 1.648 kg of plutonfum oxide, 1{nfted
to this amount due to a maximum heat rate of 25 watts per
container., This quantity of plutonfum oxtde {n tnis container
would have a transport index of 1.6, For annual cargoes ranping

from 600 to 1,800 kgs, the total transport {ndex wouid range from
583 to 1,748.

The following data are used from Appendix F ¢f the RADTRAN
User's Guide:

Distance from crew to

radioactivr source: i m
Si2e 0f crew and escort force: 30
Ship speed: 6.7 meters per second

Furthermore, the distance by sea from Frahce to Japan 1§
approximately 25,000 km, travelling via the Panama Canal,
Therefore, 8t the speed fndicated above, the total estimated
treve) time s 1040 hours (about 43 days).

By the tnverse square law, the dose rate st a distance of 61 =

for the range of transport indices stated above would range from

approximately .15 to .47 mrem/hr. This range of dose rates

over the durstion of the tri{p would cause total {ndivisual doses
of from 163 to 489 mrem, Finally, for a crew of thirty,
{ncluding guards, the collective dose ranges from 4.9 to 14.7

person-rem. This range s about 7 times as large as the annual
4- 12



rouatine dose due to air transport given in Section 3.2, but is
small in comparison with annual exposures which have been

calcutated by the NRC in NUREG-0170 for cargo and passenger
sircraft ¥n the U.S.

These figures represent the totd) dose to crew members resulting
from sea transport of an annual quantity of 600 te 1,800 kg of
plutenium oxide. The dose estimates_are valid approximations
regardless of how many separate stiipments the annual toad s
divided {nto,

Using the analysis developed in DOE/EH-0321, 2icidents on the open
seas (global commons| that resu.t in the release of plutonium
oxtde are untikely to have significant consequences in any nearby
port or city. This could come about because the volume of oden
ocean water is ﬁuch larger than the_vo1ume of particulates that
could potentially escape a damaged certi7ied package, the amount
of dilution would be large; and mixing and dispersion would crcur
because of ocean currents., Thus for, the sea transport sconario,

the greatest risk of accidenta) "e1€85¢ 0f oy vintum oxide would
would result from a port accident {nvolving a fire or explosion

which causes severe damage to carge.

DOE's Environmental Assessment on Shipment of Taiwanese Researéh
Reactor Spent Nuclear Fuel (DOE/EA-0321, December 11, 1986)
provides data which may be used to determine the probability of
3 port accident that would cause & re1ea;e of plutonium oxide.
Tables C.1A and C.1B of this document (page 44) {ndicate that 33

fires or explosions are expected to occur for every 78,000

4- 13



transits in inland waters. According to Teble C.1C (page 45),
2.8% of these fires or explosions would cause severe damage to
cargo. The result 13 a risk of 12 accidents causing severe
cargoe damage per 1 million transits intc seaports.,

To determine the consequences of such an occurrcnce, we estimate

a maximum release of 46 mCi per container, the A2 Quantdty®

o7 plutonfum oxide powder fdentified fn NUREG-03IE0. With a
1i{mit of 25 watts heat load per cﬁntainer. only 1.648 kg of
plutonium oxide may be Ypaded tnto a single container,
Therefore, total annral cargoes of from 600 to 1,800 kg would

be carried 1n 364 to 1092 containers, and the tota)l released
quantity would range from 18.7 to 80,2 Ci. Furthermore, 1t is
assumed that 1% of this released quantity becomes atrborne as a
result of this lc;1dent and sudsequent fire and {s available for
1nhajat10n.

Using the same plutonfum fire model as was used {n Section 3.3.,
the 50 year committed effecttve dose equfvalent to & person 100
meters downwind ranges from 0.036 to 0.11 rem from this sccident2l
release, Using a health effect risk coeffecfent of 165 health
effects per million person-rem, a crew and escort size of 30, and
the probability determined above of 12 accidents per 1 million
trans{ts, the estimated number of adverse health effects from such

an accident 4s estimated to range from 2 x 1079 to 6 x 10'9 per
yearl

The most distinguishing feature of the option of sea transport
appears to be the relatively long transit time §n remote
4- 14



regions., Under normal circumstances a sea transfer should have
no adverse environmental effect on the global commons. However,
from a physical security standpoint {and especialiy {f one
assumed that a civilian carrier rather than a military vessel {f
employed to carry the plutonfum}, shipment by sea appears to
offer a Jesser degrec-;f protection of the human environment
&gainst the risks associated with sefzure of plutonium than

would be provided by shipment of the material by air,

Air and Sead Shipment

Under a second alternate mode of transport {(which was one of the
sptions studied by Japan prior to the 1984 shipment by sea}, the
separated plutonium would be flown by air for a part of the

route, and transferred to & vessel for shipment over the

remainder of the distance. It {s postulated that for the first

leg the cargo would be fiown to & West Coast port in the U.S. or
an island in the Pacific, and that the cargo would be off-1oaded
and transferred in bond to a vessel for the remainder of the
voyage. In theory, "this obtion might commend ftself for
consideration in a sftuation in which there stil) would be a
strong incentive, for physical security and national) security
reasons, to reduce the transit time that would otherwise be

tnvolved if sea shipment alone were employed.

