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FOREWORD

The proposed action as described in this Environmental Assessment consists of:

o The acceptance of 409 spent fuel elements (in fifteen full casks) from erght
: : forergn research, reactors in Europe, - )

o . The shrpment of the spent fuel by commerc1a1 or chartered vessel from Europe o

: " to any.one of five ports of entry in the United States (Wilmington, North ..
Carolina; the Army Military Ocean 'I‘ermmal at Sunny Point, North Carolma, i
Charleston, South Carolma, Savannah, Georgia; and Jacksonvrlle, Flonda),

o 'Ihetransportbytruckofthe spentfuel from theportofentryto Savannah .
River Site, near Arken, South Carolrna, for storage in an existing underwater '

pool

The Environmental Assessment analyzes the acceptance of alternatrve numbers of spent fuel
elements (ranging from 0 to 953) as alternatives to the proposed acceptance of 409 spent fuel
elements, and overland transport by rarl as an alternative mode of ground transportatron

tpon further consideration, and in an ef’fort to balanee the domestic and mternatronal interests .

at stake, the Department of Energy (DOE) has decided that, rather than implernerting the
proposed action deseribed in the Environmental Assessment, the preferred approach for-
implementing the urgent-relief acceptance of foreign research reactor spent fuel is:

0  To ship the spent fuel by commercial or chartered vessel from Europe to the
Army s Military Ocean Terminal at. Sunny Point, North Carolina, to the
maximum extent . practlcable, (rather than allowing the shlpper to select from

- among any one of the five proposed ports as described in the Environmental
A'sse'ssment); and '

o To transport the spent fuel overland to the Savannah River Slte by rail (rather
than by truck) :
The preparation of this’ Envrronmental Asseéssment mcluded a broad effort to engage elected
officials, federal agencies, nonprolrferatlon and environmental public interest organizations,
.and members of the public in consideration of the proposed acceptance of foreign research
‘reactor spent fuel. Those efforts included distribution of two separate drafis of the |
Environmental Assessment for comment in October 1993 and February 1994, briefing of -
federal, state, and local officials, and meetings with. interested parties. For example, DOE and
the Department of State hosted an all-day public meeting in Washington, D.C. on
February 10, 1994 to provide representatives of key stakeholders an Opportumty for
constructive dialogue. In addition, DOE held several meetings concerning the proposed
acceptance of foreign research reactor spent fuel in the Hampton Roads area, Virginia;
Brunswick County and Wilmington, North Carolina; Charleston and Mount Pleasant,



' acceptance of forclgn research reactor spent fuel in the Hampton Roads area, Vrrgmra, L
" Brunswick County and Wilmington, North Carolina; Charleston and Mount Pleasant, . .
- South Carolina; Savannah, Georgia; and Jacksonville, Florida. ' These locations were chosen .-

because of their p'roximity to ports of enU'y‘ana]yzed-‘in the Environmental Assessment.

DOE’s declsron to change the prefcrred approach for lmplcmentmg the urgent-rehef

acceptance of foreign reseéarch reactor spent fuel is a result of DOE’s consideration of - =~ .
stakeholder’s comments. DOE believes that the change in the preferred approach fmrly o

_balances stakeholders concerns in- the United- States with the crucial international interests at

stake in the near-term support of the Reduced Enrichment for Research and Test Reactors '

program, a key nonproleerahon initiative to minimize and’ eventually elumnate the use of

highly enriched uranium in civilian reactor programs worldmde

i
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SUMMARY

In the 1950’s, as part of the "Atoms for Peace”
program, the United States began providing

.assistance in the peaceful . application of

nuclear technologies to countries that agréed to

forego the development of nuclear weapons.

This assistance included the provision of

' hlghly -enrichéd vranium _for use in research
reactors around the world. Afier irradiation in

the reactor, the used (spent) fuel was
transported to the United States, where it was

'_reprocessed to ‘extract the . uranium still

remaining in the spent fuel. In this way, the
United States maintained control of the highly

- enriched uranium, ‘'which otherwise could be
used to make nuclear weapons

Nuclear research reactors play an important role -
in medical research and treatment, end have
advanced the  development of materials for -
- industrial and agricultural use. Jo Europe, for
_-example, there are approxumately 8,000 to
..10,000 medical -treatments per day using
. medical isotopes produced in foreign research -
reactors. - Research reactors arc also used to
train intemational inspectors of mllltary and
: eml nuelear facilms :

To reduce the danger of' nuclear weapons

"prohferatlon. the United States began a
-program_in 1978 aimed at minimizing and -

eventually 'eliminating the use of highly

* enriched uranium in civilian reactor programs

worldwide. ~ This effort (the Reduced
Enrichment for Research and Test Reactors
Program) was directed at replacing the highly

enriched uranium used in research reactors

with low enriched uranium, a material that is
not' directly - usable- in- nuclear weapons.
Research reactors are of particular interest
because the major civilian use of highly

S-1

- reactor spent fuel. -

" enriched uranium is as fuél in rescarch
reactors. If research reactors worldwide were
to convert to low enriched uranium fuels,
highly enriched uranium essentially would be
eliminated from use in civil commerce.

Summary at s Glanee '

- 'S.l Background

'SJPmposedActmn .. 82

i ‘SJNwdforHoposedAmm ievess 53
S.4 Altematives .. ... . il aiean.. 54 .
S.Slmpaetsﬁ'omProposedAcuon cees 54
S.6 Impacts from Altematives ....... S-8
S.'IDOEResponmmComments N
S.8 What Happens Next™ ...... ce.. 517

'For research reactors converting to low

enriched . uranium _ fuel,” the United States
acceptance of spent fuel was viewed as
essential to offset the substantial expenses and .

. reduction in reactor efficiency and. capability - - |
. resulting from conversion. The United States

accepted highly enriched: uranium spent’ fuel
for several decades, until the program was

“allowed to expire in 1988. At that time, the

United States Department of Energy -(DOE)
committed to prepare an environmental review
of the potential impacts of a 10 year extension

of the program for accepting foreign research
In 1991, DOE issued an
environmental assessment of the potential
environmental impacts of the proposed
extension, DOE received numerous critical
comments from the public that any long-term

- policy should not be implemented until an
‘environmental impact statement under the
‘National Envnronmental Policy Act was

prepared

DOE dec:ded in mad-l993 to prepare an
Environmental Impact Statement on a new
proposed policy to accept, over a 10-15 year
period, -up to 15,000 spent fuel elements



contiining uranium- enriched in- the United .
States. ‘The goal of the proposed long-term - -
policy would be to recover highly enriched .

uranium exported from the United States,

‘while giving foreign research reactor operators ~

sufficient time to develop their own long-term

solutions for storage and disposal of spent ..

fuel. Although the Environmental Impact
Statement is under preparation, DOE does not
expect to complete the analysis and: make a

decision on whether to unplcment the pohcy‘ :

unnl tmd- to late-1995

Because DOE has not acceptnd any spent fuel . -

containing uranium enriched in the United
States . for more - than - five years, - several
foreign research reactor operators are running
.out of storage capacity and facing safety and
- regulatory issues associated with-the presence
of spent fuel at their sites.
States is unable to commit now to the near-
. term acceptance of a small amount of fore:gn

' research reactor spem fuel, several reactor- '

operators soon will elther shut ‘down theu'

reactors or ship their spent fuel. offsite. for

reprocessing. Neither. option would serve the

_nonproliferation interests of the United States. :

Thus, at the urging of the Department of
. State, DOE is proposing to accept a ‘small
number of highly enriched uranium spent fuel

.elements ‘in- the near tefm for storage in an. V

existing federal facility in South Carolina.

. DOE is proposing the urgent-relief acceptance -
“of 409 spent fuel elements. from eight foreign. -
research reactors in seven European countries. .-
Denmark,
Germany, Greece, Netherlands, Swedcn and

These countries  are Austria,

Switzerland.

. The spent fuel would be' shipped across the

ocean in spent fuel transportation casks (multi-
ton steel comamers) from the country of origin

to one or more United States eastern seaboard |-

ports. Up to 15 casks containing spent fuel
would be transported by ship over several
months. Several casks could be transported
together on a single ship.

-If the United -

‘Carolina;
Jacksonville, Florida (Figure 1.

Relief Were: Identified__

‘Reactor’ u:lechon was ‘based on on-ﬂte stonge'
.fncllxty inspections by teams composed of staff
from DOE and the Department of State and the .
‘application’of specsﬁc criferia) ‘A reactor wis
identified as meeting the urgent-rehef crxte.m_i
if, bmuse of the lmk of. naar-term speat fuel -

Five.

_entry .are - proposed: -
Wilmington, North Carolina; the United States
. Army's Military Ocean Terminal at-Sunny
* Point, North Carolina; Charleston, South

' pot;ts of

Savannah, _and

Eight

Georgia;

altemate pons of entry

‘Figure 1. Savannah River Suc and Proposed".
Ports of Entry

were considered and are analyzed -in this
Environmental Assessment. To provide the
reactor operators and shippers maximum

' "ﬂexlblhty, casks could be transported either by

.commercial container ships or chartered shlps




After arriving at United States ports, the casks
would be transported by truck to DOE’s
. Savannah River Site in South Carolina
(Figure 1). There, the fuel elements would be

. removed from the casks and stored underwater
in an existing storage facility. . The spent fuel
will be stored at the Savannah River Site until

- such time as the environmental reviews for
long-term storage or other disposition of spent
fuel are completed. The Nuclear Waste Policy

Act of 1982 (as amended) authorizes the
disposal of this Spent fuel in"a geologtc

~ repository.

N

This Envnronmental Assessment - evaluates the * -
‘of

potential environmental impacts
implementing the ' proposed . action.
Alternatives to this action are also evaluated.
- 'The proposed action and alternatives were
" developed ‘as a result of input received from

reactor operators, citizens in United States

port cities and along potential transportation
- routes, shippers, public mterest groups, and
‘other mterested stakeholders

"I'hts chapter provides a ‘brief overview of the

Environmental Assessment and summary
responses to comments received on previously -

released drafts. ~ Please refer ‘to the full

for ~ detailed

Environmental ~Assessment
technical information.

 The failure of the Un'tted St_ates to aocept the

- foreign research reactor spent fuel proposed in.
_this-Environmental Assessment could have a

number of adverse consequences.

: Reactor operators will try to avoid shutting.

down their reactors. The operators. of two
reactors can elect to reprocess their spent fuel
"at an existing facility in Dounreay, Scotland.
" Reprocessing at Dounreay would allow the
- uranium to be extracted (for reuse) and wotild
‘provide an interim solution for storing the
resulting waste. Indeed,
operators in Belgium and Germany resorted to
reprocessing in 1993 and 1994. Reprocessing
increases the threat of nuclear proliferation

four reactor -

. cooperation. )
.other reactor operators to cease their

.peaceful nuclear cooperation. .

because it encourages the continued use of .

highly enriched uranium.

~ The remaining six reactor operators either do

not have the option to reprocess their spent:
fuel or could not obtain regulatory authority to
reprocess in time to avoid shutdown.
Shutdown of these reactors would ‘severely
undermine the United States® credibility as a
reliable partner in matters of nuclear
This, in turn, could influence

conversion to low enriched fuel or to revert to
the ‘use -of highly enriched fuel if they have.
already converted. - In fact, several reactor
operators have stated that, if the United Staws
is unable to accept spent fuel, they will cancel
or delay their reactor .conversions to low
enriched uranium fuel. Such actions would

encourage development of a world market for -
~ highly enriched Uranium. thereby undermining
_a key aspect. of .the. United. States
- nonproliferation program. : '

Another crucial_ eonsider_ation in proposing to
accept a small number of spent fuel shipments
is the upcoming 1995 international conference-

on the Treaty on the Non-Proliferation of

Nuclear Weapons. The conference will
consider the indefinite extension of the Treaty,

- which the United States strongly . supports.
- Other Treaty parties will want assurance that

the United States has fulfilled its obligations”
under - the Treaty to share the benefits of
If several
countries ‘that are parties to the Treaty are
compelled to shut down their research

-reactors, thereby foregoing the benefits from
- these reactors, -the United States may. be
-accused, fairly or unfairly, of not sharing the
‘benefits of peaceful nuclear cooperation. Such

an accusation, however ill-founded, could
create or increase opposition to the indefinite
extension of the Treaty, which: is the
foundation for the tnternattonal nuclear
nonproliferation regime.



The followmg alternatives to - the proposed :
act:on were consndered :

i Take no actton

- -Accept more or. lcss spent fuel than in the o
: (See box called, "How

. proposed act:on
.. ‘Alternative . Numbers of Spent Fuel
S Elements Were Selected ")

= .Use alternate ports of entry: 'Ihese eould
" include”Elizabeth, New Jersey; Kings Bay

N Naval Base; Georgia; Morehead City, North

. Carolma,' Newport “News, . Norfolk,
- Portsmouth, and Yorktown Naval Weapons
~ Station, Virginia; New. Orleans, Louisiana;

and Oakland, California. “ The Kings Bay |
and Yorktown terminals are mllltary ports; .

_ the others are commercla] ports

= Transport spent fuel by ra1| to the Savannah, k 1

River Srte

. 'Transport low or highly-enriched uranium
" to the United States after spent fuel is .
-This would be an .
alternative to accepting spent fuel elements.
The highly .enriched uranium would either : .
" be converted to low enriched -uranium by
“blending, or would be transported directly. -

‘reprocessed abroad.

Four more alternatives were considered but not .
analyzed in detail because various technical,
regulatory, and legal constraints render them
either impossible or impractical to implement

in the timeframe assoc:ated with the proposed
action: o . .

= Transport the - Spel‘lt fuel by air to the
" United States

a Use DOE storage facilities other then the .

Savannah River Site.

S-4

w Assist]
- -expandmg fuel storage ln thelr own | -

---_How Alternatlve Numbers of Spent
Fuel Elements Were Selected

" The proposed action specnﬁes acceptance of 409 .
spent fuel ‘elements. Alternatively, more or

e -"fewer elernents eould be aceepted

) l 953—the nurnber of spent fuel elements .
v originally requested by the reactor operators -

... for -shipment :(includes spent fuel from
L X reaetors that were later ellmmated t‘rom the_
s mposed aenon)':-.:._._':v '.,-- GE LT

-- w3590t partial, rather than full, casks were
.. 7. shipped; (Some reactors could sh|ppm:ally___‘ L

ﬁlled easks and avotd shutdown)

- 291 or 24854 fun @91) or partial (243):
casks were shtpped from only those reaetors
that eannot reproeess : . .

forelgn  research’ ‘feactors ° in

’ countnes

. 'l_:-.Tmnsport spent fuel by barge to the
_._;Savannah Rwer Slte ' ,

_ .-'lmpacts were estlmated for the followmg three
- phases of the proposed aetton.

_. o Bnnglng 409 spent fuel elcments in casks'

".across the ocean to one or more United
States ports ‘

\

. & Receiving spent fuel rn -the ports and
transporting it by truck to the Savannah -

- Rlver storage site.

- _.Stonng the spent fuel at the . Savannah .

. River Slte



' Mmuring Rndlation Expusure

' Potentlal mdlologxcal unpactsa:eshmated for the

‘highest radiation exposure any single person might
- receive, ‘as well ‘as the collective exposure 8
particular population mlght get, such as &l those
“living in the vicinity of a port.. Two prmmy units
of radiation 'measurement -are used inthis -
.; Assessment to estimate these impacts;the rem and --

- rem is a relatively- large dose, the umt actually

o . used. most frequently -Is the mmuem {(mrem), .

** that the average individual in the United States’:”

_receives @ background dose of about 360 mrem’
«. - per year_from all sources. . (Sec Flgure 2) For,
“-f'.jexample a chesi x-ray ‘results’in -a dosc'of 8 .

" ‘mrem.’ By regulation, ‘the maximum annual -

" exposure. from routine Duclear activities to a
member.of the general public cannot exceed 100
mrem above the background dose. - The maximum ~ .
individual exposure from the proposed action
under non-accident conditions would be 1o a port

casks). - -

.jRadiaﬁon exposure to a populaﬁon or a group ’of -
persons is measured in person-rem. The total .
population exposure (all the person-rems) 'is'
determined by adding up all the individual doses - -
in the exposed group. This measurement is . -
particularly important when trying to take into

" account the potential impacts of very small doses

on very large populations (for examplq all those: -

l:wng along the truck route) i -_;'-; e

Usmga conversion factor, the esnmated exposum -
ccan be converted into possible numbers-of health
effects. Because the exposures predicted in this -
study arc far less than those known to cause - .
" immediate illness or fatality, only delayed health
-effects can be estimated, *A delayed effect |
- measured in latent (ﬁ.ltum) cancer fatalities. - F
* a general pOpulat:on, a collective’ dose of 2.
© person-rem is estimated to result in one additional
latent cancer fatality. . The total populatnon
_ exposure far the proposed action is  éstimated to be
between 0.12 and 0.16. -person-fem under ‘RO .
" accident conditions, more than 12,000 times less
.. than the population dose that would pmdu
: predlctcd lateat cancer fatamy"'

‘worker (about 5 mrem from unloadmg all ﬂﬁeen e

‘of spent nuclear fuel.

the water.

‘Potential impacts of each phase are described

in the following sections. See Chapter 6 in the
Environmental Assessmerit for more details.

S.5.1 Impacts from Ocean
Transport

Under routine (non-accident) conditions, .
radiation exposure to the ship crew during
ocean transport would be less than 0.005 rem. .
This exposure would be from the very small
radiation fields being emitted from the casks -
less than 1 mrem per hour at | meter from the
cask surface. This radiation dose estimate
would be essentially the same for all proposed " .
ports of entry, largely because it depends on .

the number of inspections conducted over a .’
-.given period of time. - -
distances from the European .ports to the
"United States ports are very similar,. the -

Because all of the -

number of inspections would essentially be the

" DOE considered what would happen if - -

accidents were to occur during ship transport
- The ‘two most likely
kinds of ocean accidents from maritime
shipping experience were investigated: 1) a
ship collision, which in" this' Environmental -

- Assessment was assumed to result in an
onboard fire, and '2) loss of a cask at sea,

resulting in the spent fuel being released into
If a collision and fire caused the
contents to be released, the major impact to
the crew would probably be from the fire, not
the resultant radiation exposure. Radioactive

. - particles could be dispersed over the ocean, but

would not be in largé enough amounts to have

“a measurable impact on the environment. The
~ spent fuel cask is robust and the spent fuel is

in a solid metallic form. Therefore, release of
spent fuel contents dunng a ship collision and
ﬁre is unhkely

-

) lmmcrsing a cask in water does not cause the
. radioactive

contents to be released
immediately. Casks can bé recovered in water
up to 200 meters deep. Thus, if a cask were

S-5



to fall overboard near. shore or in port, the’
most likely places for this to occur. it would "

. be rccovcred

If a cask sank in the decp ocean and could not
be recovered, it would gradually degrade and
_its contents would be. released over’ many
years,” ‘The added impact to. the marine

environment’ over. time.- would be minimal,
* because-of the very large volume of - watcr that

would rmx wﬁh the spcnt ﬁxcl

. What about radlatlon cxposure to pcoplc Ilvmg :
- on land if contents -of a-spent fucl cask were -
“released into the ocean?-- The highest-impact .

location where such a . release ‘could - occur

" would be in_coastal waters, because of the

proximity to on-land populations. The highest
radiation dose to a person on land in the.évent

“of such a release would be 11° mrcm over a -

- -year's time. - This is' about.3 percent of the

* - annual average radiation dose received by an -
. individual llvmg in’ thc Umted Statcs (See _

Flgucm)
\.':
ofmadoaty - .. ) .. - .
o Aol CoE .~ somilirem
© Water, Food ’ v --m '
o O -\ - oo, |
o MedalXmys |
1 .0 Oher cocicaltesy |
-~ o Cosumergroduts | - - -
) oolor TV, warches)
" Ot sources, suchss | -
. o Unnumminng |
cmm :

- Figure 2 Typical Sources of Ycarly Radiation Exposure -

" for s Unitéd States Resident. Radiation doses estimated

in this Environmental Assessmentwould be in addluon
to the exposure shown here, :

‘the "proposed action. .
.~ estimated for normal- operatlons and at:.cldcnt.i =

* jam,’ for example.
"would be 0.002 mrem for a person 10cated_
-along the roadway while trucks pass by. This

.. exposure is a small fraction of the 360 mrem -

* received each year from background radiation

S. 5 2 Impacts from Port Recetpt
and Truck T, ranSport '

Radiation doses were estimated -for port -

workers who wouild handle spent fuel casks,
truck crews who would transport the casks to
the Savannah River S:tc and people on and

| “-along the truck route.” Thesc doses were

) AN
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calculated for all the ports and truck routes in . ‘

Radiation doses were

condlt:ons

.‘

The hlghest dose any membcr of the’ genml'_--
public' might receive while the spent fuel isin -
" -transit would be about 1 mrem. .

. scenario, a person would. be located- about 6.

feet from a cask for 30. mmutcs, in a.traffic
- The ‘more typical dose

from all sources. (See Flgure 2.) This is for

“any-port of truck route in the prOposed action.

Port workers an_d u-uqk dnv_ers would rc_cc:ve-
4 slightly higher dose-than residents of port
~ cities and persons along truck routes, because:

they would be in closer contact with the spent
fuel casks over a longer- period of time. The
highest potential dose of about 5 mrem would
+ result in the unlikely event t.hat thc same port

worker unloadcd all 15 casks

“The " total - annual exposure \.from routine
:operations _ to- all- the workers ‘and -general
“public from-the proposed action would range .

from 0.12to 0.16 person-rem, depending on.
~ the port used. Doses this small would result in
. -an increased potential” for ‘a single future

-cancer death of less than 1.in 12 000 for the

_ entlrc exposed p0pulat|on

ln more than three dccades of 's'hioping spent

_fuel into and within the United States, no

accident has ever occurred in wh:ch a cask was
punctured or spent fuel contents. released.

S6
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However, for completeness, DOE investigated
what would happen under the most extreme
accident conditions — in which a cask was
breached, engulfed in flame, and its contents
released. A person standing about 100 feet
from the cask for 24 hours while this happens
would receive a radiation dose of 25 rem. If
that same person were shiclded by being in a
house 100 feet away from the buming cask for
24 hours, the dose would be reduced to 220
mrem (about 60 percent of annual background
radiation from all sources). For comparison, it

. takes a dose of about 600 rem to cause
imminent death. “The chances of an accident .
. of this severity occumng ‘are approximately

1 in 8 million.

This Environmental = Assessment also
considered traffic accidents from the transport
of spent fuel by truck. Potential deaths from
this kind of accident (nonradiological) were

calculated for all- port routes in the proposed.

action. These calculations. &re. based on
frequency and distance. Because there would
be only fi fteen casks transported a maximum

- . distance of about 440 miles, no accldcnt_
- fatalmes would be expccted

8.5.3 Impacts from Spent Fuel
Storage at the Savannah
River Site '

The proposed receipt and storage of 409 spent
fuel elements at the Savannah River Site
would result in extremely small increases in
radiological emissions and waste generation at

the site. No other environmental impacts are

anticipated.  This is because. storing the
clements in the existing Receiving Basin for

- Offsite Fuels would represent only a very
- small increase in ongoing site activities and

involve no new construction. In the unlikely
event that the same worker were to unload all
409- spent fuel eclements, the maximum
additional exposure would be 60 mrem, about

1 percent of the limit established by DOE for -

radiation workers.

" “requirements - established by .. the .
» £

s —
Spent Fuel and Shipping Casks |

A typical spent fuel element from 8 research

reactor is about 40 inches x.3 inches x 3 inches,

and weighs from 9 to 13 pounds. The elements

are solid metal. They contain various forms of

uranium, as wéll as radioactive -byproducts,
: :mcludmg u'acc amoums of plutomum :

. .';Spem fuel elcmems are transponed in stamlus -

- stee] packagings called transportation casks, or .

- just casks (Figure 3). A full cask can carry
from 13 to 64 spent fuel elements from research -

" reactors, depending on fuel element design and

" cask capacity. The casks arc certified.as "Type
B" by international regulations. To receive this
.certification, a cask must demonstrate that jts -
contents do - not_ release radiation above a

. -specified low limit (1 rem per hour at 1 meter
from the cask surface) after withstanding severe
accident conditions. These conditions include
being dropped onto a steel post, subjected to.
extremely hlgh tcrnperature (1475"F), and
submersed in water. - :

TypeBcaskshavebecnﬁsedforyearstb
transport spent fuel elements in the United .
States and around the world. No cask has ever
been punctured of had eny of its contents
relcased even in actual h:ghmy accrdems

The casks are dﬁlgned to prov:de shleldmg'
from radiation. However, an exn'cmely low
radiation field is present outside the cask.--
~usually less than one mrem per hour st one

* .. meter away from the cask. (l'lus dose is well -

under the -limit allowed by the .Nuclear -

. Regulatory . Comm:ss:on.) Spent -fuel cask

_design and transportation must also comply m-féh :
U.S.

| Four hypothetical accidents at the _s;torége

facility were evaluated ‘that could potentially
release radionuclides to the atmosphere. - These
accidents include: 1) a nuclear criticality
incident (a release of energy as a result of a .
self sustaining nuclear chain reaction); 2) fire
and explosion at the storage facility resulting
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from a flammable or explosive concent:_‘atidﬁ S
of vapors; 3) accidental cutting of fuel element. .
cores (the portions of the element containing * :

uramum) during preparation for storage; and 4)
~ rupture of fuel elcmcnts during underwatcr
© storage. -

The maximum dose would result from the
unlikely accident of 1000 forclgn fuel elements
' -rupturmg durmg storage.
result in a maximum’ dose to the individual at

the site boundary of 8 mrem, and a 70 person-:

rem dose for the offsite’ population. - The

: probablhty of such an accident occumng. :

howevcr. would be less than .once in 2000

- years. Taking this probablhty into’ account, |, |
‘there would be an additional 1 in 500,000,000 ..

chance that the mdw:dqal at the site bomda_ry

Reactor Spent Fuel

would develop a fatal cancer and.a | in 55,000

chance that a single fatal cancer would occur
in the exposed population.

.This event . would

.Figure 3 Typlcal Shipping Cask for Research
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- Impacts from the alternatives to t_hc‘preposcd ‘
- action were, calculated and are discussed:
below. -

S 6.1 T ake .No -Actioh

- If no action were takcn to receive thc urgcnt-

relief spent fuel’ into the United States, no -
additional cnv:ronmcmal impacts would occur
here. However, failure to accept spent fuel ~

*. from the eight reactors would likely have other
‘impacts, as explamed in Section S.3." Chief .

among these is the increased potential for

: worldwnde prohferatxon of nuclear weapons.

¥ S. 6.2 Accept Altematwe Numbers

of Spent Fuel Elements _

" .Estimates were madc of the potcnual dosc and -
_vesulting fatal cancers if various numbers of
- spent fuel elements were received by the ports

and transported. - The numbers considered were N
953, 359, 291, and 248. (Sec box called, .
"How Alternative Numbers of Fuel Elemcnts-‘ .

’,'WcrcSelected) U .

As might be expected, the risks go up when
the numbers of fuel clements increase, and
“down when they decrcasc. -The risks for the - -
953-clement alternative are almost double the'

~risks for the 409 fuel elements in the proposed . -

.action. However, as with the proposed action,

““the impacts ‘associated with the shipment' of
" any of the alternative numbcrs of elements arc

cxtremcly small . S



8.6.3 Use Alternative Receiving
Ports -

The potential radiation doses for some of the

alternate ports are slightly higher than those of
the proposed ports. For other alternate ports,

the potential radiation doses are the same or-

lower. These variations depend primarily on
the distance from ‘the Savannah River Site.
- The chance of developmg one additional fatal
‘cancer ranges from 1 jn 7,500 to 1 in 10,000,

. than in the above-memntioned assessments, the

potential impacts would also be much less.

The impacts of .bringing back reprocessed
highly enriched uranium to the United States
were not quantitatively analyzed for this
environmental assessment. However, the .
military has considerable - experience in

" -shipment of highly enriched uranium. and has

- safely transported such materials throughout - .

" depending on the port. “This is for normal and '

accident conditions. In general, the altemiative -

. port cities are further away from the Savannah
River Site and the potentially exposed
populat:ons are larger

8. 6.4 Transport Spent Fuel by Rail

- o the Savannah River S:te

- The estimated rad|atIon doses for using. rall

transport erc slightly higher than those- for
'using trucks. . This is primarily because of the
slightly increased inspection time involved in
rail transport. As for the risks from truck
transportation, the risks of transport by rail are
- extremely small.

The .chances of developing -

“one additional fatal cancer are 1 in 9,000 for -

transport from the proposed ports.

S.6.5 Transport Low or Highly
Enriched Uranium to the

- United States after Spent Fuel

a4 Repfacessed Abroad .

- _Two E.nwronmental Assessments were done in -,

© 1993 and 1994 to estimate impacts of

transporting low enriched. uranium by ship into
the United States, The author of. these

' v.assessments the United States ,Enrichment

Corporation, determined that transport of large
quantities . of low enriched uranium to" and
through the United States resulted in-no
significant impacts. Because the alternative

- being discussed here would involve much

smaller quantmes -of low enriched uramum

the world. DOE has safely. stored hlghly
enriched uranium, without incident, at va.nous

“United States facﬂmes for-many years .

- DOE begen preparation. of this document, the . .

"Environmental Assessment of Urgent-Relief
Acceptance of Foreign Research Reactor Spent
Nuclear Fuel”, in 1993. The first draft was’ -
distributed for pubfic comment in October
1993. Afier review of the comments- received:
and on-site mspect:ons of ten research reactors

in Europe and one in Australia (three of which.
are no longer. included in the proposed action),

DOE developed a second draft and distributed

it for public comment.in February 1994. DOE

also held several public meetings, including a*
meeting " attended by representatives of key
stakeholders on February 10, 1994, to discuss
the proposed action and its domestic and

mtemanonal pohcy 1mpheatnons

DOE has considered, all of the commenits
received during.the development of this. final

Environmental Assessment, - The following -

‘sections summarize the major areas in which

‘comments were received and provide DOE's.

résponses. These and additional comrments are

addressed in the Env1ronmental Assessment.



. S.7. I Need to Accept the Spent
' Fuel o

" Several commentors urged DOE to accept the .
" urgent-relief spent fuel clements. .
", commentors cited the need to -reduce the

These

~ potential for nuclear proliferation. They also

. emphasized the importance of keeping what is .
", perceived. by the foreign  research reactor. |-
. community 1o be a longstandmg oommmncnt )

- _toiakc back- spcnt fuel.

S .Othcr commentors. questwned ﬁte nccd for
./ spent fuel-acceptance. * The following socuon' _
-~ 'summarizes: the key issues. raised by these'

commentors, followed by DOE’s responscs

. Ibere is no urgenr need to accept spent

nuclear fuel. '

o As dcscnbcd in detall in Chaptcrl of the
o Env:ronmental Assessment,lf the spentnuclcar 1

. fuel“is not.accepted. by the United: States, it is - .
“likely that there will be increased commerce'in . -

“and use of highly enriched uranium worldwide.

President Clinton’s nonproliferation. policy i

seeks . to  minimize - the avallablhty -of
weapons-usable material.  The conversion of
research reactors to low enriched uranium:fuel
. and the United States acceptance of spent fuel
containing highly enriched uranium _are two.
key objectwcs of thls pohcy L.

.DOE and thc Umtod States Department of -

State sent inspection teams.to: ‘every. reactor

o considered for urgent relief. Through’ on-site -

-inspections and application of uniform criteria
. (see Chapter 2), these teams detcrmmod that
‘the eight reactor operators ‘identified in the

- “Environmental Assessment's proposed action ' -

-have valid and urgent needs for spent: fuel
storage relief. DOE limited the relief spec:ﬁed
in the proposed action to_those fuel elements
-that need to be shipped to the United States in
the near term.. : :
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The foreign research reactor operators should .
" find their own storage solutions, such as
adding more fuel storage facihnes in their
. own countﬂes. : .

_ Under the long-term proposed policy -Being
. considered in the Foreign Research Reactor ..
Spent Fuel Environmental Impact Statement, -

.DOE would accept foreign research reactor

- _spent fuel for a fixed period of no more than
" 15 years. This would allow the United States.. -

_ 1o recover highly enriched uranium exported .

by this government, and would give the reactor - :
" operators sufficient time to establish theirown ... =~
- long-term storage “sites or plan for reactor :

hutdown in an ordcrly way

Addmg more Spent fuel storage at the Teactor .
sites or at other sites in Europe as an

~ alternative to the proposed action, however, is

not a practical solution in- the time needed to_.'

respond © the urgent needs. of the eight -

* reactors considered. . By the time new facilities

"‘were constructed and licensed, or existing. .

" facilities modified, some reactors would have
been forced to “send - their spent fuel to - - .

" Dounreay for reprocessing, whcre that is an

“ option,-or to shut down

' ﬁe Um'red States shou!d let rhe forcrgn )
research -reactors reprocess or shut down.

rari:er rhan accept their spent fuel.

' Reactor operators who decnde to reprocess now
~ are more likely to postpone their conversions

from highly ennched uranium fuel, or revert .

" This is because the only -

back to, its use.’
.current reprocessor of such fuels. (the United

ngdom Atomic Energy Authority’s facility .
" in Dounreay, Scotland) does not-reprocess low . .
cnnchod uranium fuel and the reactor operators -

" have only limited capacity to store spent fuel
generated as a result of operating. “Thus, the

~ _research reactors would have to continue to
use highly enriched uranium fuels to continue
. operating.

~ highly enriched.uranium fuel because research

Reactor operators prefer to use

-reactors run more efficiently using this fuel

~



than low enriched uranium fuel. Foreign

governments and reactor operators. have

indicated since the beginning of the Reduced
Enrichment for Research and Test Reactors
Program that their willingness to participate in
_ this key nonproliferation program was
contingent upon the willingness of the United
States to continue to accept forelgn research
‘reactor spent fuel.

Shutdown of these research reactors would be

- a serious blow to the reactor operators and
Chapter 2 of the

~ their communities.
" Environmental Assessment contains a complete
- description of the situation at each .reactor.
.These descriptions identify the xmponanee of
each of these reactors. to the country ‘and
region in which the reactor is located. ‘In
addition t providing important medical
~ isotopes, the research reactors serve as major
rescarch -tools for electronics, biology,
- medicine, and engineering, as well as major
training facilities in nuclear technology.. For

example, the research reactor operating in B

Austria is used by the International Atomic

“Energy Agency to train personnel who -
conduct international inspections of weapons '

.and civilian nuclear facnllues '

Reproeessmg or shuttmg down fore:gn
research reactors would undermine the gains -
“of the Reduced Enrichment for Research and

Test Reactors Program.. The governments in

the countries where these reactors are located

have stated. that renewal of the acceptance of
. spent fuel has become a measure of United
in worldwide nuclear -

States reliability
cooperation. A percew'ed lack of reliability
could complicate upcoming negotiations for,
" renewal of important nonprohferanon
. agreements. L
To eliminate the proliferation potential
created by reprocessing, (the wuranium
.extracted during reprocessing could be
blended and converted to low enriched

uranium. Allernatively, the United States-
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“of spent fuel.

¢ould purchase the highly eunched uranium
and blend u here. . -

These options are: considered,in Chapter 4of
the Environmental Assessment. - Neither
option, however, would serve the
nonproliferation interests of the United States, .

. since reprocessing would likely result in
- perpetuating the use of highly enriched
_uranium fuel.
. for which United States consent is not required
- for reprocessing to occur,
_x_r';echanism to implement or enforce a blending
~ requirement by " the reactor “operators - Of
- TeProcessors. Consequently, reactor operators
- could have their fuel reprocessed but not -

In 'addition, for those reactors

.there is no

blended. This would result in the continued
use of highly. enriched uranium fuel by
research reactors, which is contrary to the -
United States nonproliferation policy.

et \ | .

5.7.2 Other Policy Issues

"Several commentors raised quesuons about :
-United States policy issues related to the .
_ decision of whether to accept. spent fuel.
- These comments, and DOE’s responses, are

sununartzed here.

The United States should not ‘consider

- accepting spent fuel from other countries

until we have a permanent solution for our

- own nuclear waste srorage problem.

The Umted States has mvested several billion
dollars in developing the capability to dispose
Currently, the. feasibility of
locating a geologic. repository in Nevada is

“being assessed. If the technical and scientific

viability of geologic disposal is.confirmed and

_ ‘regulatory requirements are met, a repository
" could be ready by the year 2010. (Although a
- disposal facility is not .yet open, the

technology to store spent fuel safely for many
decades does exist.) Any uncertainties related
to the availability of geologic disposal are
clearly offset by the benefits of minimizing the

availability of highly enriched uranium,



_ Our allies are too conirrutied to m‘rc‘lear.'
nonproli feranan fo cann’nue using: highly -
enriched uranium fuel. ‘They will convert to .

“low enriched uraniim Juel regardless of
whether the United States accepts forergn
research reactor spent fuel.

Several fore:gn research reactor operators have :
- expressed the view that if the United States
decides not to accept any near-term spent fuel

- sh|pments thcy plan to .terminate their

- participation in the Reduced Enrichment for. ' |.
- Research and Test Reactors Program and rer o
*instead on highly enriched uranium fuels. The .. -

decision to use highly enriched uranium would - -

- not result from a lack of commitment to non~
prollferatlon. .

reprocessing optlon is only avallable for hlghly
enriched uranium fuel. . :

. DOE should not expect orher countr!es fo use -
_ low enriched uranium fuel when - United .
- . States research reactors are still using highly -

'enrrched uranium fuel, .

_ DOE. at the request of the United States'
- National Secunty Counc;l. is reviewing the

'pollcy of using highly enriched uranium fuel
in United States domestic rescarch reactors,

_ including those owned and operated by United
- . States government agencics.’ Regarding the. '
- domestic university reactors, of the cightcen
.-" réactors with power greater than ] megawatt, -

‘eight have converted to low ennched fuels, six.
more are in -some stage of the conversion

process, and two do not have a qualified fuel -
that'would permit them to convert. (Reactots. =
with less than 1 megawatt of power usually.
have lifetime cores and do not generate spent’

fuel.) "' Regarding the government-owned
- reactors, of the seven with power greater than

| megawatt, two have no qualified fuel, two
need further analysis but initial indications are -
- that there is no qualified fuel, and two face an
uncertain future. There is “one reactor that

. Reactor operators would .be". -
* "driven to use highly enriched uranium. because

- they have no other viable options to deal with- - |

 their spent fuel storage problem ‘and the
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- could convert but
-conversion plan. The use of. low enriched .

- Laboratory.

has not- initiated a

uranium is being considered for a new reactor
proposed for the

The conversion of many of the remaining

research reactors to low -enriched fuel -

depends on the development of advanced

| . high-density fuels. The Unlted Srates should
1 develop these fuels. :

DOE agrees d1at the ‘ad\'raircec.l mf'ue'l

development program should be initiated. At
" - the present time, fupds are be_lng soughtand a "
five 'year funding plan has been’ de\}cloped '

. DOE anticipates commitment of these funds in

the near future, ‘It is expected that Argonne

'Oak  Ridge -National

National Laboratory will begm thls program m' ka

: ﬁscal year-1994.

.DOE shou!d accept only !Ize mlmmum

number of fuel elements needed to satlsfy the
. criteria of Chapter 2. The number of fuel
.elements should not-be increased simply to

permit eaclr reador 2o fill its'c’askr. -

Fifteen full casks contammg 409 spent fuel

"elements are-proposed to be accepted in the
Environmenta! Assessment.. Four of the eight
| reactors included in the proposed action could
. theoretically. ship partially- filled casks and not_
- have to shut down -or be forced to reprocess
This would reduce the’
_ number of elements to be accepted by 50, for -~
..a total of- 359. Fifteen casks would. st111 need

their spent fuel,

o be shnppcd however

In proposmg to accept full casks DOE took
note of ‘the fact that there is.no signifi cant’
‘difference .in_ environmental . impacts. between
" shipping full and -partial casks.. Moreover, -
- réqumng reactor operators to transport partial -
. casks is viewed by ‘all operators as being
‘unnecessarily -
_transportation ¢osts (which_run into hundreds
. "of thousands of dollars) are ‘essentially the

expensive because

same for full as for partially full casks. Based

the-_.




on these considerations, shipment of full casks

~ is a prudent course to encourage the continued
- participation of foreign research reactors in the

Reduced Enrichment for Rcscamh and Test

Reactors Program.

| S8.7.3 National Environmental
Policy Act Considerations

The r.najor.cohments and responses.related to
compliance with the National Env:ronmcntal
Policy Act are as follows

The _proposed action shahld . not fie
implemented before completion of the

. Foreign Research Reactor Spent Fuel

‘Environmental Impact Statement. - -

DOE believes. that preparation “of the
Environmental Assessment fully complies with

- the National Environmental Policy Act and its -
_The proposal to

implementing regulations.
" accept a small number (409) of spent nuclear
fuel clements is justified independently of the
. decision on whether to establish a new policy
. on long-term acceptance of foreign research
reactor spent fuel. Until the Environmental

Impact Statement is completed and a decision .

made on whether to implement the proposed
long-tertn spent fuel acceptance policy, ‘the
. proposed acceptance of spent fuel is necessary
. to maintain the United States program of
encouraging - the .conversion by research
reactors to low enriched uranium fuel,
‘Further, while there is an obvious relationship

- between the two proposals, a decision to’

accept such a small number of fuel elements

does not foreclose or prejudice future decisions . .

regarding .establishment of a new spent fuel

acceptance policy or the decisions regarding

ultimate disposition of spent nuclear fuel.

The notification of the proposed aetlon ﬁ;as__-

not well publicized. The draft Environmental
Assessment was not widely qval!able, and
- there was insufficient -time to review and
comment.
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action.
" ports of entry were in the Hampton Roads
" area, Virginia, and Charleston, o
" Carolina) Notices of the Assessment’s. -
. these affected - comrhunities,
. communities surroundmg the Savannah River

- February 1994.
~ revised draft were sent to the governors of the

Under DOE’s regulations implementing the
National Environmental & Policy Act,

environmental assessments are provided to
affected state(s) and Indian tribes for a
preapproval review period of 14 to 30 days.
However, for this Environmental Assessment,
DOE felt it was important to expand the .

. review pracess to provide opportunities for

broader public involvement. Therefore, DOE" -
took the following actions.

In October 1993, more than 100 copies of the

draft Environmental Assessment were sent to
public interest groups nationwide and officials
in states that could be affected by the proposed °
" (In the October draft, the proposed
South

availability were placed in-local newspapers of

Site.

.In response to comments, a second draft was

prepared and distributed for public comment in ’
About- 130 copies of the

affected ' states, .mayors in. the proposed port .
communities, port authorities, environmental -
and nonproliferation interest groups, reactor
operators and their ‘countries’ embassies,
Congressional delegations, and all those who

_ had commented on the October draft.

In February 1994, DOE and the Departmesit of

State co-hosted a meeting to encourage an
exchange of views among the foreign and
domestic interests represented. Subsequent to

- that meeting, an additional 200 copies of the
" February draft Environmental Assessmentwere

distributed .in response to requests for copies. -
In eddition,, DOE has ‘held meetings
concerning the proposed receipt of foreign

research reactor spent fuel in the Hampton
‘Roads area, Virginia; Brunswick County, and

- Wilmington, North. Carolina; Charleston and

Mount Pleasant, South Carolina; . Savannah,

-

as well as.



;Gcorgla, and- Jacksonville, Fiorida. These
locations were- chosen because of their

proximity to ‘the ‘proposed ports of__cntry for

the foreign research reactor spcnt fuel. -

" Inresponse to requcsts the. commcnt pcnod on

the February draft Environmental Assessment -

- 'was extcndcd until Apnl 8 1994

G .-' .S' 74 Port Selecttan

- DOE skould not cans:der the Sunny Point

. Military Ocean Terminal as a proposed port |
- of entry’ - because - ammunition and lugh

' ‘exploslm are o_ﬁ'-loaded at the port. L

' Thc Army's Mlhtaly Ocean Tcrmmal at Sunny
Point is-a defense transportat:on facility used

10 move military cargo into and out of the . .

United States. ~ The majority of the ‘cargo is
.dry cargo, primarily- ammunition.. Because
Sunny Point was. -designed for. handling
~- ammunition, each wharf has been designed and
- built so that an explosion at one wharf or at

"~ one of the holding areas would not cause a ~

detonation -of explosives " at another wharf,
Therefore,: workers - at _.the . ‘Sunny Point
- Terminal could safely unload spent fuel on one
.wharf ‘without ‘concern for an accident on
" another vesscl -impacting the spent fuel. .