Under this sub-option, {f U.S. territory were transited or if

the air cargo were off«loaded at a West Coast U.S. port or a

Pacific 1stand under U.S. Jurisdiction, the air cask would have

to be approved and certified by the U.S. NRC in accordance with
4. 1§



the criterta which have &lready been described. 1f ft were
Yegally and politically feasidle to fly the materi&) fato some
other Jurisdiction and transfer 4% under bond %o & vessel, {t ¢
assumed from the standpoint of this analysis that, {n order to
recelve U.S, approval of the shipment from EURATOM, the atlr cask
would have to meet criteria thot are comparable to those adhered
to by the U.S, NRC and that are designed ¢o withstand accidents {n
any and 311 environments,

This particular alternative obviously would entail a transit
time shorter than sea shipment atone, but stfll stgnificantly
Yonger than the use of shipment by afr. The environmenta)
effects obviously would represent a combi{nation of those
described elsewhere ¢n this report for atr and se2 shipment, 1In
sddition, there would be some additive environmental effects

freater than the sum of the atr and sea legs of the journey.

These would be those associated with offeloading casks from an
atrcraft, moving them by & vehicle to a seaport and loading them
and securing them on a vessel. 1t i3 assumed that under this
eptien the afrport and seaport that n1§ht be employed would be
in a reasonable promixity to each other, ‘

Unless one knows the quantitifes of materfals that would be
fnvolved, the routes, the containers that would be employed,
how much the voyage would be by afr and how much by sea, etc.,
it would be difficult to quantify the environmenta) effects of
this option., However, since there have been many 1;stances
where plutonfum has been thipped safely and without incident by

tand, 1t 45 unlikely that the transshipment of the materia)l from
4- 16



the afrport to the seaport would have any significant effect on
the humin environment. On baltance, however, {t must be noted
that this alternative, 11ke the atternative of using sea
transport fn 1ts enti{rety, would not be consistent with the
expressed U.S. policy goal that future transfers of separated
plutonium from Europe go Japan should be by air,

b. Transporting of plutonfum in 1imited quantities per shipment

Under this alternative, the amount of plutonfum that would be
transported per afr shipment would be cut back to some arbitrary
quantity that would be substant{aslly below the nominal 150
kilograms (or greater per shipment that.dapan uitimately would
1{ke to achieve). It s assumed that this quantity would have
to be greater than 2 kilograms since the Implementing Agreement
with Japan « which {s part of the Agreement package « states
that ihe plutonfum would be shipped in quantities of 2 kilograms
or more, This 15 related to the fact that the figure of 2
kilograms per ‘shipment triggers the most stringent physica)
protection measures required under Soth U.S. and Japanese policy
and regulations, as well as the internatfonal 9u1de11n§s to
which both governments have subscribed., It was agreed during
the negotiatfons that the long-term approvels of plutonium
shipments should be based on these hefghtened physical
protection stundards. The Japanese Government was not
1ni9rested in developing wutually agreed standards with the V.S.
fcr smaller shipments probably because such smaller shipments

would not be economically and logistically att;act‘ve.

4- 17
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The presumed rationale for this alternative would be that by
reducing the gquantities of plutonfum that would be involved per
shipment, the consequences of any particular adverse ?vent. per
shipment, whether 1t be an accident or selzure of the materiad,
4130 could be reduced.

0n the other hand, a sfignificant reduction {n the amount of
mater{al that would be authorfzed per shipment could also add
significantly to the number of air shipments that would be
required to deliver to Japan the same amount of mater{al. A
reduction by half of the allowed cargo per shipment would
presumably double the number of needed flights. 1t can be
argued that such an tncrease 1n the number of afr shipments
basically should have no signiffcant additive impact on the
human environment within U.S. territory as well as in the global
commons because as the number of shipments {s fncreased, the
quantity transported per shipment would decrease accordingly.
Also, adequate physical security protective measures presumably
wil) apply to such .transfers. However, the more credible position
would appear to be that the riske go up with {ncreases in
frequencies of such transfers. As the number of~shipﬁents
increases, the prospects of an accident or other untoward event
also tends to increase.

c. Afr transport by a route other than that meeting one criteria

set forth in Annex 5 of the Implementing Agreement

The Annex 5 guidelines which were quoted above call for a route
*from an airport in the United Kingdom or France to an afrport
4- 18



in Japan via the polar route or'cnother route selected to avold
areas of civi) disorder.® Thus any route {s & possidle route,
provided that {t fs selected only to avoid natura) disaster or
civil disorder. The Agreement does not ebligate Japan to choose
a route crossing U.S. territory, nor does it authorize o trinsit
of U.S. territory. Alsan, any route that 1s chosen wil) be
subject to a transportation pYan on which there wi)) be advance
consultations between the U.S. and Japanese Governments and any
overflight or Yanding fn the U.S. for refueling will be subdbject
to the applicable U.S. Yaws and regulations.

In contrast to the approach just described, one can visualize
two alternate approaches as to how the route for air shipment
might be selected., Under the first approach, the parties could
have simply stipulated the use of afr transport as the agreed
mode of transport without specifyiﬁg any criteria to be employed
in selecting the route to be chosen., That §s to say they could
haveiavoided reference to the use of the polar route or to the
need to avoid natura) disasters or civil disorders. .This
approach would have accorded Japan the nax1mum'f1exibility to
choose whatever air voute appeared most sppropriate at a gtvin
time.

The criteria of using & polar route or another route selected to
avoid areas of *natural disaster or c{vil disorder® obviously
was selected to appropriately recognize ihe {mportance of
applying the most prudent transport measures to the
international transfers of plutonium over long distances. 1Its
elimination or removal as 2 test could conceivably edd to the
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risk to the globsl commons by renbving ;Ee admonftion that
dangerous areas should be avoided., On the other hand, 1t {g
difficult to concefve that Japan would knowingly fly a cargo of
plutonfum to areas that would significantly add to the risk of
the integrity of the shipment. Nevertheless, 311 things being
equal, 1t would appear to be preferadble to have air shipments
governed by an explicit criterion of this nature than to leave
any ambiguity on the potint.

Under the second approach, which would be at the oppostite

extreme, & precise and defin{tive route would be chosen at this

stage with no chence of deviation in the absence of modifying

the Implementing Agreement {n the Agreement package. In theory,
it might be feasible at this time to fizx on one specific route

to be employed for all afr shipments to be employed or returning
separated plutonium subject to U.S. consent rights from EURATOM
to Japan, The election of this optfon has not been Judged to bde
prudent or desirable at this time because {t has been deemed
avaflable to Teave flexibility on the route to be selected in
Yight of the additional steps that will be necessary before 2
shipment can take place. The cooperation of nationad

author{ties {n the countries along the route chosen may be a
function of the size of the cargo and the atrcraft that s
selected and 1ts capacity. Also, since {he threats of » phygicaT
securfty nature, and of nationa) disturbances may shift
geographically over a period of time 1t would appear prudent to
leave the flight planners flexibility to alter route selections as
evolving circumstances warrant. This would be ‘especially true

sfnce the proposed new Agreement for Cooperation {s of long-term
4- 20
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nature. While the fixiﬁg‘bn'a s}eci!!c route might enable one to
estimate the potential environmenta) effects of air transfer with
s greater degree of specificitthhnn {s now the case, 1t {5 not
evident that this approach would have either a better or less
advantageous etluct .on the human environment than having the

parties to chovse alternate routes depending on evolving needs and
circumstances.
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CERTIFICATE OF COMPLIANCE
FOR RADIOACTIVE MATERIALS PACKAGES
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& PRIPARLE BY 1Asme o Ad AdBraad! 8 VITLE AND IDENT.OIEATION OF ARPOAT OR ASPLICATION
U.S. Nuclear Regulatory Cormission) NUREG-036); Safety Analysis Report for the Plutoniux
Hashington, DC 208%3 Air Transportable Package Model No. PAT.)
1 DOCKEY Nuwe(s 71-0361
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odel No.: PAT-1

(2) Description
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A staintess steel containment vesse) (designated TB-1) sur-oundec by 2
seainless stee! anc redwood overpeck (designated AG-1). Tre zontents
are serled within a st2inlass steel procuct can (casignztes Pl-1)
inside tne containment vessel.

The AQ-) overpack i5 a right circular ¢ylinder, approximaca'y 424172
inches long by 22-1/2 inches cutside di2neter. The walls of the
overpack consist of approxirately S inches of grain orienies reswose
encased within double stainless steel drums., The ends of the drums
are doubly closec., A copper heat conducting element and an 2lumirn=
losd distributer are encased within the redwood. '

The T8-1 containment vessel 15 approximately 8-1/2 inches ousside
length by 6-3/4 dinches ocutside diameter. The minimum wall thickness
of the vessel is approximately 1/2 inch, The interior caviiy of tne
vesse) is a right circular cylinder, 4-1/4 inches diameter, with.
henispherical ends. The vessel 1s closed by 12, 1/2-inch diameter
bolts and doubly sealed with a copper gasket and knife edges and an
elastomer Q-ring.
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CONDITIONS Lwannwed)

Page 2 = Certificate No. 0361 - Revision No. 2 = -Docket No. 71-0361

§.