- fact, there has. never been an explosmn
" accident at Sunny Point. :

- DOE. should’ consider. Suniny ﬁalm as a

- prapased port of entry because of the low
. papulanon in the area surroundmg the port.

* The populatron in the area sumoundmg the
- port of entry is one of the factors that DOE

~ considered in selecting ports of entry for the

proposed acceptance of spent fuel. . Indeed,

Sunny Point has the lowest population density . -
in the vicinity' of the port (179 people per -

- square kilometer) of all the proposed ports:

* (For a comparison of all five proposed ports,
please refer to.-Table 34 in Chapter 3 of the. .

~Environmental Assessment) In addition,
Southport, the town closest to the Sunny Point

‘_Rlvex Sltc

—_ Terrniﬁal, has the lowest population density
(27 people per square kilometer) of all the

cities (or towns) closest to the proposed ports.
Both of these factors are important. However,

 the size of the populatton along the route to

the Savannah River Site is also. :mportant. No

“one port has the lowest population in all three
* categories. . -Among the five proposed ports,
Sunny Point has the fourth highest number for
‘total population potentially exposed along the

entirc route from the port to the Savannah

1,

- .DOE falled to comply wlth the requlremems E
of .the National Defense. Authanzation Act .
.- because, after applying the port selection
. crliteria set forth. in the Act, it proposed
multtpl'e porl‘s of ermy rather rhan one port. -

Thc Act prowdcs that the Sccrctmy of Energy

- "shall, if economically feasible and to the
maximum extent practicable, provide forthe .
‘recexpt of spent nuclear fuel...at a port of entry
.in the United-States which...(1) has the lowest " -
. human population in the area sufrounding the -
- port of entry; (2) is closest in proximity to the
facility which will store the spent nuclear fuel; |
-and (3) has the most appropriate facilities for,
_and ecxperience in, receiving .spent nuclear
" fuel." No one port clearly stands out as the -
_ “best in comparison to all other seaports in
- ‘meeting all of the criteria set forth in the Act,
- or.other criteria recommended by a panel of
- maritime
j woﬂc.shop Each of the proposed ports has

experts - &t a DOE-sponsored

comparative ¢ ad vantages and disadvantages over

the other four proposed ports, but all five :
- - appear comparatively more advantageous than
+ other United States seaports. ‘Thus, because no
" one‘port met all of the Act’s criteria, as well

as other criteria recommended by experts in

the maritime industry, DOE proposed that any .

one of five ports of entry could be used.

DOE should not -consider ports that have
“never handled spent fuel before because the
- port workers would not know how to safely
* handle spent fuel. '
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As part of DOE’s efforts in preparing the -
'Environmental Assessment, DOE sponsored a
workshop - at the United States Merchant

Marine Academy on port selection criteria for
shipments of ‘spent fuel.
workshop included experts from key sectors

_within the maritime industry. The experts - _
agreed that any port capable of handling an

ocean-going cargo vessel is capable  of

- receiving and handling spent fuel shipments.

The port workers at such ports would have
experience in handling containerized -cargo,

" . and thus would be fully capable of safely
. handling the containers in which spent fuel -

would be shlpped

S$.7.5 T ranspartatzan and
Emergency Preparedness

Several commentors raxsed issues concermhg

aspects of the land transportation of the spent .

fuel. The major issues and responses follow

'Roads and lrahsporrauon infrasrrucrure

surrounding certain areas of the ports are not
saﬂsfacrory for heavy truck use.

The truck shipments” would not exceed the . |
- "legal-weight” limits, as_specified by the

Department of Transportation.
" impacts on the roads would be similar to those

Therefore,

normally - associated with loading and
unloading cargo at the proposed ports. The

Department of Transportation regulates the-. ‘

routing of trucks transporting radioactive

materials, and requlrcs the use of interstate .
highways to the maximum extent practicable -
_ for shipments of spent fuel. A State Routing

Agency can select an alternative route if

 consistent with Department of Transportation
. guidelines. The use of Jocal streets for pickup,. .
delivery, :and access to the preferred routes

(interstate highways and approved state

alternate routes) is covered by Department of
Additional

Transportation  regulations. -
information on transportation. activities has
been added to the Enwronmcntal Assessmcnt
in Appendix H.

Participants in the.
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-Communities and rural areas are not capable

of  handling an
radioactive waste.

emergency  involving

"Existing ~emcrgehcy response plans are" in

effect for each port city. State plans also are
in effect to cover emergencies -along state

_highways. DOE, in cooperation with state and
-local governments, plans to provide training, if .
needed, to emergency responders in cach of . -,

the states in which spent fuel is transported to

‘prepare them to react in the unlikely event of . - |

an accident. "Should a transportation accident .
DOE would deploy radiological
assistance teams to provide technical assistance

to state and local offi cnals, if requested

Accident _consequences - acmally would . be |
higher than those -calculated in the -

-The Environmental Asscssmeﬁ't includes an |

analysis of exu-cmely rare but potentially

~ severe accidents, up to.and including accidents . . L
in which 100 percent of the spent fuel might -~ ..

be oxidized, resulting in .dispersion of
radioactivé particles.

support the release of larger amounts - of
radioactivity. Furthermore, the Environmental
Assessment assumes that people located
downwind from the site of such a severc:

-accident are exposed to the original level-of
deposited particles for 24 hours and only then- -

evacuated. - This assumption tends to overstate
the risk. 'Exposures for residents of the area

- around the accident site also were calculated

including ‘the possibility’ of exposure'to low

-levels of radioactivity that might be present

after clean-up was complete. ™ N

(Oxidization of spent '
 fuel would ‘be similar to the rapid rusting of
.iron.) The amount of radioactivity assumedto
“be released in such accidents was based on
'cmpmcal data, and there is no evidence to



Accrdem-related doses to people beyond one-

half of a mile from an accrdem site were not .

" calculated.

‘ ln the Environmental Assessment; radiation |

cxposurc from hypothetical accidents ‘was

calculated for the population. focated in areas
" out to 80 km downwind. Potential radiation
“ exposure was also calculated for incident-free

transportation, including people within ene- -

half of a mile of the' transportation comdor

(for cxnmple, those hvmg next ¢ or dnvmg
- on thc road).. L

Only the "hest™ 'or safesf" lransporraﬂon O
- casks shou!d be used fo transpon' spem' fuel. -

Each cask used to transport spent fuel - |s-‘ "

“designed and certified for use only with

specific types of fuel. Differences in the size _:

. and 'shape_of ‘the fucl elements used in the
various reactors are responsible for much of

-the variation in the different casks considered *
‘in. the' Environmental Assessmcnt. Thcsc‘-,'. :
interpreted as affecting the perfonnancc of the
casks because ‘all” casks are certified to ‘the .
- same minjmum international.standards. 'l'hus,

.' superficial - _differences . ‘should
. there is no single "best" or safest" cask.

S 7. 6 Spem Fuel Starage

_ Several comments were submlued conccrmng L
the storage of spent fuel mthe United States. | |.

: Thc major issues and responses follow. . .

The Spent Fuel Worl:mg Group Repan‘ -
- Issued by DOE In November 1993, ldentlfied .

several Issues at .the - Receiving - Basin -for

Offsite Fuels, Iududmg selsmic eva!uaﬂans, -

‘accidents

involving = "tornado - -misslles”

(objects picked up by high winds), the lack of - :
an updated safety analysis report, the lack.of -
and

. enhanced training for personnel. In light of
. the issues ideutlfied In the report, the

basin leakage detection . Systens,

Receiving Basin for Offsite Fuels appears
. incapable of safely storing spent fuel

. aluminum-clad reactor

Although the Spent Fuel Working Group
Report identifies these issues, it also notes that
“the overall quality of design and facility
management have ensured safe “storage of
irradiated * nuclear
materials in -the basin for over 10 years."

.. (Reactor irradiated nuclear materials include

spent nuclear fuels.) Most of the issues in the

. .report had been prev:ously identified; measures
" to address thém were already in placc at the L
- 'time the. report was releascd :

LA Safety Analysis chort identifies thc hamrds_ﬁ'.

- associated with facility operation, evaluates the

- engineered systems relied upon to climinate, .
- control ‘or mitigate " hazards, and analyzes =~
~ potential accident scenarios and- the resultmg C
~‘consequences.
B evaluatlons. .
. missiles, and safety are being addressedin a
‘new Safety "Analysis Report and related '

. technical evaluations’ that are being prepared
- for. the ‘Receiving Basin for Offsite Fuels. -
. That facility has an existing, approved Safety '
" Analysis report that considers the accident

Issues concerning seismic.
.accidents- involving tomnado

consequences of seismic and tomado events.

_ Any operational changes or new -activities -
_ proposed for the Receiving Basin for Offsite
‘Fuels would undergo a- technical review to.

ensure that their potcntlal lmpaots are within
those ,considered in .the existing safety .

' ‘documcntatlon Measures to address the lack
. of a basin leakage detection system are being .

evaluated. The Savannah River Site continues.

‘10 monitor_the groundwater in the Receiving -
- ‘Basin for Offsite Fuels area, as well as site- -
~wide, and-to. monitor the. water losses of that
. facility for . evaporat:on
_ Modifications to. ongoing qualification - and
" training programs have been made to address
.~ issues identified in the Spcnt Fuel Workmg,'
: Group chorL '

" trending.
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Interim storage and subsequent disposal of

spent fuel have not been addressed adequately
in the Environmental Assessment. -

Chapter 6 of the Environmental Assessment
addresses the impacts of receipt of spent fuel
at the Savannzh River Site. DOE proposes to
store the spent fuel in the near term in an
existing . underwater pool at the Receiving
Basin for Offsite Fuels, along with a much
“larger inventory of essentially identical spent
fuel that is already stored there. Future plans
for interim storage of spent fuel (storage of the -

~ spent fuel pnorto vltimate disposal) are'being -
- analyzed in the Foreign Research Reactor

Spent Fuel Environmental Impact Staternent
and the Environmental Impact Statement for
Programmatic Spent Nuclear Fuel
Management. Those reviews will include
consideration of new storage technologies and

facilities for spent nuclear fuel, including dry -
storage facilities, at all DOE sites. Decisions .
regarding the long-term management of the

. small ‘amount of spent fuel covered by this
Environmental Assessment cannot be made in
advance of DOE's nationwide decisions,

Ultimate disposition of the .spent fuel in a '
- geologic repository is authorized by the.
Nuclear Waste Policy Act of 1982 (as

amcnded)

DOE will decide whether to implement the

proposed” action or any of its altemnatives, .
including port selection and cask capacity,

based on the analyses in the Environmental
Assessment. DOE's final decision’ will be
published in the Federal Register shorily after
completion of the Environmental Assessment.
The Federal Register notice will be made
widely available to interested stakeholders,
including organizations and individuals who
commented on the Environmental Assessment.
In addition, DOE will announce its decision to
the media.
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- 1f you would like. further information 6n this

Environmental ‘Assessment, pleasc contact the
following people. :

* For information on the Environmental

Assessment, contact:

Mr. David Huizenga ‘ .
Office of Waste Management
Office of Environmental
Management, EM-30 -
. U.S. Department of Energy’ .
1000 Independence Avenue, SW -
. Washington, D.C. 20585
. (202) 586-0370 -‘ o

. For mformatnon concemmg ‘the National ’

Eavironmental Policy Act rcvnew process,_
-contact o ) .

: Ms. Carol B_orgstrdm. Director
Office of NEPA Oversight
" Office of Environment, Safcty ,
and Health, EH-25 -
U.S. Department of Energy ;
1000 Independence Avenue, SW.
"'Washington, D.C. 20585 . .
. (202) 586-4600 or (8300) 472-2756 _



' 1.0 PURPOSE AND NEED FOR ACTION.

The United States Department of Energy (DOE) is in the process of preparing the Foreign®
Research Reactor Spent Fuel Environmental Impact Statement on the proposed.adoption and -
- implementation of a policy for the acceptance from forergn research reactors of up to 15; 000
spent nuclear fuel elements containing enriched uranium of United States origin. The
proposed policy would be in effect for a penod of up to fifteen years. This Environmental -
. Impact Statement is scheduled to be released.in draft form for publrc comment by the end of -

December 1994, and the final Environmental Impact Statement is scheduled to be completed S

by the end of June 1995 (Refer to Appendrx A for background mformatron.)

In the interim, to meet the urgent needs of certain foreign research reactor operators and to

“avoid failure of a key United States nuclear weapons nonproliferation objectwe of nnmmlzmg' L

-and eventually eliminating the use of highly enriched uranium (HEU) in civil programs, DOE .
' proposes "to accept a small number (409) of foreign research reactor spent fuel elements for
storage in an existing DOE wet storage facility. The Council on Environmental Quality - -
(CEQ) has been consulted about the proposed policy and DOE’s proposal to accept a small
number of spent fuel elements prior to completion of the Environmental Impact Statement.
The acceptance of a small number-of spent fuel elements is the subject of this Environmental
Assessment. The following chapters contain a detailed descnptron of the proposed near-term
action and altematwes as well as an analysis of their potential envrronmental 1rnpacts

This Envrronmenta] Assessment s bcmg undertaken as part of broader United States efforts o .
prevent the spread of nuclear weéapons to additional countries, which is a fundamental forergn

. policy and national security objective of the United States. A key element of United States -

~ nonproliferation policy has been to minimize and eventually eliminate the usc of HEU -a -
nuclear weapons usable material - in civil nuclear programs worldwide. Research reactors are.
of particular interest in this endeavor because the major civil use of HEU s as fuel in nuclear
research reactors. If research reactors were to ‘convert fo low-enriched uramum (LEU) ﬁ.lels, '
HEU would essentrally be eliminated from use in civil commerce. -

. Research reactors play a-vital role i in fundamental scientific research, as well as- provrde -
important medical, agricultural and industrial applications. For examp!e research reactors
have proven vital to cancer therapy and radrormmunoassay blood testmg There are - .

- approxrmately 8,000 - 10,000 medical treatments per day in Europe using medical 1sotopes
produced in research reactors. Neutron radrography provided by research reactors has enabled
researchers to diagnose defects in metals and engines of many varieties, and to conduct -
research on new materials, computer. chips, and chemicals. Radioisotopes produced in
research reactors have been used in leak detection in industrial components and equipment,
aluminum product:on and semiconductors and solar pane) rescarch. Neutron scattering’
experiments done in research reactors have provided insights into the biostructure of organic
substances, and have advanced the development of magnetic and superconducting materials.
Research reactors also have been used in the environmental sciences to study waste migration,
‘mine drainage, diffusion and transport of pollutants, water chemistry, sediment transport,
atmospheric dispersion and toxic waste manapement. Research reactors also serve as major
training facilities in miclear technology. - For example, the research reactor operatmg in
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'Austna is used by the International Atornic Energy Agency to train personnel who conduct
international mspectxons of weapons and civil nuclear facrlmes worldwrde -

In order to reduce the danger of nuclear weapons proliferation posed by commerce in HEU
used to fuel research reactors, the United States, in the past, adopted two mutually dependent
policies, the Reduced Enrichment for Research and Test Reactors (RERTR) Program and the
Offsite Fuels Policy. The relationship between these two programs and a brief status of each

© are dlscussed below

Thc RERTR Program, mmated in 1978 and strll ongomg, is auned at reducmg the demand. for Lo
-HEU by developing high density; LEU fuels - not directly usable in nuclear weapons - to .

s ‘replace the HEU fuels used in both -domestic and foreign research reactors _Forty-two forcrgn |

_research reactors that use or.formerly used HEU of United States origin and-that operate at
power levels equal to or greater than 1 megawatt have been key partrcrpants in the RERTR

. Program since the late.1970s. The program has been successful in bringing about the’
conversion to LEU fuel of a significant number of these reactors. ‘Many of the remaining
reactors are involved i in extensive technical cooperation with the Argonne National Laboratory
in various studies and eva]uanons that are part of the LEU conversion process. Although -
substantial effort has been invested by foreign research reactor ‘operators, the LEU conversion -
process is not irreversible. As shown in Table 1-1 at the end of the Chapter, fifteen of the 42,

- reactors have been fully or partially converted and three reactors have ordered LEU fuel.

elements for conversion. ' Three reactors are. tcchmcally unable to utilize the LEU fuels that
are currently available, two reactors do not need to be refueled because their cores will last .
for/the lifetime of the facility, and three reactors have been or plan-to be shut down.. 'I‘hc :
remammg sixteen reactors are in vanous stages of the eonvcrsron process. oo

The: Oﬂ'sxte Fuels Policy has been regarded as an essentral complement to the RERTR -
Program. Under the Offsite Fuels Pollcy, the Umted States accepted the return of forclgn
research reactor spent fuel containing HEU of United States origin.' This policy was
designed to deter the stockpiling of spent fuel containing HEU in foreign countries, and to
recover the fuel value of the remaining HEU. The United States accepted HEU spent fuel :
under the Offsite Fuels Policy until thé policy lapsed in 1988. (In 1992, the Offsite Fuels
Policy for LEU spent fuel also- lapsed The latter policy had been established in 1986 as. an
' 1nccnt1ve for research reactors to convcrt to LEU fuels under thc RERTR Program.)

The Offsite. Fuels Policy offered reactor operators a solution for managmg rescarch reactor ..
~ spent fuel that was not otherwise available. Thus, it'was seen by the operators, at least. aﬁer
the mltmtron of the. RERTR Program, as an essentrai gm pro quo for i mcurrmg the

e

-

= Acceptance of foreign research reactor spent fuel by the United States is consistent with nuclear weapons nonproliferation -
policies pursued since the 1950"s. The United States historically has engsged in cooperative activitics and promotion of peaceful
uses of nuclear technologies in other countries, As part of this nuclear cooperation, beginning with the. "Atoms for Peace™
program in the 19507s, the United States provided HEU for use as fuel in research and matcrials testing reactors and in special
purpose nuclear reactors around the world. Although HEU could be used in nuclear weapons, HEU was provided to these -
countrics &S pant of an armangement under which countries agreed to forego developmem of nuclear weapons if the United States
would assist them in peaceful applications of nuclear technologies. The first shipment of irradiated fuel from a foreign research
reactor came to a United States govemnment faellrty in Idaho from Canada in 1958. Irradiated fucl clements from forelgn research
reactors have been recewed at the Savannah River Recewmg Basin for Offsitc Fuc!s since 1963
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substantial technical difficulties and financial expenses of converting to LEU fuel. Foreign -
'governments and reactor operators have indicated since the beginning of the R.ERTR Program
that their willingness to participate in this key nonproliferation program was contmgent upon-
the willingness of the Umted States to continue to accept spent fuel from their research
reactors.’ .

Because the United States has not been in a position to take back HEU fuel for over five
years, several foreign research reactor operators have run out of storage capacity. or face
safety and regulatory issues associated with: the presence of spent fuel at their sites. If the -
~ United States is unable to accept any near-term foreign research reactor spent fuel shlpments, .
several reactor operators soon will either shut down their reactors or ship their spent fuel to -

~ the United Kingdom Atomic Energy Authority’s facility in Dounreay, Scotland (referred toin
.. this Envuonmental Assessment as Dounreay) for reprocessmg

Not all reactor operators have the option to shlp spent fuel to Dounreay for reprocessmg '1'11e
Dounreay facthty is the only facility currently able and willing to Teprocess. foreign research -
reactor spent fuel, and then only on the condition that the reprocessing customer take back’ the”
reprocessed wastes. Some of the couritries in ‘which the foreign research reactors are loeated -
do not have a domestic waste rep051tory or other facility for storing reprocessed wastes, and
‘for those countries reprocessirig is not an option. Those reactor operators withouta . - J. ,
~ reprocessing option thus may be forced either for safety reasons or other regulatory. Teasons to -

shut down, with the attendant loss of credibility for the R.ERTR Program if near-tenn spent B
’ fuel shipments to the United States do not occur.” : . B A .

_The consequences of reactor shutdowns resultmg ﬁ-om a failure by the Umted States to accept .
near-ferm shipments of foreign research reactor spent fuel would réach well beyond the .

~ impacts on affected reactors. It is likely that other reactor operators, bellevxng that the Umted

States had not proven t6 be a reliable partner in matters of nuclear cooperation, would seek .

" alternatives to reliance on the United States until indigenous solutions for. their spent fuel.
storage issues could be found. Reduced reliance on the United States likely would result i in
the abandonment of the RERTR: Program by many of the foreign participants, thus foreclosing
the longer-term policy choices to be made after complet:on of the Foreign Research Reactor . -

' Spent Fuel Environmental Impact Statement. -Indeed, some foreign research reactor operators

“have stated categorically that, if the United States is unable to accept any near-term spent fuel
shipments, they would terminate their part:crpatuon in the RERTR Program. and rely on I-IBU
fuels in the future. y

To avoid shutdown, r.hree reactor operators have already sh:pped some of their spent fuel to
the United Kingdom.for reprocessing. Forcing reactor operators to pursue the reprocessing -
option, however, would engender a number of consequences adverse to United States
nonproliferation interests. First, if a research reactor were forced to reprocess in order to”
avo:d shutting down, the reactor operator and the foreign govemment involved would likely

2 The term repmccs:mg refers 1o the chemical separation of HEU and olhcr nuc!ca.r materizls from the fission pmduets
of the spent fuel element. Historically, the United States reprocessed foreign rcsearch reactor. spent fuel received under the Offsite
Fucis Policy. .
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percerve that the: United States had not kept its part of a bargam which, in thetr vrew was and

remams a key condmon for thetr partrcrpatron in the R.ERTR Program o
Y )

Second whlle the Umted States- govemment has fu]] confidence in the physrcal protectron and : €

safeguards systems in place at the Dounreay reprocessing facility, reprocessmg of spent fuel .

containing HEU would likely mean that the research reactors pursuing this option would

continue operations on the HEU fuel cycle. The research reactor licensing authorities require

research reactors to have in place specific means of disposing . of their spent fuel, and neither

Dounreay nor any other available facility is current.ly accepting aluminum clad research

reactor spent fuel containing LEU for reprocessmg ‘Hence, the research reactors would have

~ to continue to use HEU fuels. This may result in reactor operators delaying or cancelmg L

"plans to convert to. LEU or, in some cases, reconverting from LEU to HEU fuels ' '

s A Y

' If some reactor Operators were 10 wlthdraw from the RERTR Progra.m and rely mstead on.

" However, if -reactor operators begm delaying or-canceling plans to convert to LEU, and

HEU fuels, with-attendant lower costs'and enhanced pérformance, other operators would .

‘demand to be put on the same footing. - Since the United States under. the Energy Policy Act '

- of 1992 is barred from exporting HEU to virtually el foreign research reactors, reactor
operators seeking continued use.of HEU would be forced to seek alternate suppliers, The -~ . = -
former Soviet Union.and China have the largest surpluses of HEU, and should they choose to. =
provide a ready ‘supply of HEU, additional research. reactor operators may be entlced to-
abandon the RERTR Program and reconvert to HEU... ~ .. : :

' Addmonally, a number of the countries mvolved are exporters of research reactors In recent
years, they have required those reactors. exported t0 other countries to be fueléd with LEU.

_thereby continue to use HEU, foreign reactor purchases would demand HEU-fueled reactors
“This could lead to renewed international commerce in weapons-useable HEU and would be
-d:rectly antithetical to the pohcy goa.l of seekmg to minimijze and eventually eltmmate the S
cml use of HEU _ s

.Some commentors- have questroned whether the proposed acceptance of spent fuel to avo:d
forcing reactor operators to reprocess HEU is consistent with the .United States policy of .~
contmumg to grant prior consent to Japan anid western European nations for reprocessmg of

' power reactor spent fuel. . The United States pollcy of continuing -to grant prior consentto - -
Japan and western European nations for reprocessing of power reactor spent fuel is not at o '
odds with the nonprohferatlon interests that underlie the proposed action, - The United States
believes that the growmg quantities. of plutonium in internationial commerce present a threat to _
the nonprollferatlon regime. - In countries where material control and accountancy or physncal
protection. systems are not sufﬁmently rigorous, there is a risk of diversion or theft of such’
materials. . In addition, even'in countries with effective nonproleerauon commitments, the

. presence of unneeded stocks of plutonium could raise security concerns on the part of
neighboring countries. Accordingly, Umted States policy is not to encourage the civil use of -

plutomum :

- Nevertheless, the United States also is committed to bemg a reliable nuclear tradmg partner, -

" and to avoiding interference in legitimate nuclear programs. Therefore, for countries that .
have large, well establrshed cnvrl reprocessing and plutomum facrhtles and comprehensive _ (

1-4



i

nonproliferation commitments, the United States will continue in appropriate instances to

grant prior consent- for reprocessing on a predictable and long-term basis. Undertaking to use
“ United States consent rights to block reprocessing would Iead to confrontation with key allies
" and Jeopardlze their support for the broader United:States nonproliferation agenda.

Finally, another crucial oonsrderauon in proposing to accept in the near term a sma]l number
of spent fuel shipments from foreign research reactors is the 1995 international conference on -
the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). The Treaty itself mandates
that 25 years after entry into force (i.c., 1995) a conference shall be held to determine = -
- whether the Treaty should continue mdeﬁmtely or be extended for an additional fixed penod :
or periods. The United States strongly supports indefinite extension of the NPT, which is the .- .
foundation for the international nucledr nonproliferation regime.. One key to the success of -
the 1995 NPT conference is likely to be the ability of the United States to convince other
NPT parties that the United States has fulfilled its obligations under Articie IV of the Treaty ,
to share with countries the benefits of peaceful nuclear cooperation. If several countries that -
are parties to the NPT are compelled to shut down their research reactors and are thereby .
forced to forego the medical ‘and scientific benefits of these reactors, or are forced to seek
~ reprocessing, the United States, fairly or unfairly, may be accused of not sharing the. benefits
of peaceful nuclear cooperation. .Such an accusation, however ill-founded, is likely to be
made not only by the affected countries but also by other countries, partxcularly those whxch
: already are opposed to mdef'uute extensxon of the Treaty _

In summary, the failure of the Umted States to accept any near-rterm research reactor spent . -
fue) shipments likely would have adverse. consequences that extend well beyond the unpacts ‘
on affected reactors. Those impacts, whether in the form of shutdowns or reproeessmg, S
“would compromise the RERTR Program, the broader policy goal of minimizing the civil use
of HEU, and the ability of the United States to pursue.indefinite extension of the NPT - the

- foundation of international nuclear weapons nonproliferation efforts. . Thus, DOE has prepared
this Environmental Assessment to consider the potential environmental impacts of accepting a
small number of research reactor spent fuel elements in the near term in order'to preserve the
viability of the RERTR Program while the broad policy i issues of accepting approx:mately
15,000 spent fuels elements are. analyzed in the Fore:gn Research Reactor Spent Fuel
»Envrromnenta] lmpact Statement. - :
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Table. 1 1 Status of RERTR Program Pal‘thIpantS - Foreign Research and Test
Reactors with Power = 1 MW that Use or Formerly Used HEU of U.S. 0ngm as of

March 1994
: g S Power - _LEU Conversion Retumed DOE
. B_cto ‘ ng . MW ‘Begin - End~  Questionnaire -
A _R.EACTORSI-‘UI.LYCONVERTED“ . Lo R
1... RA-3 . . Argentina =~ 28 1990 1990 - - " “No -
2. ASTRA .- Austria .8 . 1983 199¢ . - Yes .
-3, NRU: !~  :Canada = ,125 -  -1992 . . .1993 Sum.mary :
4. DR-3 : ., Denmark -7 100 - 1988 - 1990 . Yes -
5. - OSIRIS ; - . France 70 1979. 1979 - . .- No
6. FRG-1 . - Gemany SR I 1991 1991 - - - . Yes .
7. NRCRR =~ - " lran- s 1991 - 1991 ‘. No
8. JMTR..:- -- < Japam - .50 1993 - 1994 - . Yes .
9.. "PARR . Pakistan' - § L1991 1991 . _No
10. PRR-1 ' -  Philippines 1 1987 1987 " No
1. R2 © Sweden. - - 50 1990 - 1993 . " Yes -
12. THOR . - mean-.' -| 01978 . 01987 . Yes
. B. REACTORS PART!ALLY CONVERTED _ - - -.
-13. IEA-Rl - . Brazil -~ .. 2 . 19817 121995 ° . . No SR
14.  TRIGA CRemania . 14 - 1992 21995 - Yes .. e
15. SAPHIR . - Swntmrland 10 1986 1996 : .Yes R ( ,
C. -RE.ACTORS THAT HAVE ORDEREDLEU FUEL ELEMENTS FOR CONVERSION .
16. GRR-I .. Greece -5 . 1994 21997 Yes ..
17. - HOR - . Netherlands . U2 (1995 0 - =1997 - Yes
18. ' TR-2 - - *Turkey’ B 1994 . 21997 - 7 No
‘D, RE.ACTORS NOW TE.STING OR HAVE TESTED LEU PROTOTYPES .
. 19. MNR - . Canada = §° 21995 21995 Yes
.20.. SILOE . _.rrance .38 21995: =199 - No .
2. 'FRJ2 ° ... Geamany. 23 21995 21995 . -Summary
22. KUR . “Japm ‘. 5 - 21998 21998 . -Yes .
23. JRR4 .. . Japan - 35 1996 - 1996 “Yes -
.24, HFR Petten  Netherlands = 45 . - . . ( ‘Yes
N
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Table 1-1 Status of Foreign Research and Test Reactors with Power = 1 MW ,.
that Use or Formerly Used HEU of U.S. Origin as of March 1994 (continued) .

Power LEU Conversion Returned DOE .
Reactor Countyy = - MW Begin End Questionnaire

E.  REACTORS PLANNING CONVERSION .

25. La'Reina Chile .5 21995 - 21995 Yes
. 26. . BER-Il Gc_rmany 10 1995 1997 Yes

F. REACT ORS THAT CAN BE CONVERTED . _ ‘ :

27. HIFAR © . Australia 10 B Yes

28. FMRB " Germany 1 o ' "Yes

29. FRM Germany 4 Yes

30. IRR-1 " Israel 5 . Yes

3. TRIGA  Korea 2 No

32. TRIGA Mexico 1 . No

3. RPt Portugal -1 ~-Yes .

M. SAFARr S. Africa 20 Yes

G. REACTORS THAT CANNOT BE CONVERTED WITH CURRENT TECHNOLOGY

35. BR2 Belgium - 80 ° : " Yes

36. RHF France . 57 _ No -

"37. ORPHEE . ~  France 14 : No -

H. - LIFETIME CORES : - ' -

38. Scarabee, France 20 : _ No . _

39. R20 . Sweden . Yes. -

I.  REACTORS TO BE SHUT DOWN _ : ‘ o

40. JRR-2  Japan 10 ‘ Yes'

41. FRG-2 _Germany 15 Yes

) REACTORS SHUT DOWN . , : L
" 42. NRX Canada = 24 : C ' Summary

* The TRR-1M1, 2 | MW rescarch reactor in Thailand, was converted from plate-type HEU fuel 1o Triga LEU fucl in 1977,
before the RERTR Program was initiated. * The reactor operator retumed DOE’s spent fuel questionnaire in June 1993. . -
* The JRR-3M, a 20 MW rescarch reactor in Japan, was converted upward in enrichment from very low enriched UO, fuel to
LEU (~19.8%) plate-type fuel between 1983 and 1990, The Japan Atomic Energy Rescarch Institute retumed DOE's spent
fuel questionnaire in April 1993. , ,
¢ SAFARI currently uses HEU of South African origin.



2.0 IDENTIFICATION OF REACTORS IN NEED OF URGENT RELIEF,
21 Introduction

The RERTR Program is one of the primary rnechamsms used to unplement the United States
_policy objective of mrmrmzmg and eventually eliminating the use of HEU in civil programs.
The criteria described in tlus section were developed to determine whether conditions exist-
that, in the absence of near-term acceptance.of spent fuel by the United States, would. threaten
the RERTR program, thereby potentially foreclosing broad policy initiatives that are bemg

* analyzed in thé Forelgn Research Reactcr Spent Fuel Emnronmental Impact Statement.

‘Method by Which Eoretgg Res%h Rea@rs Were Idennﬁed as Needmg Urgent Rehef L
Since the inception of the RERTR program in 1978, DOE, in.coordination with'the - '

Department of State, has maintained close contact with the opemtors of foreign research

- reactors fueled with uranium enriched in the United States. There are currently 134- forelgn
-research reactors that have used HEU and LEU of United States origin. As shownin .=

Table 2-1, 42 reactors have power levels that are equal to or greater than I megawatt and use

' Table 2-1.. Number of Forclgn Research Reactors That Use or Formcrly Used HEU and_ .
~ LEU of United States Ongm ‘ o

Reactors . - of Fuel R - : Descnptxon - _

&2 | . - Heu - Powcrcqunltcorgreaterthm IMW
B3 U LLEU - Powcrcqualtoor greater thanTMW

BT ,‘; B -lHEU, LEU - | Power less than 1 MW; Lifetime Cores -

Toul 134 T I o

or have formerly used HEU of United States origin.- Reactors with power levels that are -
“equal to or greater than 1 megawatt require regular refueling and, accordingly, accumulate
" spent fuel in their storage pools. Thése reactors are the focus of this Enwronmental
Assessment because they may requn'e urgent slupment of spent fuel. ... ..

In the spring of 1993, DOE sent questionnaires to all 42 foreign research reactors ‘with power _
levels that are equal to or greater than 1 megawatt and have used fuel containing HEU of
‘United States origin. The purpose of the quesuonnalre was to elicit information concermng
the amount and condition of the spent fuel at the various reactors. . Twenty-six of the 42
reactor operators returned the full questionnaire, and three reactor operators returned -
summaries of their spent fuel inventories. Fifteen foreign research reactor operators with
helghtened concern over their ability to meet spent fuel storage needs organized under the }
ausptces of the Edlow International Company, a major nuclear material shipping company, in
an effort to convince DOE  to renew acceptance of foreign research reactor spent fuel. The

2-1



. members of the Edlow group performed a peer review of the:r respective spent fuel storage.
needs and provided DOE with a list prioritizing the reactors with the most urgent needs, -
identifying how many spent fuel elements needed to be accepted, and when the sl'upments
needed to be made. .

In addition to the data in the returned questionnaires and the information prov:ded by the
.Edlow group, DOE-also collected information directly from the reactor operators, the staff of
the RERTR program -at Argonne National Laboratory, the Intemnational Atomic Energy
Agency, and foreign government embassy staffs. Based upon this information and upon
' comments received on the October 1993 Draft Environmental Assessment, DOE concluded i in
. late 1993 that it needed to observe first-hand the conditions at eleven foreign research reactors
that appeared to possibly have a need for acceptance of some of their spent fuel. The eleven -
reactors visited by United States inspection teams are: HIFAR (Australia); ASTRA. (Austria); -
BR-2 (Belgium); DR-3 (Denmark); BER-II (Germany); FRG-1 (Germany); GRR-1 (Greece);
HFRPetten (Netherlands), HOR (Netherlands); R-2 (Sweden) and SAPHIR (Switzerland). -
Before the site visits, these-¢leven reactors had requested DOE to accept approximately 950
.spent fue] elements prior to completion of the Foretgn Research Reactor Spent Fuel
' 'Env:ronmental Tmpact Statement. ’ . .

' For planmng purposes, DOE’ assessed t.he needs of these eleven reactors through December
1995. This date was based on the June 1995 planned’ completion date for the Foretgn

;Research Reactor Spent Fuel Environmental Impact Statement, a]lowmg an addmonal six .

' ‘months for the Department to make a dectslon on the proposed pollcy ‘

Reactor Site Visits. In January 1994 stte vrs1ts were conducted at the eleven research
reactors in Europe and Australia by two teams of répresentatives from DOE and the
Department of State.. The purpose. of the visits was to evaluate, based on first-hand .
.observation, the current spent fuel storage situation at each of the eleven reactors, and to -
explore all feasible altemat:ves to sendmg spent fuel to the United States before December
1995 ‘ ‘

. To ensure that the necessary information was obtained from -each reactor, a. protocol"
developed, provided to each reactor operator prior to the visit, and reviewed in detail during
the site visit discussions. . “This- protocol consisted of sixteen questions designed to elicit, -
among other things, a. detailed description of current spent fuel storage conditions'at the -’

_ reactors, the estimated number of additiorial spent fuel elements that would be genérated in -
‘the near term (through December 1995), the reason why near-term acceptance was being
requested, and all’ feasible alternatives to sending spent fuel to the United States in the near
term." (The protocol can be found at Appendix K.) This information was deemed necessary. -
to determine whether any near-term need really, existed and, if so, the minimum number of

" spent fuel elements that would need to be accepted to allow the reactors to continue operatmg
through December 1995.  Because the decision to'make the site visits was.not made until’
‘December 1993, some of the reactor operators were unable to provide all of the information
called for by the protocol at the time of the site visits. In those cases, the reactor operators
later supplemented the information’ gathered during the site visits. . This supplemental
information was taken into consideration, along with all other available information, in
preparation of thls Envnronmental Assessment. '
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Although the order of events varied somewhat from one reactor to.another, each site v1sxt
consisted of a penod of mtroductory remarks by the reactor operators and the United States .
representatwes a thorough lnspecnon of the reactor and -all spent fuel storage locations, and a
review of each question listed in the protocol. By way of introduction, the United States
inspection team reviewed events since July 13, 1993, when Secretary of Energy O’Leary sent
Secretary of State Christopher a letter announcing the Department of Energy’s proposal to
accept up to 15,000 foreign research reactor spent fuel elements containing uranium enriched
in the United- States for up to fifteen years. (This letter can be found at Appendix A.) The -

Secretary’s letter noted that the potennal environmental impacts of this proposed. policy would -

be analyzed in the Forelgn Research Reactor Spent-Fuel Environmental Impact Statement that
DOE plans to complete by the end of June 1995. It was evident from the discussions that .
manyof the reactor operators had not understood that any decision to implement this policy: -
proposal could not: actually be made until after the eompleuon of the Envxronmental Impact
.Statement y

Mlmmurn Number of Smt Fuel Elements. The United States representanves also explamed
that DOE’s proposal to accept a small number of spent fuel elements from foreign research -
reactors while the. Forelgn Research Reactor Spent Fuel Environmental Imipact’ Statement was
- being prepared was based on a broad policy objective - to maintain the viability of the =
RERTR program so that, longer-term policy choices would not be foreclosed byan.- - .
abandonment of the RERTR program while the ‘Environmental Impact Statement was bemg
prepared. Considerable effort was expended to understand the factual cxrcumstances at each’
Teactor concerning the current spent fuel storage constraints, and the minimum number of .
spent fuel elements that would have to be transparted offsite (whether to the United States for -
storage or to Dounreay for réprocessing, where that option existed) to.allow the reactor to '
continue operating through December 1995. As a natural corollary to this i 1nquny, i L
considerable time also was spent at each reacior to understand what feasible a.ltemattves each -
redctor operator might have through December 1995 in lleu of transpornng Spent fuel to the P
United States.

Full versus Partial Casks ‘As a result of the site visits and a review of the supplemental '
information supplied by some of the reactor operators, the mSpectlon teams gained an * . - AN
understanding of the tegulatory and safety concems that would require the reactor operators to
find a "solution” to their ‘spent fuel storage situations in order to continue :operating through
December 1995. As noted above, the minimum number of spent fuel elements that would -
need to be transported offsite was determined. When that number was compared to the . .~
capacity of the transportation cask that probably would be used to transport the fuel elements, -
it became ‘apparent that the minimum number of spent fuel elements that would need to be .
transported would not always constitute a full cask. (Not all of the casks available worldw:de
for transporting spent fuel are licensed in all of the countries in which the eleven reactors are
located. Accordingly, at least four different casks are presently under consideration for use in.
transporting the spent fuel considered in this Environmental Assessment.) Thus; in addition to
determining the minimum number of spent fuel elements, the inspection teams also - C
‘determined the number of fuel elements that would be transported. if the reactor Operator were
to ship a full rather than a partial cask. The reactor operators pamted out that shipping partial
casks would still require the same number of overall shtpments as shipping full casks, but
with sugmf' cantly 1ncreased costs per element. ’

2-3



- Summ mmary. As a result of the site vxs:ts the mspectton teams were- able to estimate the -
number of spent fuel elements that the reactor operators would need to transport .offsite to.
allow continued operations through December 1995 (i.c., until after the Foreign Research
. Reactor Spent Fuel Environmental Impact Statement process can be completed) under a

' variety of different options. Those options include whether the United States would reqmre Lo

the reactors that have the option to reprocess to exercise that option to avoid shutdown, and
whether the United States would accept the shipment of full casks rather than partial casks.,
“These policy options result in a range of numbers of spcnt fuel elements that could be
accepted by ‘the Umted States. (See Chapters 3 and 4) ' B

2. 2 Crtterla For Determlmng Reactors In Need ‘Of Urgent Rehef _ i ,‘

Havmg gamed an understandmg of the range of numbers of spent fuel elements that could be
.. transported from these eleven reactors under a variety of policy. options, DOE still had to -

- -decide which among the eleven reactors truly had a need for DOE acceptance of spent fuel
By deﬁmt:on, this questlon had to. be resolved on the basis of deciding which of the eleven
reactors might take action in the near term that could threaten the RERTR: program. DOE -

developed the criteria listed below for detenmmng whether conditions exist that could leada -
foreign research. reactor to.take actions posing a near-term threat to the RERTR program that g

would be inconsistent with the United States nonproliferation pollcy to. minimize and
. eventually ellmmate the use  of HEU in c1v1| programs T

The criteria dcscnbed bclow are. based upon DOE’s review of the comments recetved on the o

October 1993 and February 1994 Draft Envnronmental Assessments and the. mformatlon DOE

and the Department of State collected dunng the reactor site visits.. A threat to the RERTR

program, and its attendant policy goal of minimizing the civil use of HEU, could be posed by -

a variety of conditions, as defined in the following criteria. Satisfaction by a reactor of any

" - one of the criteria rcsults in its mclus:on among those reactors from wluch DOE proposes fo -

accept spent fuel.

' 221 Cnterionl

’

I In the absence of acceptance of spcnt fuel by the Umted States; a reactor operator llkely
‘would take one or more of the following actions-to avoid spent fuel storage problems.in the

interim prior to complct:on of the Forelgn Research Reactor Spent Fuel Envtromnental Impact"'

Statement:
a.Stop a ccnversion from HEU fuel toLEU_fuel that is currently undemrajl; -
b.Terminate plans to convert from HEU fuel to LEU fuel in the future; or

L

¢.Reconvert from LEU 't'uel to HEU fuel.’

‘Discussion: As noted in Chapter 1, the RERTR program is aimed at rcductng'tlte demand for*

-HEU by developing high density fuels containing LEU to replace the HEU fuels used in
foreign research reactors. A retreat from the conversion of HEU to LEU fuels, which are not
directly usable in nuclear weapons, would be dtrectly antithetical to the nuclear
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nonprohferatton policy goal of seekmg to minimize and eventually eltmtnate the civil use: of

. HEU.

2.2.2 Criterion 2

In the absence of acceptance of spent fuel by the United States, a reactor operator would be
forced to ship spent ﬁuel to Dounreay for reprocessmg in order to avoid shutdown in the near
term. - . :

- Discussion: ' As noted in Chapter 1, forcmg those reactor operators who have the option of -

- reprocessing to pursue that option would sustain the use, transport, processmg and storage of

HEU, contrary to the goals of the RERTR program — a key policy uuttauve in nummtztng

o and eventually eltmtnatmg the civil use of HEU world\mde

2.2.3 Criterion3 L )

In the absence of acceptance of spent fuel by the Umted States, the reactor would be forced to

-shut down in the near term.

Discussion: As noted in Chapter 1, the consequences of reactor shutdowns resulting from d
failure by the United States to accept near term shtpments of foreign research reacfor spent =

" - fuel would reach well beyond the impacts on affected reactors.: Shutdown of reactors that had

been participants in the RERTR program likely would result in the abandonment. of the- .
RERTR program by other reactors that did not face an immediate need to ship fuel but were
relying on United States acceptance of spefit fuel in the long run. This would'lead to the -
charpe that the United States is not honoring its NPT commitment to assist non-nuolear
weapons countries in realizing the benefits of peaceful apphcatmns of nuclear energy and

.could erode support -for indefinite extension of the NPT. . R

2.3 Appllcatlon of the Crltena e
DOE in consultauon with the Department of State has determtned that etght of the eleven

research reactors visitéd by the mspectton téams meet one -or more of the criteria. The
followmg chart (T able 2-2) summanzes the results of applymg the cntena. . The followmg
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Table 2-2. Appllcatnon of the Cntena by Determining Reactors
in Need of Urgent-Relief

CRITERION 1I: .
Would stop conversion L .
to LEU, reconvert to, CRITERION 2: CRITERION 3:
o . HEU, or never convert | Would be forced Would be forced to
Reactor Country - . - ° . W o _to reprocess _ shut down
ASTRA .~ Austria. | ' X
JoOR3 " Denmark X
. - Greege X
- Netherlands X
. Netherlands o
R2 .  Sweden X-
| BERM . . Germany X - X
| sapmr - .Switzerlhndj x0T x o
=

*.* Would be forced 1 shut down until dry. storage facilities are-completed and ficensed in Junc 1994 t the cadiest.
* The operators of HOR and HFR staied that they would work with their regulators to gain authorization 1o rcproccss rather
than shut down. However, according to their regulators, - it is not clear if such authorization could be obtained in time to -

prevent shutdown.. If authcrization o reprocess is obtmned. thc reactors would nbandon any LEU conversion plans and
;cantinye to use HEU fuel. ' - . v .

* Reprocessing at Dounreay would requn'e Umted States nuthonzatton.

eleven reactor proﬁles describe in detaal how the cond:txons specified in the criteria are .
satisfied on a reactor—by-reactor basis. The BR-2 (Belgium), FRG-1 (Germany), and HIFAR
(Austraha) reactors do not meet any. of the criteria for acceptance and therefore, do not .
‘appear in Teble 2-2. The BR-2 (Belgium) reactor was listed for acceptance of spent fuel in

. the February 1994 Draft Environmental Assessment, but the operator informed DOE in March -

1994 that he intended to ship 96 additional spent fue] elemients to Dounreay for reprocessing .
in 1994. This eliminates the near-term spent fuel storage: problem at BR-2. The FRG-1
(Germany) reactor is not included because failure to accept the requested 99.HEU spent fuel
elements under this ‘Environmental Assessment would have no near-term effect on reactor
operations. " The HIFAR '(Australia) reactor is not mcluded because, although at some
expense, approximately four years of additional storage can be created at the reactor site,
which would eliminate the need to ship spent fuel to the United States at tlus tune

At the time this Env:ronmental Assessrnent was being prepared dlSCUSSlOI‘lS regarding
conversion of the HFR (Netherlands) reactor were ongoing between United States government
officials and the Commission of .the European Communities. Acceptance of spent fuel from
the HFR reactor under this Environmental Assessment is contingent upon completion of an
agreement between the Commission of the European Communities and the United States
Government to convert the reactor to use of LEU fuel in an expeditious manner. .
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." The number of spent fuel elements from these eight reactors that are considered for =
acceptance by the United States is a function of pohcy determinations - namely, whether to. ~
. accept full versus partial casks, and whether to require those reactors that can reprocess t to -
‘do’so rather than transporting spent fuel to the United States. Those policy choices are
reflected in the proposed action and altemauves to the proposed action, as desenbed in
Chapters 3 and 4. .

2.3.1 . Reaetor Prof' les

‘The followmg eleven reactor prof les desenbe in detail the spent fuel storage srtuatton for o
- each reactor cons:dered in this Envuonmental Assessment. P : '

231 BR-z .

_ Backgr_ound The BR-2 is'an 80 MW research reactor Iocated in Mol Belgmm, thnt is .
operated by CEN/SCK. ' The reactor began operatlon in-1962. The reactor core oons:sts of 32
* tubular-type fuel eléments containing 93 percent enriched uranium.-. The reactor generates 85- .
90 spent fuel elements per year. To conserve spent fuel storage space in recent years, the .
reactor has reduced power levels from 120 to 85 percent of the nominal power rating and- -
proportionately cutback operation from 210 to 133 days per year. * CEN/SCK plans a general .
refurbishment of the BR-2 beginning in mid-1995 or mid-1996, involving replacement of the

beryllium matrix, inspection of the reactor vessel, and replacement of all or part. of the heat T

exchangers,

The reactor is currently used for production of radto:sotopes and for reactor engmeenng and
safety experiments. BR-2 is the only source of medical isotopes in Belgmm and suppl:es :

" medical isotopes for other countries in the region as well. Reactor. engmeermg and safety-.

experiments include studies of radiation damage to reactor structural materials, studies of
reactor fuel pin performance, and studtes of the propagation of cladding and fuel ‘damage -
under accident conditions.

' elatnonsh:g of the Reactor to the RERTR Program - CEN/SEK has been very cooperauve
with thé¢ RERTR Program. An extensive joint study between Argonne National Laboratory -

and CEN/SCK from 1985 to 1988 concluded that the BR-2 cannot be converted to the low
~ enriched fuels currently developed and qualified by the RERTR Program’ \wthout severe
economic penalties. BR-2 officials have indicated. that if the United States were to pursue
development of the required high density fuels to enable conversion to LEU, they would .
cooperate in such a program ‘if the United States could guarantee a contmued supply of HEU
dunng the development and testing penod. .

U;gencx of Need for Accggtanee o{ Spent Fuel:

a Reactor Storage Pool Capaclty

P—

The last shipment of BR-2 fuel to the United States took place in 1982 BR-2 operators
had planned to ship 144 elements to the United States in 1988, but the shipment never
occurred due to expiration of the Off-Site Fuels Policy. Due to the lack of spent fuel
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2-7



storage space, the operator began to rerack the storage pool with hrgh densrty storage : ST
_racks. - However, because the BR-2 spent fuel storage pool was designed for three-to-ﬁve L @
years cooldown storage before shipment and not for long term storage, the lrcensmg A
authonty -allowed the incredsed storage capacity on the condition that inspection and . .
" maintenance begin by. December 31, 1993. To meet this requirement and continue reactor
operation, CEN/SCK shipped 144 spent fuel elements to Dounreay for reprocessing m late
1993 and early 1994. . _

" In order to support contmued reactor operauon through the end of 1995 (i.e, . until after -
the Research 'Reactor ‘Spent: Fuel Environmental Impact Statement can be ‘completed) and . -
" to.allow the inspection program to be completed by mid-1996, it was necessary to create
- 144 additional new spaces in the storage pool. The February 1994 draft Environmental =~ -
Assessment stated that if the licensing authority granted permission to-add one final hrgh R
-density rack with 96 spaces to the storage pool, a minimum of 48 spent fuel élements - | - .
" would need to be shipped to the United States under this:Environmental Assessment to..."
meet the required total of 144 new spaces. . In March 1994, CEN/SCK aninounced that |t :
had contracted with Dounreay to ship 96 additional elements to Dounreay for -
reprocessing. These 96 elements are more than the minimum number of 48 elements that
‘were proposed for shipment to_ the Umted States in the Febmary 1994 draft T
Envrronmental Assessment. : . . S s '

Alternatrves R . L -

a. Addrng Addrtronal Storage Rncks

The reactor pool has been: used to store spent HEU fuel for over ten years. The hcensmg

.- authority has already allowed- the installation of dense storage racks on two. occasions to
replace existing racks on the condition that inspection and maintenance of the storage pool
‘begin by December 31, 1993, Itis possrble that licensing authontres may- allow the
mstallatron of one final dense rack that would hold 96 elements. - - : ,

-b. _Reprocessrng

*In March 1994, CEN/SCK contracted: with Dourieay 10 shlp 96 spent fuel glements to the
United Kingdom for: reprocessmg These 96 elements are in addition to the 144 elements '
that were sh|pped to Dounreay in late 1993 and early 1994. : .

c. Possrble Storage of Spent Fuel at Other Facrhues. ‘

.Dounreay will not accept spent fuel for storage wrthout reprocessmg The Belgran ,
' Government will not allow the re-entry of any exported fuel back into Belgium, Cogema,
~ - in.France, is not ‘available for temporary storage. Collocation of HEU spent fuel in dry
'storage on the Belgoprocess site with commercial nuclear power plant high level waste -
may be. possible, but would require studres that could not be completed in trme to meet -
BR-2 needs. : -



d Acceptance of Spent Fuel Under the Environmental Assessrnem

The slupment -of 240 spent fuel elements to Dounreay for reprocessmg in 1993 and l994
has eliminated BR-2’s need for acceptance .of spent fuel under this Enwromnental ‘-
Assessment.

e. No Acceptance of Spent Fuel.

- Failure to accept spent fuel e]emcnts under thts En\rtronmental Assessment would have no
immediate effect on reactor operations or on the schedule for mspecuon and maintenance -
of the storage pool. CEN/SCK more than met its need to ship a minifum of 48 elements
to the United States by contracting to ship 96 elements to Dounreay for reprocessmg . :
Thus, there is no need for the United States to accept spent fuel from the BR-2 reactor .~ -~
until after the Foreign Research Reactor Spent Fuel Environmental Impact Statement is _
completed ‘This conclusion is based on our understandmg that CEN/SCK can still work
with its regulatory authorities to obtain permrssmn to tnstall one addttmnal dense rack of

" 96 elements in the storage pool : . -

2.3.1.2 HOR =~ - . ', R *.'

' gackggo - The Hoger Onderwus Reactor (HOR) is'a ltght water, swmmung-pool research
- - reactor located at Delft University.of Technology, Delft, the Netherlands.. Within the = = ...
university, the facility is operated and utilized by the Interfacu]ty Reactor Institute (IRT). for its -
educationa! and research. Pprograms. The HOR is IRI’s main research tool and i is the only o
. university-associated facility of its kind in the Netherlands A o -

rThe reactor went critical in 1963 and is currently operated at 8 power level of 2 megawatts
_Annually, it uses four standard fuel elements and one control fuel element. " :

The scientific studies carried out at the institute include: reactor physics, radiotracer .
applications, chemical radioanalysis, radiation damage, health physrcs and dommetry radtatton
- chemistry, and neutron scattering. IRI has a unique central posmon concermng research and -

education in reactor sciences and-applications for all the universities in the Netherlands and it -~

' paructpates in a national -program aimed at mamtatmng and intensifying the’ national nuclear
~ competence. The institute is presénitly involved in an extensive program of renewal and

‘ extension of the reactor’s.experimental facilities (e.g., construet.ton of a neutron and pos:tmn
beam hall is planned for 1994).

. R elat:onshtg of the Reactor to the RERTR P[gmm Instttute personnel have been long ttme ‘
~ active participants and supporters of the RERTR program. In 1980, IRI annouriced its - - - .-

" intention to convert the reactor to LEU fuel. This decision was formalized in 1986, after . : . .
publication of the Federal Register notice stating the United States commitment to take back
LEU fuel until the end of 1992 (Federal Register Volume 51, No. 32, February 18, 1986 und-
Volume 52, No. 250, December 31, 1987). The Dutch Government, as well as IRI, support
LEU conversion because convers:on is regarded as an tmportant aspect of nonproltferatton

2-9



 b." Reactor Pool Storage Capaclty

Interatom; now part of Siemens AG, cdmplcted a safety ahalysxs for LEU core conversion.
The first LEU elements were ordered in 1990, but conversion was delayed due to tightened

~ " licensing requirements.. Because of these delays, TR is currently paying $25,000 per year to
. store its new fabricated LEU fuel at CERCA France IRI has mvested over $2 3 million in -

preparanons for conversxon

If a commxtment is made to ship spent HEU fuel under the Emnromnental Assessment, a.. |
. license application for use of LEU fuel will be submitted to Dutch authorities in April- 1994, 7

Conversion could begin in 1995 and would take appromnately five years. Withouta

. commitment to ship spent fuel under the Environmental ‘Assessment, the reactor operator * |

stated that he mtends to cancel plans for LEU conversnon and continue to use HEU fuel

- Urgency gt Need ‘fo; Accep_@ce of Spent Fuel

a Llcense Lumtanon of 15 K.llograms Uramum

!

' 'l"he faclhty operatmg hcense allows a total uramuni mventoi-y of 1’5 kilograms (1ncluding~ :

fresh fuel, fuel in-the core, and spent fuel). IRI is currently within 600 grams of the
uranium limit. The reactor burns approximately 375 grams of uranium per year. To. -
ensure-compliance with this limit, the operator ‘must ship two spent HEU -elements offsite -
- for each fresh fuel element he procures.! The lead time for procuring fresh fuel elements
is approximately eighteen months. Therefore, without a commitment to ship spent :fuel by

- 'the beginning of 1995, the operator would be unable to order the ten fresh fuel elements

" ‘needed to sustain operations in mid-1996. If no fresh fuel can be acqmred operation of -~
the reactor would be suspended.” The reactor operator mdlcated that it is unhkely that
- operations would be allowed to resume. .

Spent fuel from the reactor was lm shipped to. the United States in 1981. A shlpment of
, 26 fuel elements planned for. 1989 was interrupted due to expiration.of the Off-Site Fuel
- Policy. Since then, an mventory of 70 HEU spent fuel elements has accumulated at the

" -reactor site. However, the relat:onshlp between the number of spent fuel elements and the

number of storage rack posmons in the reactor pool does not drive the need for near-term
spent fuel shipment. Rather, ‘it is the 15 kg total uranium license limit and nea:-term .
‘licensing actions dlscussed below that drive the need for actxon. -

c. 'Planned Conversxon to LEU

| _The Inst:tute is eurrently preparing a new safety report and an Enwronmental Impact
_ Statement as bases for the new license required for conversion from HEU to LEU, the |
. construction of a beam hall and for some minor mod:ﬂeaﬂons In the Enwronmental

]

! The four standard elcrnenls and one comrol clemient that HOR uscs annually contain a tolal of about 925 gra.ms of 93%

enriched uranium when they are fresh and approximately §50 grams of uranium when they are spent. Therefore, one fresh

clement has approximately the same uranium content as two spent elements.
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Impact Statement and license application, IRI needs to provide information regarding final -
-disposition of spent fuel. The reactor operator stated that reference to a possible future
renewal of the Off-Site Fuels Policy after completion of the Foreign Research Reactor
Spent Fuel Environmental Impact Statement will not be ‘sufficient evidence for the
licensing authorities. The licensing authorities have stated that they will require a -
commitment that spent fuel could be shipped under the Environmental Assessment to
proceed with the application. If it is clear that no fuel could be shipped under the
Environmental Assessment by the time the l;ccnse application is filed in April 1994,
discussion of conversion to LEU will be left out of the application, in order to avoid
delays in the licensing of the new beam hall. The reactor operator stated that sucha

. postponement would lead to cancellation of LEU conversion plans and pursuit of the
-ability to reprocess HEU fuel at Dounreay. The reactor operator believes such steps are.
ncccssary to ensure his contmued operations because Dounreay does not process LEU
fuel.” . o .

A

ltemapves:
a. Adding Additional Storage Racks

It is not possible to install additional storage racks in the reactor’s pool. Even if this were
possible, the 15 kllogram total uranium limit would still be the controllmg lmut and not
- physical storage capaclty : ‘

b. chrocessmg

- The reactor operator stated that he would request pcnmssmn from Dutch authormes to

" arrange for reprocessing at Dounreay, if forced to do 'so by an inability to ship to the
‘United States Dutch authorities indjcated that if no other option were available to prevent _
reactor shutdown, they would be willing to consider seekmg Parliamentary approval for
acceptance of high level waste generated during reprocessing. Because of upcoming -
elections, Dutch officials indicated that they would not be able to pursue such appmval
for acceptance of high level waste until September 1994. Based on the previous
.experience with-commercial power reactor fuel reprocessing approval, which took two
years to complete, Dutch officials estimated that it would take at least that long to obtain .
approval for reprocessing of research reactor spent fuel As such, reprocessmg could not
be implemented by HOR until late 1996. . :

- c. -Possible Storage of Spent Fuel at Other Facilities. |

There is a current operatmg storage faclllty (COVRA} for hlgh level waste from
.commercial power reactors. COVRA has proposed to Dutch officials to expand this .
facility to allow storage of intact Dutch research reactor spent fuel elements. If -
implemented, fuel storage could begin in about 2001 - well past the time frame of the
Environmental lmpact Statement.
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d Acceptance of Spent Fuel under t.he Envrronmenta] Assessment

‘Shipment of 33 elements under the Envrronmental Assessment would allow the reactor
-operator to order, with sufficient lead time, ten fresh HEU fuel elements, which are -
necessary to support continued operations in mid 1996 in the event that licensing for
- conversion is delayed or denied. Such a shipment may also convince Dutch licensing -
- authorities of the. viability of returning' LEU spent fuel to the United States under the.
_Foreign Research Reactor Spent Fuel Environmental Impact Statement -and therefore
_approve the license application for-LEU conversion, A minimum partial cask shrpment of -
twenty spent fuel elements would also permit the ordering of fresh fuel, but would "
provrde l|ttle cont.mgency if the Envuomnenta] Impact Statement were delayed -

e. No Acceptance of Spent Fuel.

lf spent fuel elements are not accepted under the Environmental Assessment, the reactor '

operator stated that he would cancel LEU conversion plans and work with his regulator to

secure authorization to reprocess fuel in Dounreay. Given the delays in instituting

. reprocessing, it is also possible that the reactor may be forced to shutdown. Shutdown cf o
. HOR would result in the loss to Dutch Universities of the central facility for research and -

education in reactor-; radiation- and health-physics, radiochemistry, radiation chemtstry, '
medtcme brology, matenals science and envrronmental research. ' - :

‘ 2.3.1._3 -HFR

Backgr_oun '[he HFR research reactor is located near Petten, the Netherlands, and is.. .
.operated by the Commission of the European ‘Community (EC),? Joint Research Center on

behalf of the EC member states. The HFR is a 45 megawatt pool-type research reactor fueled

with 33 fuel elements and six control fuel elements containing 93 percent ennched uranium.
The reactor generates a total of 66 spent fuel and control elernents per. year. -

R The HFR supports a broad variety: of research efforts for mdustnal and medrcal purposes and .

is a major supplier of medical isotopes in the Netherlands and neighboring countries.

o Irradtatlons are conducted in support of matenals research, basic research and will soon -
" ‘commence to support research on boron neutron capture therapy for the treatment of vanous
cancers, which is funded by the EC'’s Medlcal and Health Research Program. .

Relauonshrp of the Reactor to the RERTR Program - The Jomt Research Center has -
cooperated with the RERTR ‘program in the past. This included irradiation of three prototype
LEU silicide fuel elements and irradiation testing of four other LEU test elements w1th '

~ aluminum and oxide fuels. Extérisive joint technical and ‘economic studies for LEU -

_conversion were completed in 1985. The extensive fuel irradiation tests and analysis support
the conclusion that the reactor is technically capable ‘of pursumg conversion to LEU fuel

2 Now referred o as the Europcan Union.
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The February 1994 Draft Environmental Assessment stated that aceeptance of spent fuel
elements under the Environmental Assessment, was contingent upon a.commitment by the EC .
to convert the HFR reactor to LEU fuel .use, . This criterion was applied because acceptance of

-spent fuel from a reactor that can but has not converted-to the use of LEU fuel is inconsistent

with the purpose of the Environmental Assessment - that is, support of the RERTR program
The EC has reviewed its position on LEU conversion of the HFR and has stated that it is

* ready to initiate the necessary steps for the application of a license amendment for conversion.

Officials of the United States Government and thé Commission of the- European CommumtJes

- - are acttvely dtseusmng the terms of this- comnutment. )

Urgency of Need for A c_egtanee of Sggnt Euel
a.. Spent Fuel Storage Capactty

In early January 1994, the HFR had 482 spent fuel elements and control fuel elements in .
storage. - The reactor pool has a ‘storage ‘capacity of eight standard storage racks with 42 -
positions each and one storage rack with 35 positions for control fuel elements. Tota]
__storage capacity is 371 spent elements. Spent fuel elements and control elements. -~ :
occupied 230 positions. Fifteen positions are used for experimental purposes and ﬁve ‘

; positions are blocked because of mechanical deformations. - Thirty-nine positions are : \
reserved for emergency unloadmg of the core. This left 82 posmons avatlable for storage

Ad_lacent 0 the reactor pool storage is-a second Spent fuel storage pool contatrung six.
standard storage racks with: 42 posxttons each. AII 252 of the posnttons are completely
- filled. - . ‘ . N

On the basis of the present producuon rate of 66 spent fuel elements per year, there was
sufficient storage capacity in Janvary 1994 to operate the reactor for 15 months - through :
“March 1995.. Based on an approximate one year lead time to arrange for spent fuel
shipment and assuming the Foreign Research Reactor Spent Fuel Envnronmental Impact
Statement is completed by December 1995, the reactor operator must provide for the
disposition of approximately 116 spent fuels elements-(i.e., S0 spent fuel elements for
‘operation from April 1995 through December 1995 and 66 spent'elements for operation
during 1996). -Such provisions could be.realized by i mcreasmg onsite. storage capac:ty, by
shlpment oﬂ'sue, orbya combmatron of these opttbns. '

Altematlves

a. Addmg Addtttonal Storage Racks

Theoretically, two racks w1th 42 elements each eou]d ‘be added to the remamtng space in
the second storage pool. However, because the pool would be completely full, moving
- fuel racks to permit required safeguards inspections would increase the necessary
inspection time to about one week and disrupt normal operations. Procuring and adding ‘
the racks would require authorization from EC officials and subsequent approval by Dutch -
~ repulatory authorities. The operator has expressed uncertainty whether Dutch authorities
would agree on utilization of the additional storage racks. The United States team met
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separately- with Dutch officials, who expressed considerable concern about the mcreasmg g
‘amount of spent fuel accumulating in spent storage pools at the HFR. This concern was -
reiterated in a letter (Hermans to Grumbly, shown in Appendix A) from the government
of the Netherlands, which further stated that adding storage racks cannot be considered a
viable alternauve to the take back option. ' _ | e

If approvals could be obtained for the two addmonal storage racks the 84 storage -
positions would allow operation of the reactor through June 1996. - Since the lead time

. required to arrange for spent fuel shipment is about one year, the reactor operator would - Lo
still need 2 commitment from DOE to accept 32 fuel elements (i.e., 116 minus 84- equals .

. 32) to assure continued operations until the Foreign Research Reactor Spent Fuel
| Env:ronmental Impact Statement could be completed .

% Reprocessmg

HFR has attempted to shlp spent fuel to Dounreay in the past. If such an optlon were
- pursued, there are doubts:that the Dutch authorities ‘would grant: permission for the retum
. of the recovered HEU and assoc:ated thh-level radtoactwe wastes to’ the Netherlands

The reactor operator stated that he would take up the matter formally with the- Dutch
authorities to ‘arrange for reprocessing at Dounreay or any other available option, as
necessary, if forced to do so. Dutch authorities indicated that if no other option were.

. available to prevent reactor shutdown, they would be willing to considér seeking: . .
Parliamentary approval for acceptance of high-level waste generated during reprocessing..
- Because of upcoming elections, Dutch officials indicated that they would not be able to
‘pursue such approva.l for acceptance of high-level waste until September 1994, Basedon - .
" the previous experience with commercial power reactor fuel reprocessing. approval ‘which ..

- took two years to complete, Dutch officials estimated that. it would take at least that- long. - o

to obtain approval for reprocessing of research reactor spent fuel. -As such, reprocessxng
could not be Jmplemented by HFR until late 1996. .

c. -Possnble Storage of Spent Fuel at Other Facllmes

There'is a current operatlng storage facnhty (COVRA) for hlgh level waste from
commercial power reactors.- COVRA has proposed to Dutch: officials to éxpand this .
facility to allow storage of intact Dutch. research reactor spent fuel ¢lements. If :
1mplemented fuel storage could begin in about 2001 - well past the time frame of the
Foreign Research Reactor Spent Fuel Envrronmental Impact Statement. L

' .
. Aeceptance of Spent Fuel _Under the Envrronmental Asse_ssment.

United States acceptance of 66 spent fuel elements in conjunction with regulatory
approval to utilize one additional storage rack in the second storage pool would allow
" reactor. operatlon until the Foretgn Research Reactor’ Spent Fuel- Envrronmental Impact
Statement is completed : : ‘ :
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United States acceptance of spent fuel elements from the HFR under this Enwronmental
Assessment is contingent upon completion of an agreement between the United States

government and the Commission of the European Commumtles to convert the HFR to use
of LEU fuel

e. No Acceptance of Spent Fuel.

" Failure to accept shipment of spent fuel from the HFR under the Environmental
Assessment will affect adversely the operation of the reactor. . Addition of the two storage
. racks is not sufficient to solve HFR storage needs through completmn of the ' '
Environmental Impact Statement and reprocessing is not a viable optxon based on - .
. comments by Dutch authontxes (See Haack Ietter to Adm.’ Watkms in Appendtx A)

2.3.1 4 DR-3

Background - 'I‘he DR-3 research reactor is operated’by the Risoe National Labomtory located-f

near Roskilde about 35 kilometers west of Copenhagen. The objective of the laboratory is to - - 3

“further technologlcal development in three main areas: energy, environment, and materials.
Established in 1958, Risoe is a state institution under the- Danish Ministry of Research and .
Technology. The laboratory has a- staff of approximately. 900; one third researchers and 40 -,

" PhD students. Risoe’s annual budget is approxunately $57 million. ‘Forty-two percent comes o

from research programs and commerclal contracts; the remamder from government S
appropnatlons. : : - o

- The reactor is a heavy. water moderated 10 megawatt ‘Tesearch reactor that is ﬁJeled usmg 26 -
LEU coaxlal tube-type elements, It is operated on a four-week cycle, with 4.5 day- scheduled '

shutdown per cycle for fuel element transfer and replacement.. .On.the average, three elements e

are replaced in each cycle for an annual spent fuel generauon rate of approxlmately 35
elements. : L i

-Neutron beams emerge from four horizontal through-tubes tangenual to. the reactor core. Two
of the horizontal tubes are used for neutron scattering experiments in the field of materials ~
rescarch. The vertical tubes are predominantly used for isotope production and materials

| ~ testing. " Experimental capabilities include a cold neutron source and world-class facilities for

neutron scattering experiments.-- The laboratory has a long—standmg tradmon of extensnve '
: mtemauonal c00perat10n. ‘ S . _ N
The DR-3 reactor is one of the world’s largest producers of irradiated s:hcon for S
semiconductors and it supplies the Danish demand for short-lived and specialized - .
radioisotopes. DR-3 processes 25 tons of silicon per year.for the productton of
semiconductors. This accounts for one-third of the world market and the i income offsets a
substantial part of the reactor operatmg costs.. - :

- Relationship gt: e Reactor to the RERTR Program The DR-3 reactor has had a strong

" ‘beneficial relationship with the United States RERTR Program since the program’s inception. .
'As part of the RERTR program, Risoe developed its own manufacturmg capability for LEU
silicide fuel elements for the DR-3 reactor. Conversron of the reactor to LEU fuel began in
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. 1988 and was completed in 1990 at a cost of over-$! million. The success of DR—3 s L
conversion was demonstrated to more than 100 parttctpanfs from eighteen countries’ who R
visited Risoe in connection wrth the 15th lntemattonal RERTR Conference m 1992 o 6

.Urgeng of Need for Acceptance of Spent Fuel:
o a Existing Spent Fuel Storage Capacity

Risoe has 88 I-IEU spent fuel elements; thirteen in the spent ﬁ.lel storage pool. and 75 in
"~ three formerly used shxppmg casks. Also stored are 139'LEU spent fuel elements; 83 in -
the storage pool, seventeen i’ the internal storage block, and 39 in the external storage
) bloek The locattons of these elements are presented in Table 2-3.:

_. /. K

B Table 2-3 Rrsoe Spent Fuel Storage Capaclty

CAwailable - [ [T

o Storage location_ T | Totat Capaetty  Capacity HEU. { LEU" _
1 Intemal Storage Block - - S AR L - .24 B FE R .
. External Storage Block .~ ~ .- - | .- 80 o8 039
* || Racks in Storage Pool "~ - S e 96| 13| 83
) Retired Shipping Casks =~ -~ .- . || 75 U /- T 78| o

* 26 positions must be avarlnble for unloadtng the core in an emergency and elew:n posmons are avarlable for storage of frcsh
fuel only. ‘
. 50 posmons are avatlable l'or storage of spent fuel. the rest bemg used for fresh fuel and n'radnated experunemal ngs.

Refueling in Apnl 1994 with three ﬁtel elements constrtutes the last normal fuel loadmg
operation. If norelief can be found, and.the fuel cannot be removed from the storage
pools, the reactor will be forced to shutdown until their’ dry storage facthty can be -

, completed and ltcensed in July 1994 at’ the earllest. - .

When fuel transfers are rnade, elements are unloaded wrth the transfer cask into an -

" internal storage block in the reactor building. This block has 61 :storage positions, 26 of
which' must be.kept vacant for emergency unloading of the core and eleven of which are
available for storage of fresh fuel only. Elements must cool for at least 40 days before
transfer to the external storage block which has 50 posmons for spent ﬁrel The elements
are transferred usmg lifting plugs. -

Fuel cannot be transferred until more lifting plugs are 'made avatlable These wlll not be
available until they can be cropped from spent fuel elements in the storage pool. They

cannot be eropped until new space is made in the racks in the storage pool for the .

cropped. elements. .Because the 96 rack positions are filled with 83 spent LEU . fuel -

elements and the thirteen spent HEU filel elerments, no fuel elements can be transferred,
cropped and stored unless spent fuel is removed. Therefore, although there is sufficient . (
space in the mternal and external storage blocks to unload spent fuel after April 1994
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 there are no ava:lable lifting plugs ‘New lifting plugs cannot be manufactured in time to

support continued operations, although they could quickly be cut from spent fuel elements

_if storage space were available for the cropped elements. Table 2-4 presents the locatron
of all hfung plugs as of January 27, 1994, -

Table 2-4._ Location of All Ninety-one Lifttng'l?lugs as of January 27, 1994

' . Number

Internal Storage Biock = - I . 17
External Storage Block R - - I
'l In Reactor Core EEEE i 2
Fitted with New Elements R T C e .9
L ---fr--"‘-ToTAL R
b, Planned Dry Storage Capacity.

. Because the Off-Site Fuels Policy was not renewed, Rxsoe burlt interitn dry storage -
facilities which will hold 432 spent LEU fuel elements (four blocks of twelve holes each
" which can hold nine elements stacked). The reactor operator anticipated hcensmg_ '

- approval in early 1994, but unexpected technical problems delayed the approval.

. Humidity detectors must be installed in each "hole" and a new transfer cask must be

completed and licensed. After further difficulties, the goal for completing these tasks is

- late April 1994, whtch could result in hcense approval in. July at the earhest.

| Altemggve;

&

-.Adding Additiona] Storage Racks,

-

There is no room avaxlable in the storage pool for addmon of more fuel racks. Dry
storage is under construction and could be licensed for use in July 1994 at the earhest

- Reprocessing.

A proposal to reprocess spent fuel at Dounrcay is not a fcasrble altcrnatwe m t.hat it
- would require that high-level waste be returned to Denmark. ‘Denmark has no nuclear

power program and no plans for hrgh level waste storage facilities. Furthenmore, the - .
reactor operator indicated that there is also a strong antl-reprocessmg sentiment in

. Denmark due to the perception that the Dounreay facility in the United- ngdom has

made regular discharges of radnoactrvrty into the North Sea.

. - Possible Storage of Spent Fuel'at Other Facrhttes

Risoe provrdes low and lntermedlate radioactive waste storage for the entire country
Denmark has no nuclear power program, no high level waste storage facthtres, and there
are no other spent fuel storage facilities.

2-17



d Accepta.nce of Spent Fuel Under the Env:ronmental Assessmem

thpment of one chase cask.of 36 spent fuel elements should provide a bndge between
the time the reactor needs to refuel and the time the dry storage facility becomes
: avarlable A partial cask shipment of twelve spent fuel elements might be sufficient to
. support refueling from April 1994, if dry storage becomes available in July:1994.
o Shipment of twelve elemerits, however, would provide little or no contingency if
resolution of techrucal and hcensmg issues. delays the availability of dry storage

L e. vNo Acceptance of Spent Fuel.

_ - Failure to accept shipment of spent. fuel from DR-3 will result in shutdown of the feactor f .
.. until the dry storage facilities can be completed.and licensed in July 1994, at the earhest. -

However, even & temporary shutdown of several months could have unforcseeable
jconsequences for the future operatlon of the reactor :

‘2.3.1.5 R-2

Eackgroun - The R-2 matenals testmg and research reactor is owned by Studsv1k AB and is
operated by its subsidiary. Studsvik Nuclear AB. The Studsvik Group is part of Sweden's -
long history in nuclear power and research. The Studsvik Group has about 520 employees .
. and an annual budget of about $60 million. The R-2 reactor, the hot cell laboratory, and
‘various other laboratones are located aI Studsv:k. about 100 krlometers south of Stockholm

- TheR-2isa hght water, tank-m-pool reactor in operat:on since 1960 The reactor core is
‘contained within an aluminum vessel at one end of a large open pool, which also serves as.
storage for spent fuel. The fuel elements contain either ninéteen plates with HEU fuel or -

O eighteen plates with LEU fuel. The R-Z feactor is now operated on LEU-fuel only. The - 'l:

reactor power was increased to 50 megawatts in 1969 and a new reactor vessel was installed

in 1984-85. At the other end of the pool isa 1 megawatt moveable pool-type reactor, the R2-

© 0, which is- operated ‘with 2 llfetune core and has no spent fuel.

Reactor actmtles mclude fuel and matenals testing, transmutatxon dopmg of silicon, neutroq
activation-analysis, radioisotope production for radiation sources and radwphannaceutxca!s.
‘and basic research including thermal neutron scattering, nuclear chemistry, and neutron -

capture radiography. European, Japanese and United States fuel ma.nufacturers nuclear power |
utilities and research organizations have utilized the R-2 and its associated. hot cell laboratones

_for bllaterally and multinationally sponsored research for many years

elatronshlp of the Reactgr to the RERTR Program ‘Sweden jomed the RERTR program at
its inception and has had an extensive joint study program with Argonne National Laboratory

" including exchanges and visits of personnel.involved in LEU conversion studies. Four LEU
-silicide fuel elements were irradiation tested in the R-2 reactor as part of the cooperative
effort. The gradual conversion of R-2 to the use of LEU fuel began in 1991 and was

- completed in 1993, demonstrating the rcactor operator s commitment to the nonprohferatlon
goals of the RERTR program.
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Urgency of Need for Acceptance of Spent Fuel:

‘a. Reactor Pool Storage-Cap'acity.

The reactor pool is divided into three compartments, separated by large movable ports.
The first is occupted by the R-2 reactor tank and its operating equipment. The second |
(middle) pool is used for storage of the fuel elements and core equipment. This pool is
also used to load and unload spent fuel into the transportation cask. The third pool
contains the R2-0 reactor and associated storage racks. There is also a four-level fuel
rack for fully burned (a.nd cut) R-2 elements.in this third pool. s

-The storage racks in the second pooI contain 148 fuel elements and etghteen control ,
elements. At the present time, there are 110 empty posmons. whtch are sufficient to store
spent LEU fuel unttl the cnd of 1995 - R . :

As descnbed below the reactor operator s request to Shlp spent fuel under the Cn
_.Envnronmental Assessment is not based directly on a need to ship spent. fuel because of
fuel storage constramts associated with operanons Rather, the reactor operators must _
upgrade physical protection capabilities for aging HEU fuel or ship it offsite and, = . -
additionally, they must demonstrate viable opttons for dlsposmon of R-2. spent fuel to the
hcensmg authormes by April 1994 o o

b. 'AddttJonal Storage Pools.

Before 1989, spent HEU fuel was sent back to the Umted States for reprocessmg Stnce

then, all spent fuel has been stored at the Studsvik site. Normal operation of the reactor -~ -
would have been tmpossible with all spent fuel remdmg in the reactor pools, 50 addtttonal S
storage space was urgently needed ‘

The concrete walls of one of three reloading pools from earlter research reactors in .
Sweden were retrofitted with an epoxy layer to improve water quahty A bottom layer :
storage rack wlth 144 positions ‘was installed.' ‘Spent fuel from R-2 was. placed in the pool
for short-term storage after tt had been cut for shtpptng _

When the Off-Stte Fuels Poltcy was not renewed, it became clear that a second layer of
fuel racks would be required.” This was accomphshed by -construction of a moveable rack
system, which provided for safeguards mspectlons of the lower level. Both layers of =~
racks are high density ("poisoned” with cadmium) &nd cannot be expanded. Thls pool is
completely filled (and sealed by IAEA) with 340 cold HEU fuel elements. .

Of the other two pools in the reloadmg facility, one conta.ms about 1.5 tons of natural
uranium fuel from a 1960s-era heavy water reactor called R-1.. Additional fuel. cannot be_
moved into this pool because there are no racks available and they are not licensed to
build additional racks. The other pool is used to load and unload transportatton easks and
cannot be used for storage.. :
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c. Physical Protection.

"The Agreement for Cooperation between Sweden and the United States sttpulates that _
irradiated -fuel that cools to less than 100 rads/hr at one meter in air requires "Category I"
protecnon for quantities above five effective kilograms rather than the "“Category II"’ level
of protection which is the normal operating condition for facilities such. as research .- K
reactors. The oldest fuel from R-2 will begin to change class in June 1994, based on' .
calculations using the ORIGEN-2 and GAMDOS' computer codes. Before the' ’ - -

_ Environmental Impact Statement is completed in late 1995, approxtmately 58 elements '_-'.r .

- ~will change their phystcal protection. category Elements wrll contmue to change category
in 1996 and beyond e o . _

There are no existing spent I-IEU storage facthnes that are hcensed or. could be costa

. effectively upgraded, to meet Category I requirements, cither at Studsvik or at any other
“-. nuclear installations in Sweden.: Moreover, the time necessary for ‘planning, hcensmg and
construction of a new storage. faclhty, would, exceed the time available before a sngmﬁcant
amount of fuel reaches the Category I radtatron level Finally, the reactor-operator. " . -

indicated that the $50-100 million costs associated with building a Class 1 "bunker-lxke" o
.. facility could not be justified. - Consequently, the reactor operator does not vrew thts asa ‘o

' 'reahsnc altemanve 0 shxpplng fuel offstte L

d. Ltcense Renewal. L .
"I‘he current operattng license for the R-2 reactor exptres on June 30 1994 An L ( T
“application has been subrnitted to the Swedish Nuclear Power Inspectorate (SKI) for a 10- =
year extension. - The application is in the final stages of evaluation, after which SKI Wlll '

- advise the government regardmg whether or not to extend the license. This R
recommendation must be made in April 1994. ‘In order to renew the license, Studsvrk LS
must demonstrate that it can "handle and finally. drspose of in a safe manner nuclear waste .

~ arising in the activity of nuclear substances present in the waste that-are not recycled." =~

. The key issue for SKI is the closure of the fuel cycle for both HEU and LEU fuels. 'I'he
- regulatory authorities implied that sh|pment of spent fuel under the Environmental '
* Assessment would probably result in recommendation to issue a conditional license whrch
. would enable the reactor to keep operating. The regulators indicated that without action -
_under the Environmental Assessment they would recommend to the Swedlsh authonttes
that the hcense not be extended The reactor would then be shut down. '

_ Altematwes.

‘a. Adding Additional Storage Racks. . : .-
“The reactor operator has already incrementally added storage to the maxtmum e;'ctent.. _
possible However, as discussed above, storage space itself is not the issue, rather it is o

storage in a facility that meets Category I physical. protectton requtrements that is not
available. '
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.b. Reprocessing. -

The reactor operator has not until recently considered reprocessing at Dounreay or in _
France as a viable option. They prefer not to reprocess but would consider it if it"was the
only way to satisfy the license requirement and avoid excessive spending on long-term

-"bunker-like" storage. Reprocessing would be a solution for HEU fuel only, however, as |

'Dounreay does not presently reprocess LEU fuel. The operator does not know if the

- govemment would approve such a request, whrch would require Umted States consent.
. Possrble Storage of Spent Fuel at Other Facllmes

o 'Sweden currently has storage fac|lmes only for mtermedlate storage of fow and medium’

level radioactive wastes. The intermediate- spent fuel storage facility is only licensed for

.. LEU power reactor fuel. Putting Category I HEU fuel in this facility would require
_extensive modification to meet.physical protection reqmrements and would seriously
interfere with day to day operatrons “This would also require license modification. Work - -

. on l'ugh-level waste facilities is in progress but is not expected. to be completed for about .

’ ﬁﬂeen years, although t}us may provide a long-term solution for LEU fuel |

'»Acceptance of Spent Fuel Under tbe Envrronmental Assessment.

Shrpment of one cask of 64 elements is necessary 10 meet the near-term physrcal .
protection requiremeénts until late 1995.. It would -also encourage SKI to recommend to -

. the Swedish government that a conditional license to operate the reactor be granted,

pending the outcome of the Forergn Research Reactor Spent Fuel Environmental Impact S
Statement process : . .

‘The reactor operator stated that lt has expenenoe usmg a Transnuclear eask that holds 64 - o

fuel elements (TN 7-2). Their operating equipment, procedures and experience are based
on this cask. If 64 elements were shipped by.the end of June 1994, the second slupment
would not have to take place until February 1996. Theoretically, 2 minimum- partial cask -
shipment of 58 elements could be.made based on the number of elerhents that are
projected to change to Category I by the end of 1995. This would leave littie or no

. contingency, however, if the Foreign Research Reactor Spent Fuel Environmental kmpact . -

Statement were delayed or if i 1t is not possrble to arrange shipping of a second cask by
February 1996. :

.--'No Acceptance of Spent Fuel

If the Umted States takes no fuel back under the Envrronmental Assessment, regulators
indicated that they would recommend to Swedish authorities that the reactor operating

“license not bé exterided when it expires on June 30, 1994. The reactor would then be

forced to shutdown. Additionally, mdependent of the licensing issue, the reactor operator
would be forced to consider reprocessing all Category I fuel to avoid excessive spending
to build a Category I storage facility. Reprocessing would require Umted States consent..
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2.3. 1.6 BER—

Background - The BER-1I reactor is located in Berlm and is operated by the Hahn Mettner o
Institute (HMI), one of the sixteen German national laboratories. HMI is 90 percent funded a
by the federal research ministry and 10 percent by the state. The institute has about 900
employees, tncludmg 360 scientists, and has an annual budget of about $75 rmllton

The BER-Il is a 10 megawatt, hght water, pool-ty'pe research reactor using 93 percent A
enriched plate-type fuel. The curfent core' contains 36 fuel elements, and current operatton -
generates 26 spent fuel element per year. A major reactor upgrade that was completed in the . -
. late 1980s included replacement of the grid plate, installation of a beryllium reflector, and RN )
- increasing the power level from 5 to 10 megawatts.. A cold neutron beam source was . .
.'mstalled along w1th nine other beam tubes thteen dtﬁ'erent major mstruments are presently -

) The BER—II is one of Eumpe s most modem neutron beam research factlmes and is one of T
.the most heavtly-utthzed reactors in Germany. Many foreign scientists,’ meludtng Amencans,“.“‘
.are engaged in fundamental research work there. The institute intends to pursue whatever '
means necessary to ensure contmued Operatlon of this important’ faetltty :

B Relationiship of the Reactor to thg RERTR Prog_;ra_n_a HMI was a foundmg ‘member of the
German RERTR Program and has been an active paruetpant in the international RERTR'

Program since 1979. - As evidence of its comrmtment to oonversron, HM] hosted the 1989
RERTR Intemattonal ‘Meeting in Berlm . : _

BER-II personnel worked closer with. the German firm Interatom, now part of Stemens AG
" in the 1980s in performing extensive design and safety analyses for LEU conversion of the -
‘reactor. Sa.fety studtes for conversion have cost more than $1 million. Recently ordered low.
enriched uranium cost $600,000. ' HMI strongly supports international nonprohferatton ,
objectives and is ready to convert the BER-II to LEU operation, but needs assurances -
regarding the disposition LEU spent fuel before a license for conversion is granted.
‘Fabrication of LEU fuel elements could be initiated shortly after the license is issued and the
first LEU fuel element eould be mserted mto the BER-II reactor w1thtn two years thereaﬁer

urgeng of Need for Aecep_tance of S@t Euel

a Ltcensmg Requtrements Related to Conttnued Operauons

Regulatory requn'ements ‘mandate that every three years the operator must demonstrate '

. that there is closure of the fuel cycle for the next six years. The last three-year cycle
“ended on March 31, 1994. At that time, HMI had stfficient spent fuel storage capacity -
for four years and needed to'demonstrate a solution for two additional years. Therefore,
HMI needed to demonstrate a disposal solution for 52 fuel elements by March 31, 1994. -
HMI met this regulatory requirement by declaring that it would reprocess the 52 spent
fuel elements. at Dounreay if a commitment was not made to ship 52 spent HEU fuel
elements to the United States under the Ehvironmental Assessment. Because of spent fuel
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c.

b.

 storage by March 31,-1994.

storage eonstramts HMI has already shtpped 26 elements to Dounreay for reprocessmg in

July 1993

Lteensmg Reqtmements Related to Conversron to LEU

HMI is in the ‘final stages of a hcensmg process axmed at converting the BER-II reactor

from HEU to LEU fuel. Licensing officials ipdicated that the only remaining requirement '
was for HMI to provide assurances for a six year storage capacity for the spent LEU fuel

B that the reactor sxte does not become a long-term storage facrhty

Spent Fttel Storage Capacrty

. There are two storage racks, which can hold 36 elements each, in the workmg area of the o
' reaetor pool. " A separate storage poo] can hold five’ racks ‘each-with fifteen fuel elements.
" Total storage capacity is thus 147 elements. -There are currently 22 spent fuel elements

and five pan]y-bumed fuel elements in storage Thirty-six positions must be kept open to.