(a) Packaging (continued)

(2) Description [continued)

The weight of the package is approximately 500 mounds. The weight of
the TB-1 containment vessel, when loaded with 4.4 pounds of contents
is approximately 41.7 pounds.

(3) Drawings and Specifications

The Model No. PAT-Y packaging {s fabricated in accordance with the
drawings and specifications in Section 8.0 of the Safety Analysis
Report, NURZG-(C361.

(b) Contents

(1) Type and form of material

Plutonium oxide and its daughter products, in any soli¢ form, The
plutorium oxide may be mixed with uranium oxide and {ts daughter
products, in any solid forn. :

(2) Meximum gquantity of material per package and additional perzissibie
contents -

(%)

(1)

{e) Fissile Class: £

Faximum 2.0 ko total radicactive material, plus: maximun 1€ grams
of wate- and 10 grams of polyethylene or poiyvinylchloride bayging
rateriai., The maximum decay heat load of the contents nay nct
exceed 25 watts,

aximum 200 grams total radicactive material, plus: maximum e
gram of water, maximum 200 graws of metal canning material (in
addition to the PC-1 product can, Drawing No. 1024), maximum 64
qrams of aluminum foil or honeycomb (in addition to the top
spacer, Drawing No. 1018), maximum 175 grams of glass and maxirum
35 grams polyethylene or polyvinylchloride bagging material. The
maximum decay heat Todd of the contents may not exceed 25 watts.

e

The PC-1 product can (Drawing No. 1024) and the top spacer (Drawing No. 1015)
need not be used when the contents include 20 curies or less of plutonium,

Prior to first use, each packaging sha1\"nnet the acceptance tests and standards
specified in Subsectinn 8.1 and Section §.0 of the Safety Analysis Report.

Prior to each shipment, the package shall meet the tests and criteria specifies
{n Subsection 8,2 of the Safety Analysis Report,

The package shall be prepared for shipment and operated {n accordance with the
procedures specified in Sertion 7.0 of the Safety Analysis Report.
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WAL FORM §18A i
oay ) CONDITIONS (sertnue?

Page 3 - Certificate No. D36) - Revision No. 2 - Docket No. 71-0361

10. The systems and components of each packeging shall meet the periodic tests and
criteria specified in Subsection 8.3 of the Safety Analysis Report.

11. Repair and maintenance of the packaqging shall be {n accordance with Sections 8.0
end 5.0 of the Safety Analysis Report.

12. The packaging shall be designed, procured, fabricated, accepted, operated,
maintained, and repaired in accordznce with a quality assurance plan approved by
the Nuclear Regulatory Commission for this purpose,

13. Trrough special arrangement with the carrier, the shipper shall ensure observance
of the following oparational controls for each shipment of plutonium by air:

l
i

(¢) Tne packace(s) must be stowed aboard aircraft on the main deck in the gft- ‘-
most location thet {s possible for cargo of its size an¢ weighi, Ko other J
type cargo may be stowed aft of the package(s). i
(b} The package(s) must be securaly cradled and tied-down to the main deck of |
tne aircraft. The tie-down System must be capabdie of providing package i
restraint against the fullowing inertia forces acting separately relative (

!g
I

A e e -

to the deck of the aircraft: Upward, 29; Forwerd, 9g; Sideward, 1.5g;
Downward, 4.5¢.

R
T? (c) Cargo which baars one of the following hazardous material labels may not be !
0 transportied aboard an aircra“t carrying a package(s): 15
i{- . .
i Explosive A Non-Flzmmable Gas e
R Explosive B Flarmable Liquid :
o Explosive C Flarmable Solid 3
3 Spontanecusly Combustible Flammable Gas . ik
5 Dangerous When Wet " Oxidizer !
a: Organic Peroxide Corrosive - "
L This restriction does not apply to hazardous material cargo labeled sclely © _{
N as: E
1 . ' .
E: Radioactive Poison '|ﬁ
1 Radioactive 11 Poizon Gas :
q Radiosctive 111 IreYtant !
R Megnetized Mateirals Etiologic Agent |
g: 4. The package authorized by this certificate {s hereby epproved for yse under the 'E
Ei general license provisions of 10 CFR §71.12. i
© 15, The package authorized by this certificate {s hereby approved for transportation !E
of plutonfum by air. "
I i
16. Expiration date: August 31, 1988. ug
|
i
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