.unload the core in the event of an emergency 'I‘hus rmmedrate storage needs are not the
problern at the BER-II : :

—

attves

e Addmg Addmonal Storage Racks

~ An increase in storage above ten percent ‘of current eapacrty would requn-e a new
- licensing procedure and would take at least two years. Thus, it was not possrble to

license and install additional racks to provrde for two addttronal years of spcm fuel. .~ o
: L N - R \ T L

Reprocessmg

HMI shlpped 26 spent fuel elements to Donnreay for reprocessing in Juty 1993. Ifa-

~ commitment is not made to ship 52 spent HEU fuel elements under the Environmental _
Assessment; HMI plans to pursue a long-term reprocessing contract with Dounreay, In P

addition, the operator stated that he would actively work with other research reactors in
the European community to keep Doumeay open, and work 1o ensure that suﬁierent spent
fuel is sent there to keep reproeessmg costs reasonable

Possible Storage of Spent Fuel at Other Factlmes. ’ , R

‘ COGEMA in France, has refused storage or reprocess:ng of HMI fuel HMI is

promoting the development of a German national solution for spent HEU and LEU
elements. ' A lonig term storage contract has been negotiated with the operator of a storage
facility ‘and will be srgned soon, but this facility will not be available until after the year
2000.
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d Acceptance of Spent Fuel Under the Envtronmental Assessment."
Acceptance of 52 elements would demonstrate closure of the HEU fuel cycle for two :
additional years and allewate the need to ship these elements to Dounreay for
reprocessing. : .

e. No Acceptance of "Spent Fuel.

If a commitmient is. riot made to ship 52 spent HEU fuel elements under the o
Environmental Assessment, HMl plans to pursue a long-term reprocessing contract thh
" Dounreay. HMI would undertake ‘strenuous efforts to preserve the Dounreay reprocessmg
option for European reactors-and would cancel plans to convert the BER-II reactor to .-+~
LEU fuel becatise Dounreay will not currently accept LEU SlllClde fuel for reprocessmg
'HMI has already. shlpped 26 elements to Dounreay for reprocessmg in July 1993

2.3 L7.FRG-1 . - I |
Background The FRG-1 research reactor is operated by the GKSS research center in". -

Geesthacht, Germany, near Hamburg. GKSS is one of sixteen national research centers in
Germany and is funded 90 percent by the federal government and 10 percent by the state .

government. GKSS employs approxnmately 800 people and has an annual budget of about .

$80 mllllon.

. The FRG-1isa 5 megawatt, smm:mng-pool reactor that achteved iniitial cnneallty in 1958 _
Conversion to LEU fuel was completed in 1989. A second reactor, FRG-2, shares’ the same _

reactor pool with the FRG-1. The FRG-2 is a 15 megawatt research reactor formerly used for . -

shielding and materials research. FRG-2 has been shutdown since May 1991 and GKSS has .
applied for a license to.decommission this reactor. GKSS stated that they mtend to operate o
FRG-1, however, for an addmonal twenty years. . A

The FRG-1 is the prmc:pal large research mstrumenx at GKSS dnd supports matcnals research
and some environmental research activities. ‘Principally, FRG-1 is used for neutron scattering .
expenments to characterize the microstructure and properties of metallic, tntermetalhc and -
ceramic materials, and for structural mvcsttgattons of living matter, -Since FRG-1.is the .

' ~ principal research tool at GKSS, the survival of the reactor is linked to the survival of tlus |

institute as a German national research center, and GKSS. management emphas:zed that they
will do what is necessary to ensure the survival of this reactor. ‘ :

The reactor operator stated that he would not have converted to LEU fuel thhout assurance

' from the United States that it would accept the retumn’ of spent fuel. GKSS cites Federal -
Register Volume 51, No. 32, February 18, 1986 and Volume 52, No. 250, December 31, 1987
as examples of United States commitment to accept spent LEU and HEU fuels. GKSS =~
emphasizes that the commitment published in the 1986 notice to accept the return of LEU

fuel provided the necessary incentive for research reactor operators to convert thetr reactors, to
LEU. ‘
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_'Rel'atronshrp of the Reactor to the RERTR Program - The FRG-1 reactor has been fully
. converted to LEU fuel. The reactor operator was a founding member of the German RERTR

~ -Progtam and has been a leading proponent of the program within the international
community. - GKSS' has cooperated extensively with the RERTR Program and has made

numerous contributions oa the sa.fety, licensing, and fuels aspects of reactor conversions to

* LEU fuel.

Because of the lapse of the Offsite Fuels Pohcy, ‘the GKSS operator has stated that he is now
actively considering withdrawing from the RERTR Program and has published papers at -

" international conferences suggestmg that other countnes also wuhdraw from the program

- Ur_‘gengx of Need for Amtance of s_o_em Ft_;el

a, Spent Fuel Storage Capactty

-GKSS has a storage capacrty of 280 ﬂxed posmons in the reactor pool plus an addrtronal

54 positions.in the moveable storage racks on the bottom of the reactor. pool, for a total of -

334 spent fuel storage posrtrons ‘Ini October 1993, GKSS shipped 132 fuel elements to
“‘Dounreay for reprocessing. In January 1994, the reactor pool had 139 HEU spent fuel

' -elements and about 30 partially-used LEU.fuel elements. A further-26 positions are

. 'requrred to be réserved for unloading of the FRG-1 core in the. unhkely event of an .
: emergency and for some types of maintenance, - .

Geérman law requires reactor operators to have a so]uuon six years in advance for dlsposal '
~ of spent fuel elements produced by the reactor, As a result, approximately 240 of the 334
' A_posmons are either occupied, are reserved to meet emergency core unloading
requirements, or are reserved to meet the six year storage requirements of German law.
- The reactor operator stated that they will also likely lose somie of the 334 spent fuel
.storage positions through regulatory action when the FRG-2 reactor is. formally
decommissioned during 1994. Even so, with an annual production of nine LEU spent .
. fuel elements, the limitations of spent fuel storage capacrty do not provrde an adequate
-basis for an urgent shrpment of spent fuel |

' "The urgency of the next shrpment is drwen by future changes in the physrcal security
category of the spent HEU fuel and the need to upgrade physreal security. Inthe late
1990s, some of the HEU fuel elements will not meet the requirements for radiation dose
self protection (100 rem/hr, unshielded, at 1 meter) and will transition from Category 11 to

-Category 1. With more than 5 kg HEU of such material at this site, the GKSS would
need to construct expensive facilities to meet the much more stringent physical security

.. requirements of Category 1. None of the fue| elements. will lose this self-protecting
radiation shield prior to the. scheduled completion of the Foreign Research Reactor Spent
Fuel Environmental lmpact Statement.~ However, the reactor operator stated his belief that
the Environmental Impact Statement schedule is highly unreliable, that actual shipment
would take place at least six months after the Environmenital Impact Statement is -

~ completed, and therefore, a shipment of at least 99 HEU clements was required under the .
‘Environmental Assessment to prevent the need to upgrade his physical security to store
Category 1 spent fuel. - :

/
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b. Comrmtment to Develop Dry Storage Capablllty

By March 31, 1994, GKSS needed to make contmctual commrtments wrth a developer of' €
dry storage -casks and with the operator of a German lorig-term interim storage facility in’
order to ensure operation of the FRG-1 reactor for its scheduled lifetime until the year '

- 2010. Further mformatlon is prowded in Secuon c. of the alternatives. -

sy

Altematrves

a. Adding Addttlonal Storage Racks o

. 'Adding addltronal storage racks can relteve a storage overload but would not mrtrgate the
* need to remove at least 99 HEU spent fuel elements from the site so that GKSS would. - .

 not need to upgrade its physical security mfrastructure in the late 1990s. The reactor Lo
.operator would be able to add only fourteen storage positions ‘without reqmrmg anew L
hcensmg procedure that mcludes a rlgorous publlc heanng process S C

b Reproeessmg

GKSS shlpped 132 I-IEU spent fuel elements to Dounreay for reprocessmg in October . R
. 1993. The reactor operator stated that he- will pursue reprocessing in the future if forced
.by United States inaction on acceptance of HEU . spent fuel... The reactor, operator has
* offered to sell to the United States the HEU that was recovercd from the reprocessing of
 the 132 elements _recently shipped to Dounreay “The Umted States did not accept thrs
offer.” If all of the 139 HEU spent fuel elements in the current inventory were - -.
reprocessed, this would provide sufficient storage eapacny at GKSS for all of. the LEU
fuel elements that would be produced over the remarmng twenty years of reactor l|fe -

"¢.. Possible Storage of Spent Fuel at Other Facthtres

Germany has a facility at Ahaus for long-tenn mtenm dry storage of eommercra] power

reactor fuel. They are now considering adding capacity for dry: cask storage of spent

-~ research reactor fuel at this facility and expect that this capabrllty would be eventually

. -available in 1997-2000 (depending on the outcome of the licensing procedures). -GKSS = -

has been asked to sign a contract for the 40 year period of interim storage. for its spent
HEU and LEU fuel as well as a contract to develop and build the necessary dry storage

' casks. The February 1994 Environmental Assessment states that GKSS had asked for an
extension until March 31, 1994, to ‘ascertain the status of the Environmental Assessment |
prior to making a decision. Because completion of the’ Envrronmenta] Assessment was © °

- delayed beyond -March 31, 1994, GKSS requested and was granted a further extension
until May 1994, However, GKSS stated that if the decision is made to undertake these

large investments, the United States ongtn HEU- will never be retumned to the United
States and will instead eﬁ'ectrvely remain in Ahaus until a-German ﬁnal disposal facrhty
is operational.
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d. Acceptance of Spcnt Fuel Under the Ermronmental Assessment

The reactor operator has requested slupment of 132 HEU spent fuel elements because of
his Jack of faith in United States plans and schedules calling for. complct:on of the
* . Foreign Research Reactor Spent Fuel Environmental Impact Statement in nud-to-late
"1995. However, return of 99 HEU spent fuel elements under the Environmental - :
Assessment would be sufficient to ensure that the facility never exceeds the § kg lmut for
" Category ] HEU materials and that GKSS would not need to implement expensive faclllty o
upgrades to meet the much more stnngent Category I physlcal seeunty requtrements L

e. No Acceptance of Spent Fuel. 7
Faxlure t0 accept 99 HEU spent fuel elements under the Enwmnmental Assessment would

* have no immediate’ effect on reactor operat:ons . If the Foreign Research Reactor Spent
“Fuel Environmental Impact Statement is significanty ‘delayed. beyond its scheduled -

" . completion date in mid-to-late 1995, there could be significant problems in four to fue

years due to the change in physical security category of the HEU spent fuel. The reactor'
opetator believes that there is considerable uncertainty associated with the actual

completion date of the Environmental Impact Statement and that actual sh:pment of spent” .~

fuel under the Eavironmental Impact Statement would not occur until at least six. months
- after the it is completed. In order to avoid these uncertainties and the possible need to *
upgrade-its physical security infrastructure, GKSS has stated that it is likely to contract _
" with Dounreay to reprocess its HEU spent fuel elements and to contract with the Germnn
facility at Ahaus for long-term mtenm storage of its’ LEU spent fuel elements ’

’ '2.3. 1.8 SAPHIR

gackgmun - The SAPHIR research reactor at the Paul Scherrer Instltute (PSD) in Swatzerland .

- -began operation in 1957 as one of Europe’s first reactors. PSI is Switzerland's only naUOnal

research center with nuclear research installations and is closely affiliated with Swiss

" universities. PSI employs 1100 people, 200 of wluch are in the nuclear ﬁeld

SAPH]R is a 10 megawatt, hght water, pool-type reactor whlch uses twelve plate-type fuel .

. eclements per year. The core was first converted.fo 45 percent enriched fuel in 1983 and =~
~ began gradual conversion to LEU silicide fuel in 1986. It currently operates with a half core
- of LEU and a half core of either 93 or 45 percent cnnched fuel. The reactor is temporarily . ' -

shutdown for upgrading and retroﬁttmg PSI expects to operate the reactor from mid 1994, to.

~ the end of 1996, when it wx[l be replaced by an aceelerator-dnven neutron souree for neutron

: scattenng expenments ' : :

SAPI-IIR is currently the only sngmﬁeant neuu'on ‘source in Switzerland. It is a muIUpurpose '
facility serving neutron scattering targets for research in high temperature supereonducttvxty,
material structure and magnetism and neutron radiography through five beam tubes. The in-
care radiation positions for radioisotope production, material testing, radiochemistry and
" peutron activation analysis are applied to many apphcatxons including radiopharmacy and "
- material behavior. This highly utilized facility is in operation about 6000 hours per year
(12 ‘thiree week around the clock operating periods per year). In addmon SAPHIR is used
200 hours annually for student and power plant operator trammg
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' elattonshtp of the Reactor to the RERTR: Progrﬂ . PSI (the former EIR) has been an actwe Coe E

participant in the RERTR Program since 1979. It partlctpated in the preparation of IAEA . °
guidebooks on LEU conversions during the penod 1979:1985 and performed irradiation tests
and measurements on fuel elements containing both 45 percent and less than 20 percent -

. enriched uranium.’ The decision to convert the reactor to use LEU fuel was based on the

United States commitment to take back HEU and LEU spent fuel published in Federa

Register Notice, Volumie 51, No. 32, February 18, 1986. The commitments expressed inthe ,

" potice expired on December 31, 1988, and on December 31, 1992, for HEU and LEU fuel,
respectively. Conversion to LEU operatton has requtred a substanttal tnvestment to change
' 't.he coolant loop and control systerns . 5 . :

. Urgenc): of Need for Acceptance of S;gnt Fuel - L "_"."

a. Reactor Pool Storage Capactty e '

.__‘

CAll storage capaclty is currently uultzed The last slnpment of spent fuel occurred in

1982. A shipment to the United States was scheduled in 1987, but was canceled due tot AT

.shipping delays and the lapse of the Uruted States Oﬁ'—Stte Fuels Poltcy in 1988

One hundred twenty-three spent fuel elements are' stored in the reactor. pool wluch has a b
~ total. capaclty of 198 positions. The remaining 75 spaces are currently’ ﬁlled ormust -

remain open for emergency core unloading. Thirty positions are occupied by mstruments T

regularly used in the core for experiments, 35 positions are reserved for emergency |,
unloadmg of the core, and fen positions are occupied by berylllum reflectors. A:-

-minimum of ten additional positions (not: currently available) are needed for. specral core '.~' - :
. .arrangements, dernonstratxons and other expenments all of whrch are a necessary part of Sy

normal operat:ons

The. DIORIT reactor at PSI was taken out of semce in 19‘77 and was decomrmssroned m -

1991. Between 1977 and 1991, its storage pool had beeri used as the intermediate storage

and transfer pool for SAPHIR spent fuel. Two years ago, because the DIORIT. storage R

pool was-no longer available for licensing reasons and spent fuel could not be shipped to
the United States, addmonal racks were installed in the reactor pool above the critical ~
water line for the emergency cooling system for the reactor core.” In the unltkely event
‘that the core cooling system would rupture, water would- s1phon out of the pool to the
point that the reactor core would still be covered, but the upper row of storage racks, -
containing 25 spent fuel elements, would be uncovered. If such .an accident occurred. it
‘would result in high radiation doses in the reactor hall, the. SAPHIR building, and its

environment. These hrgh doses would make it dtfﬁcult to take acttons to contain the C

~accident.

There are 54 fresh HEU fuel elements and 25 fresh LEU fuel elements in the storage -
vault. This is more than sufficient fuel for the remammg life of the reactor (i:c., until the
‘end of 1996). In addition to the ten fuel-clements used in special core-arrangements for
demonstration and operator-training, the reactor uses approximately twelve fuel elements .
per year, approximately eighteen additional spent fuel elements would be generated by tlte
end of 1995, (i.e., when the Forelgn Research Reactor Spent Fuel Envrronmental lmpact
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Statement is completed). Twelve more spent fuel elements would be generated by the end
of reactor operations in late 1996 for a total of 40 spent fuel elemenrs more than today

Al_ternauves:
a. Adding Additional Storage Racks

Extension of the storage capabrhty in the reactor pool has been investigated. Because it
~would create unacceptable radiation exposure in adjacent rooms; additional fuel racks
. cannot by attached to the east wall of the pool. Due to the placement of the primary .

" -loop, the south wall is not accessible. In order to bé able to unload or move the reactor, .
fuel elements cannot be Pplaced on the bottom of the poal. In order to-comply with -
criticality requirements, more than two fows of spent fue] elements cannot be hung in one
location. Therefore, no more room is available in the reactor pool for additional storage’
racks. Indeed, it was these !mutauons that necess:tated adding racks above the cnncal
water line. _ :

b.'-_Reprocessmg N P

The reactor operator, if necessary would pursue reprocessmg at Dounreay if a shrpment
cannot be made under the Environmental Assessment and has in hand an offer tendered .
by Dounreay. The transfer would require United States' consent. . If this option is

: pursued, the operator stated that conversion to LEU would be terminated and all
remaining HEU elements would be burned in the reactor, rather than continuing to use the
LEU fuel on hand. They would follow tlus course of action because Dounreay does not
currently accept LEU fuel for reprocessmg ' _

€. Possible Storage of Spent Fuel at Other Facrlmes

" The reactor operators-tndtcated that it might be possible to purchase storage casks from . °
the German commercial waste storage facility in Ahaus, Germany, to be used for storage
in Switzerland. However, they would not be able to obtain them until the end of 1995 at
the earliest. Other interirh storage options may also be avarlable in the future such as’
collocation of SAPHIR spent fuel (or wastés from reprocessmg, if necessary) with high
level waste from Swiss power reactors. However, construction of this facility must still
be approved by Parliament, and it is not expected to be ready until 1998. Finally, a
repository is being planned for commercial power reactor wastes, but the study
recommendatrons will not be ready unt:l the year 2000. - .

d. Acceptance of Spent Fuel Under the Envnronmental Assessrnent.

Shlpment of 66 spent fuel elements under the Environmental Assessment would: (1)
allow removal of the 25 elements posrng the safety concern because they are stored above
the critical water line; (2) provide the ten spaces for fuel elements needed for special core
arrangements supporting restart of the reactor in June 1994; and (3) accommodate the 30
elements that will be generated by the end of 1996, as part of normal operations. This
shipment could take place in two full GNS-11 casks which hold 33 elements each. A
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- mmlmum shipment altenative of 59 elements (one full cask and a partlal cask contatmng .
26 spent fuel elements ) would méet SAPHIR’s neat-term needs if the Envu-onmental N
Impact Statement is not completed until the end of 1995. L 6 ‘

e: No Acceptance of Spent Fuel.

Failure to accept spent fuel elements under the Environmental Assessment would very
likely force the reactor operator to pursue reprocessing at Dounreay in order to minimize'
‘safety risks and provide sufficient storage capacity to support operations until the end of
1996. In this case, no further HEU-to-LEU conversion would take: place, and all -
remaining HEU will be used in the core and subsequently reprocessed. A decrsron on a A
‘course of action must be taken by June 1994, for operational and management reasons - o
" concerning restart of the reactor. If-it is not possrble to ship spent fuel to the United -
States under the Environmental. Assessment or arrange for reprocessmg, restart of the S
reactor is unhkely : ‘ . '

. 2.3 1 9 ASTRA
Backg@un 'I'he ASTRA reactor is located near Vienna at the Austnan Research Center

Seibersdorf, which is the largest  research center in Austria. -The center is 50.5 percent. state- - :_.-_:'
owned but is not state-operated. . It has approximately 535 employees and has an mtematxonal

. - orientation focused on mstrumentatlon, environmental engineering, life sciences, and

economical issues. The annual operatmg ‘cost of the research center lS approxunately SSS
million. : .

ASTRA is a 10 megawatt, smmmmg-pool-type reactor Whlch usés light water for coolmg and
moderation. It uses aluminum-clad, uranium silicide fuel enriched to less than twenty percent

in the U-235 isotope (i.e., LEU fuel). There are 23 fuel elements in the reactot core-and it. ‘
generates three-to-four spent fuel elements per year. The reactor went critical in 1960 and has _
been upgraded regularly The operator sees no near-term lnmt on the life of the reactor '

‘The reactor is used by Austrian universities and a large number of public and pnvate '
institutions. ASTRA is the only mdxgenous source of medical isotopes for the Austrian
region. These include Yttrium-90 for applications in medical therapy, Dysptosium-165 for
treatment of rheumatoid arthntts and Technettum-99 for radlopharmaceuttcals for medrcal
diagnosis. : .

The reactor also provides critical services to mtemauonal users, such as the Internatlonal
Atomic Energy Agency including at least two IAEA programs® for which no alternative ~
arrangements exist. Specifically, the IAEA uses ASTRA for environmental analysis and
nutrition research involving short (hours) half-life samples that must be analyzed immediately -
" at the nearby IAEA rad:ochemxcal laboratory.- ASTRA d:rectly supports the IAEA safeguards

L.

* Imadiation of environmental samples uhrch require immicdiate analysis in IAEA Iaboratory and fast neutron n'radrauon of k
seeds 0 study genetic effects. =
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’mspeetors trmmng The Safeguards Analytrcal Laboratory is located there and is operated by
the IAEA. - 7 o

. Relanonshrg of the Reactor to the RER!:B rogram - The operators of the ASTRA reactor

were pioneers in the LEU conversion program and have a strong, beneficial relationship with
the United States RERTR program. They participated with Argonne Nationa! Laboratory in

. " -LEU conversion studies between 1979 and 1981 and made srgmﬁcant contributions to JAEA

guidebooks on. LEU conversion. ' The reactor operator began conversion of ASTRA to LEU
fuel in 1983 .and completed ‘conversion in 1990.- The operator stated that conversion was . -
undertaken with the expectatton ‘that the Umted States would accept the return of both HEU
and LEU spent nuclear fuel in ‘the future : : .

Urgencx gf Need for Amtanee oi Sggnt Fuel '
a Spent Fuel Storage Capactty

) ASTRA currently has 41 spent fuel elements 33 which had an tmtral ennchment of 93 -
percent, five which had an initial ennchrnent of 45 pereent, and three which had an rmttal
: ennchment of less than 20 percent. P

- There are 35 storage rack posrttons in the reactor pool and 24 mobrle rack positions on
.. the floor of the pool, for a total of 59 positions. Twenty-three positions should be kept
- vacant for emergency unloading of the reactor core. Due, howeyer, to a competing-need
to store thirteen irradiated non-fuel elements, used regularly for expenments, only ten =
" spaces are currently avarlable for core unloadmg All of the remaining positions are ﬁlled
- wrthspentﬂrelelements - o P

There are an addrtronal 100 storage positions in the Jower hot oell adjacent to the reactor
pool. Five of the oldest HEU elements (i.c., those with the lowest radiation ﬁelds) were -
transferred to the hot cell in December 1993, with the expectation that they would be-
shipped to the United States in early 1994. The hot cell can only be used for short-term

* storage because the radiation’ field will degrade orgame seals and gaskets parttcularly
those around the hot cell wmdow

b. Constramt on Ordermg Fresh ‘Fuel

_Smce exprratton of the Off-Snte Fuels Pohcy in 1988 the Ausl‘.nan government has - :
required that for fresh fuel to enter the country, an eqmvalent quanttty of. spent fuel must
be ‘shipped out of the eountry

ASTRA has sufﬁctent fuel to operate until mld-l995 Two LEU elements, the fuel plates
for which had been previously manufactured, were ordered in December 1993. Delivery -
of these elements would allow operations to continue until the end of 1995. However, the

- two fresh: elements cannot be shrpped to ASTRA untrl at least two spent fuel elements arée
Shlpped out of Austria.
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' Manufacture and deltvery of new fuel elements normally has a lead-tnne of approxunately L
two years. (The time period is somewhat shorter if fuel plates have’ already been. " ©. -
manufactured.) Thus, the reactor must order additional new fuel in early 1994 in order to
have the fuel on hand in January 1996 to’ continue operations at that time; The reactor |
utilizes three to four fresh fuel elements per year. Ordering a minithum of six fresh .~
elements in early- 1994, (in addition-to the two ordered last December) is necessary to . .
ensure continued operations. This would provide fresh fuel until late-l997 ‘Ifthe’ - -

- “Foreign Research Reactor Spent Fuel Environmental Impact Statement is completed on R
"+ schedule in‘mid-to-late 1995, fresh fuel could thenbe ordered in ttmc to prowde the next R
- . increment of fresh fuel in late-1997.. o L

k]

a Addtng Addmonal Storage Racks

. There is no' space in the reactor pool for: addtttonal storage racks The reactor pool des:gn o L
- was based on removal of spent fuel on a rcgular bams and, as. noted, the hot cedl can only e
be used for short-term storage of spent fuel. '

b. Reprocessmg

- The Austnan govemment strongly opposes reprocessmg on nonprohfcrat:on grounds and
. its representative stated that Austrig would not consider this option.. Additionally, in
"'1978, an Austrian referendum eltmmated nuclear power as an energy option for the j_.'." -
country. As a result, there are no plans to build a high Ievel waste. storage: factltty in' - N
Austna and 1t would not be possrble 10 take the high level waste baclc aﬁer reprocessxng '

c. 'Poss:ble Storage of Spent Fuel at Other Facthttes. o

'As mentioned’ above, there are no other storage factlttJes for spent fuel in Austna.
. Construction of such facilities. specifically for ASTRA has not been considered because - . .
the Austrian government had assumed that the. United States would maintain its htstonc -
- practice of taking back ASTRA spent fuel. The acquisition ofa permanent storage
. facility solely to support ASTRA would be prohibitively. expensive. - ;
The Austrians have reportedly been approached by commercial mterests from' Belarus
with an offer to store spent fuel for hard currency, The. offer, which was rejected in -
support of nonproliferation policies, is an indication, however, of the types of scenarios
‘that may develop as the ] pressurc bullds on reactor opcrators to close the back end of thetr;
fuel cycle. - T : ‘

- : “

d. Acccptance of Spent Fuel Under the Environrnental Assessment.

Shtprncnt of 26 spcnt fuel elements would provide the reactor operator sufficient storage
positions to: (1) remove the five spent fuel elements from temporary storage in the hot -

cell; (2) off-load the 23 elements in the reactor core in event of an emergency without .
using the hot cell (which is difficult to access); and (3) provide the ability to order fuel to ' Q
support operations until more fuel could be ordered after the Environmental Impact
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Statemerit is completed. This shipment could be completed using two GOSLAR casks,
which are designed to be shipped in pairs that each hold thirteen spent fuel elements. A
shipment of thirteen spent fuel elements {e.g., in one of the pair of GOSLAR easks)
would allow ASTRA to.order fresh fuel, but would not provide the desrred margm of
safety to fully un]oad t.he reactor core in an emergency.

e. No Acceptance of Spent Fuel.”

The reactor Operator cannot m-der and aceept fresh fuel until Spent fuel is shrpped out of
the country.. The reactor power level, and as a result certain operations, have aJready
been limited to conserve fuel and storage space. Failure to accept at least thirteen -
elements under the En\nronmentnl Assessment wﬂl result i in shutdown of the reactor

i 2.3 1.10 GRR-

' 'Backgmund The GRR-I research reactor is operated by the Nat:onal Center for Screnuﬁc
_Research "Demokritos”, in Athens, Greece. The reactor is used mainly for activation analysrs, '
“radioisotope. production, and reactor physrcs experiments. Modifications are underway- with ..
. 1AEA support to enhance the eapabrhty of the reactor to perform neutron scattering- '

expenmentatmn ' ' o -

The GRR-I isas megawatt, swrmmmg-pool typc light water moderated and eooled reactor 8
designed by the United States firm, AMF Atomics. “The reactor first went critical with'a "
" power level-of 1'megawatt in 1961 using LEU plate-type fuel donated by the United States.
" It was upgraded to 5 megawatts and convertéd to HEU fuel in 1971.° “The cutrent core -
‘contains 36 HEU fuel elements.and generates seven spent fuel elements per year. A
_ beryllium reflector is scheduled to be installed in conjunction with the conversion of the
-~ reactor to LEU fuel. The core size will be reduced to 33 elements :

~ In recent years, ‘several modifications and nnprovements were made to the reactor to take into

-account aging phenomena, changing hardware technologies, safety philosophy, quality status

‘of electronic/electrical components, and new software programs.. An electronic surveillance’
system has recently been installed around. the reactor building and adjusted for Operanon
conditions t6 comply with t.he rules for physreal proteetron and safeguardmg of' nuclear

: mstallat:ons ' : _ .

elatronshlp of the Reactor to the RERTR Erogram In 1981, the reactor operator _|omed the

~ international effort for conversion of - research reactors from the use of HEU to LEU under the

. auspices of the RERTR Program: Through the operator's collaboration with _Argonne
'National Laboratory, substantial work was done on desrgn and sat'ety analyses to support
conversion of the GRR-1 to LEU fuel.

Based on the operator’s belief that the United States would resume acceptance of spent HEU

and LEU fuels, 38 LEU fuel elements were ordered.in 1990 from CERCA, France. Fourteen
elements fresh LEU elements were delivered in January 1994, However, the reactor operator
cannot proceed with conversron to LEU fuel until sufficient space is created i in the storage

pools.
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Urgency of Need for Acceptance of S nt Fuel:_ E
a.. Reactor Pool Storage Capacity , _ '; -’ - T '. o,

 The reactor has a total of 118 spent HEU fuel elements and no addmonal fresh HEU fuel |
As mentioned above, fresh LEU fuel was delivered in January 1994. In the next few
months, fresh LEU fuel needs to be placed in the core in order to continue operation.. If
this is not possible, the power level must be reduced and the reactor will eventually be
shut down. Before fresh LEU fuel can be 1daded, however, fuel must be removed frqm :

‘ _the reactor storage pool to make room for spent HEU elements removed from the reactor.

. The reactor pool contams fow denslty racks wn‘.h 42 fuel element posnuons There are . - .

© seven empty spaces, which provide-the capability to partially unload the reactor core: in an,

. emergency or for routme maintenance. The reactor generates approximately ‘seven spent T
- fuel ‘elements per year. Therefore, an additional founeen spaces must be evacuated to. i
.support continued operations unul late l995 R ST e sty

b Addluonal Storage Pools.

A second spent fuel storage pool in the reactor bulldmg contams four 10-posnt10n racks | .
- ‘and one 17-position rack. These racks are completely full vm‘.h 57 spent elements It is- 7
. mot posslble to.add more spent fuel to thls pool PR o R

A third pool is located outsnde but adjacent to the reactor bulldrng Tlns pool was bmlt as
a temporary transfer pool (the crane in the reactor bmldmg does not ‘have sufficient N
capacity to handle spent fuel shipping casks) when the reactor pperator initiated plans 10 . :
ship 26 spent fuel elements back to the United States. The pool was not desngned or '

. intended to store fuel for more than a few weeks, . :

-In 1987, when the reactor operator was ready to shxp the Spent fuel the Shlpplng casks’

- licenses expired. This caused several postponements in shipping dates and finally the
United States Off-Site Fuels Policy expired in 1988.. As yet there are no signs of =
corrosion or:leakage of the fuel elements and the reactor operator has. taken steps to
ensure a high water quality in both’ storage _pools. However, the operator is concerned that

- problems may develop due to the age of some of the fuel Lo -

Altemat:ves
- 8 Adding Addmonal Storage Racks, -

Fabricating, ltcensmg, and mstallmg new hlgh densrty racks in the reactor pool would take
~ at least two years. . ‘ . . ‘
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b. Reprocessing.
There is no nuclear power program in Greece. Therefore, Greece has no plans to build a
high level waste reposxtory and could not accept the wastes that are required to be.
returned from reprocessing at Dounreay. :
- C. . Possible Storage of Spent Fuel .at Other Facilities.
Greece has no other m-eountty stomge facilities. Déunreay will not store fuel without an
agreement for reprocessing, which is not an option for Greece. France (CERCA or '
COGEMA) is currently unwdltng to store spent fuel for others. _

d Acceptanee of Spent Fuel Under the Envu'onmental Assessment.

| Slupment of 66 spent fuel elements under the Environmental Assessment would (1) allow .. L

-the 26 fuel elements to be removed from the outside transfer pool; (2) provide 33. -

. positions which would be reserved for emergency unloading of the core; (3) provide seven'__ o

new storage positions. in the reactor pool, which along with the seven positions currently .
‘available, would allow for two years operation until the Environmental Impact Statement
can be completed, and (4) support the immediate start of reactor conversion to LEU. The
66 elements could be shipped in two GNS-11 shipping casks holding 33 elements each.
Shipment of 40 spent fuel elements would provide for continued operations, removal of

- fuel from the transfer basin, and for removal of seven elements from the core, but would’ S

not provide the desu'ed eapabthty to fully unload the reactor core in an. emergency

e. No Acceptance of Spent Fuel

- If no fuel is taken back under the Enwmnmental Assessment, the reactor operator will be
forced to reduce power, terminate services to a number of customers, and ulttmately to -
shut down the reactor ‘

2. 3 1.11 - HIFAR -

Background - The. HIFAR reactor is operated by the Australian Nuclear Science and
Technology Organization (ANSTO), in Lucas Heights, Australia. HIFAR is the only nuclear
reactor (greater than 1 MW) in Australia and supports most of the research and development
activities at ANSTO, which employs about 850 people

‘The HIFAR reactor is used as-a research faclllty, a trammg facility and a commerc:al neutron
source. Scientific applications include investigations in physics, materials, c:ystals, polymers
and biology. Several beam tubes are devoted to neutron scattering experiments.” Commercial
activities accounted for 35 percent of its income in 1992-93, including production of
Technetium-99 for medical diagnostic imaging applications, silicon dopmg for use in
semiconductors and neutron activation analysis..

HIFAR is a 10' MW heavy water tank-type research reactor that went critical in 1958. The
tubular fuel elements contain 60 percent enriched HEU fuel of mixed United States and
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United ngdom ongm .ANSTO’s fuel supply is sufficient to ensure normal operation -
through 1998. The HIFAR reactor normally generates 36 spent fuel elements per year..
i
Australia’s long range plan has been to replace HIFAR with an n LEU-fueled research reactor.
‘Recently an independent review(the Review) of ANSTO’s plans was completed. One central
conclusion of the Review was that no decision on a future reactor can be undertaken until a
waste management solution is identified. - A government committee has now been formed to

* “consider Australia’s opuons for management of spent nuclear fuel and the permanent disposal --

-problem. The committee is scheduled to issue its report in June 1994. Government oﬁ'tc1als
indicated that United States decisions on foreign spent fuel: acceptance under the

o Ethronmental Assessment are an tmportant faetor to be- consndered in thxs report.

‘o Eelatlonshtp to RERTR Prom Australta has been an active paructpa.nt in the RERTR o ‘
‘program and in intemnational nonproliferation activities. ‘In the’ RERTR program, ANSTO has, Sl

"cooperated extensively with Argonne National Laboratory, mcludtng visits and. exchanges of -

~ scCientists. It parnctpated in the years 1980-1985-in preparation of the IAEA guidebooks on - - e

' LEU conversion and safety studies for heavy water reactors. The Australians intend for any
- replacement to HIFAR to be an LEU-fuelled reactor. 1In the meantime, the ennchment of
HIFAR fuel has been reduced from the ongmal 93 down to: 60 percent. ' o

'Ur enc 0 Need or Accer tance of Spe t uel
& Reactor Spent Fuel Stomge C‘apactty - ‘
_ ANSTO has over 1600 spent ﬁtel elements stored at Lucas Hetghts about half of whtch
contain HEU of United. States ortgm Approximately 1100 elements are stored in an -

interim dry storage facility built in 1967. The remainder of the spent fuel is stored in
three pools in or near the reactor building and in several shipping casks at'an ANSTO

spent nuclear fuel storage yard, about 700 meters from the reactor building.” One of these . '

storage casks (LHRL-120, 114 fuel elements) was espeetally designed and constructed for
an anticipated and contracted shipment to thie United States in 1988. This shipment was
halted by the lapse of the Offsite Fuels Pohcy The remainder of the cask storage is.
United Kingdom origin spent fuel stored in  seven "Dounreay Casks that hold 25 fuel
elements each.

. Short-term spent fuel storage is not a critical problem at the ANSTO site sirice it is -
‘possible to add four-years worth of additional storage capacity by adding storage racks 10
existing storage pools. However, neither the pools nor the casks nor their locations have |
been intended or approved for indefinite storage of spent fuel. Temporary use of these -
locations has been adopted only on the basis of earlier commitments that the fuel would : -
be accepted imminently by DOE. Two other bases were expressed by Australian
authorities for requestmg a shipment of spent fuel under the Envnromnental Assessment. .

First, as establtshed by the Review, Australta wﬂl need a permanent htgh or medium level
waste facility no matter what the future of HIFAR or a replacement facility. The Review
was critical of ANSTO’s strategy which was heavily dependent.on the uncertain return of
spent fuel 1o the United States and recommended that the next five years should be used
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to begin the planning of such'a waste facility. ANSTO estimates that additional long
term storage capacity will require six years before it is operational as compared to the
- four years of additional storage capacity at ANSTO, leaving a two-year mismatch in the
availability of spent fuel storage space. Hence, ANSTO is at a decision point now to
commit to alternative spent fuel management arrangements. ANSTO argues that "unless:
‘agreement is obtained immediately for one urgent relief shipment this year, then the
‘alternative arrangements to be determined as a result of the Government committee’s
‘review cannot place any reliance on the Environmental Impact Statement mechanism for
- ultimate return of spent fuel.. The result could be that the spent HEU fuel will have to
: -remain in storage in Australia for an indefinitely extended period, thereby defeatmg the - .
E _objectwes of the Umted States Off-Slte Fuels Pollcy S
‘ To avoid this potentral lapse in storage space and because of Ausu'ahan concerns -over
S potential delays of the Foreign Research Reactors Spent Fuel Environmental Imipact
. . Statement, ANSTO requested shipment of 114 spent fuel elements in early 1994. - The
‘reactor operator believes that shipment of 114 spent fuel elements would allow for
. - continued reactor operations unul an indigenous solution for the spent fuel eould be
unplemented . ‘ :

The second concern expressed by Austmllan authorities was that the HEU spent fuel
-elements represent the largest storage of HEU i in the region. Long-term storage of the .
'HEU in Australia was believed to be damaging to Australia’s nonproliferation credentials
"and the ability to achieve mutual nonproliferation objectives in the region. -Near-term '

shipment of spent research reactor fuel would ameliorate this situation. -

" Alternativ
a. Adding Additional Storage Racks. -

An underwater irradiation facility has been converted and is bemg used as an mtenm wet
spent fuel storage facility. Additional racks could be added to this pool which would
provide approxnmately four years of additional storage capacnty

Additional storage facilities in- Austraha are not a near term option because ANSTO is -
under pressure to reduce its storage at Lucas Heights and because it would take too Iong
to put spent fuel storage facilities into operation.

b. Reprocessing.

ANSTO could relieve a major portion of its storage problem by ret_umirtg United

- Kingdom-origin spent HEU fuel to the United Kingdom for reprocessing. The United
Kingdom requires, however, that the high level waste be returned to the country of origin
and Australia does not have any facilities to aceept this waste. Therefore, this is not an -
option that could be pursued during the period prior to the completion of the Foreign
Research Reéactor Spent Fuel Environmental Impact Statement. ,
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c. Possrble Storage of Spent Fuel at Other Exxstmg Faclhues

 Australia has no other nuclear facxlmes and no nuclear power program Dounreay isnot 6%}‘
.willing to-store spent fuel without a reprocessmg contract, and no. other forelgn faclllty is =
available to store HIFAR's spent fuel . .

" d. _Acceptance of Spent Fuel under the Enwronmental Assessment.

" Shipment. of spent fuel is not necessary at tlus time beccuse racks could be added toan
exrstmg storage pool, which would provide approximately four years of additional sforage .
_ capacity until 1998. This capacity would provide for continued operations at HIFAR until -+ ...
. the Forergn Research ‘Reactor Enwromnental Impact Statcment is completed in rmd-1995

7' e No Acceptance of Spent Fuel

.;,As dnscussed above, slupment of spcnt fucl rs not nccessary at ttns trme because . _‘;'
'approxxmately four years of addmonal st%rage can be created. . R
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3.0 .PROPOSED ACTION

- Chaptcr 3 presents a discussion of the proposed action. Section 3.1 generally dcscnbes the

proposed number of spent fuel elements to be accepted by DOE from the eight foreign |
research reactors. - More specifically, Section 3.1.1 describes-how the proposed action is
influenced by two policy options; Section 3.1.2 describes the proposed mode of ocean
transport; Section 3.1.3 describes the proposed ports of entry; Section 3.1.4 describes the’

" proposed mode of overland transport; and Section 3.1.5 describes the proposed storage of the

spent fuel elements at DOE’s Savannah River Site. Section 3.2 discusses the considerations
reflected in the acceptance fee DOE proposes to charge the research reactors for receipt and
storage acceptance of the spent fuel :

1 - Proposed‘Achon _
DOE proposes to accept 409 (about 2 metric tons) spent fuiel elements from eight foreign
research reactors. These spent fuel elements contain HEU that was enriched in the United
States. The number of elements from each reactor is listed in Table 3-1. Thc spent fuel

' Table 3 1. Research Reactors In Need of Urgent Rellef

_ o .. | Proposed Number
: e Cask/Capacity . - of Spent Fuel
- ' " Proposed Number of (maximum # Elements-to be
Reactor/Country | . Cask Shipments - - elements)* N Shipped
HOR, Delft, Netherlands . 1 ] . GNs-1133) B 33
HFR, Petten, Netherlands 2o 7 oNsn @3 66
[DR-3, Roskilde, Denmark i PEGASE (36) 36
R-2, Studsvik, Sweden = . 1 ™N-7(64) . 64 .
" BER-l, Berlin, Germany 4. o GOSLAR (13) o820
| ‘SAPHIR, viltigen, Switzerland 2 ' GNS-11 (33) |- 6 . |
- ASTRA, Siebersdorf, Austria 2 GOSLAR (13) D726,
|I'. GRR-1, Athens, Greece. _ 2. - GNS-11(33). | -~ 66
TOTAL -~ . s Y - 7409

* The casks used in this analysis were sclected as being rcpresmmhve casks based on discussions with the teactor :
opcralozs. Other appmpnatc casks could be used. A

elements would be loaded at the reactor site into mulu-tom steel packagmgs called casks The
casks in turn would be placed in International Standards Organization (ISO) cargo conteiners
(generally one cask per ISO container), for transport by ship to any one of five ports of entry
in the United States. As discussed in further detail in Section 3.1.3, the proposed ports are
Wilmington, North Carolina; Sunny Point, North Carolina; Charleston, South Carolina;
Savannah, Georgia; and Jacksonville, Florida. After arriving at the port of entry, the 1ISO



‘contginers contmrang the spent fuel casks wouild be loaded onto trucks for transport to DOE’s_
. Savannah Rlver Site in South Carolina, where DOE would take title to the spent fuel. -

“All of the spent fuel proposed to be accepted under the proposed action or the alternatives is
intact, aluminum clad fuel that is essentially identical to a much larger quantity of spent fuel
already in storage at the Savannah River Site. Spent nuclear fuel is designed to be physically

' stable, as it must maintain its integrity under elevated temperatures and pressures when =

submerged in water in the reactor core. A typtcal rectangular research reactor spent fuel .

- element is approximately 40 inches (in.) x 3 in. x 3 in., weighs. approxtmately nine to thirteen

* ‘pounds, and contains approxtmately -0.44 to 2.2 pounds of U-235, less than 0.03 ounce of

* plutonium, and 100,000.curies of radioactive material. A typrcal tubular research reactor :

spent fuel element is: cylmdncal in shape but of. srmllar size.! o

DOE developed radronucllde inventories for the spent fuel elements pr0posed to be accepted
based on data provided by: the reactor operators on the burnup, age, and power history of the
fuel. To be conservative when modellmg and analyzing potential environmental impacts, - .
DOE assumed that spent nuclear fuel had been cooled only. 150 days after discharge from the
reactor. As most of the spent fuel was discharged séveral years ago, the actual radionuclide
inventory in the spent. fuel to be shipped would be slgmﬁcantly lower. The representatlve
inventories are reported in Appendlx F.. - '

S In general Spent fuel casks fall into a broad category of radioactive material packaging
referred to in international and national regulations as Type B packaging. Examples ofthe -
spent fuel casks that would bé used-to ship the foreign research reactor spent fuel are listed in
Table 3-1. Use-of these casks was assumed in the analyses of the potential impacts of the

- proposed spent fuel shlpments since they are known to be under consideration for ‘use by the
foreign research reactor operators. ‘Depending upon cask availability, it may be necessary to
use other casks. (e.g., the NAC-LWT) at the time of shipment. Even if casks with larger
capacities were used, however, no more than 409 spent fuel elements would be accepted into
the’ Umted States under thc proposed action. :

Type B casks have been designed and constructed in accordance with Internatronal Atormc :

Energy Agency standards and certified by their respective national authorities. These casks .

have demonstrated that they can withstand severe accident conditions (ERP 1986; GNS 1986;

TN 1977a, 1977b; COGEMA,.1988). :(See Section 6.1.2. 2.) " Casks manufactured outside the

- country in which they are to be used must obtain a Certificate of Competent Authority
(COCA) from thie desrgnated Competent Authonty of a country before they can be used in " -

that country (IAEA, 1990a). In the United States, COCAs are based on compltance with

" United States packaging regulations. The Department of Transportation would review a

~ package certificate of compliance approved by-a foreign counterpart for a foreign

manufactured cask proposed for slupment of spent fuel to- and ‘within the Untted States. If the -

'1o put things into perspectwe a typical nuclear power reactor spent fuel clement is approximately 175 in. x 8.5 in. x
8.5 in., weighs approximately 1500 pounds, contains approximately 30 pounds of U-235, over 10 pounds of plutonium and
4,700,000 curies of radioactive material. .
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Department of Transportation determines that the foreign certificate of compliance establishes
that the package satisfies United States packaging regulattons it would issue a COCA

3.1.1 Acceptance of 409 Spent. Fuel Elements Based on No Reprocessu:g and Shipmeant
of Full Casks

The proposal to accept 409 spent fuel elements reflects two policy options. First, the proposal
reflects a policy option.of not forcing reactors that can ship spent fu€l to Dounreay for
reprocessing to do so, for the reasons stated in Chapter 1. Only two of the eight reactors
could realistically pursue shipment of their spent fuel to Dounreay for reprocessing in the
“near-term. . These reactors are BER-II (Germany) and SAPHIR (Switzerland), and SAPHIR
would need the consent of the United States before it could do so. For the remaining six. :
reactors, HOR (Nétherlands), HFR (Netherlands), DR-3 (Denmark), R-2 (Sweden), ASTRA :
(Austria), and GRR-1 (Greece), reprocessing is not a realistic option for the spectﬁc reasons
_ dtscussed in the individual reactor prof iles (Sectlon 2.3.1). . .

The pproposal to accept 409 spent fuel elements reflects another pollcy option to accept full

cask shipments from each of the reactors. ‘The 409 spent fue] elements would be transported

. in fifieen fully loaded casks. For the eight reactors in need of urgent relief, 359 spent fuel

" elements represent the minimum number of spent fuel elements that would need to be shipped

to allow the reactors to continue operating through December 1995, without forcing: s

reprocessing. Shipment of 359 spent fuel elements would result in the shipmerit of partially

full casks by four reactors. (This alternative to the proposed action is discussed in Section

4.1.3)) Since transportatton of 359 spent fuel elements would also require fifteen casks, there

would be no difference in the number of casks that would need to be transported to the

United States under the proposed action and the number that would need to be transported

under the alternative of shipping partial casks with no forced reprocessing. For example,

HOR: (Netherlands) must ship at least tiwenty spent fuel. elements to allow it to continue ..

operating through December 1995. Under the proposed action, DOE proposes to accept 33

~ spent fuel elements from HOR, which represents a full cask. In both cases, because the cask -
that HOR probably would use accommodates 33 spent fuel elements, only one cask would be _

transported. : _

In proposmg to accept full casks, DOE took note of the fact that there is no- rneasurable .
difference in environmental impacts between sluppmg full and partially full casks.- Moreover.
requiring reactor operators to transport partial casks is viewed by all operators as being. <
unnecessarily expensive in that the transportation costs (which run into hundreds of thousands
of dollars) are essentially the same for full as for parttally full casks. Based on these o
considerations, DOE believes that shipment of full casks is a prudent course to encourage the
continued partnctpatton of foreign research reactors in the R.ER'IR Program.

The proposa] to accept 409 spent fuel elements represents a decrease of 39 elements from the
previous proposal to accept 448 elements in the Draft Environmental Assessment distributed
for public comment in February 1994. The decrease i is the result of two developments. First,
* the BR-2 reactor (Belgium) no longer meets the criteria necessary to qualify for acceptance of
spent fuel. This resulted in a decrease of 72 elements. The BR-2 reactor operator informed
DOE in March 1994 that he has contracted to ship 96 Spent fuel elements to Dounreay for -
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' reprocessmg because of immediate operatronal needs for additional storage space and an _

' ‘mab:hty to await DOE’s completion of the NEPA process for this proposed action. Second,

DOE is now proposing to accept 66 instead of 33 ‘'spent fuel elements from the HFR reactor
(Netherlands) for the reasons detailed in Chapter 2, but based primarily on the inability to

- expand the reactor’s storage pool capacity. These changes (a decrease of 72 elements from’

the BR-2 reactor and an increase of 33 elements from the HFR reactor) result in a net

decrease of 39 elements from the 448 elements prevrously proposed for. acceptance fora total

-of 409 spent fuel elements Do \

. As prevrously dlscussed and shown in Table 3- l the 409 fuel elements would be shlpped in .
" fifteen casks. The proposal to accept fiftcen casks represents a decrease of one cask ﬁ'om the o

.. previous proposal to accept sixteen casks in the February 1994 Draft Envn'onmental

| -Assessinent.” The decrease of one cask is the result of deleting the BR-2 fuel elements (a
~ decrease of two- casks), and the addition of a second cask for the HFR reactor (baSed on the
' proposed acceptance of 66 instead of 33 spent fuel elements) ' :

.3, 12 Proposed Mode of Oeean Transport

DOE proposes that the ocean transport of spent fuel be accomplished either by commerclal :
.container ship or charter ship (sometxmes referred o as.a dedicated ship),. Commercial
container ships are common. carriers operating on scheduled sailings over established trade
_routes. They provide service on a fiest-come, first-served basrs .The Spent fuel would be -

' shlpped along with the other commerclal cargo on: board. C :

Ocean transport by charter slnp would mvolve the chartermg of any of several commerctally

. available vessels (e.g.,."tramp"-vessels, Military Sealift Command chartered vessels, or -

"purpose-built" ships). .Appendix I provides addmonal mformatron regardmg the use of

. chartered vessels. In contrast to.commercial linet operations, tramp or charter market vessels ._

provide private or contract carrier service with no fixed route or- predetennmed schedule.
These ships go wherevér cargo is available and take it to whatever destination is requested.
In the open tramp market, these vessels tend to be older and less reliable and, according to -
marine insurance and marine transportation experts, subject to hrgher casualty rates than-
vessels sailing on regular liner routes: The reason the less-reliable vessels tend to be on the

5 . tramp market is that they cannot be relied. ‘upon to meet the tight schedules required of the -

commercial liners. There are, however, many well mamtamed and relrable vessels Operatmg .
~ in the tramp or charter market. One method for selecting such a: vessel would be to select a
vessel meeting the standards of the American Bureau of Shipping or a similar classification

.orgamzat:on (See Appendix H.) If a well maintained. vessel were obtmned and chartered for =

carriage of the spent nuclear fuel, any port could be specified, assuming that the port had the .
_ necessary capabllmes ‘To ensure that any chartered vessel used to' transport spent fuel under
this proposal is well maintained, ‘DOE would require the research reactor ‘operators ‘to charter
a:vessel meeting the American Bureau of thpplng stnndards or the:r equlvalent. '

One avenue for obtarmng the services of a well bullt and mamtamed chartered vessel would
. be to use a chartered vessel under the control of the United States Military Sealift Command
(MSC). The MSC charter would be a high-quality vessel because it would have undergone

rigorous inspections by the MSC. A MSC-controlled vessel could be made available to
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transport foreign research reactor spent nuclear fuel from ports within Europe to any
commercial or military ocean terminal in the United Statés. A MSC vessel of the type that
would transport spent fuel would be a roll-on/roll-off or breakbulk’ vessel owned by private

Another option for charter services would be ocean transport by "purpose-built" ships. For
example, British Nuclear Fuels Limited {(BNFL) owns several ocean-gomg vessels that have
been built specifically for transporting spent nuclear fuel. The major construction feature of
these purpose-built ships is the double hull of the vessel, which would prevent the vessel from
sinking in most collisions. The BNFL vessels also have radiation detection systems built into -
cargo holds to detect any abnormal incidents involving the spent fuel. In addition, the BNFL
'vessels have crew members who are trained to use radiation detecuon mstruments and to
respond to radiation incidents. - : .

_ As shown in Chapter 6, the type of vessel per se (commercxal or chartered) used to transport
the foreign research reactor fuel would not affect the impacts on the environment from the
trans-Atlantic crossing.” Rather, the environmental impacts (e.g., ship crew radiation exposure
and risks of accidents in port) are affected principally by the number of times the ship stops at
‘intermediate ports before reaching the United States port of entry.. (See Section 6.1.1.1.) -
Commercial container ships usually make several port stops in the course of unloading their -
cargo, and some of these stops could occur before the spent fuel would be off-loaded. In
. contrast, chartered ships could be directed to g0 to the port of entry where the spent fuel -
would be off-lodded.” For example, if a ship were to make no intermediate port stops, the
-collective dose to' crew members during transport would be reduced by approximately
30 percent over the dose.that crew members would receive if the ship were to make -
thiree stops. - However, since the reduction in risk would result only in reducing an already
small risk to a somewhat smaller risk, DOE proposes to-allow the foreign research reactor .
" spent fuel-to be transported either by a commercial or chartered vessel.
. The proposed spent fuel shlpments would probably begin in nud-1994 and end in 1995. One
“or more of the fifteen casks would be transported on each individual vessel. ‘Thus, for :
.example, if only one cask were transported per ship, fifteen tnps to the United States would
be needed to accommodate the 409 fuel elements. .If the services of a chartered ship were

- - obtained, it would be necessary to ship several casks on a ship at one time in order to keep -

shipping costs per cask comparable to those for commercial container ships. Because of the
limited availability of casks designed to ship fore:gn research reactor spent fuel, it is unlikely
that more than eight casks could be transported in a single shipment. (The risk assessment of
potentla] transportation related impacts in this Environmental Assessment accounted for a
mmunum of one and a maximum of eight casks per vessel) :

' The total cost of‘ transportmg the spent fue] would depend on both the mode of transportation
. chosen and on the number of casks per shipment. There are many factors contributing to -
transportation costs 1nc1udmg fees for cask rental, land transport (by truck or rail) of the full

2 A breakbulk vessel is one that carries all types of cargo in varipus packnging_s. Thesc packagings range from bags, drums,
and palletized cargo (o containers. '
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“and empty casks, ocean transport of the full and empty casks, lrabrhty msurance, seeunty,
.- permits, fees, and planning and administration of the transportation process. These costs are

summanzed in Table 3-2, wluch presents rough approxunauons of total transportatron costs to -

Table 3-2." Representative Total Transportation Cost to Reactor Operator )

Costs Relative
to Commemal Container
Shrppmg

Commereral Comamer thp

$120000 | - 10 .

| Chartered or Dedieated‘Shi‘p:

* The "Sn:g values appear to be lhe same I'or five and e:ght enslrsfshlp due to mundmg of the numben Ata greater level
Cof precision, the values: are slightly dnﬂ'erem, as shown by t.he “$/cask” and "Costs Relative to Commercial Conmlner
Sluppmg values, _ .

the reactor Operators under different’ ocean transport scenarios. The costs are based on a '
typical cask containing 33 spent fuel elements (e.g., the GNS-11), and an average spent fuel

- elerlrcraem welght of 5 kllograms for an average tota] spent fuel weight of 165 krlograms per
- cas

‘ The opuon of Shlpplng one task per chartered shxp was evaluated to provide a companson to
shipment on commercial container ships, which would likely .carry one cask per ship.” The
- eight cask per ship’option was included ‘because, based on the number of casks ‘available to
ship research reactor spent fuél, eight casks is considered the maximum number that could be
shipped on any one vessel. Since the proposed action consists of shipping fifteen casks, two
shipments, one with eight and the other with seven casks, theoretically would provide for
transportation of all of the spent fuel. The cost of shipping five casks per ship, which would
~ involve three shipments, was included as a sensitivity analysis. The costs of using a charter
‘shlp vary from 1.6 to 3.4 times that for commercial container shipping depending on the -
" number of casks shipped on a vessel. In the situation where a vessel would be chartered for
shrpmem of only one cask, the cost could be as hlgh as approxlmately $400, 000 $290,000

JThc cost data were obmmcd mdepcndcntly from 8 number of dlﬂ'erent sources, thus allowmg their aecuraey and
f_fa_d aballolead

2A breakbulk vessel is one that carries all types of cargo in varipus packngmgs Thcsc pacLagmgs ranéc from bags, drums,
and palletized cargo to containers.
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more than that for commercial shipping. If €ight casks were shipped on a charter vessel, the
costs per cask could be approximately $70,000 higher than for commercial:container shipping.
In the extreme situation where an operator would be required to ship a partially filled cask .
(¢.g., the Danish operator could send 12 elements weighing 3.5 Kilograms each) ona -
chartered ship with no other casks, the cost could be as thh as $10,000 per kilogram. -

3.13 Proposed Ports of Entry

As discussed in greater detall in Appendix C, DOE undertook an extenswe effort to 1denufy
commercial and military ports that would be most advantageous for receipt of the spent:
nuclear fuel proposed for-acceptance. These efforts included a number of port visits, and the _
development of criteria by which potential ports of entry could be evaluated.* DOE ’
- developed the screening criteria based on factors included in recently enacted leg:slatxon, the
National Defense Authorization Act for Fiscal Year 1994 (Public Law 103-160, ‘signed. into .

“. law by President Clinton on November 30, 1993)(the Act). .Section 3151 of the Act directs

. the Secretary of Energy, "if economically feasible and to the maximum extent practicable,” to

" receive spent fuel at a port of entry that has "the lowest human population in the area ‘
- surrounding the port of entry; is closest in proximity to the facxhty_whxch will store the spent
nuclear fuel; and has the most appropriate facilities for, and experience in, receiving spent -

" nuclear fuel.” In addition, criteria- recommended at a8 DOE-sponsored workshop on port -

~ ‘selection criteria for shipments of spent nuclear fuel at the United States Merchant Marine
Academy (USMMA) were applied to potential ports of entry. These criteria were distance of

the port from the- open ocean, emergcncy prcparcdness and capabllmes and mtermodal access o

Commert:lal Ports. The screening criteria were first apphed to all 151 commercial seaports in-
- the United States.” The Act does not direct DOE to consider. the three criteria in any -
' parﬁcular order. As a first step, DOE applied the criterion relatmg to a port’s facilities and . -
-experience as a reasonable mears of evaluating which ports were in fact capable of recémng
. Spent fuel. Unless a port had appropriate facilities, and therefore was in fact capable of
receiving spent fuel, it would not matter how close the port was to the Savannah Rwer Slte or
how low the populatlon was in the area surroundmg the port. ‘ -

' Because Congress d1d not define the term. "most appropnate facxhﬁes and experience,” DOE :
'had to determine what-port features would be necessary to service a large container vessel of

the type most likely to be used under the proposed action. DOE concludéd that ports that had
‘regularly scheduled commercial container service from Europe would be adequately eqmpped
to receive spent fuel, because such ports would have the capablhty for and expenence m '

* These criteria are designed to addrus issues assoclau:d only with sluppmg a small number-of casks over a short pcnod
of time through a United States port for transport to the Savannah River Site. The criteria are not designed to address issues
associated with large numbers of shipments aver a long period of time, such as the long-temn proposed policy being considered
in the Foreign Research Reactor Spent Fuel Environmental Impact Statement. For long-term. pmposals. cons:demuons suchas -
future pon development plans and population trends would have to be considered. .

® The fist of commemal Seaports was s obtained from the United Stab:s Maritime Administration {MARAD} and ingluded
all cornmereial ports handling foreign trade. Fishing ports, inland ports, and military ports are not included in the MARAD list.
Thus, DOE independently identified and then evaluated military-ports, laking into considcration the three factors hslcd in the Act
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semcmg a large container of brcakbulk vessel. (As discussed above the spent fuel elements _
would be loaded into multi-ton casks, which would be placed into large 1SO containers for
- ocean transit.) Such ports have sufficient channel and pier depth to accommodate large, -
ocean-going vessels, as well as the cranes and infrastructure needed to unload and' move
‘containerized cargo. 1t would be important that any facnlmes needed to receive spent fuel -
already exist, because harbors and channels could not be deepened and dredged, nor port
facilities constructed, in the time reqmred for the proposed shipments. For the foregomg
- reasons, DOE concluded that screening for ports with demonstrated capability and experience -

- in receiving ocean-going container vessels was an appropriate first step. When all 151

commercial seaports were screened on this basis, twenty out.of the 151 commercxal ports Were-
found to ‘meet the cntenon (See Appendrx C Table C1) : :

Second, DOE addressed the pOpulat:on criterion’ llsted in the Act.’ 'I'he Act states that DOE

. should use to the makimum extent practicable the port that has the "lowest. human. pOpulatton j
. in the area surrounding the port of entry.” Information on the populations potentially affected .

by shipments of spent fuel through each of the twenty commercial ports satisfying the first =

criterion was evaluated.” It ‘was appropnate to consider not only the population of the area

- surrounding the port, as provided in the Act, but also the population of the, city and county in .

which a port is located, and the overall population in urban, suburban, and rural areas along
the overland transportatior routes:to the Savannah River Site. All of these populat:on T
characteristics were determined to be equally important and each of the twenty ports was

‘ ~ evaluated on the basis of all three characteristics.. No port ranked the best (i.e.; had the lowest
*. . population densnty) in all three characteristics. Eleven ports, however, were detenmned to-

 have roughly comparable and lower populatron charactenstrcs tha.n the other nine ports (See
Appendlx C, Table C-2) : : B

. ‘:The third step in evaluatmg commercial ports was to screen the remaining eleven ports on the :

. basis of their "proximity to the facility which will store the spent nuclear fuel." Although ‘one:

" .of the eleven ports (Charleston, South Caroling) is.in fact closest to the Savannah River Site, - -
four of the eleven | ports were determined to be relatively closer to the Savannah River Site in
comparison to the remaining seven ports. (See Table 3-3.) (See ‘Appendix C for a discussion
of how the dlstances were compared) The reasoning behind selecting several rather than. "the .
closest" port is that no smgle port clearly meets all of the Act’s criteria. For example, even'
~ though Charleston is closest in drstance to the Savannah River Site, the port has no expenence

with spent fuel and is not the lowest in:any of the populatmn characteristics.  Consequently, -
four ports were deemed to satisfy the closest in- proxnmty criterion as the most balanced
- means of meeting the Act’s criteria. R :

During the final step in evaluatmg commercral ports, cntena recommended at the USMMA

~ workshop were applied to the four remaining ports (Wilmington, North Carolina; Charleston, -

South Carolina; Savannah, Georgia; and Jacksonville, Florida). - All of the ports were found to

- have acceptable distances from the open ocean, emergency preparedness and other necessary
capabilities to receive spent. fuiel, and well-connected access to the intermodal transportatlon
system. ,
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- Table 3-3. Ports Closest in Proximity to the Savannah River Site -

Port Highway Distance from Normalized Score’

Savannah River Site

23
24
25
27
28 -
32

Mlllm Ports. Since MARAD s commercial seaport list excludes military ports, DOE

_ evaluated United States military ports to provide a military alternative to the proposed . )

- commercial pons 'DOE used a slightly different method for determining which military ports _

satisfy the screening criteria because the facilities at military ports may differ from those at
comerclal pons due to differences in the purposes served by military and commerclal ports

‘The first step was to locate unhtary ports on the East Coast in. close proxumty to the ,
Savannah River Site that were weapon stations, military ocean terminals, or military ports
with nuclear material ‘experience, and that could unload containerized cargo ‘from a _
commercial vessel. 'If an area had more. than one military facxllty, the weapons station was .
- selected over the other facilities. Weapons stations tend to have lower populations in the -
immediate vxcm:ty of the port due to safety zones. Also, weapons stations would have .
experience in loadlng and unloading cargo-carrying vessels. These facilities were the Naval
Weapons Station in Yorktown, Virginia; the Naval Station in Kings Bay, Georgia; the Naval

_ Weapons Station in Charleston, South Carolina; and the Army Military Ocean Terminal in '
Sunny Point, North Carolina. Of these bases, Kings Bay and Sunny Point have the lowest
populations in the surroundmg port areas. However, ngs Bay is a submarine base and does
.not have the most appropriate facilities for, or expenence in, handling spent fuel or unloading
cargo vessels. On the other hand, Sunny Point is a military cargo port and has appropriate

' fac:lmes for handling spent fuel arriving on either contamer or breakbulk vessels. .

' Sunny Pomt also met the USMMA workshop criteria. Sunny Point is approximately twelve :
" miles up the Cape Fear River from the open ocean. The passage is a.long well-maintained and

marked navigation channels. Because Sunny Point’s primary mission is movement of

hazardous cargoes, there are dedicated teams of individuals trained in emergency response. .

. Finally, Sunny Point has good intermodal system access. The Army owns and maintains over
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90 miles of rail track that services the port and connects into the CSX rail line. The federal,
state, and county maintained roads servicing Sunny Point provide easy access to the interstate .
system. Trucks' movmg mumtxons to and from Sunny Point safely travel over these roads

Mulnple Eorts of Entry. Based on t.he criteria in the Act and those recommended at the
USMMA workshop, Wilmington, North Carohna, Sunny Point; North Carolina; Charleston,

- South Carolina; Savannah, Georgia; and Jacksonville, Florida; are proposed as ports of entry
for the spent fuel shipments considered in this Environmental Assessment. The proposal to

~ consider multiple ports results in part from the failure of any one port to appear ? _
unquestionably better than any other for receipt of spent fuel. As shown in Table 3-4 and

- further discussed in Appendix-C, no port clearly stands out as the best in comparison to all

. other seaports in meeting all of the criteria set forth in the Act. For example, the port of .

Charleston compares well with other ports in terms of proximity to the Savannah River Site.
It does not compare well with othér ports, however, 'in terms of the populatxon density along
the transportat:on route. Each proposed port has comparative advantages and disadvantages
over the other four proposed ports, but all ﬂve appear comparauvely more advantageous than

o other United States seaports.

Table 3-4 nghway and Populatlon Charactenstlcs Associated wnth the Representatrve L
. . : - Routes for the Proposed Ports '

Port Of Entry Highway Distance | . - Population Data -~ . .

km (mi) _ = " = ———————
- = | Population Density | Population Density Total Populanon
of City of Port Route . ‘Potentially -

. (personfim’) (personﬂun’) : Exposed Along

Truck Route '
| 139,403 {

|| cnirteston - 355
I @1y |
| Jacksonville o6 | T 3es T30 |0 60,036
5 c388) | 2 P -
] . - i . P ‘ g . N |
| savannah . . a2 o8 - | a8 54,856
T S . @6n. | : S SRR .
SunnyPoint. - || 710 | 27 1m0 [ 131383

_ 441) .
‘| Wilmington '

117,078

3. 1 4 Proposed Mode of Overland Transport '_ o

Once in port, the spent fuel casks in the ISO containers would be Ioaded on and secured to

 tractor-trailefs that would transport the spent fuel ta the Savannah River Site. -As with the
ocean fransportation, the responsibility for overland transportation would be the responsibility
of the shipper, as DOE would not take title to the spent fuel until it reached the Savannah

-+ - River Site. The trucks would use Nuclear Regulatory Commission (NRC) and Department of
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Transportation (DOT) approved truck shipping routes, and the shipper- would be responsible
for compliance with all NRC and DOT regulations. To the maximum extent practicable, .
interstate highways would be used. State go';rernors or their designees and appropriate
agencies would be notified by the shipper prior to shipment. Each shipment would have the
required escort to provide security. All required plans and agreements would be in place
before any shipments would occur. The operatmnal aspects of overland u'ansportatlon are '
addressed in more deta:l in Appendxx H.- :

Existing emergency response plans are in effect for each port city. State plans also are in . .
effect to cover emergencies along State highways.” DOE, in cooperation with State and'loca_l_
governments, plans to provide for emergency training, if needed, in each of the States in . |
-which spent fuel is transported.- In the unlikely event of a transportation accident involving . -
spent fuel, DOE, if requested, would deploy radxologlca.l assistance teams to prowde techmca.l
ass:stance to State and local officials. - :

- The Price-Anderson Act provides liability protection in the unlikely event of a nuclear -
incident in the United States. Thus, the proposed transport of spent fuel from a United States
port of entry to the Savannah River Site would be covered under the Price-Anderson Act, =
even though DOE would not take titie to the spent fuel until it reaches the' Savannah River
Site. The Act not only covers harm caused by a nuclear incident, but also the costs of a
precautionary evacuation (if ordered by the appropriate authorities). '

3.1.5 Proposed Storage at the Sa‘-'annah River Site.

.At the Savannah River Slte the casks would be unloaded and the Spent fuel would be placed
into existing pool storage in the Receiving Basin for Offsite Fuels (RBOF). RBOF is a
versatile facility with provisions for the receipt and storage of irradiated nuclear fuel elements. -
Since 1963, irradiated fuel elements have been received from offsite reactors and from
Savannah River Site reactors. The RBOF facility provides the capab:hty for underwater _

. unloading of shipping casks and the handling and storage of the fuel elements. Radiation
shielding is provided by the water over the fuel. The spent fuel would be stored at RBOF
until such time as the environmental reviews and program actions for long-term storagé or
other disposition of spent fuel are completed. RBOF currently is capable of storing all 409
spent fuel elements proposed to be accepted with little or no unpact on other ongoing
programs. : _

“The 409 spent fuel elements (approximately two metric tons) proposed to be accepted at the
Savannah River Site under this proposal represent less than 0.004 percent of all DOE spent
fuel nationwide. In the Programmatic Spent Nuclear Fuel Management Environmental Impact
Statement due to-be completed by June 1995, DOE is considering where to- ‘manage all spent
fuel within the DOE complex nationwide for the interim period (up to 40 years) prior to
ultimate disposition. Decisions concerning the management of spent fuel will be based on the
ability of the sites under consideration (including the Savannah River Site) to conduct various
treatment and storage options. Additional site-specific environmental reviews will be
conducted regarding treatment and storage options. Regarding Savannah River Site specific
options, the proposed 409 elements represent less than two percent of the Savannah River Site
inventory of materials that may require similar disposition (e.g., other aluminum clad highly’
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'cnnched uramu.m matenaJS) Therefore thc sma]l increase in Savannah River Site’s mventory

of spent fuel that would result from the prOposcd action would not prejudice DOE’s 6\1-
nationwide decisions on where and how to manage spent fuel or Savannah River Slte ' i
decnslons regardmg dJSpOSltlon of material similar in-nature to the 409 elcments

Regardmg the ulnmate dlsposmon of forelgn rescarch reactor spent fuel, the Nuclear Waste
Policy Act authorizes the disposal of spent nuclear fuel owned by the United States _
-~ government and places no restriction on either: thc type or location of the reactor in which
 fuel owned by the ‘government has been irradiated. Because, under the proposed action, the .
- United States would take title to the spent fuel prior to disposal (i.e., when it reaches the - =
“ Savannah River Site), the Nuclear ‘Waste Pohcy Act provides authonty for 1t.s d1sposal m a
© . geologic .reposuory , _ _ ,
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4.0 ALTERNATIVES TO THE PROPOSED ACTION

Chapter 4 presents a discussion of several alternatives to the proposed action, alternatives
which reflect a number of different policy options. Section 4.1 discusses alternative mumbers
- of spent fuel elements that could be accepted by the United States instead of 409 spent fuel
elements under the proposed action. The range varies from 953 to zero depending on which
set of policies are pursued. Section 4.2 examines receipt of spent fuel at additional United
States ports as alternatives to the five considered.in the proposed action. Section 4.3
discusses use of rail transportation from the port of entry to the Savannah River Site instead -
of the proposed use of trucks. . Finally, Section 4.4 presents alternatives that were cons:dered, .
“but not analyzed in detail, because they were found to be unreasonable.

g ~4,1 Acceptance of Alternatwe Numbers of Spent Fuel Elements

There are five alternative numbers of spent fuel elements that could be acceptcd by the Umted -
States instead of the proposed 409 spent fuel elements, These alternatives are based.on a '
number of policy options, and range in number from no spent fuel elements under the No
. Action alternative, to 953 spent fuel elements under the original requests made by the eleven
research reactors that were visited by United States inspection teams. In between, dependmg
on the policy options (which are described below), 359,.291 or 248 spent fuel elements could .
' be accepted as altemauves to the proposed action. (See Table 41)-. -

4.1.1  No Action Alternative . s

The No Acuon altemauve would mean that DOE would not accept any spent fuel from the
eight foreign research reactors listed in Table 3-1. The likely consequerices of the No Action
alternative would be reactor shutdowns in cases where spent fuel could not be sentto -
Dounreay for reprocessing. The operators of the BER-II (Germany) and SAPHIR
(Switzerland) reactors have the option to send spent fuel to Dounreay for reprocessmg, and
presumably would exercise that option to avoid reactor shutdowns, although reprocessing of -
SAPHIR spent fuel would require United States authorization. The No Action alternative -
likely would result in the shutdown of HOR (Netherfands), DR-3 (Denmark), ASTRA
(Austria), GRR-1 (Greece), HFR (Netherlands), and R-2 (Sweden). (See Chapter 2)

4.1.2 Acceptance of 953 Spent Fuel Elements as Requested by the Eleven Research
' Reactors : o

Before the United States mspect!on teams VlSlted the reactor sites, eleven reactor Operators -
had requested in the aggregate that DOE accept approximately 953 spent fuel elements in the
near term. During the site visits, the reactor operators and the mspectlon teams reviewed in -

~ detail each reactor operator s request for relief and the basis upon which each request was
made. ' As a result of the site visits and developments pertaining to- the HFR and BR-2
reactors, DOE now proposes to accept 409 spent fuel elements, less than one-half the amount
originally requested. DOE and Department of State officials believe that the reduced number

4-1



Table ‘4-1. ‘ Acceptance of Alternative Numbers of Spent Fuel Elements’

: : "Force Force = -
Requested - No Reprocessing  Reprocessing - Reprocessing -
: DOE SNF - Ship Partially ~ Ship Full Ship Partially
REACTOR ' .  Acceptance Full Casks . Casks® Full Casks®
|| BR2 petgium . 144¢ 0 0 0
" | HOR Netberianas . 3 .. -2 33 200
| HFR Netsertones . 6 . 66 66 66
" || DR-3 penmani o - q2 36 12
| R2 Sweten” S A 58 64 58
. | BER-U Germary .~ 104 B> 0 0
- FRG:1 Cermenmy 3 132 . - .0 0 0
1 SAPHIR swizertand et . 59 0 0
| ASTRA Aentria - 26 .26 26 26
‘| GRR-1 Greer - : R . 66" 66 66 .
0 0

| HIFAR Awtrtia ~ ~ . . 114 . - . 0

.Nmnbcr of spent fuel clements based on reactor opcrauons through December 1995.

Reactors that cannot reprocess are assumed to ship full casksto the United States.

Reactors that cannot reprocess are assumed o ship partially full casks 1o the United States. - ‘ '
These reactors requested DOE acceptance of the following number of clements: BR2(150), BER-II(]OS). SAPHIR(IOO)
;GR.R-I(IOS) For simplicity of modeling, the requests were rounded 10 the nearest full-cask. .
Shipment of 33 spent fuel elements provides for continued operations, but 59 resolves a safety concern.
Shlpmem of 40 spent fuel elements provides for continued. opcruuon. but 66 resolves a safety concermn.

..
B .of elemcnts will provide sufficient storage space or otherw:se allow the rcsearch reactors to
meet regulatory requlrements to support contlnued operatlon through Deoember 1995

~ As.more fully descnbcd m Secnon 5 5 2, if DOE were to selcct ‘this altemauve, it would be
posmble to accommodate storage of 953 elcments |n RBOF : B
-4, 1.3 Acccptance of 359 Spent Fuel Elements Based on No Reprocessmg and

: Acceptance of Partial Casks

As noted in Chaptcr 3, the minimum number of spent fucl elements needed to be transported L

by all elght reactors from which DOE proposes to accept: spent fuel without forcing. .
reprocessing is 359 spent fuel elements. Under this alternative, four reactor operators (HOR,

DR-3, PSI, and SAPHIR) would be required to ship partially full casks, Reactor shutdowns :

__”would be avoided by this alternative, and existing safety toncems noted by the reactor -

.operators would be addressed. Shipment of 359 elements would still involve the transport of

fifieen casks, which is the same number of casks needed to transport 409 spent fuel elements
- under the proposed action.

" Acceptance of a total of 359 spent fuel elements under this set of policy options also was .
proposed in the Draft Envxronmcntal Asscssment distributed for pubhc comment m FebruaryA




1994. Although the total number of elements remains the same, thc number of elements for
certain reactors has changed. : : :

The number of elements was decreased by 48 because the operator.of the BR2 (Belgium)
reactor has contracted to send spent fuel elements to Dounreay. for reprocessing. The number .
of elements was increased by the proposal to accept more spent fuel elements from the HFR
reactor (Netherlands) and the PSI reactor (Switzerland). The number of elements proposed to
be accepted from HFR-in the February draft (24) has increased by 42 as a result of the -
operator’s  demonstrated need to ship 66 elements. ‘The PSI reactor operator has demonstrated

a need to ship 59 elements instead of the 53 proposed in the Febmary draft, for an increase of .
six elements. The ‘net result of adding 48 and subtracttng 48 is that the number of elements '
. under this alternative remains at 359 o

4.1. 4 Acceptance of 291 Spent Fuel Elements Based on Reprocessmg and Acceptanee
' of Full Casks R ‘ _

 The altemattve to acccpt 29] spent fuel elements wonld be ‘based on a poltcy optxon that may
force the reactors in Germany and Switzerland to reprocess their spent fuel instead of. = .
transporting it to the United States in order to avoid reactor shutdowns. This alternative also
reflects the policy option to allow the six rematnmg reactors that do not have a reprocessing
option to transport spent fuel to the United States in fully versus partially loaded casks. Thls

alternative would reduce the number of cask shipments from fifteen in the proposed actton o
(and the alternative of acceptmg 359 spent fuel elernents) to nine cask shtpments

Acceptance of 291 elements under this a]ternauve represents an increase of 97 elements from
the "force reprocessing and accept full casks” alternative described in the Draft Envuonmenta_l -
Assessment distributed for public comment in February 1994. The increase is the result of .
the proposal to accept 66 instead of 33 elements from the HFR reactor. (Netherlands), and 64
instead of no elements from the R-2 reactor (Sweden). (As noted in the Swedish reactor -
profile in Chapter 2, the Swedish operator informed DOE that it was h:gh]y unlikely that the
Swedish authorities would grant a request to reprocess spent fuel at Dounreay. . Accordtngly, a -
full cask of 64 elcments from R-2 is now included in thls altematxve) L

4.1.5 Acceptance of 248 Spent Fuel Elements Based on Reprocessmg and Acceptance
of Partial Casks - ' .. :

The alternative to accept 248 spent fuel elements would be based on forcing tlte reactors in
. Germany and Switzerland to reprocess their spent fuel instead of transporting it to the United.
' States. but, in contrast to’ the alternative described in Section 4.1.4, would require the .
remaining six reactors to send only the minimum number of spent fuel elements required in
partially full casks to avoid reactor shutdown. This alternative would reduce the number of-
cask shipments from fifteen in the proposed action (and the alternative of accepting 353 spent
fuel elements) to nine cask sl-upmems whlch 15 thc same nutnber as dtscussed above in . :
Section 4.1.4. - :

Acceptance of 248 elements under this alternative represents an increase of 100 élements from
the "force reprocessing and accept partial casks" alternative described in the Draft '
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Envrronmental Assessment dtstnbuted for. publlc comment in February 1994. As discussed in
Section 4.1.3, the increase is the result of the proposal to accept 66 instead of 33 elements.
from the HFR reactor (Nethcrlands), and a partially full cask of 58 elements from the R-2
 reactor (Sweden). .

4.1.6 United ‘States Purchase of Eurobean-lieprocessed.HEU

-‘ ‘Under this alternatrve, DOE would buy research reactor HEU that was generated asa result of

_ reprocessing in Europe (e.g., at the United Kingdom Atomic Energy Authority’s facility at
. Dounreay). This option would provrde a means of mitigating potential consequences -

associated with ‘the reprocessing occurring under Alternatives 4.1.4 and 4.1.5. . As previously '

- discussed in ‘Chapter 1, there could be a number of adverse impacts to the United States
nonprohferatron pohcy to minimize the civil use of HEU if research operators were forced to

-+ pursue reprocessing in order to avoid reactor shutdowns. Since reprocessing involves . _
- dissolution of spent fuel elements and recovery of the HEU, a research reactor could reuse the -

material to fabricate new fuel elements. This recycling of HEU could act as a disincentive for -

- reactor operators to convert to LEU fuels. -Alternatively, a reactor could make its recovered:

HEU available for- sale to other research reactors that had not already converted to LEU fuels, -

which would compromiseé the aim of the RER'I'R Program to reduce the amount of HEU
avarlable in mternatronal commerce. - : i

~ In an effort to rmtrgate these poten’ual consequences of forcmg research reactors to reprocess.
the following two subalternauves are mcluded for consrderatxon in thls Envrromnental
Assessment.

' Blendm” and Conversion to Low Enriched Uranium, Transport w Enriched Urani
the United States or Sale in Europe. During reprocessmg, ‘HEU would be separated from the

" spent fuel element.. The resulting product would consist of HEU with a uranium-235 (U-235) .

isotope content in excess of twenty percent (normally in the 70-80 percent range) The hrgh
level radioactive waste from the spent fuel would remain the responsibility of the | owner of -
“the fuel for ultlmate drsposmon. : .

The recovered HEU eould be eonverted into metal form To prevent this recovered HEU
. from becoming available in mtematlonal comumerce, theoretically, the United. States could
- purchase the HEU for blending and conversion to a commercial grade LEU (i.e., with an .
1sotop1c content -of U-235 less than twenty percent), which could be done either in Europé or

in the United States. (If the United States did not purchase the. HEU, there is no mechamsm .

" to unplernent or enforce a blendmg requu'ement for those reactors for which United States .
consent is not required for reprocessing to occur.) If the blending and. conversion were. to

oceur in Europe, theoretically, the resulting LEU could be stored or sold by. the United States' -

govemment in Europe, or transported to the United States for sale. If the blendmg and

. conversion were to occur in the United’ States, the HEU would have to be transported to a
facility in the United States where the blending and conversion could take place. After .
blending and conversion, the LEU could be stored in the Umted States or sold by the United
States government. . : :

44



 Purchase of Highly Enriched Uranjum and Transport to the Upited States . Under this
alternative, the United States would buy HEU recovered from reactors that couid reprocess, -

" but the HEU would be transported drrectly to the United States for storage. For cxample, the
transportation of HEU from the reprocessing facility in Dounreay could be accomphshed by
the United States, on an acceptable European military transport, or a commercial carrier
licensed by the Nuclear Regulatory Commission. (Currently, there are no known commercial
carriers licensed to transport HEU to or within the Umted States, but such licenses have been
.granted in the past.)

Transportatton of HEU to the United States could be accomphshcd by air or by sea. If air
transport were to be used, the HEU most likely would be sent to a United States mllltary -
installation. DOE could pick up the HEU at the military instailation for transport via a Safe h

Secure Transport vehicle to a DOE storage fac:hty

42 Rece:pt of Spent Fuel Elements at Alternate Ports

As présented in Sectlon 3.1 3 the proposed ports of entry are W'hmngton, North Carolma,
‘the Army’s Military Ocean Terminal at Sunny Point, North Carolina; Charleston, South
Carolina; Savannah, Georgia; and Jacksonville, Florida. Any of these ports could receive
shipments of spent nuclear fuel from the elght foreign research reactors under the proposed
action. In order to.compare the risks of using alternate ports, several ports on the East, West,
and Gulf coasts of the United States were analyzed in addition to the proposed ports.

Detmled descnptrons of the alternate . ports are found in Appendlx J.

The alternate ports analyzed in this Envuonmental Assessment are: Oakland, California (for
‘Australian fuel only); New Orleans, Louisiana; Elizabeth, New Jersey; Morehead City, North
Carolina; Yorktown, Virginia; Kings Bay, Georgia; and Norfolk, Portsmouth, and Newport

News, Virginia. The selection of some of these ports differs from the alternate ‘ports analyzed s

in the Draft Environmental Assessment distributed for public comment in February 1994.

Upon consideration of the comments received on the February draft, DOE decided to add the

. .Army’s Military Ocean Terminal at SunnyPoint to the list of proposed ports, thereby. '
dropping it from the list of alternate ports, and to drop the ports of Norfolk, Portsmouth and

Newport News, Vu'glma from the list of proposed ports, but to add them to the list of |
alternate ports. -

- 421 Alternate Commercial Ports

Were DOE to accept 953 elements as requested by the eleven research reactors visited by
United States inspection teams, mcludmg the HIFAR reactor in Australia, it is possible that a
West Coast port could be used to receive the HIFAR spent fuel. For this reason, Oakland,

~ California, is analyzed as a potenual port of entry, but only for receipt of spent nuclear fuel

_ orlgmatmg in Australia. (See Section 4.1.2 and Table 4-1.) As the second leading container
port in the Umted States, it is the most frequent destination for container ships from Australia.

The spent fuel originating in Europe would most likely enter the United States through an

East Coast commercial port using normal shipping lanes across the Atlantic Ocean. Several
alternate East Coast ports have been analyzed, although they did not meet the port selection
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criteria used to select proposed ports of entry for the limited circumstances of the proposed

action. (See Appendix’ C) The five East Coast commercial ports selected as alternate ports X

_ranged from a busy port in a high population area (e.g., Elizabeth, New Jersey) to a small - - {‘\
' port in a low populatton area (e.g., Morehead City, North Carolina.) _ _

_ While almost all commercral liners commg from Europe call at East Coast ports, some vessels
also call at Gulf Coast ports. .As a result, the Port of New Orleans, Louisiana, was selected as . -
an alternate port.of entry to represent the transportation risks associated with Gulf Coast ports.’
While the Port of New Orleans has no experience in handling spent nuclear fuel, other
radioactive materials have been routinely moved through the port and the marine tenmna.ls .

- have cranes spec:ﬁcally designed for off-loadmg commerclal contamer vessels o

4.2.2 Alternate Mthtary Ports . = '

'I'wo mtlttary ports the United States Naval Weapons Station in Yorktown, Vtrglrua, and the
United States Naval Submarine Base, in Kings Bay, Georgia, were analyzed as altemnate

N n'ulttary ports to the proposed Army Mlttary Ocean Terminal at Sunny Point, North Ca:ohna

The Yorktown Naval Weapons Statton is the largest storage and transfer faclllty for naval
- weapons on the East Coast. A major part of its mission is the renovation, maintenance, and -

' - assembly of all classes of ordnance in the Navy's inventory, with the exception of fleet

' ballistic missiles. ' The Yorktown Naval Weapons Station does have cranes capable of off-
loading containers, but has no experiénce in oﬁ'-loadtng commercial contamer vessels, because
its commercial cargo ustally is off-loaded at one of the nearby commercial ports (Norfolk, -
Newport News, or Portsmouth, Vu-gtma) The area around the base is not sparsely populated

. The Kings Bay Naval Submartne Base serves as the East Coast base for the Navy’s fleet of
ballistic missile submarines, with the primary mission of providing support for Atlantic fleet

* Trident submarines. Due to its mission, Kings Bay is operated as a high-security naval base
for the submarines and their nuclear arsenals. Commercial liners have never called at the base
and, while there are cranes capable of off-loadmg containers, berthing space is at a premium.
Operationally, submarines have priority over any other vessel regardless of the vessel’s eargo
The area surroundtng the base is sparsely populated

43 Transport of Spent Fuel Elements By Rail from Commerctal or Mtlttary Ports of
Entry to the Savannah Rlver Site

Under the proposed actton, once the spent fuel has been off-loaded in the United States, it

would be transported overland to the Savannah River Site by truck. Alternatively, overland
transportation of spent fuel could be-accomplished by rail. All of the ports identified as

proposed or -alternate ports of entry have access to rail lifies, and most have rail lines.

extending into the port- ‘which connect with major rail networks. While only one 'spent. fuel

cask could be transported at a time by truck, several casks could be transported in a single rail
shipment. There are two different types of rail service, regular commercial rail and dedicated

rail. Use of regular commercial rail sérvice would mean that the train could transport other

* cargo along with the spent fuel. Use of a dedicated train would mean that a train would -
transport only the spent fuel. ) ' (
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" Two of the proposed ports (Jacksonvxlle Flonda and Wllxmngton, North Carolma) have the
.capability to load the ISO containers (containing thé spent fuel casks) directly from the ship
to a rail car. The other proposed ports would off-load the ISO containers from the ship to a
tractor-trailer, which would then move the containers to a staging area. From the staging -
area, the containers would be loaded onto a rail car, which would then be linked with a train.
The ISO containers would be separated from both the crew and any sensitive cargo (e.g.,
photographic film) by other rail cars acting as buffers.. These buffer cars could either be
_empty or contain cargo that would be unharmed by any potential radiation ‘dose from the
. spent fuel elements. - An escort rail car also would be attached to the train to accommodate
two security personnel and communication equipment for each shxpment. In the unlzkely |
event of an incident, the security- personnel would contact the local authorities.. In high :
~ ‘population density areas, armed escorts would be reqmred These secunty arrangements are -
. consistent with those required for truck transport. o - B

. 'The Savannah River Site has a Rzulroad Classnﬁcauon Yard that i 1s within the srte boundary
* At the Railroad Classification-Yard, the train would de-couple the rail cars with the ISO S
_ containers. . The ISO containers would be- unloaded from the rail cars using an onsite- mobile B

. crane. -Savannah River Site personnel are evaluating two options for staging the casks once

they reach the site until they are transferred to RBOF. The first option would be to lift the
ISO containers off the train and set them on the grourid at the Railroad Classification Yard,

" where they would remain until transferred by truck to RBOF. The second option  would be 0. -

off-load the ISO containers from the train directly onto trucks. . The trucks would be staged at -

the Railroad Classification Yard or outside RBOF until ready for unloadmg at RBOF.’ '

Radiation and contamination surveys of the exterior of the ISO coritainers would be ~

- performed at the Railroad. Classification Yard upon receipt, ‘and compared with the sh:ppmg :

. records. Additionally, the exterior would be inspected for obvious visible damage. At RBOF

a detailed inspection of the cask would be performed, including detailed radiation and . - -
contamination surveys. When the: mspectxon was complete ‘the spent fuel elements would be

" removed from the casks and placed into ‘wet storage in RBOF

The primary advantage of dedleated rail is that stops-in- classrﬁcauon yards are rmmxmzed

The resulting shorter overall trip time results in a reduction in rail worker and inspector dose.
Based on discussions with rail companies, a regular eomrnercml rail shipment from the

furthest proposed port of entry (Sunny Pomt. North Carolina) to the Savannah River S:te

~ would be expected to take at least four days and normally would involve up to two stops. A
dedicated train would be expected to make the trip in no more than two days, and would be
expected to involve one stop. Accident rates are not known to differ substantrally for -+~
dedicated rall and regular rail fre:ght. : , o

- The spent fuel containers could be transported either one at a time or several in each rml
shipment: When using a dedicated train, greater cost savings would be accomplished by o
shipping as many casks as possible on each train. As discussed in Chapter 3, however,:due to
the unavailability of casks worldwide it is unlikely that more than eight casks could be :
transported at one time. The cost of transporting eight casks per rail shlpment is-shown in"
Table 4-2. The cost of transporting five casks per rail shipment also is included asa

" sensitivity analysis. Finally, the cost of transporting one cask per rail shipment is mcluded
because it is possible that one cask could be transported per rail sh1pment
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Total transportation costs have been calculated in dollars per. kllogram for each potential mode
of ground transportation, based on the distance of the proposed port farthest from the '
Savannah River Site (Sunny Point, North Carolina). Based on these assumptions, truck -
shipment would cost the least, followed by regular rail, and then dedicated rail. The costs
" begin to equahze, however, when several casks are tmnsported per rail shipment, as shown in
Table 4-2 thn shipping several casks per slnpment, the costs are not appreciably different .

Table 4-2. Transportntmn Costs Per Type of Shlpment‘

' TYPE'OF SHIPMENT [ 'TRUCK (S’kg) | -RAIL (S%kg) .| DEDICATED RAIL
. HE IR " (Skg) ‘
Mt caskiCommercit - . | smo || st0l-. - séap
i Cask/Charter Ship = ©os2400 ] 0 s2500 | . s2,600
| ﬂscgkskcmership-‘-ﬁ U T size0 0 sizeo o si300
| SCaskstharterShlp R sr,zdd S 81,200 o sl,zod

-4 Thc costs lppca:r to be'the same for scvcrnl values due to rounding of 1.hc ‘numbers. At a greatcr Ievel of precision, the
values gre slightly different. “For example, when shipping five casks, there would be a toml dolla.r dnﬂ'crcnce of

R ,npproxunatcty $1 000 bctwecn usmg regular rail or ded:catcd ml. o

- -between use of truck or rall For examp!e. when sluppmg five casks, there would be a total .
doliar dlffercnce of approxzmately $6 000 between using u-uck or. dedmatcd ra:l cn

t

.' .4.4 Altematives'Ctinsidered But an -'An'alyz'ed in Detail .

The followmg subsectlons describe alternatwes to the proposed actlon that were cons1dered,
but not analyzed in detail, ‘because thcy were. found to be unreasonablc

‘.'4__.4."1 Transport of Spent Fuel Elemcnts by Air to. the Umted States

Bésides ocmn transpon by vessel, carriage by a1r is the only other mode of transportat:on
between the United States and Europe. * There are two distinct reasons why the air mode is .
not a feasible altematlve to the sea mode for tmnsportat:on of research reactor spent fuel. -

, Fn'st, with the possﬂ)le exception of small sample quartities,. spent ‘fuelis reqmred tobe .
~transported in packagmgs (casks) weighing several tons. ‘As a general rule, casks would have ;

. to be shipped singly by air (i.., one per airplane) because of their weight, This has made the
air alternative so costly as to be prohlbmve - As a result, there is no commercial operational
experience in the United States with air transport of spent fuel. No “"Staridard Operating .

- Procedures” have been written and-no intermodal transfer procedures (mr-truck or ajr-rail)
-have been developed. No agreements have been negotiated regardmg airspace overflight of
other nations or states.  Because the United States has no cxpenence with this type of

~ transportation, no meaningful comparison can be made between air transport and ship

transport. regarding. either incident- frec doses to workers and the public or accident risks.
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Second, plutonium air transport (PAT) packaging standards clearly apply to movement by air
of any non-excepted package containing more than one A2 amount (0.005 curies) of ‘
plutonium (Title 10, Code of Federa! Regulations, section 71.88a). " The research reactor spent
fuel considered in this Environmental Assessment is non-excepted-and could contain more
than 0.005 curies of plutonium per cask. Therefore, the spent fuel would have to be

~ transported in a cask meeting PAT packaging standards. Because no spent fuel shipping cask

has been certified to meet PAT packaging standards, tra.nspomng research reactor spent fuel
by air to the United States could not be accomphshed in the near term.

v

442 Reeelpt of Foreign Research Reaetor Spent Fuel Elements at Altemate DOE

Facihtles

Y

There are four DOE eontrolled sites in the United Sfates, in eddmon to the Savenhah River
Site, to which foreign research reactor spent nuclear fuel potentially .could be shipped for- .

‘storage in the near-term. These are the Idaho National Engineering Laboratory (INEL), _

Idaho; the Hanford Site, Washington; the Nevada Test Site, Nevada; and the Oak Rxdge
National Laboratory, Tennessee. The criteria used to select these sites for evaluauon in this

‘Environmental Assessment are listed in Appendix B. For the followmg réasons and those

discussed in greater detail in Appendlx B, none of these sntes is a viable. altcmatxve to the

" Savannah vaer Site.

1. INEL is currently under & court order barnng receipt of any addmonal spent nuclear fuel
from offsite, except as specifically allowed by the court. The portions of this court order
that apply to foreign research reactor spent nuclear fuel are unlikely to be lifted i in thc '
time required to address the near-term needs of the forelgn research reactors. -

2. The Hanford Snte while hawng a large inventory of Spent nuclear fuel does not have
existing appropriate facilities available for receipt and storage of the spent fuel covered by
the proposed action.” -Constraints which prevent receipt and storage at sthe various e:ustmg
Hanford facilities include, but are not limited to, storage system capacities, nuclear ..
criticality limitations, and fuel transport cask receipt/handling capabilities. It would not-
be possible to construct new facilities or convert and qualify existing facilities in the time .
required to-implement the proposed action. - (See Appendlx B for a detailed dlscussxon)

3. The Nevada Test Site cunemly does not have any spent fuel. storage facilities. It would
not be possible to construct and bring such facilities into operation in the ume requu'ed to
address the near-term needs of the foreign research reactors. :

4. Although the Oak’ Ridge National Laboratory has three p0551ble locations for recelpt and
storage. of the spent fuel covered by the proposed action, none of these sites has the ..
existing capacity for storage of 409 foreign research reactor spent fuel elements. ‘Existing
wet storage facilities currently do not have existing excess capacity to accommodate these
elements, or are not, for a variety of reasons, operationally capable of receiving the spent
fuel. It would not be possible to construct new facilities or convert and qualify existing
facilities in the time required to implement. the proposed actlon (See Appendlx B for a
detailed discussion.) :



443 Spent ‘Fuel Storage Assistance for Foreign. Research Reaetors .

One. altematwe to the near-tenn acceptance of the foreign research reactor spent fuel by the’

United States would be for DOE to provide assistance to the foreign research reactor operators i

for the continued storage of the spent fue] at the reactor sites.. This is not a viable altemanve
for the following reasons and those desenbed in greater detarl in the individual reactor ‘
profiles in Chapter 2."

I.. As demonstrated by ‘the actions taken by the operators of the FRG-1 and BR-2 reactors, .
many of the reactor operators do not- have the option to continue to store spent fuelat = =
their sites for regulatory and other reasons. Offers to assist such reactor operators wrth

"contmued storage would be frultless '

- 2.. Other reacior operators are reqmred by local regulatory requrrements to demonstrate t.hat .
" they have ‘a mechanism for disposing of their spent fuel.- Continued storage and/or - L
expansion of existing storage facilities on site would not satrsfy this regulatory. -~ ©
reqmrement, and therefore would not be permitted by the regulatory authonues 5

3. The research reactors facmg near-term storage problems from wlnch DOE proposes to -
accept spent fuel could not enlarge their storage capabilities within the required time
‘period, even with DOE’s assistance and the approval of cognizant regulatory authormes

~ For example, dry storage of spent fuel is a proven téchnology. which has been used in .

* Europe, Australia.and the United States for several years. However, construction and
licensing of new-storage facilities in Europe could not be accomplished in time to meet -
the near-term storage or d|sposal needs of the research reactors. -

4, 4 4 Transport of Spent Fuel by Barge from Port of Entry to the Savannah’ Rn'er Srte'

Under this alternauve. the spent fuel would be tranSported by ocean-going vessel to one of the -
proposed or alternate ports of entry. ‘At the port the container(s) of spent nuclear fuel would
- be off-loaded onto a barge equipped with special tie-downs. The barge would be towed to the

motith of and then up the Savannah River to the Savannah Rrver Srte barge facrlrty, where the :

o contamer(s) would be ofﬂoaded and trucked to RBOF

The Umted States Corps of Engmeers no longer dredges or maintains a navrgauon channel on -
.-the Savannah River between Savannah, Georgia and the Savannah River Site, and movement
by barge would be difficult. -Because river transport is possible only under eontrolled .
- conditions utilizing specialized towmg and barge eqmpment, thls altematwe was not - '
considered further : :

NS - .
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- R 5.0 AFFECTED ENVIRONMENT
5.1  Introduction |
The potentially affected environments include the marine environment, United Staﬁes ports of

.entry, highway corridors from the ports to the Savannah River Site, and the Savannah River
Site itself. Each of these environments is described in this section.

52 Marine Envrronment

' Because the proposed actlon involves ocean transport, DOE con51dered the environmental
impacts of the proposed action on the global commons in accordance with Execut.we Order ’
12114 (U.S. Federal Reglster 1981) o .

Ships’ Iransporung forexgn research reactor ‘spent. nuclear fuel from European ports.to the
" proposed ports would use normal sluppmg lanes through the North and Medxterranean Seas
and the Atlantic Ocean. The séa route d:stances are ngen in Table 5-1. '

Table 5-1. Sea Dlstances From Forelgn Ports to the Proposed Ports of Entry

: ) T Dls_tanoelun (miles)- - ; o
Foreign Port ; ..| . Charleston . _Jacksonville  Savannah ~  Sunny Point  Wilmington .
Antwerp, Belgium - 7061 (4378) | 7433 (4619) | 7672 (4767) | 6943 (4314) - | 6943 (4314) - ||

rancrhavenll-lamburg. 7557 (4685) . 7929 (4927) | 7676 (4770) | 7439 (4623) | - 7439 (4623)

|| Germany : . ‘ o S . _
Piraeus, Greece 9437 (5851) | 9709 (6033) [ . 9831(6109) | 9309 (5785) | 9309 (5785)
Rotterdam, Holland | 7071 (4384) | 7443 (4625) | 7565 (4701) | 6952 (4320) | 6952 (4320)
' Stbckholm. Sweden | 9091 (5636) 9463 (5880) | 8767 (5448) | 8973 (5576) |. 8973 (5576)

' Fuel from the Austrian ASTR}L the Swiss SAPHIR, and :hc Damsh DR-3 rcm:tors are modeled as being shlpped via cn.her

Bremerhaven or Hambmg.

All sea routes were obtamed from "sttances Between Pons, (DMA. 1991), and use normal :
 shipping lanes. The routes are used for the purpose of risk assessment and are not meant to -
describe the exact route of an actual shipment, which is subject to weather, changes in foreign
port of departure, and other unpredictable influericés. Other possible routes would traverse
the same seas and oceans as the routes described here, and thus the affected environment
genera]ly would remam the same, . :
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 Sea water is a complex solution containing the majority of the known elements. The average
 salinity of ocean water is about 35 parts per thousand. A significant feature of sea water is
‘that while the total concentration of dissolved salt varies from place to place, the ratios of the

more abundant components remain almost constant. This may be taken as evidence that over '

geologic time the oceans have become well mixed (Pickard, 1979).

Naturally occumng radmnuchdes such as uramum-234 uranium-235, uramum—238 and
- polonium-210 are present in seawater and in marine organisms at concentrations generally
greater than their concentrations in terrestrial ecosystems. The ocean water concentrations of

" . uranjum isotopes are: U-234, 1.04-1.30 pCi/L"; U-235, 0.04-0.07 pCi/L; and U-238,

0.9-1.13 pCi/L (Cherry, 1974). The total inventory of natural radioactivity i in the oceanﬁ is
B approxxmately 500, 000 000, 000 cunes (IAEA, 1976)

‘The high natural rad:onuchde levels make the ocean ecosystems the hlghest background-

_ radiation domains-in the biosphere (IAEA, 1976). Concentrations of polonium-210 have been -
~ measured in midwater crustaceans and fish from depths to 1500 m. Unusually high levels

were found in certain benthic organisms (decp sea-bottom dwellérs). The doses received by .
‘'organisms with ‘high levels of polonium-210 are very large by human standards up to -

v approxxmatc]y 400 renﬂyr (Cherry, 1974)

" The relauonshlp betwegen envxronmental concentranons of radiontzclides and the concentration

found in organisms is 1mportant in the study of food web effects. Bioamplification, the
increase in concentration in organisms progressively further up the food web (as occurs with-
organic peshcxdes in terrestrial environments), is observed in marine food webs In the

 marine: environment, uranium has not been found to bicamplify in fish and only slightly -

bioamplifies in crustaceans and-mollusks (IAEA, 1976). The readiness with which other .
“ constituents of spent nuclear fue] may enter the food web is vanable, but generally low
' (USDOE 1980) : ,

_ The deep sea-bottom dwellers, or benthos, are highly dwerSC, with many taxofiomic groups
" being represented there by more species than in most shallow-water communities (Hessler,

1967). However, the number of individual organisms in a given volume does decrease in the - -

deep sea and this, together with a general tendency for the average size of the organisms also
to decrease, results in a dramatic reduction in standing stock or biomass on the deep dcean
~floor.. In round figures, the total wet weight of bottom-living organisms in and on each -
square meter of seabed decreases from 10-100 g on the continental shelf, to 1-10 g on the
contmental slope and to only 0.1-1.0 g on the abyssal plmn (Rice, 1978)

. ‘The continental shelf averagmg 65 km (40.3 miles) wide and less than 200 'm (0: 124 miles)
deep, has the greatest b:omass concentratlon in the ocean and is wheré most ﬁshenes are

! One picocuric (Pci) = 0.000000000001 Ci.




located. The deep ocean is an average of four km (2.48 miles) decper than the contmental
shelf (Plckard 1979). . ‘

The biotic resources of the North. Atlantic. are generally dcscnbed in an asscssmcnt of the
transport of chemical munitions prepared by the Construction Engineering Resources
Laboratory (CERL), U.S. Army Corps of Engineers (CERL, 1990). The reader is referred to-
that reference for additional descriptive informatiop of the North Atlantic. Subsequent to that
-assessment, the National Oceanic and Atmospheric Administration proposed designation of
critical habitat for the right whale (Eubalaena placialis) (U.S. Federal Register, 1993). - The
' regions considered by the National Oceanic and Atmospheric Administration include portions
“of Cape Cod Bay, Stellwagen Bank, and waters adjacent to Georgia and Florida, -The latter -~
designations include waters out to about fifteen nautical miles from shore from the Altamaha-
"River, Georgia, to Jacksonville, Florida (approximately between 30 and 31 degrees north -
- latitude), including waters off Fernandina Beach, Florida and out t6 about five nautical miles -
. offshore at Sebastian Inlet, Florida (approxnmately between 28 and 30 degrees north latxtude)

53 Proposed Umted States Ports of Entry

The following_ subscctxons descnbe the facﬂmcs and capabllmes of the five proposed ports of
entry. The mforrnatlon reflects the status of the facilities overseen by each appropriate port
authority. No private marine terminals were considered for this assessment as private
terminals are not typically available for commercial frelght operations. This informationis
based on information from Frederick R. Harris, Inc.; who conducted several port assessments
for DOE (FHI, 1993a, 1993b, 1993c, 1993d and 1993e) and the Umted States Army '
(MTMCTEA, 1992).

53.1 Charleston, South Carolma
General Informatlon

The Port of Charleston South Carolina, is one of the largest general cargo ports on the
Atlantic Coast, handling.up to 850,000 twenty foot containers or their eqmvalents per year
mcludlng approximately 120 metric tons/yr (132 tons per year) of uraniumproducts (JoC,
1992). The port is located near the confluence of the Cooper and Wando Rivers near the
Atlantic Ocean and has four principal handling terminals under the control of the'South .
Carolina State Ports Anthority (SPA): Union Pier Terminal, Columbus ‘Street Terminal, North
Charleston Container Terminal, and Wando Marine Terminal. Wando Marine Terminal, 8
container-ship terminal, has been designated as a hazardous-matenal receiving terminal. The’
City of Charleston has a local ordinance prohibiting the movcment of certain types of

. explosives and radloactwe matenal through the cuy w1thout propcr authonzatlons (FHI
1993a). ' : )

Two terminals, Columbus Street Intermodal Terminal and Union Pier Terminal, are near . =
downtown Charleston, which is about seven miles from the open Atlantic. A 35-foot-deep by
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600- foot-wxde channel provides access to these facilities. This channel contmues about
eight miles up the Cooper Rwer, at a minimum width of 600 feet, to the North Charleston o
- Container Terminal. _ , _ - (“‘

-Another major terminal, the Wando Container Terminal, is on the lower reach of the Wando
_River. It is about five miles northwest of the Columbus Street Intermodal Terminal: The
450-foot-wide and 35-foot-deep Wando River Channel branches off the Cooper River Channel
'south of Daniel Island and leads to the termmal ‘ ‘ ,

‘Berths at the termmals are dredged on a two-year rotat:onal basis. The channel has a tidal

-range from 4.3 feet t0 6.5 feet. The channel going north to thé North Charleston Container , - . ,
- Termina! and the Wando Container Terminal flows under a pair. of Cooper River bridges. ..~ "
- The bridge over Town Creek has a cléarance of 136 feet mean high water (MHW) The : i
bndge over Hog Island Reach has a vertlcal clearance of 150 feet MHW ' S

'1"he Columbus Street Intermodal Termmal hasal 200-foot-wrde turmng basm “All the other

" terminals have 1,400-foot-wide turning basins. Charleston Harbor has four major anchorage .
areas, Charleston Harbor forms part of the route of the Atlaritic Intracoastal ‘Waterway. The
waterway enters Charleston Harbor from thé northeast through the Sullivan's Island Narrows

. It continues southwestward from the harbor by way of Wappoo Creek :

P

HrghwayAccess . | L .

The major highway to Charleston from the northwest is Interstate Route 26. Charleston is = -
about 50 miles from.Interstate. Route 95, the major East Coast north-south artery ‘USs. . (
Route 17° connects Charleston. with nearby coastal cities. T

Wando Termmal is located near Mount Pleasant in Charleston County. South Carolma,

eight km (five miles) east of Charleston proper. The closest residential dwellings are .
separated from the Wando Terminal by wetland buffer zones of between 0.4 to 4 sq. km ( 100
to 1000 acres) of varying width (down to 100 feet between the nearest house arid the fence
.outside the termmal), but not less than approximately 300 m (300 yards) to the wharf area, "

" The terminal is 8.1 km (five miles) from the Mark Clark Expressway (Interstate Route 526)

. via a direct access road (Long Point Road) Interstate Route 526 j joins Interstate Route 26 o
several miles north of the Charleston city limits. Therefore, no. hrghway travel fromthe . - -
Wando Termmal would pass through the City of Charleston. - AR

. Ratl Access

Two rallroads provrde service to Charleston Norfolk Southem Railway operates the Bennett
Intermodal Terminal off Dorchester Road near Interstate 26. The rail net serving the port is. -
in good condition. The Seaboard System Rail (CSX) operates Cooper Yard near the
intersection of Meeting Street Extension and Spruill Avenue. CSX and Norfolk Southern
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R Railway jointly owri and opcrate Cosgrove Sw:tchmg Yard. Th:s yard has ﬁfteen tracks and
holds up to 350 cars. . R :

The South Carolina Public Railway Conunission.nrovides track between switching yards and :
. each of the terminals, except for the Wando Container Terminal. The commission also
' switches cars within the terminals. ‘The Wando Container Terminal has no rail service.

Equlpment and Operatrons

- For all terminals, a seven-foot chain hnk fence topped with barbed wire encloses the terminal.
.. The South Carolina State Police provide secunty guards and patrols. Also, an automated
monitoring ‘system prowdes additional security and fire detection. In cooperauon with the

- Jocal Fire Department, the SPA has established: Standard Operatmg Procedures (SOPs) for
hazardous material handling and emergency response procedures. The local fire depa.nment
also conducts regular onsite training exercises. The SPA’s Operation and Engineering -
Department controls berth and crane assignments, oversees facility maintenance, and -
implements SOPs. Although numerical data on container drops were not ava:lable, the.
Director of the SPA has stated that most have been. due to faulty containers rather than - . -
'mlshandlmg (FHI, 1993a). The containers that would be used for the fore:gn research reactor -

_ spent fuel casks conform: to the International Organization for Standardxzatxon requirements -
(IS0, 1990) and usually are specially reinforced. They also are inspected by the United
States Coast Guard prior to bemg off-Joaded. Thus, the hkehhood of- contamer faxlure durmg '

handlmg is lessened : :

532 Savannah, Georgia
- General Informatlon |

The Port of.' Savannah is on the Savannah Rrver, about fifteen mlles ﬂ'om the Atlantic Oeean :
Its two main facilities, Ocean Terminal and Containerport/Garden City Terminal, are on the
right bank of the river. 'Ocean Terminal is about four nules downstream from the
Contamerportharden City Tenmna.l :

The deepwater entrance to the mouth of the Savannah River is across the ocean bar through .
Tybee Roads. At the ocean bar, the channel is 40 feet deep and 600 feet wide. From the ‘

. ocean bar to the first turning basin, about one mile below Ocean Terminal, the channel is -

38 feet deep and 500 feet' wide. From the turning basin to the Contamerport/Garden Clty
Terminal, the channel is 38 feet deep and 400 feet wide. The mean tidal variation is about .
seven feet. Silting is a serious problem in the Savannah River. Dredgmg is carried out ona
continuous basis, Floodgates and a sediment basin are also used in the Back River to reduce
silt buildup in the mdin channel of the Savannah River. A fixed bridge (Talmadge Memorial
. Bridge) at the Ocean Terminal location used to restrict channel sailing headroom to a vertical
clearance of 135 feet at MHW. “This bndge has been replaced by a new strueture that -
provides 175 feet of clearance.
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.. The Port of Savannah has had experience with shipments of irradiated nuclear materials in the
- past.2 The port handles about 9,800,000 metric tons of cargo per year, of which about 100

metric tons were uranium products in 1992-93 (JoC, 1993). The city of Savannah requires

* written notice of spent nuclear fuel slupments The largest of Savannah’s port facilities is the .

284-acre CONTAINERPORT, located within the Garden City Terminal, CONTAINERPORT .

offers 5,500 feet of docking space at six berths, as well as inside and outside storage
dedicated solely to the specialized needs of high-speed container operations. The other main
" terminal is the 83 acre Ocean Terminal. 1t handles breakbulk and some container cargos.

: Highviray Access -

“The major hxghway access to the port is Interstatc Route 16. That interstate hxghway o

. continues to Macon, Georgla, where it Joms Interstate Route 75 to Atlanta, Georgia. Just a .

- few miles from Savannah, Interstate 16 j Joms Interstate Route 95 the. major no:th-south
comdorontheEastCoast. U - g .

Rail Access .
" The Norfolk Southern Railway and CSX serve Savannah The Savannah State Docl;s

" Railroad: performs switching at the Contamerportharden City Terminal. This tenminal has a
600-car holding capacity. Ocean Terminal has no railcar holdmg capac:ty, although the

- Vadjacent Norfolk Southern leway can hold 600 cars.

Equnpment and Operatnons

The Garden bll}’- Terminal has a total of eleven berths (s:x fot ‘containers and five for liquid

. bulk, breakbulk, and drybulk). CONTAINERPORT has nine- container cranes with capacities -

. from 40 to 45 metric tons. Twenty-four. hour security is provxded by chain link fencmg and -
the Georgia Port Authority Police. There is a 24-hour security and fire proteeuon patrol The
~ municipal ﬁre department is loeated adjacent to the main gate.

“Ocean Terrmnal has 5 988 feet of margmal wharf and s]lp berths. - It has a 175-t0n gantry
crane, one 100-ton gantry crane, two 50-ton gantry cranes, and a 40_-ton container crane.

" 533 Jacksonville, Florida
'Ge_neral Information

" The Port-of Jacksonville, Florida is on'the St. Johns River. The port has two main terminals,
Blount Island Marine Terminal and Talleyrand Docks and Terminals. Blount Island Marine -

? The U.S. Department of Transportation Radioactive Materials Postotification (RAMPOST) datsbase has five records of

Highway Route Controlied shipments being transported through the port of Savannah between November 1987 and August 1988,
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Terminal is eleven nautical miles from the river’s mouth. - Talleyrand Docks and Terminals is
another eight nautical miles inland. The Atlantic Intracoastal Waterway crosses the St. Johns .
River about six miles downstream from Blount Island Marine Terminal. Access to the
terminals is via a 400- to 1,200-foot-wide channel that has a depth of 38 feet at MLW.
Although no tummg basins exist, the channel wxdth in front of the termmals is sufficient for a
vessel to turn. -

Highway Access

Interstate Route 10 from the west and Interstate Routes 95 and 295 and U.S. Route l7 from '
. the north and south prov:de access to the Jacksonv:lle area, = .

| _ Rail Access

Three rail carriers provide rail service to Jacksonville: The CSX, Florida East Coast Railway,
- and Norfolk Southern Corporation (Southern lemy System) CSX provxdes rail service-
into the tertmnals (one track).

Equipment and Operatlons

Security at the Talleyrand Docks and Termmals cons:sts of elght-foot htgh perlmeter fcncmg
topped with barbed wire. Security guards monitor the gates and patrol the terminal 24 hours
per day. Blount Island Marine Terminal does.not have perimeter fencing. - The lughway and
rail bridge restrict access. A guard stauan, on the lsland snde of the htghway bndge. controls
" access 24 hoursperday o

Blount Island Terminal has 867 acm of paved, ltghted and secured terrmnal area, and
360,000 square feet of warehouse 'space. The terminal is principally used for general cargo, .
containers, and automobiles. The container berthing space has five 40-ton capacity container -
cranes. In addition, there are two gantry whirly cranes with 100-ton and 50-ton workmg
loads The terminal also has a roll-on/roll-off ramp and an auto wharf -

Talleyrand Docks and ‘Terminals has 173 acres of paved, hghted and secured space, 120, 000
square feet of warehouse space, and 40,000 feet of refrigerated warehousing, The terminal is
principally used for steel, lumber, automobiles; coffee; paper, and frozen goods. The terminal.

hac two 40-ton comntainer cranes and one 100-ton multi-purpose, level luffing gantry whtrlv

crane. The termmal is also eqmpped with tanker dtschqrge faclht:es.



53.4 Sunny Point, North Carolina

General Information

The Amy’s Mtlltery Ocean Terminal at Sunny Pomt (MOTSU), North Carollna is located on

the west bank of the Cape Fear River about ten miles up river from the sea buoy. It is served
by a 40—foot—deep by 500—foot-w1de channel with a depth of 34 feet at the MOTSU berths.

‘MOTSU is a.defense transponatmn faclhty used to move military cargo into and out of the

United Statés. The majority of the cargo is dry cargo, primarily ammunition. On average 70 ‘

vessels per year call at Sunny Point and move approximately 433,000 metric tons of cargo .
through the port. The terminal is easily accessed from the Atlantic Ocean (in fact, vessels
destined for Wilmington, North Carolina pass MOTSU) and has three large wharves which

B have the capability to off-load container vessels. The south wharf has a shore mouinted crane .

capable of off-loading container-vessels. Mobile cranes or ship’s gear would be used if the -

other wharves are used. Since MOTSU was designed for ha.ndlmg ammunition, each pier has

been designed. and built so that an explosion at one wharf or at one of the holding areas

would not cause a sympathetic detonation of explosives at another wharf. Therefore, MOT_SU-

“could safely unload spent nuclear fuel on one wharf without concern for an accident on
another vessel impacting the spent fuel. It is important to note that there has never been'an
explosion accident at MOTSU. The spent fuel handling at Sunny Point would be- scheduled

_ during periods when there are no other vessels loadmglunloadmg ammunmon or exploswes at
. any wharf at Sunny Point. :

While no commerc:al liners regularly‘ call at MOTSU, commercial vessels.on chai'tet' to .

military agencies do routinely call at the port. The port’s depth of 34 feet at mean.low water -
‘would accommodate most commercial liners.. The approxlmately ten nautical mile transit up -

the Cape Fear River from the sea buoy to MOTSU is mostly charactenzed by unpopulated
marsh land, except for the town of Southport, ‘North Carohna. .

nghway Access

" MOTSU can be accessed dlrectly by State Route 87 from the northwest and State Route 133

+ from the north. Route 87 provides access to U. S..17, -which runs southwest to South Carolina

or northeast into Wilmington, North Carolina. Route 133 runs north directly to. U.S. 17 just
outside Wilmington. 'From Wilmington, U.S. 74 runs west 75 miles to Interstate 95, the
nearest major north-south artery. Interstate 95 also is accessible via Interstate 40, about

IOO mxles to the north. :

Rall Access

-

* MOTSU has a 97 4-m11e dedicated rallroad systern which is owned and maintained by the -
- United States Army, including an elghteen-mlle access line. connectmg the terminal to the
interchange yard at Leland North Carolina. Commerc1a1 railcars are delivered to the
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interchange yard by the CSX Transportation Company. Army locomotives, operated by civil
service crews, provnde all rail services to move railcars from the terminal holding areas to the
rail mtercha.nge in Leland. Other promlnent features of the terminal rail system include the
railcar inspection pit, which allows a person to visually inspect incoming/outgoing railcars on
each side, on top and underneath, and the classification yard, where railcars are separated by
- load before being placed into rail holding yards. These yards, like truck and container - -
holding pads throughout the terminal, are surrounded by earthen barricades as an added safety
feature. . ‘

MOTSU maintains 1ts rail lines in accordance wnh federal regulatlons 49 CFR Parts 200-399
Standards for Class 2 Ratlroads) All mspecttons and routine recurring maintenance are .’

' preformed under the supervision of United States Army-certified track tnspcctors in ..
accordance with dll Federal leroad Adrmmstratlon criteria. “Existing track is in comphance

and is constantly monitored to ensure safe operations. All engineers are trained and.licensed .

to United States Department of Defense standards and. have frequent, unscheduled ehecks by .
the Federal Railroad Administration. Other train crew members undergo regular trammg, und
the records are checked by the Federal Railroad Administration. Federal Railroad -
Administration representatives. are also on board all trains taking spent nuclear fuel from the
‘Carolina Power and Light Company to the CSX Transportatjon mterchange at Leland (for
movement to Raletgh) T

Equipment and Operattons

The terminal was desngned w1th three 2 OOO-foot wharves, each with three berths Operatmg
facilities on all wharves include three parallel sets of rail tracks, a two-story- operatxons g
' building, two smoke houses, water and public address systems, firefighting .and safety support
equipment. No smolung rules are igidly enforced throughout the operational/restricted area.
In these areas, smokmg is allowed only in speetﬁe bmldmgs eqmpped thh eleetnc lighters.

Original ‘design of the south wharf was modified to more efﬁctently aeeormnodate contmner
handling. ‘Berth 1 has two 50-ton rail mounted Pacebo container cranes. Berth 3 has been. -
modified with a-100-foot wide, reinforced concrete apron. These modifications of berth 3 ‘
allow either breakbulk or container cargo handling, usmg mobile container cranes, or. roll
on/roll off operatrons to meet full mobtltzatlon mission reqwrements.

Under a contractual partnershnp, the MOTSU ratl system prowdes movament of essential
-goods for three local industries: Archer-Daniels-Midland, Colorado; Carolina Power and -
Light Company and Cogentrix, Inc. Carolina Power and Light Company uses the MOTSU
rail lme to ship spent fuel from its Brunsw:ck Nuclear Power Plant. - .

MOTSU also has a dedteated patrol boat for secunty purposes Stevedormg services at the
port are privately obtained and all cargé handling activities,. including explosxve cargo, are
performed by members of the International Longshoremen Association.
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' 5.3.5 . Wilmington, North Carolina
_General Informatlon

‘The Port of Wilmington is on the east bank of the Cape Fear R.lver about three nules south
of the junction of the Cape Fear and Northeast Cape Fear Rivers. It is 25 miles from the sea
and 17 miles north of MOTSU. Access to the port from the Atlantic Ocean is via'a _
- 40-foot-deép and 500-foot-wide channel. From Southport, North Carolina, to the anchorage
- basin at the Port of Wilmington, the channel is 400 feet wide and 38 feet deep. The '
anchorage basin is about 2,000 feet long, 38 feet deep, and from 1,000 to 1,200 feet’ w:de
‘Good anchorage is also-available downstream in the Southport area of the river.. Both - o
" anchorages are suitable for. instream loading operations. A 38-foot—deep, l,200-foot-long, and o
800-foot-wide turning basin lies off the riorth end of the terminal. * The basin'extendsto =~ .
1,350 feet, with a depth of 35 feet, beyond the l,200-foot limits. ‘The mean tidal range at the
. Port of Wilmington is 4.2 feet, with tidal currents averaging 1.7 knots at’ ﬂoodtlde, and
" 1.5 knots at ebbtide. The port maintains a continiious water-depth monitoring program- and
. .dredges as necessary No bndges cross the Cape Fear River downstream of the terminal.
* However, a power cable crosses the river about 2-1/2 miles south of the port, restnctmg
' sailing headroom to 175 feet, 6 inches above MHW. - | .

'I'he Port of Wilmlngton isa general cargo a.nd bulk port ‘which handles approxunately 2. 3 L
, million metric tons (2.5 million tons) of cargo annually. Its volume of containerized cargo is.
relatively modest with an.annual volume of 110,000 twenty foot equivalent units ('I'EU's) or
670,000 metric tons (750,000 tons) which represents approximately 30 percent of total - '
* tonnage (FHI, 1993d). No record of recent radioactive material shipments was found (JoC

1993), but in the' 1980°s there were shipments of spent fuel through the Port of Wilmmgton,
' accordmg to records in the USDOT RAMPOST database.

- The port has one eentral cargo handlmg facility whtch is located on the cast bank of the Cape

_Fear River, 42 km (26 miles) from the open ocean. The channel can accommodate slups up
to 290 m (950 feet) in length and traffic through the river has been estimated by port
personnel at approxlmately 500 slups per year (not mcludmg barge t.rafﬁc)

8 l-llghway Access T : SR

The main hlghways into the Clty of Wilmmgton are Interstate Route 40 to the north, U S
Route 17 from the north and south, U.S. Route 421 from the north, and U.S. Routes 74 and.

76 from the west. Interstate Route 95, the nearest major north-south artery, is about 75 miles .
to the west via U.S. 74, and approxunately 100 to the notth via Interstate Route 40 '

The mtersectmn of the main hlghways into the City of W'lmmgton is- about 1 5 rmles north of _

" the port. From this 1ntersectlon, traﬂ'tc usually takes Front Street and Burnett Boulevard to
the port entrances. -
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Rail Access

The CSX serves the Port of Wlhnmgton with one rail line. The Davisville Yard at Navassa,
about 25 mxles ‘west of the port, is the nearest classification yard.
.

Equ:pment and Operatlons

“The penmeter of the terminal is secured with a two meter (six foot) tugh chain link fence
topped with barbed wire. The two entrance facilities. to the port teiminal have manned
security booths which control vehicle access and egress. A seventeen—man port pohce force
_ provides overall site security 24 hours a day :

The pon faellmes, w!uch are admxmsterod and operated by the North Carolina State Ports -
Authority (NCSPA), total 1.1 developed sq. m (280 developed acres), have 2100 m R
* (7,000 feet) of berthing space and over 0.3 sq. km (75 acres) of open-paved container storage' L
. area. The NCSPA exercises a high degree of control over the day-to-day operations of the .
. port facilities. The NCSPA provides management and supervision of the terminal and its
operations, including vessel berthing, crane assxgnment, yard and gate 0peratlons, qu.llpmeﬂt
and facility maintenance. :

Five container. cranes are avaxlable at the. port ‘terminal. 'I'hree of the cranes, which have add -
metric ton (44 ton) capacity, have a 32 foot rail gauge and serve approximately 1000 m .

(3,300 feet) of the container berthmg area. The other two cranes, which have a 50 metric ton
(56 ton) capacity, have a rail gauge of 15 m (50 feet) and serve only 270 m (900 feet) of the
container berthing area. The 50 metric ton crane is adequate and sultable for. offloadmg of

spent fuel

5 4 nghway Corndors

Any potential envu'onmental impacts along the various highway corridors would depend upon
which of the five proposed ports, singly. or in combination, would be used to receive the spent
" fuel shipments. * As shown in Table 5-2, the representative highway distances "from these. ports
and the Savannah River Site range from 355 km (221 ‘miles) for Charleston, South: Carolina, -
to 710 km (441 miles) for Sunny Point, North Carolina. Although the proposed shipments
-would be routed on major traffic routes whenever practical, at some point all these routes
would pass through urban, suburban, and rural areas. - Table 3-2 also lists the total population
estimates for a representative route from each proposed port to the Savannah River Site.
Methodologies used to identify these routes, characterjze general ‘corridor and uses, and
quantify populanons that rrught be affected are descnbed in Appendlx E.
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Table 5-2. Representatwe nghway Distances from U.S. Ports of Entry to the Savannah -

River Site

Proposed Ports e Highwaj Total Route

. Distance. Population
o km- (miles) o

H " Charleston 355 (221) 139,400
" Savammah’ . |. 429 (267) . 54,900 - .
 Jacksonville - | 624(388). | 60,100
* Wilmington | e2¢99 | mnzi00 -
" ‘Sunny Point .. | 710 441)~. |... 131400 -

55 Savannah River 'Sité
5.5. l 'General Site Descrlptlon

I'I'he Savannah R.wer Site occupxes an area ‘'of appro:nmately 800 sq. km (198 737 acres) in
Aiken, Bamwell, and Allendale counties in- southwestern South Carolina (Figure 5-1). 'I'he .

. site is approximately 40 km (25 miles) southeast of Augusta, Georgia, and 32 km (20 miles)” S

. south of Aiken, South Carolina, Savannah River Site facilities include five inactive nuclear.
' production reactors, an'inactive nuclear fuel and target fabrication facility, two chemlcal
separation facilities, tritium facilities, waste management facnlmes and admnmstratlon .
'~ facilities. Public access to the Savannah River Site is restricted to state and. Federal hlghways
that border and traverse the site. The entire Savannah River Site boundary is fenced with the
exception of the bank of the Savannah River, which forms the site’s western boundary for
approximately 27 km (17 miles). ' Detailed site information on the Savannah River Site and its
physical and environmental characteristics can be obtained from the Final Environmental ‘

. Impact Statement for Continued Operanon of K-, L-, and P-Reactors (USDOE, '1990). In °
. addition, the Savannah River Site Environmental Reporr ‘for 1992 (WSRC, 1993) provides an

_overview of site operations and descnb&s the findings of'site enwronmenta.l rnomtormg and .
research programs, : :

5.5.2 Description of the Recei\"ing Basin for Offsite Fuels

The Recelvmg Basm for Offsite Fuels (RBOF) performs a number of processes, uulmes, and
services. Building 244-H contains the RBOF faclllty, and Building 245-H contains the '
adjoining Resin’ Regeneratlon Facility, which is consideréd an integral part of the RBOF .
facnllty RBOF isa versatlle facnllty wnh prowsnons for the recelpt and storage of m'adlated

containing spent fue! elements can be delwered to theARBOF facility either by truck or rail

N
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Figure 5-1. Location of the Savannah River Site
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car. The RBOF facility provides the capability for underwater unloading of shipping casks
and the handling and storage of the fuel elements. Un.loading of casks at RBOF is performed
via overhead cranes and movement of the fuel within RBOF is performed via the monorail -
system that is manually controlled by trained RBOF personnel.’ Radiation shielding is
provided by the water over the fuel.

‘RBOF is organized into-areas for row storage, tube storage, bundle storage and bucket
storage. Research reactor spent fuel is typically located in row storage. The number of fuel

. elements that can fit into a particular row depends on the size, eonﬁgurauon, and reactmty of

the fuel elements. Criticality evaluations are performed to analyze the spacing required -

between fuel elements. Some fuels may not be stored adjacent to other fuels due to criticality :

' conicerns, resulting in empty spaces that cannot be utilized. In April 1993, it was determined .
that RBOF had the capacity to accept up.to 757 additional spent fuel elements in row storage.
' ‘This estimate was based on nuclear criticality spacing evaluations of the arrangement of fuel

“elements stored in'RBOF at that time. However, as the result of recent criticality evaluations ..

performed on reposmomng certain fuels, as described below, the avallable capacity of the -
- RBOF soon wxll increase to approximately 1,400 spaces. . -

Fuel in the RBOF is pcnodlcally reposnt:oned in order to make the most CfflClent use of the
facility. The most recent repositioning began in February. 1994 and involved the :
Experimental Breeder Reactor II (EBR II) and Taiwan Research Reactor (TRR) fuels. The
purpose of this repositioning was to provide additional space for Missouri Umvers:ty Research
Reactor (MURR) fuel, which is larger in diameter than typical university and foreign research-
reactor fuel received at RBOF. New criticality evaluations (Nuclear Safety Data Sheet 209
- Rev. 1 and 215.Rev. 5) principally performed for.this repositioning indicate that the EBR II .
fuel may be stored adjacent to-specific fuels, thereby eliminating the need for empty criticality
- rows and resulting in the availability of additional space. No physical modification of the

* facility’s structure, including the addition of new racks, was required. The Savannah River:
Site will continue consolidating and repositioning fuels as part of normal facility operations.

Since the number of foreign fuel elements in the proposed action is limited to 409 elements
the continued consolidation and repositioning of fuels in RBOF associated with the domestic
. receipts from DOE and university research reactors will support the- Storage of the domestic

~ ‘shipments regardless of the proposed acuon. The proposed ‘action would increase cask

-receipts at RBOF by fifteen casks over an approxlmate fwo-year penod through . :
December 1995. During this same time period, it is expected that domestic research reactor
shipments would generate up to two receipts each month. The RBOF facility would require
-additional stafﬁng to accommodate the increased receipts. In the event multiple casks would
be received in one foreign fuel shipment (e.g., up to eight casks on a chartered or dedicated -
vessel), the casks that could not be unloaded immediately would be placed in temporary
storage at RBOF or at the Savannah River Site Railroad Classxﬁcahon Yard, if shlpped by
Tail.
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Routine operations at RBOF related to the storage of offsite research reactor spent fuel
include shipping cask receipt, fuel unloading, inspection, fuel transfer, possible fuel element
cutting, fuel storage, and ancillary operations. At the time of receipt, each shipping cask is
visually inspected by trained personnel to ensure that it has not been damaged. In addition, a
survey-for radiological contamination is performed and the fesults are compared with shlpplng
papers. Prior to returning an empty.cask, a radiological survey is performed to ensure that the
 cask ‘meets all U.S. Department of Transportation transport limits. Certain projecting :
hardware on a fuel element and excess aluminum metal (but not the fuel matrix nself) may be -
cut to facilitate accommodation in storage racks in the basin. Routine water quality
monitoring and visual inspections are performed by RBOF personnel to detect failed fuel
elements. (The RBOF facility has the capacity to repackage failed fuel elements for safe-
. storage, although the proposed acceptance of 409. spent fuel elements involves intact fuel.)
_Ancillary operations include basin watér purification and resin régeneration. Basin water
purification is performed through a filter-deionizer system at RBOF which removes the
. impurities and radicactivity from the basin water. : The jon exchange resins employed in. this
filter-deionizer system are regenerated through a chemical process within the RBOF Resm
Regeneranon Facnhty so that the resins can be reused.

The overall physrcal condition of RBOF is considered good The Spent Fuel Working Group
Report, issued by DOE in November 1993, provides an itemized inventory of reactor - .
irradiated nuclear materials within the DOE ¢omplex and provides an initial assessment of the
_environmental, safety, and health vulnerabllmes associated w1th the current storage and °
handling of these materials. The report notes that RBOF is "...an example of the successful .
" operation of an older wet facility (vintage 1963) that stores reactor irradiated nuclear matenals -
for extended periods." (USDOE-EH, 1993) (Volume I). The report goes on to say that '
“overall quality of design and facility management have ensured safe storage of
aluminum-clad [reactor irradiated nuclear materials] in the basin for over 10 years." The '

* report also notés that RBOF maintains excellent water quality, leading to a good storage

environment for aluminum clad spent fuel for extended periods. Although some fuels have
been stored in RBOF for up to 30 years, they show no visible 31gns of eorrosmn

Issues identified in the November 1993 report related to RBOF include seismic evaluat:ons,
. accidents mvolvmg “tornado missile” (objects picked-up by high wmds) projectiles, the lack -
- of an updated safety analysis report, the lack -of basin Jeakage detection systems, and enhanced
training for personnel.” Most of these issues had prevrously been identified, and measures to -
address them already are in place. Issties conoermng seismic evaluations, tornado missile - .
projectiles, and safety analysis are being addressed in a new safety analysis report and related -
technical evaluations that are being prepared for RBOF. The facility has an exxslmg, :
approved safety analysis report that considers the accident consequences of seismic and ,
tornado events. Any operauonal changes or new activities proposed for RBOF would have to’
undergo a technical review to ensure that-their potential impacts are’ within those considered:

in existing safety documentation. Measures to address the lack of a basin leakage detection
system currently are being evaluated. However, the Savannah River Site continues to monitor
the groundwater in the RBOF area, as ‘well as site-wide, . and to monitor the water losses of
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RBOF for evaporation trending. Modifications to ongoing, quallﬁcann and. trarmng programs
‘have been made to address issues identified i in the November 1993 report ' S

A concem was raised during the public commient period that certain Type B casks previously -
used in shipment of Taiwan research reactor spent fuel may have "leaked" during shipment to
Savannah River Site. DOE believes that this concern-was caused by an instance where a
small amount of radioactive contamination was found on the surface of two casks used in the
Taiwan slupments while performing radiological surveys pnor to unloading the fuel at RBOF.
' The manner m which such surface contanunanns can occur is explamed be10w .

When casks used to transporl spent fuel are loaded or un]oaded, they are often lowered into
.the water-filled pools in which the spent fuel is stored, or into transfer pools’ similar to the
storage pools. The radioactivity from the spent fuel storage pools is primarily caused by
small particles which are exposed to or entrained in the pool water. These particles may be
agitated by movement of the cask and spent fuel during the cask loadmg or unloadmg

. operation, and can adhere to the surface of the cask. . . ‘

The casks are routmely decomammated to levels of contammatron below DOT mandated

limits upon being removed from the pool (i.e., washed to remove radioactive parncles ,

" adhering to'their outer surfaces). However, somie of the radioactive partrcles are so small that '

they can become imbedded in microscopic porés in the surface of a shipping cask. . Such . _

_imbedded contamination cannot be detected since its presence is masked by the:much- Iarger -
radiation field of the spent fuel msxde the cask.” During transportation, minute amounts of tlns

imbedded contamination can migrate to the surface of the cask. <Receiving organizations -~ -

toutinely check for such contamination by wiping the surface of the cask with a clean clotl{ e

and measuring the cloth for contamination after it is moved away from the cask. Any.
transferrable surface contamination detected that is above the DOT limits is then removed
from the cask. As a consequence of this plienomenon, the DOT regulatrons specify that the -
contamination limits for casks are ten times lower at the point from which the shipment is -
initiated than the limits applicable at the point of destination. If radioactive particles migrate -
to the cask surface, they can contaminate other surfaces with -which they come into contact... -
This may have been the origin of the contamination found on a trailer used to transport " - *
' Taiwan spent fuel. -After detecting this surface oontammauon, both the cask and the trailer =
were cleaned to be]ow DOT limits. : : :

. In t.he case of the Tarwari‘research reactor spent fuel, twelve shiprrients were received by the.
Savannah River Site, involving over one hundred cask receipts. Available records indicate-

that two casks had transferrable contamination levels that exceeded the DOT receipt limits. 'In

those two instances, the transferrable contamination levels were 8,000 disintegrations per ...
minute (dpm) per 100 square centimeter (beta-gamma) above the 22,000 dpm DOT limit. No
 transferrable alpha radiation above the DOT limits was detected. Such events are bounded by

the normal transportation impact analysrs included in Chapter 6 of this Environmental
Assessment. ‘
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553 Radiation Levels in the Affected Envirbnm_ent at the Savannah River Site

" A person residing in the Central Savannah River Area within 80 kilometers (50 miles) of the

_ Savannah River Slte receives an average annual radiation dose of approximately 380 mrem
from all sources.> Major sources of natural radiation exposure include short-lived decay
products of radon (200 mrem), terrestrial radiation such as' K-40 (43 mrem) internal radiation
due to assimilation of radionuclides into the body (39 mrem), and cosmic radiation (33
mrem). Significant sources of man-made radiation include consumer products (10 mrem) and
medical x-rays/nuclear medicine (53 mrem). The Savannah River Site contributes less than =
one mrem (less than one percent) to the total radiation dose. The Savannah River Site =
Environmental Reporr Jor 1992 (WSRC, 1993) contains additional mformat:on regarding

" radiation levels in the Central Savannah River Area.

3 This coniimts tosa naﬁonakl average annual radiation dose of approximately 360 mrem from -all sources,
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6.0 ENVIRONMENTAL IMPACT ANALYSIS .

- This Environmental Assessment considers the potential environmental impacts associated with
the transportation of foreign research reactor spent fuel to the Savannah River Site, South

. Carolina, for storage. Shipment of spent fuel, from a total of eleven reactors in nine countries
(eight in Europe and Australia), was analyzed. The primary focus of the analysis, however,
was on the proposed action, which i is acceptance of up to 409 spent fuel elements from eight
reactors in Europe

"'I'he environmental lmpact analysns exammes the followmg for both routine. and aceldent
’eondmons ', : - S o o ;.
| a unpacts whxle transporting spent nuclear ﬁtel by shxp (port departure ocean crossmg, '
* " and port arrival), :

' b.. nnpacts at the proposed and alternate porls of entry mto the United States, lncludlng
possible intermediate port stops and. short-term lag storage of spent fuel at the dehveq' .
port(s), . .

c. xmpaets of overland tra.nsport of spent fuel to the Savannah River Site, and
. d. impacts frorn spent fuel storage at the Savannah R:ver Sxte |

-Radlologlcal Ge., unpacts from potent:a] exposure to radloacu\nty) and nonradlologleal
impacts (i.e., nonradroIOgleal accidents involving trucks or trains moving spent fuel to the
Savannah River Site) are estimated. Potentially affected groups of people would include shxp
crews, dock workers, mspeetors, track crews, Savannah River Site workers, and members of
~ the general public. _ ‘

There is considerable mtemahonal expenenoe in Shlppmg spent fuel by sea and: land. Stnoe
the early 1960’s, more than 480 shipments of foreign research reactor spent fuel have entered

"~ United States ports with 'subsequent land transportation to a DOE facility. The majority of *

these shipments have come through the Port of Hampton Roads, Virginia, and were shipped
by truck to either the Savannah River Site or. the Idaho National Engineering Laboratoqr .
.- (INEL). There have been no accidents resulung m any. radtoaetwe releases for these or any
~ other spent fue] slupments

'Seetlon 6.1 descnbcs the potential impacts of the proposed action. Secuon 6.2 desenbes the -
potential impacts of alternatives to the proposed action. Section 6.3 describes cumulative
impacts - the effects of impacts from the proposed action when added to past, present and
reasonably foreseeable future actions. Before Section 6.1 begins, the following several

_ paragraphs describe radiation exposure tennmology and methods used to ca.lculate ¥
transportation risks discussed i in thrs chapter. - 4 o



Measurements of radiation exposure

Potentlal radiological imphcts are measured by estimatnig the highest radiation exposure'ah)" .
single person- rrught receive, as well as the collective exposure of a particular population (e.g., .

all those living in the vicinity .of a port). Two primary units of radiation measurement are .
used in this Environmental Assessment to estimate these impacts, the rem and person-rem. ..
The rem @oentgen equivalent man) is a measure. of radiation damage to biological tissue. .
Specrﬁcally, it is the amount of damage done when 1 gram of biological tissue absorbs 100 -
ergs of x-ray (or gamma-ray) energy. Absorbed radiation energy is measured directly in rad
(radiation absorbed dose); one rad is the absorption of 100 ergs of energy by 1 gram of '
absorbmg substance. Thus, one rem is the biological damage done when one rad of x-ray or
gamma rays is absorbed. Rems and rads are quite large, so radiation doses.are usually -
measured in millirems (mrem, or lllOOO of a rem) or rmlhrads {mrad, or 1/1000 of a rad)

6‘-‘1\

. .The concept of dose eqmvalem accounts for the different amounts of biological damage done '_ L

by different types of ionizing radiation (alpha,. gamma, etc.). The ratio of dose ‘equivalent -.. R

~ ' (rem or mrem) to absorbed energy (rad or mrad) is called the. quahty jbctor (QF ). For -

gamma radiation and x-rays the QF is one, and the dose equwalent in mrem is equal o the '

dose in mrad

An individual may be exposed to |omzmg radrauon extemally, from a radioactive source .
outside the body, and/or. internally, from eating or inhaling radioactive material. The external

dose is different from the internal dose. In calculation 'of an external dose. equlvalent, one -

may assume that the effect of the doseis distributed uniformly over the body.’ However,

when radionuclides are deposrted in various body tissues and organs, thé’ exposure. ‘and effects'

~are not uniform. A few organs in the body may receive a large dose; others may receive . -
none. The effective dose equivalent (EDE) is the’ sum of the tlssue or organ wexghted dose
eqtuvalents for all irradiated tissues and organs.. .

An external dose equivalent is dehvered only during the actua] time of‘ exposure to the
. external radiation source. An internal dose equivalent, however, continues to be delwered as

long as the radioactive source is in the body, although both radioactive decay arid elunlnatlon .

of the radionuclide by ordinary metabolic processes decrease the dose with the passage of

time.” The dose equivalent for internal exposure is calculated-for 50 years ‘following the initial TR

exposure, and the result is expressed as the cammmed e_ﬁ"ectwe da.re equwalen! (CEDE)

In. thls study, dose. equivalents from incident-free transportanon and CEDE nsks from
. transportation accidents are the basis. for ea]culated health effects For brevxty, however, they
are referred to as "doses" and "dose risks." : .

The maximum annual allowable radiation exposure estabhshed by DOE, as well as the -

_ Nuclear Regulatory Commission, to protect individual members of the general public is 100 -
mrem (DOE Order 5400.5, 1990). It is estimated that the average individual in the Uriited
State’s receives a dose of about 360 mrem per year from all sources, including natural and
medical sources of radiation (NAS, 1990). For perspective, a modern chest X-ray results in.
an approximate dose of 8 mrem, while a diagnostic hip X-ray results in an approximate dose
of 83 mrem (Shleien, 1992). For further perspective, an individual must receive an acute

6-2



exposure of appro:umately 600 rem (600 000 mrem) before there isa hrgh probabxhty of near
term- death (NAS, 1990).

Radiation exposure to a population or a group of persons is measured in person-rem. . The
total population exposure - all the person-rems - is derived by adding up all the individual
doses in the exposed group. This ‘measurement is particularly important when trying to take
into ‘account the potential impacts of very small doses on very large populatrons (e.g., all.
those hvmg a]ong the truck route) :

Health’ effects may be calculated from doses by muluplymg the dose by an appropriate .
conversion factor, known as a risk factor.. This risk factor has the dimensions of health effect
per unit dose per person and may. include a time factor. - The National ‘Academy of Sciences
study on the biological effects of ionizing radiation (NAS,.1990) includes a number of -
examples of such risk factors:  These risk factors have been developed from eépidemiological
studies of health effects in populations exposed to ionizing radiation, primarily the Atomic .
- Bomb Survivors Life Study (NAS 1990) and occupaﬂonal exposures, and therefore mclude -
constderable uncertamt:es '

Using’ sucha conversion factor, the esttmated _exposures can-be converted mto estrmated
. numbers of health effects. Because the exposures predicted in this study are far below those
known to cause immediate illness or fatality, only delayed health effects are estimated. A
- delayed effect is measured in latent cancer fatalities. (LCFs), which is defined as a fatal .
mahgnancy that may occur after ten years or more, and has a probability of decurrence that
increases with exposure. The conversion factor used in this Environmental Assessment is -
0.0005 LCFs/person-rem (United States Federal Register, 1991). This same source
recommends a slightly lower conversion factor.(0.0004 LCFs/person-rem) for worker
populations. Worker groups tend to be healthy adults and do not represent as broad a -
spectrum of susceptnble people (e.g., children) as does the general populatlon However, for
‘ease of comparison of risks across all population groups, the same conversion factor (0.0005
LCFslperson-rem) was used for both workers and the general public.. The difference between

" . the two conversion factorsis very small when considered within the context of the

uncertainties of the dose estimates. - Use of the 0.0005 LCFs/person-rem value for all persons
potentially exposed results in a conservative estimate of the potential number of latent cancer
fatalities.. Applymg the conversion factor to a general populatmn, a collective dose of 2 000
- person-rem is esttmated to result in one additional latent cancer fatality,

Geneuc effects in subsequent generations are another type of health eff‘ect that may occur as a
result-of low level radiation exposure such as that associated with the proposed action in this ..
‘Environmental Assessment. The conversion factor is smaller, and the uncertainty is greater -
than for latent canceér fatalities. The International Committee on Radiation Protection (ICRP)
has recommended a conversion factor about five times lower than that used to estimate cancer -
fatalities (ICRP, 1991).- For comparison with the latter, one can state that in a general
_ population, a collective dose of 10,000 person-rem is esumated to result in one addmonal
genetic effect in all subsequent generat:ons . -

For fish, 'birds, plant life, and other biota, the radiation dose reeeitred by the _organi‘sm ts
expressed simply in the term of rads. The effects of radiation on non-humans are expressed
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General trangportatton modelmg

in terms of rads because plants and ammals rarely live long enough to develop cancer ot other
long-latency health effects. : o

T'he transportation risk analys:s of port and overland transportatton segments was performed
using the "RADTRAN 4" computer code (Neuhauser and Kanipe, 1992). RADTRAN 4

'models have been developed to yield estimates that tend to overstate the impact. For . .

example, RADTRAN 4 postulates that, in the evént of an accident, people would not.be .

.evacuated for 24 hours. In actuality, people would most hkely be evacuated sooner theneby

reducmg the time of exposure.

', Detalled mfonnatmn regarding the route and populatton dtstnbutton in the port area and for -
the overland transportation routes to the Savannah River Site is necessary for use with - o

RADTRAN. This information was obtained using the HIGHWAY oomputer program

Transportation (DOT) routing regulanons which require that interstate system hzghways be' |
used to the maximum-extent possible. The populatton density distribution is calculated for.

several segments of the highway route, representing rural, suburban, and urban population - :Q
' densmes Population densities are determined using 1990 federal Census ‘Bureau data. The

Census Bureau updates the census data only every ten years.. There is no other, nauonal

database available for populatlon densities. Use of the Census Bureau’s decenmal cerisus data "_‘

is consistent with the' practice in- government and pnvate mdusuy when there IS a need to :

model populat:on charactensucs

The routes that nught ulnmately be taken cannot be pred:cted wnth prec151on now because o_f
changing conditions such as weather, construction, and accidents mvolvmg other ‘vehicles.

‘Moreover, if consistent with DOT regulation, State authorities can change the route that must 8
- be used for transportation. The representative routes analyzed in this Environmental =

Assessment, based on conformity- with ‘general DOT criteria, provide a basis for compartng |

B potential impacts associated with usmg different ports of entry into the United States. These

routes are discussed i in more detaxl in Chapter 5 and are presented in Appendtx H

6.1 lmpacts of Proposed Actton

As d:scussed in Chapter 3, DOE proposes to ship 409 spent. fuel elements from elght reactors ‘

in seven European countries to-the-Savannah River Site in South Carolina.” Under the

- proposed action, the Environmental Assessment analyzed all the fuel coming into any one ot‘

five East Coast’ ports Criteria by which the ports under consideration were chosen are . |
discussed'in detail in Appendxx C.. As is evident throughout this chapter, differences in

 radiological risk depend primarily on the truck shipping distances and on the populatton

densities along the overland routes. The overseds shipping distance is approximately the -
same for all East and Gulf Coast ports capable of handling the shipments, and most of the
ports considered had similar. population densities in the port city area. The five East Coast
ports discussed in this chapter were the closest to the Savannah River Site, and generally had
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. the lowest overall population densities along the _overla.nd route. - (See Tables 5-2 and C-2.)
The 409 spent fuel elements would be transported in fifteen shipping cdsks. Shipment of
 these casks was analyzed in two ways: (1) one cask per shlp for a total of fifteen slupments

and (2) eight casks per slup for a total of two shipments'. S

Section 6.1.1 descnbes potent.nal unpacts to the environment from the trans-Atlantic crossmg.
Section 6.1.2 describes potential impacts of receiving spent fuel at a United States port and
transporting it by land to the Savannah River site for storage. ‘Section 6.1.3 describes
potenna] impacts from stonng the spent fuel at the Savannah R1ver S:te.

6.1.1 Marme Env:ronment

Because the proposed action mvolves ocean t.ransport, DOE cons:dered the environmental™

- "impacts of the proposed action on the global commons (i.e., portions of the ocean not wnh_m

- the territorial boundary of any mation) in accordance with Execunve Order 12114.(U.S.
Federal Register, 1981). -Section 6.1. 1.] discusses incident-free operat.lons, Section 6 1.1, 2
_dlscusses potenual accldent condmons - :

6.1.1.1 Impacts of Routme Operahons - -'

The Nauonal Marme Flshenes Semce has recently md:cated that, under routine transportauon
conditions, shipments of low-enriched uranium (LEU) (as uranium hexafluoride) from Russxa
by commercial vessél would be mdlstmgu:shable from any other commercial shipment, and .
that impacts to threatened or endangered species or critical habitat were unhkely (USEC,
1993).. Because the integrity of spent fuel casks i is greater than that of uranium hexafluoride
containers and because the package dose rates (i.e., the radiation exposure at the surface of the
shipping cask) are of the same order of magnitude, the same conclusion can be drawn for
‘routine transportation of research reactor spent fuel. In other words, under routine opcratlons.
- there would be no 1mpact on the marine environment.

'Under incident-free conditions of transport. most Shlp crew members would be shxelded most
-of the time by the ship, structure and other cargo from radiation emitted by the spent fuel.
Ship crew: exposure, therefore, is primarily limited to crew members who’ inspect cargo ona
~ daily basis to ensure secure stowage and strucmral safety of the vessel. The estimated dose to
crew members during transport is given in Table 6.1-1. The highest estimate is 0.0046 rem. -
“This estimate represents the' maximum dose that ‘would be received by a single cargo inspector-
if that same cargo inspector were present. for each of the fiftéen shipments. The other
membets of the crew would receive negligible dose due to the separation distance between the
cargo and the crew and shield effects from other cargos and the ship’s; structures.” Incident--
free dose estimates to the cargo mspectors would be essentially the same for all port .
alternatives, largely because the exposure is proportional to the number of i inspections over -
~ time and the distances from the European ports to the proposed United States ports are-very
- similar. Table 6.1-1 presents radlauon exposures for the scenario where the ship stops at -

Undcr amo shlpmenl scenario, one shipment would be made with cight casks and one shipment with scven casu. for atotal of the fifteen
cashs that make up the proposed action :
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three intermediate ports before onloadmg the spent fuel at a fourth port. If no mtermedlate o
port stops are assumed, the collective dose would'be reduced by 0. 0013 to 0. 0015 rem for the
various ports, or by approximately 30 percent. For example, without interrediate stops the
collective dose for the ship’s crew with a destination of Sunny Point would be 0.0028 rem. |
No dose is received by the general public during ocean transport The number in the column
titled "Latent Cancer Fatalities” may be interpreted as meaning that there would be S
approximately a one in 450,000 chance of a single fatal cancer among the ennre CTews of all
the ships used in the proposed actmn. :

Table 6.1-1. Shlp s Crew (Cargo Inspectors) Dose for Incndent-free Shlpment of 409 .
' Elements Through the Proposed Ports of Entry Assumlng Three Intermedlate Port Stops

: ‘ Portof Entry". Collectwe S]:Ilp s Crew Dose (rem) Latent Cmecr Fatalities - -

_[Charleston . - - RN o 00045 - e 00000022 - - - . . |
Jacksonwville -~ .- ... - . 0.0046.-. o . 700000023 .
Savannah - - - 00046 0 0 : 0.0000023 . -

. |/Sunny Point " - ) N ) 0.0043 00000022 0
Wilmington- S o 00043_ _ - . 0.0000022-

!

* The values presented for. each port assume that all tiﬁeen shxpments .of the proposed acuon are mmed o thst pott. in wh:ch
casethcnskat other ports would be-zero.. ' . . . .

6 1.12 Impacts of Accldents

W'th the exceptlon of the no action altematwe, the proposed action and altematlves could _
have an impact on the marine environment in the event of an accident whxch mvolved the o
release of radloacnve ‘materials from the. spent fuel A :

Descnpuon of Scenano

Dunng ocean transport (port departure ocean crossmg, and pon arrival), the most severe " .
accident would be.a ship collision’ followed by a fire. - It is possible that a spent fuel cask, .
carried on a ship involved in such acallision’ could be exposed to impact forces resultmg

from the collision and a fire which is assumed to follow. In that event the cask could be =" .-
- damaged. ‘However, in most port approaches and harbor transits, where thé probability ofa
collision is greatest, collisions occur at relatively low velocities. Furthermore, only a small

' fraction, at most, of the force gernierated in a ‘collision of a ship with another ship would be
brought to bear on a spent fuel cask for several reasons. First, the force of & ship-ship .
collision would be distributed over the entire area of contact between the two ships, which -
means that the force denslty (force per square meter) resulting from a collision must be |
-considered. The maximum eross-sectlonal area presented by a spent fuel cask is small in
comparison to the typical impacted area, so that even if a cask were located directly in the
path of the collision and unprotected by intervening hulls, bulkheads, etc., the force that might
be exerted on such a cask would be limited by the force density. Second ships floating on
water are yielding objects, so that some portion of the force of impact would be transmitted to
the water. Even large impact forces would not result by themselves in catastrophic failure of
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a spent fuel cask. Thus, it would be even more unlikely for a simple collision to result in the
breach of a spent fuel cask and the release of any of its contents. However, in order to fully
understand the potential environmental impacts of the proposed action, a collision followed by
fire is-postulated to occur in the most severe accident severity category in the risk analysm for
this Environmental Assessment.

Impacts of Acciden1 -Losing a Cask'at Sea

In an accidental fire at sea, in which a cask was sufficiently damaged by fire to release its
contents, members of the ship’s crew near the fire would be exposed to the released
“radioactive material. However, any crew member close enough to the fire to suffer a
significant radiation dose likely would be more severely injured from the fire than the = .
radiation dose. A combination of mechanical damage and fire severe enough to release a
non-negligible fraction of a cask’s contents would probably either kill or critically ‘injure
anyone nearby. ‘A resulting plume carrying radioactive particles that was released from the
ship’s confines would disperse over the ocean, where there is no human p0pulat10n As
discussed below, because the oceans are a very dilute system, effects on marine biota would -
not be discemnible. (Impacts and- eﬂ‘ects of a fire in port are d:scusscd in Sectlon 6.1.2.2. )

Ifa colhsmn or other accldent (e.g., loss of a cask over the s:de in a storm) occurred in wh1ch '
~ an intact cask fell overboard, the fact that the cask would be immersed would not necessarily :
result in a release of its contents. ‘Spent fuel casks are designed to withstand at least a fifteen
meter immersion, and it has been demonistrated that the cask seals will remain intact at much
greater depths (IAEA, 1990a). Spent fuel casks, damaged or undamaged, ‘can be recovered

. from water up to 200 meters deep: .well beyond the range typical of coastal and port depths.

' (Recovery at great depths, e.g., more than 2,000 meters, is possible, but would be costly). 1t

- is reasonable to believe that a cask would be recovered in any incident mvolvmg the

immersion of a cask in waters up to 200 meters in depth.

‘The Nuclear Energy Agency (NEA) of the Organization for Economic Coopcratlon and

" Development, Paris, France, estimated the 1mpacts of various accident scenarios involving
shipment of reprocessed commerclal spent fuel. The NEA estimated that a damaged and
unrecovered- cask of high level waste in coastal waters would result in a peak individual

. human dose of 110 mrem/yr per metric ton of heavy metal (MTHM) (NEA, 1988). The
foreign research reactor spept fuel has a radionuclide inventory comparable to that of

0.1 MTHM of high level waste. In the most extreme situation, where the accident occurs in
coastal waters, the fuel is not recovered, and both the fuel and cask are damaged, the peak

" dose to an individual human is estimated at 11 mrem/yr based on a comparison to the NEA
‘analysis. The individual is assumed to reside near the shore and ingest seafood (fish, mollusk,
and seaweed) harvested from the area in the immediate vicinity of the spent fuel cask. Since
- the spent fuel cask could be retrieved, the actual impacts from such an accident would be -
considerably less than 11 mrem/yr. For intact fuel, the dose would be expected to be
inconsequential (no radiological impact). Peak biota doses are estimated at 0.24 mradlyr for -
fish, 0.32 mrad/yr for crustaceans, and 13 mrad/yr for mollusks, if the cask is damaged and
not retriéved from coastal waters. With retrieval, the biotic impacts would be considerably
smaller.
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In deep waters, the radloacuve constituents of Spent fuel would bc released slowly over time -
into the surrounding waters if the cask were not recovered. Some of the radioactive material

would be removed from the water by sorption on- suspended sediments. - Assuming a damaged . ‘

cask of spent fuel were submerged on the deep ocean bottom, the peak human individual dose

to an individual residing along the coast and ingesting seafood harvested from the- general area

 in which the breached submerged spent fuel cask is located would be 0.00012 mrem/yr. -
Similar consequences associated with spent fuel casks submerged in the ocean have been

~ estimated in earlier studies (USDOE, 1980)." In the event of an accident and fire at sea, where |

the cask did not sink but its contents were released, the accident was assumed to occur far . -
enough out at sea that essent:ally no public exposure to the fire-induced plume would result

and that all released activity would be deposited in the ocean. (Impacts to workers associated " '_
~ witha shlpboard fire, as well as to pe0ple hvmg in the port area, are addressed in Sectton
©.6.1.22) . . : 3

~ Of course, humans would not be the prmclpally exposed specnes ina deep ocean aecldent
involving spent nuclear fuel. Using éstimates of the NEA and assuming that the damaged
spent fuel cask lay on the ocean-floor where it slowly released its radioactive inventory, the

peak doses to biota residing on. the ocean floor in or near the uppermost sediment layer would - | .'

be 110 mrad/yr for fish, 170 mrad/yr for crustaceans and 7300 mmdlyr for mollusks o
('NEA, 1988) o ‘ _ L

'Deletenous effects of chronic irradiation have not been observed in natural aquatlc

populations at dose rates less than 365 rad per year (NCRP, 1991). At doses below- 103 rad

per yedr, as would be the case in an accident involving the foreign research réactor spent fuel
it is unlikely that either a. population of marine biota or individual members of that populauon

would be harmed by the radiation resulting from a spent fuel, accldent. - Additionally, uramum._ .-

the major constituent of the spent fuel,-has not been found to ‘bioaccumulate in fish and

_ bioaccumulates only slightly in crustaceans and mollusks (IAEA, 1976). No significant
chemical hazard would be expected from 1he release of the' contents of the spent fuel elements

into the open ocean. .

6.1.2 Port and Overland Transport

The results of the analysns of risks assoclated wuh the transportatxon of spent fuel from the

proposed United States ports of entry to the Savannah River Site are présénted in this secuon,' .‘

along with a summary -of the methodology supporting the calculations. Section 6.1.2.1
presents the radiological impacts to port workers from routine operations and to truck- crew
during overland transport of fifteen shipments of spent nuclear fuel to the- Savnnnah River
Site. Maximum individual exposures and exposures to popu]at:on subgroups are analyzed. .-
.Section 6.1.2.2 presents the 1mpacts to these same groups in the case of an accident. Potential
radiological impacts for port operators and overland transport are summarized in Section
 6.1.2.3." Section 6.1.2.4 presents the non-radiological transportation impacts. (Secuon 623 .

* presents the transportation risks for the alternative ports of entry ard a. companson to the
impacts from the proposed action.)
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6.1.2. l ‘Impacts of Routme Operatlons "

During routine .transportation operatrons, individuals near the spent fuel casks would receive
low levels of external exposure to radiation (gamma and x-rays) emitted by the spent fuel
elements. No internal exposures would be received since the spent fuel would be contained
within the shipping cask. The various groups of persons potentially at risk from routine _
operations resulting from the port and overland transportation phases of the proposed action
are described in Table 6.1-2. - Also included in the table are key parameters and eondmons
used in the nsk analysrs : .

Table 6. 1-2 Descnptron of Rrsk Groups for Port Handhng and Overland Transport-.

o Risk‘Group T N R 'Desc'tiption‘
Port Handlers and Workers : o - . '15 pcople w 1 meter from each package for 10
Pont Staging Personnel and Other Port Worker_s .| 20.people 2t-100 meters for 24 hours 50 peoplc at |

'50 meters for 16 hours - -

Truck Crew L A S Truck - Twopcrsonsatlﬂmetersfordumronof
R . ' : '| overland scgment

shipment while in transit or during stops, mcludmg b
those sharing the roadway wrth the shrpmcnl B

*A dose raté of 1.0 mrentlhr at one meter from the cask. surfnce was used s the value for the Tra.nsponauon Index (T1) for

" the incident-free dose estimate calculations. -Operational experience with shipments of research reactor spent fuel mdreue that

thenetnal doeeraterstypreally much IowerandennbcnslowasOl mrernlhrntonemeter

Port workers. inspectors, and truck drivers are not consrdered as radiation workers as defined
by the Nuclear Regulatory Commission’s (NRC) regulations. Thus, the maximum annual
allowable exposure for these personnel would be 100 mrem, the same radiation dose limit

~ established by the NRC to protect mdmdual members of the general pubhc (DOE Order o

5400 5 1990)

Impacts in Port

Once a shipment arrives in port, the spent fuel packages would be inspected by customs - .
officials, United States Coast Guard personnel, ete. Up to three inspections, estimated at ten

minutes per person per spent fuel cask, were assumed.- After being inspected, the cask-would
be off-loaded by port workers, and arrangements would be made for the immediate departure.

~ of the spent fuel from the port for transport to the Savannah River Site. In recognition of

instances where some delay may occur, the transportation risk was modeled to include a delay
of up to 24 hours in a secure stagtng area. The 24-hour period for the staging of spent fuel
casks was selected because it is possible that on occasion the spent fuel casks would not leave
the secure staging area on the same day that they arrived, depending on variables such as the
time of day the casks clear customs, the weather, etc. Nonetheless, it would be unlikely that
the casks would remain in the staging area for longer than 24 hours.
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During routine port operatlons the highest exposure. would be to handlers and inspectors of
" the casks. Exposures would be essentially the same.at all ports because of the uniformity of .-
container cargo handling throughout the world. The potentially exposed population was = - - E“
assummed to vary from 15 to 225 persons The smallest population represents-the unlikely . )
scenario in which the same group -of ten handlers and five inspectors (presumably at the same
port) handled/inspected all fifteen shipments. . The largest exposed population represents the Cee
scenario in which an entirely different group of ten handlers and five inspectors :
handled/inspected each cask shipment. The actual situation likely would be between these
two extremes. The maxxmally exposed port worker - the hdndier/inspector who inspected all
fifteen casks - would receive a dose of approximately 5. 2 mrem (0.0052 rem); about five: . . -
percent of the applicable DOE and NRC standard and about 1.5 percent of the typical annual
' radiation exposure received by residents of the United Siates (Table 6. 1-3) The collecuve .
‘exposure to the handlerslinspectors is estunated as 0.078 person-rem seen in Table 6. 1-4. ,
© (This collective exposure is the product of the dose estimate to the maximally exposed person,
'0.0052 rem, and the number of workers, ﬁﬁeen.) : _

Table 6.1-3. Manmum Indmdual Ineldent-Free Radlologlcal lmpacts for the Proposed
Aetlon 409 Spent Fuel Elements Shipped to the Savannah Rlver Site via nghway

Transportatlon
Dose to Type of Individual (mrern)
o - Maxunumln-Transn o +_’ SR
S Maximum Individual Pon | - Individual: Truck Crew |  Maximum- ln-Trans:t
Port of Entry. Worker (Handler/Inspector) | ©~ - Member ‘Member of Pubhc
Charleston B - B T T S R T
Jacksonville . | . sa ] 1 e - 0002
Savannah o s2 . - . ez | g0z
‘{ Sunny Point - A s2 " \ 45 . . ' 0002
Wilmington- | . s2 | . 41 - .. o002

Long-term health-effect nsks in terms of latent cancer. fatalmcs are also shown m I
Table 6.1-4. Assuming a conversion factor of 0.0005 LCF per person-rem, the addmonal o
average risk of a port worker dying from cancer as a result of the proposed'action is about. 1
in 380,000. The average risk of a smgle genetic effect in all subsequent generations as a
result of the proposed action is about 1 in 2 million. - By comparison, the current incidence of
spontaneous genetic abnormalities is between 32 and 42 per 1 000 lwe bu‘ths, -of about one in-
27 on the average (NAS, 1990, P 91) : co

P

6-10



———

Table 6.1-4. Incident-Free Radiological Risk for the Proposed Action: Shipment of 409 -
Spent Nuclear Fuel Elements to the Savannah River Site via nghway Transportation *

: Annual Dose
Port of Entry EXposure Category (person-rem) . Latent Cancer Fatalities-
Charleston | Port Handlers/Inspectors I Y T 0.000039
‘ Other Port Workers : 0.0039 _ 0.000002
|Public - - _ Y e *0.000015
& |Truck Crew . T 00,0047 1+ 0.0000024
2 - |Total = - - . _0.12. 7o T 0.000061
IJacksonville "|Port Handlers/Inspectors - . 0078 o . 0.000039
© _|Other Port Workers . © 00039 . - - 0.000002"
Public = - o 005 . - 0.000025
Truck Crew - ° 00078 | -0.0000039
Total - o e 0a4 : - 0.000072
Savannah - |Port Handlers/Inspectors ... 0078 T 0000039 (
B Other Port Workers - . 0.0039 0000002
Public - CO . 0035 o 0000018
|Truck Crew - | 00054 ~0.0000027
|Total. -~ - o .- o012 - .| - ooo0063 °:
Sunny Point = |[Port Handlers/Inspectors . . | =~ - 0078 -~ . © 0 0.000039
o Other Port Workers L 00039 0.000002-
|Public : - 0.067 ‘ " 0.000033 . -
Truck Crew  ~ = » 00090 . | 0.0000045
_ . Total | ' - 0.16 ‘ : 0.000081
‘[ wimington | Port Handlers/nspectors - 0078 / 0.000039
B Other Port Workers - 0.0039 T * 0,000002
C|Pablic 1 e0ss - | © 0.000026
[TruekCrew - - . |- ooos2 o | 0.0000041
Total o L. 014 - ©0.000073 .

* The analysis presented for cach port assumes that ull shlpmcms in the pmposcd action pass through that port In that event,
the risk to all other groups at cach of the other ports would be zero. 'If casks were shipped to more than one pon. the risks

", would be dm:ctly proportional to the nurnbcr of casks actually onloaded at each port. -

~

The overland transporu_ationr of spent fuel was modeled by identifying the most direct route
from the gate of each marine terrninal to the nearest interstate highway using detailed city
maps. The most direct route would generally minimize the risk to the crew because they

- would spend less time in the truck. From the city road connection to the jnterstate system, a -

representative route to the gate of the Savannah River Site was developed with the .
HIGHWAY routing model, as_dlscusse_d,earher For truck transportation, the truck-crew

- 6-11



population could. vary in size from two to 30 persons. The populatxon would be at the .

" ‘minimum of two if every shipment were trucked from the port of entry to the Savannah River

Site by the same two-person truck crew. It would achieve its' maximum of 30 if each of the -
fifteen shipments for the proposed action had a different two-person crew. The largest truck -
crew population dose is for the port option of Sunny Point because it is the farthest from the

Savannah River Site. The maximally exposed individual truck crew member (i.e., the same . .'

person exposed to all fifteen shipments) would receive 4.5 mrem (0.0045 rem); about

- -5 percent of the applicable DOE and NRC standard and about one percent of the typical
annual radiation €xposure received by residents of the United States (Table 6.1-3). The

estimated maximum population exposuré is 0.009 person-rem rem (Table 6. 1-4) which. is the

" population of two truck crew members times the maximum individual exposure. The lowest ) .-

- maximally ‘exposed individual truck crew member would receive 2.4 mrem (0.0024 rem) -
-enroute from Charleston, which is the closest port to-the Savannah River Site. ‘The Iowest

“estimated truck crew dose is for the port option-of Charleston, estunated at 0.0047 person-rer'n-__':--_; o

‘(Table 6.1-4). The average risk of a single crew member getting cancer as a, result of'

transporting spent fuel from Sunny Point to the Savannah River Site is about one in 440 ,000. . "
The average risk of a smgle genetic effect occurring in all subsequent generattons asa result o

of the proposed acuon is about one in 2.2 million. .

' I pacts to nubhc from overland transp_ort ;

i

The esumated ‘maximum m-trans:t exposure to an mdmdual not actwely mvolved in shlppmg S

~ the spent fuel was estimated in two different ways: (1) a hypothetical maximum dose that - o

would be received by an individual member of the general public who lives beside the

highway route, and (2) the potenhal exposure recewed by an mdmdual located near a stopped -

' truck (eg in a traffic jam).

v
-

The f rst mdmdual is assumed 10 be exposed to. each of the ﬁﬁeen shlpments ata dlstance of

-30 meters. The maximum in-transit individual dose under this scenario was calculated to be

approximately 0.002 mrem (0. 000002 rem) for routine operations; about 0.001 petcent of the '
typical annual radiation exposure received by- residents of the United States (Table 6.1-3). :
This exposure was estimated to be the same for any port of entry since the person is assumed

to be present for all shipments from -each port at the same distance’ from the hxghway The K i

average increased lifetime risk of dying from cancer from a 0.002 mrem exposure is -

approximately one in a billion. . S S

Secondly, in the event that the truck had to stop at a service area or was stopped in trafﬁc due

to congestion, road construction, etc., there is a potenua] for exposing a member of the public

to the spent fuel at a relatively close distance for a prolonged period of time. If this. snuatmn
were to occur, it would be possible to receive a dose higher than 0.002 mrem, dependmg on -

the duration of the stop and the distance of the individual from the truck. ' For example, in the- |

unlikely event that a.person were standing outside next to the stopped truck for a period.of
one-half hour ‘at a distance of two meters; the person couid receive a dose of one mrem. If .
the person were inside 'a vehicle, some. shielding would be provided and the dose would be
* less than one mrem, about one pércent of the applicable DOE limit and 0.3 percent of the
typical annual radiation exposure received by residents of the United States. The average
increased lifetime risk of death from a radiation induced cancer from a 0.002 mrem exposure

6-12



would be one in one billion. The port selection criteria, however, require overland travel
distance to be minimized. This consideration and previous Operational experience with truck
shipments of research reactor spent fuel indicate that a minimum number of stops would be
expected to occur during the fifteen truck shipments.in- the proposed action, regardless of the -
port selected.

" Minimal doses would be received by members of the general public durmg port operahons :
because residences are separated from dock facilities by buffer spaces, parking lots,
warehouses, and other port facilities. The public risk in Table 6.1-4 represents the dose to the
total population potentially exposed to the proposed shipments. This population includes
people who reside within 800 meters (0.5 miles) of the transportation route, people driving on
the same toads the spent fuel traverses, and people in the vicinity of truck stop areas. No.
doses large enough to result in acute health effects are predlcted among elther the general
public or workers for the proposed action.

The total a.nnual mcldent free dose of between 0. 12 and 0. 16 person-rem, as shown in Table
6.1-4%, represents the cumulative dose from the proposed activity to all persons potentially
exposed. The. Ppotentially exposed population would range from about 50,000 persons for the
port of Savannah option to 140,000 for the’ part of Charleston option. As shown in Table
-6.1.2, the total worker population exposed to .each slupment would be about 90 people. _
Although these cumulative doses may be viewed for the sake of conservatism as being just as
- damaging as a single dose of the same amount of rad;atlon, scientific evidence exists to
indicate that doses accumulated over time as a series of smaller-doses are less damaging than
-an equivalent smgle dose (Ullrich et al., 1987; Miller et al., 1989). Accordingly, health-effect
risks reported in this section can be considered to be extremely conservanve estimates of the
" actual health-effect risks (Gllbert, 1993 and NAS, 1990). '

Estimates of the dose from incident-free transportnUOn vary only a little among the port
studies because these doses are dominated by radiological exposure of handlers and inspectors,
‘and these were assumed to be essentially the same for all of the ports. The small differences
that are reflected in these estimates are due to differences in the size of the population
- residing or driving along the proposed truck routes and between the port-of entry and the
Savannah River.

6.1.2.2 . Impacts of Accidents’

| Methodologx

Risk analysis of potenual accidents diﬂ'ers from ea.lculatlons for mc|dent-free transportanon
because the analyst must account for the probability of an acmdent occurring. In the incident-
free scenario, some exposure is expeeted from radiation emitted from the casks. ‘In the case
of accidents, the probability of exposure is only an estimate of a hypothet:cal event.
Probabilities are derived from published accident rates for maritime, truck, and rail .

2 Although the shipments of spent fitel could take place over a period of approximately two years, they were
conservatively estimated to take place in one year to allow for-comparison with annual exposure limits.
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-transportatlon modes. In ‘order to bound the potential risk’ from accidents, transportauon of
spent fuel in' this Environmental Assessrnent was modeled as taking place one cask per '
ishlpmcnt which results in the maximum number of shipments (fifien) and, hence, the
maximum probability of an accident, ‘Because accidents can be of any severity from a
"fender-bender" to one involving: severe impact and prolonged fire, the RADTRAN code -
allows the analyst to divide the severity spectrum into a number of accident-severity
categanes Each category is assigned a probability of occurrence ~ thiat is, a probability, - -
- given that an accident occurs, that.it will be of that particular:severity. The more severe thc
accident, the more remote the chance of such an accident. In this. analysrs the accident
severity spectrum is divided into six- categories (Wilmot, 1981) for both maritime .and .

| - highway transportation (see Appendlx E for further discussion of these eategones) ‘The six .-

severity categories include all accidents with a probability of occurrence of one-in a rmlhon or. -
greater for the entire campaign of up to fifteen shipments, well within the levels found.
acceptable by the United States Environmental Protecuon Agency (EPA) and other agenc1es
' (Hallenbeck and Cunmngham, 1986)3 e o

Dunng port transit and unloadmg, a probablhty of an accldent has .been asslgned although

experience indicates that such an accident would be unlikely to result in severe consequences .

To be conservative, all accidents mvolvmg a container breach and fire on:a ship are assumed .

to occur at pier-side. This assumption is highly conservative in that it ignores the fact'that

transits to ports are typically past lower population density areas and an accident i in such a. '

. location would typically expose fewer numbers of people.- .Additionally, in the ¢vent of a-port
accident and fire, the radioactive cloud (plume) is assumed to travel over the port area andout .
' to a distance of 80 km. In reality, the plume would be subject to prevailing winds and rmght ‘ (
blow. away from. populated areas. In addition, although the urban populatlon around ports s

typically much greater than the population in surrounding outlymg areas, the accident model . -

treats the port population density as conunumg-out for the full 80 km. Another conservative - -

assumption incorporated into the risk assessment is that the entire population remains in the

area for 24 hours and therefore is exposed to the greatest extent possible to radioactive .

‘material deposited on the ground from the plume ln reallty, mdwrduals close to'an acc1dent -

.would be evacuated. ' T : Co

_ Atmosphenc d:spersron is usually the primary mechamsm for dxspemmg any matenal that

- might be released in a severe accident. Weather conditions cannot be predlcted with any

‘certainty far in advance, and transportation analyses must consider the fact that weather may -

vary from one point on a route to another. Therefore, national average weather conditions are -

used for transportation by highway. Because port activities represent relatively prolonged '

stops, conservative assumptions have been made about port meteorology. ‘For- example, the -

wind is assumed to be blowing toward land, even though most coastal locations expetience -

such winds only for a part of each day. Hypothetical releases analyzed in-this study are ‘

- conservatwely modeled as occurring at grounid level, except for those resulting from shlpboard
fires i in which the elevation above grade of the vessel i is taken mto account. :

} A severe accident with probability of occumence appro‘:lmalely one in 10 mllllon was also analyzed. Sce Consequences
of Severe Acc1dcms in Port later in this Chapter.
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Cask Behavior

The behavior of the package in accidents of each accident severity category is accounted for
in this analysis. "Type B" spent fuel casks (the kind in which the foreign reactor spent fuel .
would be shipped) are massive, highly damage-resistant packagings. Moveover, the spent fuel
itself consists mostly of solid metallic materials that are not readily dispersed. Therefore,
large releases are not likely to occur even in the severest of accident conditions. (See .
Appendxx E) .

' Type B packages are reqmred to pass two series of rigorous tests: those assoclated with L
‘normal or routine transportation and those associated with hypot.het:cal accident conditions -
that might be encountered. The accident conditions are listed in Table 6.1-5. These
certification tests were developed by the International Atomic Energy Agency (IAEA) and "
: promulgated as model regulations JAEA, 1990a). These model regulations have been .
-adopted by the United States and -all of the nations proposing to ship foreign research reactor '

| _ spent nuclear fuel to the’ Umted States under the proposed actIon

Table 6. 1-5 Hypothetrcal Accldent Conditions for Type B Packnges o~

" “ACCIDENT . " CONDITIONS ‘
Free Drop - ' Free drop through a distince of 30 feet (9m) onto a flat unyleldmg surfaee. stnkmg t.he -
' surface in a position for which maximum damage is expected. - , o
| Puncture .| Followed by free drop through a ‘distance of 40 mches (Im)ina posmon m whrch S
o .maximum damage is cxpected onto upper end of solid steel bar. ,
Thermal . - Followed by, exposure for not less thnn 30 minutes to thermal environment of l475'F S
(800°C). . - ' : - '
.|| Immersion Subjeeted to water pressure equlvalent to immersion under a head of water nt Jeast 50
feet (15m) for at least eight hours. p
_—

Source: Title 10, Cade of Federal Regulations, Part 71, Subpart E.

Iﬁskduring@rtomratlons ' M R S

Table 6.1.6 presents radrologrcal accldent nsks dunng port operatrons associated wrth .
receiving fifteen casks containing 409 spent.nuclear fuel elements at the proposed ports of

entry. The results were determined by adding all of the risks for all exposure pathways for all -
accidents that could occur in port. The results are’presented for two, shipping cases: (1) - :
fifteen shipments, one cask per ship with three intermediate port calls before firfal delwery,

and (2) two slupments of up to eight casks per ship with no intermediate port stops. The -
multi-cask carrying vessel would likely be a dedicated slup chartered to go directly to the port -
of entry ‘
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Table 6.1-6. Rndlologlcal Accident Rxsks in Port: 409 Spent F uel Elements Shlpped
Assuming Three Intermediate Port Stops and One Cask Per Ship, Versus No
Intermedmte Port Stops and Elght Casks Per Shlp

Portof Entry - | Number of Port Stops . Persomrem . | Latent Cancer Fatalities
Charleston =~ . -4 | oesar . 0.000027 .
o - 1. - | . ooooss. 0.00000028 -
Jacksonvitle - | 4 < .| o0st . - | 0000024
_' - 1. .| “oooo16 - .- | 0.00000008
Savannah' ¢ | . 4 o5 | 0086 - - .| 0000028
o Cooaie | coooes | -ooo000034 .
SumnyPoin - | .. 4 . | . oeso.t - | “ooooozs o[
' L “r 0 | 0000076 - -¢ |t 0.000000037
Wilmington L e | - oeoss . | oooo026
| T 000043 0.00000022

* The scenario wherein 2 siup makes three mu:mcdmu: pon stops pnor 10 onlaadmg lhc spcm ﬁ.le! ata fnunh pon would

-'resunmatomloffomportstops. o i .

To mterpret the results i m Table 6. 1-6, one must cons:der the collectwe (or tota.l) nsk of
population exposure- and determine the associated fatal cancer, risk. Accident dose risks’ are

. reported in pcrsOn-rem. but are risks rather:than doses, since they include probab1hty of -,
. accident occurrence. . The maximum accident risk is less than 0.06 person-rem if one assumes g
three intermediate port.stops. ‘This translates into a latent cancer fatality risk of about 0.00003

(a one in 30 ,000 chance that one additional fatal cancer would result from the proposed .

action). If no intermediate port stops are-assumed, the risk is less than 0.007 person-rem. or

- less than one chance in’2, 800 000 that one addmonal fatal cancer will develop.

i

A companson of the onc-cask, ﬂ)ree-mtenncdlate-port-stops and the eight-casks, no- I

-~ intermediate-port-stops ‘shows that the port accident risks are-lower for the multiple-cask .
~shipment option than for the singlé-cask shipment option. The reason for the lowef risk is -
that the fewer the transits, the lower the probability ofan accident mvalvmg a ship collision
or fire. Although all risks are shown to be small, the risks are seen to range between one’
hundred and six hundred times lower for-direct: shipment with no intermediate port calls." The

smallest dlfferences are shown for the ports of Charleston and Savannzh because they have =

relatively high populations in the port.areas, which are sirilar to the populations assumed for

~ the intermediate port stops. The largest difference is for the port of Sunny Point, which has a

very low population in the port area in contrast to the high populations assumed for the -
. intermediate port stops. The risks of shipping one cask per .vessel and-assuming thiee -
- intermediate port calls bound the total risk for the proposed actmn )
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The possible use of purpose-built ships is discussed in the proposed action. These ships have
been specifically designed for carriage of spent nuclear fuel cargo. Though these vessels are
. specially designed, there is no difference in accident risk among these vessels and a
" commercial container ship in the model used i in the Env:romnental Assessment. The reasons
for this are as follows."

Severe accident consequences during ocean transport of spent fuel could occur as a result of a
collision in which a cask was badly damaged and subsequently exposed to fire that caused
~.airborne spent-fuel particles to be released. For an airborne release of this type to occur, the
‘cask-carrying vessel must stay afloat during and unmedlately after an accident. In practice, .
. this means the ship must stay afloat for a period of some hours following an accident of the
_requisite severity. This latter condition must be satisfied for downwind. dispersal to occur,.

" even though marine casualty files indicate that a common outcome of severe ship colllslons lS -.

-rapid sinking, often within a matter of minutes. The analysis in this Environmental

" - Assessment was based on @ conservative analysis that modeled all ships involved in severe

collisions and ﬁres as not sinking after the accident (USDOE, 1986). However, the primary
benefit of the purpose-bunlt vessel design is that it makes the vessel less likely than an
ordtnary commercial container ship to sink after'a collision. The conservative analysis does
not distinguish between the two vessel types. As shown in Table 6.1-6, however, the
transportation risk could be reduced relative to the risk estimated for commerctal contamer
lmers, if the purpose-bmlt Shlp made no intermediate port calls. '

Con uences Severe Accldents in Port

The greatest nskto the pubhc estimated in this Environmental Assessment occurs durmg the
port operations. This is primarily a. result of the fact that accidents involving high impact .
forces or severe fires are somewhat more likely during ship port transits than during overland
transportation: by. truck. For alternatives involving intermediate port stops, the port-related’
risks are particularly dominant. The risk is also strongly influenced by the fact that port-
population densities are larger on average than population densities around most segments of
the truck routes from the proposed ports to the Savannah River Site. Sunny Point has the .
lowest population density in the vicinity of the port (179 persons!km’) Savannah, the highest
(2,788 persons/km‘) This difference is reflected in the risks shown in Table 6.1-6." However,
as stated earlier, there has never been a failure of a spent fuel shipping cask, and events
necessary to result in a failure- are hlghly unprobable ' : -

In the event of the most severe foreseeable accident mvolvmg major mechanical damage, ﬁre.
oxidation of 100 percent. of the fuel, and release of radioactive materials from a cask

- containing 33" assemblies of spent fuel‘ the dose to a maximally exposed individual located
34 meters (112 feet)* from the cask and exposed to the entire plume passage and the next 24
hours of exposure to resultant fallout would be 25 rem.- At such close distance, it is highly

“ The HFR spent fuel was used in this example becausc it has the highest activity of all the fucl shipments.

3 A distance of 34 meters is the maximum distance away from the accident site of the highest downwind concentration used -
in the risk calculations because the plume would risc for a shont downwind distance before starting to fall.
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probable that the mdlvxdual lf not evacuated, wou]d be harmed more by the exploswn and '

fire enguifing the cask than by the radiation dose. -A dose of 25 rem in a 24 hour or shorter €
period ‘would ‘cause no observable clinical effects. An individual must receive an acute O

exposure of around 600 rem before there is a high probability of a near term death. If an "
individual is assumed to be inside a bmldmg 34 meters from the accident and remains for the

24 hours after the acc:dent, the ‘dose would be 0.22 rem or reduced by a factor of more than :

100. ' . L _ .

-~

- Ata more hkely distance, where an mdmdual may be located outside for a period of -

" 24 hours after the accident, the dose at 1,000 m (0.6 miles) would be 0.21 rem (about.60

‘percent of annual background exposure). . If a person were indoors at I, ;000 m (0.6 miles), the S
dose ‘would be 0.002 rem, These estimates are the potential consequences of the most severe. = :°
'foreseeable accident occurring in a port area. When-considered in conjunction with the . .
probability of occurrence (0.00000013 or a one chance in 7.7 million), this accidenthasan -~ -
exu'emely small nsk For example, the risk to an 1ndmdual located outside at a distance of -
only 34 meters from a cask mvolved in such an accident is equivalent to a one in 600 rmlhon
chance of developmg a fatal cancer. More mformat:on on the accldem seenano is found in -
Appendlx E. : : . -

Rlsks dunng overlahd tran m- rtati'on'" o -

-The radxologxca] risks from a truck accident were also. ea]culated assummg that a group of
people was exposed to a contaminated plume that might result’ from an accident. These
people were modéled as ‘staying in the same location for 24 hours following an accndent,
which is probably a- conservative aSSumpUOn The number of persons potentially exposed
varied by route segment and was based on the segment population density and downwind
travel of the plume out to a distance of 80 kin. The truck tranSportatlon risk is the same for
one or eight casks per ship because as trucks can only transport one cask ata time, either
option would require fifteen truck. shlpments to the Savannah River Slte Slmllarly, overland
transportation risks are not affected by the ‘number of intermediate port stops. The truck: -
accident risks shown in Table 6.1-7 vary with the number of miles’ driven and the population
_ potent:ally exposed. " The accident risk associated w:th highway transportamn of the spent
fuel from Sunny Point to the Savannah River Site is' slightly higher than for the- other o
' proposed ports bécause the distance-is loriger and the potentially exposed population along this
route is slightly higher than along the routes for the: other proposed ports of entry.. However, 7
‘the total accident risk is dominated by,risks @ssociated with port operations, as can be seen by
. comparing the risk estimates of Table 6.1-6 (port accident risks) and Table 6. 1-7 (highway
. accident risks).: The projected risks' from truck accidents are thousands of times lower than
the already low risks from port Operatlons presented in Table 6.1-6. ' : :

Co-
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- Table 6.1'-7' Radiological Accident Risks for Highway Transportation: 409 Spent Fuel
' Elements Shipped to the Savannah River Site via Truck -

Port of Entry Person-rem © Latent Cancer Fatalities

Savannsh . | | © 00000015 . ' _ 0.00000000075 |
Spnﬁy?oint - 00000035 . |° ' 0.0000000017 . ||

‘_ 6 1.2 3 Summary of Transportation Radiologlcal Risks

For pempecuve, Figure 6-1 compares the mcndent—free and aocxdent risks for the proposed
action with the dose from natural background radiation and the federal regulatory hmlt for
radiation exposure of a member of the general public. , _ ‘

As shown in the figure, the maximum mc:dent-free doses for potennally exposed mdmdua.ls
-are weﬂ below the regulatory hmn.

400

g.

~ Exposure (mrem) -

0 0.002
' Average Annual - DOE and Maximum Maximum
Background NRC Annual Port Worker Public
Dose from All Dose Limitfor Dosa - Individual

Sources, . lnvididuad . - Dose

I"gure 6-1. Maximum Inc:dent-Free Doses l'or Potentlally Exposed Individuals for
Proposed Action for Any Port Optlon _
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The total populatxon dose (or collchve dose) was also estimated. Incident-free and acc1dent _
impact estimates for the transportatxon and handling of 409 spent nuclear fuel elements are - €\
summanzed in Table 6 1-8 assuming three mtermedlate port stops and one cask per vcssel .

Table 6. 1-8 Tran’sportatlon Radiological Impacts for Shipment of 409 Elements via the
Proposed Ports and Truck Overland Transport Assuming Three Intermediate Port Stops
S .and One Cask Per Vessel .

' T _Trensportation Dose R.lsk . ) o , .
Port Of Entry e (Pcrson-Rem) : Total Person-Rem ..~ Total LCFs
. lncndcnt-Fm : .. Accident o : ' . -
Charleston - | 012 - . _ .',0'.054' Sl o eas | -7 ro.000088
I sacksonvite | - o4 . | eest - | . 020 | -7 o.o000098
Savannah . | . - 013 - |%: 0056~ - | .- o - .. opooom
Sunny Poimt® - | 016 | ‘oeso | 020 | " 000010
| wilmington* |- o013 oo | e .| . ooo010

. Tmnsponahon fmm Sunny Pmnt and Wl!mmgwn was assumed to occur via ln!crstate 40 1o Interstate 95. The total pcrson-
rem exposures would be slightly reduoed 10 0.19 and 0.18 for Sunny Point and Wilmington, respectively, if shipments were _
to occur on an aliemnete routs usmg U S Route 74 mst:ad of Inlcrsunc 40, (See Appcndu: L, Table L-19} .

For companson, Table 6.1-9 shows the nsks from shlppmg 409 elements wnth no mtermedlate o
port stops -and elght casks per vessel (i.c., a situation that could arise if using a chartered ~
- vessel), Table 6.1-8 indicates that the tota] risk is approxunately 1.5 times h1ghcr when the -
ship was assumed to stop at three intermediate ports compared to the risks in Table 6.1- 9 for -
no intermediate ports. This difference is probably artificially high because all three .
intermediate port stops were assumed to be at high populations density ports. “The nsk due to
-accidents comprises about 25-30 percent of the total risk when the intermediate stops are
made while only.0.5 percent of the total risk when no intermediate stops are made. The
- highest population dose risk (0.21 person-rem) is associated with.a scenario with three )
- -intermediate stops and unloadmg at Sunny Point or Wilmington. - This exposure risk would -
result in an approximately one in 9,500 chance of an addmonal fatal cancer occurring from
the sh:pment of 409 spent fuel elements. . . - - . “ S :

~ The lowest populatmn dose (0 12 person-rem) is assocnated wnth transpomng elght casks per
vessel to Charleston with no intermediate port stops. This exposure would result in
approxlmately a one in 16 000 chance of an addmonal fatal cancer occurnng

6.1.2, 4 Non-Rad:ologncal Trnnsportatmn Impacts

A series of unit-risk factors (that is, rlsk per kllometer travelcd) was developcd based on .

. national statistics for accident-relatéd deaths for highway and rail modes (Wilmot et al. 1983).

These statistics were used to calculate the expected numbers of fatalities from mechanical and
physical accidents associated with highway and rail transportation of fifteen spent nuclear fuel
shipments on each potential route from a port of entry to the Savannah River Site. No o (;

-
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Table 6.1-9. Transportatmn Radiological lmpacts for Shlpment of 409 Elements via the
Proposed Ports and Truck Overland Transport Assuming No Intermediate Port Stops
and Eight Casks Per Vessel .

.
Proposed Ports - 409 Elcments
Transportation Dose Risk - Person-Rem |.
Port Of Entry . . Total Person-Rem | _  Total LCFs
S Incident-Free Accident .
Charleston - 012 - © 000055 0.12 0.000061
Jucksonville. 014 .. | 000016 " 004 0.000072
| sevannah 0.13 | o.00068 o3 - 0.000063
| *Sunny Point* 015 0.000%6 | 015 | 0000073 .
Wilmington* | = 015 ' 000043 .| " 015 | . 0000073 .

'* Transportation -from Sumiy Point and Wilmington was sssumed o occur vux Interstate 40 1o Interstate 95. The total person-
- rem exposures would be slightly reduced o 0.13 for both Sunny Point and Wilmington if shipments were w occur on an

alu:rn.ate route using US. Route 74 instead of Interstate 40, (See Append:x L, Table L-20) -

chemlcal-hazards analys:s was performed because no hazardous materials other than spent .
nuclear fuel would be carried in these shipments. The unit-risk factors do not apply to the

- fatal accident rate for any one- pai'ttcular road or distance along a route. Instead, total distance B
in urban, suburban, and rural areas is determined and the probability of an accident is

estimated using national data. National data were used rather than road-specific data because -

fatal accidents have not occurred on most road segments so-that such segments would have a

zero unit-risk factor. - The best method for estimating truck accident fatalities for many roads
and routes is to use national data gathered over long penods of time.

The estimated nonradlologlcal impacts of fatalmes from overland tranSpormtmn of the
proposed action are given in Table 6.1-10. The primary impact is death from mechanical
causes in traffic accidents. Traffic accidents also may cause non-fatal injuries, but no estimate
of the expected number of injuriés was made in this analysxs In general, between 98 percent
of traffic-related injuries in urban areas and 94 percent in rural areas are non-fatal. Recovery

" rates for cancer are far more variablé and depend on the site of the cancer, ranging from 99.8

percent for skin cancer to less-than 10 percent for leukemia, for example. In part because of.
the large variation in relative incidence of non-fatal health effects, fatalities are the only -
measure of harm that allows direct-comparison between rad:ologleal and nonradiological

- consequences. Estimates of consequences of incident-free transportation (latent cancer

fatalities associated with release of pollutants by trucks in urban areas) are presented for
completeness. These estimates include very large uncertainties. The estimates presented in -
Table 6.1-10 were calculated with published nonradiological risk factors (Wilmot et al., 1983)
used in combination with the truck transportation distances associated with each port.
alternative. - The nonradiological impact estimates include the contribution from the return trip
of the empty cask to the port of entry. However, the empty: casks could be returned to their

.country of origin from any United States port and would not necessarily retrace the route back

to the port of entry. Thus, the estimates given above are expected, rather than maximum,
values. The nonradlologlcal fatality risks are roughly of the same order of magnitude as the
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tadiological accident fatality ﬁSkS (Table 6.1-7). This is partly the result of the fact that
nonradiological fatalities can occur -even in very low severity accidents and panly a result of
the addrtlonal distance traveled ,

Table 6.1- 10 Maximum Annual Nonradlologlcal Fatahtles Assoclated w:th nghway
Shlpments for. the Proposed Acnon

Annual Health Effects from o ' |
) - Emissions . -~ . |+ . Armual Trafﬁc Aoeldent Fatalities
(latent cancer fataht:es) P - (deaths) -,
2 Port.of Bm-j | - an Population Groups P Public . Workers
_Charleston -~ <. | < . ..0.0000023 . 0000028 . | 00000080
Il sacksonvitie . .| . ... 0.000000040 . . 0000056 . |- . 00000i6 {
Savanah ] ... 000000064 | 00000038 0.000011 ‘
Sunny Point ~ - - |, . - 0.00000038 . | ° - 0000013. - | - 0.000046
Wilimingtori ' " 0.0000014 - 0000043 |7 0.000012°

6: 1.3 Savannah Rwer Slte

Only minor enwronmental impacts are annclpated from the proposed action, because the
"receipt and storage of 409 spent fuel-elements -would represent only a smail increase. to an
existing site activity and involve no. riew construction. The proposed action would not affect
- _ threatened or endangered species, cultural resources, wetlands ﬂoodplams, or other
: enwronmental resources of the s|te :

" The env:ronmental |rnpacts -of routme operatJons at the Savannah R.lver Site assoelated wnh

the proposed action are described in Section 6.1.3.1 The onsite.and offsite consequences and

. risks from potential accidents, mcludmg the minimal potential for impacts to surface and -
-‘groundwater, are summanzed in Sect:on 6.1.3.2 and more. ﬁally descnbed in Appendxx G

--"6 1.3.1 lmpacts of Routme Operatlons

The proposed recelpt and storage of 409 spent fuel elements at the Savanna.h R.lver Site. would |

result in small increases in radiological emissions and in waste generation dunng routine
operations. The average annual individual worker. dose at the RBOF facility for all operations

is approximately 150 mrem. The maximum annual increase in the .average individual worker

ﬂncn ﬂf tha . fanrilite as a resu ‘~nF mnn“nnn tha 4 9 'Pnrnu'rﬂ -fival alamante § 1g actimatad ta |-ul
i .lﬂ\'.ll.l.lJ a ICoull Ui 1GAiviiig, uiv v Cipdl Uwi wilsillwiipr SraLELiicAv Rl AW

60 mrem, which is about one percent of the DOE limit for radiation workers. - This dose was
derived by multiplying the estimated individua! dose received from each cask by the number
of casks. The estimated. individual worker dose is based on operational experience at RBOF.
This estimate assumes that: 1) all proposed elements would be received within a one year

~ period; 2) the same individuals unload all fifteen casks; and 3) the proposed shipments would

not affect scheduled facility operations, including domestic fuel shipments. The shipments
- will probably take place over a longer period and several groups of workers will rotate . -
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ﬂncn ﬂf tha . fanrilite as a resu ‘~nF mnn“nnn tha 4 9 'Pnrnu'rﬂ -fival alamante § 1g actimatad ta |-ul
i .lﬂ\'.ll.l.lJ a ICoull Ui 1GAiviiig, uiv v Cipdl Uwi wilsillwiipr SraLELiicAv Rl AW

60 mrem, which is about one percent of the DOE limit for radiation workers. - This dose was
derived by multiplying the estimated individua! dose received from each cask by the number
of casks. The estimated. individual worker dose is based on operational experience at RBOF.
This estimate assumes that: 1) all proposed elements would be received within a one year

~ period; 2) the same individuals unload all fifteen casks; and 3) the proposed shipments would

not affect scheduled facility operations, including domestic fuel shipments. The shipments
- will probably take place over a longer period and several groups of workers will rotate . -
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through the unloading operatlons Thcrcfore, the 60 mrem is consxdcred tobe a conservative

dosc estimate.

The radlatlon exposurc increase to faclhty personncl from the storagc of the forelgn fuel
elements will not be detectable. Because of the radiation shielding provided by the basin
water over the stored fuel, the measurable background radiation levels would not be expected
to increase. This assessment is based on the facility design and on the similarities of the

: proposed forelgn fuel elcments with the fuel already stored i in RBOF.

e e
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Figure 6-2. Schematic View of the Reactor Basin for Offsite Fuel
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Approxtmately 0. 5 m? (15 £t of laundry-type waste is generated per cask; 0.2-m* (5 5 ft) of . |
solid waste is generated per cask. The proposed action would add less than 4 percent to the
total average annual solid waste normally generated at RBOF. To put this in _perspective, the - €
total low-level solid waste generated at the Savannah River Site during 1991 was .

approxxmately 24,000 m (31,000 yd’) - ' L | o,

During receipt of fuel at RBOF most of the llqmd waste results from the ﬂushmg and
"decontamination of the fuel casks. For the propdsed action, the total estimated amount of

liquid waste generated during receipt would be 56,750 L (15,000 gal) This amount is-

equivalent to the current liquid waste generation for smular cask receipts. During storage at

" RBOF, the liquid waste is generated mainly from processing the RBOF and Savannah River

Site reactor basin deionizers at the RBOF Resin Regeneration’ Facility. This is approximately . = -
1,500,000 L (400,000 gal) per year during 1 normal operations. Although the proposed receipt .
- would increase by about 7 percent the total fuel in the-RBOF, the incremental increase of the -

" liquid waste generated from the RBOF basin deionizer system would be small since the” . "

- proposed action involves intact fuel elements (o failed fuel). Furthermore, the RBOF basin E
--accounts only for approximately 10 percent of the total RBOF ‘deionizer processing waste. .
The remaining RBOF deionizer processing waste'is generated from operation of the Savannah )

: Rlver Site Reactor Basms ,

* Receipt and storage of foreign research reactor ‘spent nuclear. fuel would not change the types,
. quantities, or utilization of hazardous compounds stored in the RBOF. Further, none of the )

. hazardous compounds stored in the RBOF are characterized as human carcinogens using. the oL
‘Weight-of Evidence toxicity classification system established by the USEPA. Employee o (
. awareness of hazardous compound properties is reinforced by the availability- of Material . CN
-Safety Data Sheets and their exposure to hamrdous compounds in the workplace is mmlnuzed-
~ because the compounds are stored and utilized in accordance with applicable OSHA

“regulations. Since compound toxicity charactensttcs and worker exposure conditions are

: ~ unaffected by the receipt of foreign research reactor spent nuclear fuel at the RBOF, there are |

“essentially no incremental risks imposed on workers as a result of the contmued presence and

+* __ utilization of these hazardous compounds

6. 1.3 2 Impacts of Accldents :

Thls sectlon descnbes events mvolvmg forelgn research reactor. spent fuel that could lead toa
release of radioactivity to the environment. The descnptmn includes a summary of the ' '
methodo]ogy employed. Appendix G contains additional details.

Potenual accident consequences frequencies, and nsks are determmed using the methods "
-normally used in the Savannah River Site safety analyses (WSRC, 1991). Fault-tree analysis

is used to determine the frequency of postulated accidents that result directly in the release of. . ¢
radloactmty Fault-tree analysis is a formalized procedure that can be used to identify high-
risk areas in a complex system. It is a deductive process w_hereby the analyst first postulates

Inu.grau.d Risk Informetion Sysiem ([RIS) database as of March 31 1993 (as presented in 0RNL!M-327] 'Enwronmemal (\
Regulatory Update Table,” DOE Office of Environmental Guidance (EH-23), March 1994).
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an unsafe or otherw:se undesued condmon, and then systenmtxcally analyzes the systcm to
determine the lower—order fault events and component failures that will result in the unsafe
condition. :

The primary sources of data used in these fault trees for the Savannah River Site 200-Area
. facilities, which include the RBOF facility, are internal documents, audits, logbooks, and '
" incident reports.- Failure and maloperation information from these sources are stored in the
- Savannah River Technology Center computerized data bank (Durant et al., 1993). A
computer program retrieves the sorted information according to area, facility, unit operatxon,
type of equipment, or type of failure. From these. data, failure frequencies for Spec:ﬁc
componcnts or other errors are determmed

- Quanuues of radwnuchdes potent:ally released to'the envzronment were esnmated from the
inventory present within the spent fuel, the airborne release mechamsms and potential
seventy for each accident.

An evaluation of poss:ble releasé scenarios based upon postulaied initiating events resulted in "
four potential accidents that could release radionuclides to the atm05phcre from offsite
research reactor spent fuel

¢ nuclear cntlcahty

fuel rﬁpture in storage

fuel rupture in cutting".

‘release of Resin ‘chénération Waste Tank éctivity‘

Thc analysis for this EA is oonservatwe ‘because the estimates of radlonucllde mventones are -
for fuel dlscharged from the reactor cxact]y 150 days prior to shipment.

Racl_:ological doses to the ofﬁmc maximally exposed individual are computed using the -
AXAIR89Q computer code (Pillinger and Huang, 1986; Huang and Lux, 1989; Hamby,
1990). The maximally exposed-onsite person is defined as a worker at a distance of 640 m
{2080 fi.). Offsite p0pulauon doses are based on pOpulatxon within 80 kilometers (50 miles) .
of the Savannah River Site using the 1990 census data. All releases are conservatively
considered to be at ground level §
The followmg present the risk from storage of up to 1,000 (see Section 6.2.2) fore:gn rescarch
reactor spent fuel elements in the RBOF. As a result, this information represents a-bounding
estimate of impacts from any amount of foreign research reactor spent fuel elements up to -

7 Hard;\'m projecting frem ends of fiel rods may be cut-olT to facilitate storage.

'I'hc fmqucncy and conscquenoes of this midcnt wou!d not change mcasumbly afer adding 10 RBOF the amount of fuel considered in
the proposcd action
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1,000, Additional conservat:sm is built mto thc analyses due to thc assumptxon that spent fuel

: has only cooled 150 days after being discharged. from the reactor. In reality, most of the fuel
has been in storage for several years. The accident ana.ly51s information presented here is

" based on the analysis detailed in Appendix G. The tables in this Chapter represent the =

‘ consequences and risks for each sngmﬁcant potentxal accident.’ ' ,

The potentlal accident consequences, in terms of curies released to the atmosphere, are shown
in Table 6.1-11 for four categories of release accidents that might occur during RBOF .
- operations. ‘Fifty-year committed effective dose equwalcnts to the maximally exposed

' individual at the Savannah River Site boundary and the maximally exposed co-located worker

are shown in Tables 6.1-12 and 6.1-13 for the potential accident releases. Table 6.1-14 .
_ represents the committed effective dose equjvalents to the off-site population within 80 "
kilometers (50\__m1les) of the Sav_annah River Site for the range of postulated accidents.

S

Table 6.1 ll ‘Radionuclide Releases and. Frequencles Associated with a Potentlal
-2/ 7 Accident at the Savannah River Slte

. Frequency
. (per year)

- Potential Acdide;it'_  Release (curies). -

| Criticality - © | 00031 - c| 34007265
Fuel Rupture During Storagc | en 85
Fuel Cuting '~ . .. .| “o016- |~ -8 .=

I RRF® Waste Release toCell -~ © . '] 00024 |- 5

* Releases (3400/265) are based on quantity of rad:onucl:dcs presem at one and 45 minutes aﬂcr a potcnual
criticality accident ' . .
. "®RRF stands for Resin chcnemuon Factlrty
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Table 6.1-12. Consequences and Risks from Potentlal Acc1dents Manmally Exposed o
Individual at the Slte Boundary '

o * - Frequency * Release Dose* ‘Dose Risk Latent' Cancer

Potential Accident - (per year) . {rem} (rem/year) .Fatalities
Criticality. -7 0.0031 - 0.00015 - 0.00000045 0.00(_)00000023
- | Fues Ruprure - | B ; | . C
" || During Storage . | ° 0.11 _ 0.0000083 : 0.00000091 | .- . - 0.00000000046

“ﬁ:cl Cutting . - . 016 . 0.0000083 . 0.0000013° | :0.00000000065 °

RRF Waste Release |- ‘ 1 ; - o
|| to Cell o .. 00024 0.0012 ' -0.0000028 | - - 0.0000000010
; R ' , | 'A'TotalDoseRis'k: S

. _0.0000056 :
—— — —— ——— — __— __—

. Fiﬁy;ym committed effective dosc equivalent

Table 6. 1-13 Consequences and Rlsks from Potentnal Accldents, Co-located Worker .
: Max:mally Exposed Indmdual . : “

_—_— 'Rcleasc_Dosei : ‘DoseRisk- - | .- o0
Potential Accident | ' (per year) (vem) .- | (remiyear) = ._Latent Cancer Fatalities
I Criticality .~ ~ 10,0031 00071 . . 0.000022 ~ "0:0000000080
FulRupwre ~ | ~011 | - 0000081 .| -ocooo0s9 .|  0.0000000030
During Storage o - - _ L
Fuel Cuming ‘|- . 0.16 ' 0000081 | - 0000013 0.0000000050
RRF Waste Release | . 00024 | . 00099 | - 0000024 |  '0.0000000090
to Cell . o ’ . : o
A . ' Total Dose Risk:
| < .| “o.oo00e8 -

. * Fifty-year committed: effective dosc equivalent ‘
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' _Tahle 6 1- 14 Consequences and Risks From Potentlal Savannah Rwer Slte Accldents,
: . ' Offsne Populatnon '

_ B : ' " . Dose Risk * S
Potential ~ | Frequency- Release Dose . (person-rem Latent Cancer W 2
. Accident . (per year) |  (person-rem)". peryr) Fatalities

Criticality - 00031 - .. 044 | - 00014 0.0000007 .
FuelRupre ~ | O11.- |- 007 | . 00077 "~ 0.0000039
Fuel Cutting -~ - | -:.016 - |. . 007~ ;00117 T |- 0.0000055
RRF Waste © -~ | 0002~ |.° 100" | . 0024 | . 0000012
Release to Cell - L c ’ N g
TOTAL coo o oo | Total Dose Risk: |
i o : 0044 . | -

: F:&y-yee.r commmed eﬂ'ecuve dose equwalent.

- The average consequence from the worst potenual accndent analyzed was estlmated to result in_
" ' a maximally exposed individual at the site boundary receiving a dose of 1 .2 mrem or 0. 0012
* - rem (Table.6.1-12, RRF Waste Release to Cell).- This dose’ corresponds 1o the potential *

accident of a fire and explosnon at RBOF resultmg from a flammable or explosive E
* concentration of vapors. As a comparison, a person living in the Central Savannah River - .
Area receives an average ‘dose of approximately 380 mrem per year® from all sources as cited | -
in the Savannah River Site Environmental Report for 1992 (WSRC, 1993). This accident .
translates to a latent cancer fatality of 0.000000001 or a 1-in 1,000,000, 000 chance that an’ .
mdmdual at the sne boundary would develop a latem cancer fatahty ‘ : '

' For the offsite populatxon dose, the average consequencc of the worst: potentlal acc:dent _
~ analyzed could result in a dose of 10 person-rem (Table 6.1-14). “This exposure waoild be
estimated to produce a 1'in 84,000 chance that a single fatal cancer would develop in the:
Aexposed populanon Asa companson, for a general population, a collective dose of 2, 000
person-rem is estlmated to :esult in one addmonal latent cancer fata.llty .

7 For a boundmg ana1y51s the maxxmum release dose ‘was analyzed for all 4 potentlal accxdents
as discussed in' Appendix G. The highest dose was attributed to the potentml accident of--
1000 fuel’ forelgn fuel elements rupturing at RBOF. This event results in a 8.3 mrem (. 0083

' rem) maximum dose to the individual at the site boundary and 70 person-rem dose for the -

- offsite population. : Assuming a very conservative frequency of 0.00050 per year, the dose
risk would be 0.0000042 rem per year or 0.000000002 latent cancer fatalities for the
individual at the site boundary and 0.035 person-rem peryear or 0.000018 latent cancer:

" fatalities for the offsite populanon Thls translates to a 1 in 500 000 000 chance that the

Throughout the documcnl, the avcmgc annual radiation cxposure from all sources 10 an individual Jiving in, the United .

States is represented as 360 mrem. Use of 380 mrem in this ehnptcr n:prcsenls data more directly associated w uh the arca around
the Savannah River Site.
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individual at the site boundary would develop a latent fatal cancer or a | m 55, 000 chance
that a single fatal cancer would develop in the exposed populat:on '

' 6.2 Impacts of Alternatives to the Proposed Actnon

The impacts of the following alternatives are discussed in the corresponding sections:

. * No Action, Section 6.2.1
» "Alternative Numbers of Fuel Elements, Section-6.2.2
L. -Réceipt of Spent Fuei Eletnents-at Alternate Ports, Section 623

.‘ * Transport of Spcnt Fuel by Rail, Scctlon 624

. Transport of Low or nghly Ennched Uranium Aﬁer Reprocessmg Abroad Section 6.2.5

-6 2. l No Action o

* A decision to take no action would result in no immediate environmental impacts in the -
~ United States. However, if no action is taken to accept spent fuel from the reactors that
require urgent relief under the Environmental Assessment there will be immediate impacts -

upon each. of the reactors, upon natxonal and reglonal communmes they support, and upon
U.S. nonproliferation policy. : _

'6.2.1.1 Dlrect Impact Upon the Reactor Operators and Natlonal and Regtonal

Communltles .

- For each of these rea'ctors,'shutdown would have a major impact. If the no ‘action alternative

results in the shutdown of these reactors, their spent nuclear fuel storage problem will not be
solved. 1f stored in pools or placed in dry storage, the fuel elements will remain a potential -
target for terrorists instead of being removed from HEU mventones, as advocated in the

' Umted States’ non-proliferation pohcy

Addmona.lly, shutdown of these reactors would have an ‘impact upon the national and regtonal -
communities they support. Most of these reactors are the only. sources of radio- '
pharmacetmcals in their regions, sometimes encompassing more than one country. Often
these reactors are important centers of medical and blologlcal tesearch. - The sites- where these

- reactors are located, many of them universities, are umque tratmng facilities for students in

many fields of research and development, materials science, enwronmental scxence, physics,
biology and electronics. '

- In the'medical arena,. research reactors have proven to be vital to cancer therapy, dlagnostxc

imaging, studies of the biological effects of radiation and other important medical

_applications. In Europe, there are 8,000 to 10,000 medical treatments per day using medical

isotopes produced in research reactors. The reactors typically make deliveries of important,
short half-life isotopes to regional hospitals for treatment of bone cancer and other cancers,
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- heart and l-udney dtsease and various other diseases. Demand for medically important

_ radlorsotopes cannot be expected to decrease merely because a nearby source of supply shuts
down. The continuing demand means that medical facilities formerly supplred by shutdown
reactors would satisfy their radioisotope needs by placing orders with remaining reactors,
which would often be farther away. Many medically important isotopes (e.g., |odme—13l)

" have such short half-lives that the amount shipped must include enough to allow for

- radioactive decay. during shipment. Therefore, shutdown of reactors will result in the need to
produce and ship'even'larger quantities of radiophannaceuticals than is currently occurring
One commercral eriterprise which many of these reactors’are engaged in is doping of silicon

“crystals through neutron irradiation.. The doped silicon chrps are widely used in electromc
components such as the computers that control functrons in automobtle engmes

_ Graduates tramed at these facnlmes contnbut.e toa, wrde vanety of nuclear mdustnes and to
~ ‘government agencies involved with monitoring nuclear technology, e.g., regulatory agencles
1AEA mspectlons, hardware for mspectlons and- remote momtonng -

o 62.. 2 Impact Upon U.S. Nonprohferatmn Pohcy

_ As descnbed in Chapter 1, if prompt return of thrs fuel does not take place, the survival of
. the RERTR Program and the success of the United States policy to minimize and eliminate
the civil use of HEU would be seriously jeopardized. Several reactor operators have stated
categoncally that, if the United States is unable fo accept any .near-term spent fuel shrpments ‘
.they would have no practical choice but to terminate their participation in the RERTR . -
Program, and rely on HEU fuels in the future. If some reactor operators were to wrthdraw
‘from the RERTR Program and rely on HEU fuels, with the attendant lower costs and”’
" enhanced performance, other operators would. demand to be put on the same footing.
- Addrtronally, a number of the countries involved are _exporters of - research reactor technology:.
In recent years, they have required those reactors exported to other countries to. be fueled with
LEU. Howeuver, if the reactor operators in the exporting country continue to use HEU,
foreign reactor purchasers would demand HEU-fueled reactors as well. This could Tead to
renewed international commerce in weapons—useable HEU ‘and would be dxrectly contrary to~
the poltcy goal of seeking to minimize and eventiially elrmmate the civil use of HEU, '
_ reversing the sngmﬁcant progress made by the R.ERTR Program over the last decade

lncreased ctvrl use of HEU brmgs wrth it the increased risk of dtverston by rogue nations or': |
. terrorists. U.S. exports of HEU - which represented the lion’s share of intetnational

commerce in this material - have declined steadily for more than a decade, reaching zero in .
1993. This progress could be reversed and ultimately lost if HEU is re-legitimized asa. =~
reactor fuel. The dangers to society from even one possible- nuclear explosion would dwarf -

. all other possible environmental consequences identifi cd under any of the other altemauves

" identified in this Envrronmental Assessment.

6.2.2 Alternatrve Numbcrs of Fucl Elemcnts o

‘The incident- free and accident nsks assoc:ated with receipt of thc alternauve numbers of spent
nuclear fuel elements discussed in Sectlon 4.2 are lllustrated in Tables 6.2-1 through 6.2-8.
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Table 6.2-1 and 6.2-2 show that the risks for the 953-element alternatwc are slightly more

than double the risks for shipping 409 elements through the proposed ports (se¢ Tables 6.1-8
and 6.1-9). This result is consistent with shipping slightly more than twice as many elements.
Tables 6.2-3 through 6.2-8 show that the risks for the 353-, 291-, and 248-element -

alternatives are less than the values shown in Table 6.1-8 for the proposed ports. Again, the
decreases are proportionate to the decreases in the number of elements shipped with the risks
from shipping 248 elements being roughly 60.percent of the proposed action. As with the
proposed action, the impacts associated with the shipment of the alternate numbers of '
elements are extremely small and somewhat less for direct slnpment to the port of entry wﬂh
no mtermedlate port stops.. .

Table 6.2-1 Transportatlon Radmloglcal Impacts for Shlpment of 953 Elements via thc

Proposed Ports and Truck Overland Transport Assuming 'I'hree Iutermedmte Port Stops _ -

and One Cask per. Vessel

. Proposed Ports - 953 Elements -

o | Transportation Dose Risk - Person-Rem '
Port Of Entry . ) Total Person-Rem”
.Incident-Free | - Accident . .

Charleston ' 028 | 0110 .- | 038

Jacksonville 032 0057 - |. o042
| sevannah 020 | emo .| . 039
Sunny Point 034 0096 44

Wilmington _ 034 - , o1l .| 044 -
— A —————— —— ——

Table 6.2;; Transportation Radiological Impacts for Shipment 'of__953 Elements via the
Proposed Ports' Assuming No Intermediate Port Stops and Eight Casks Per Vessel -

Altemative Ports - 953 Elements

Transportation Dose Risk - Person Rem

Port Of Entry ~ Total Person-Rem- Total LCFs

Incident-Free . Accident
Charleston . 028 - | -o00n 028 - 0.00014 . .
Jacksonville 032 000033 0.32 0.00016
Savannah 029 ] ogos 029 0.00014 .
Sunny Point 0.34 1 ooo01s 034 " 000017
Wilmington 0 000088 | 034 - 0.00017




Table 6.2-3 Transportatlon Racholog:eal Impacts for Shipment of 359 Elements via the
Proposed Ports and Truck Overland Transport Assuming Three
' Intermedlate Port Stops and One Cask Per Vessel

Proposed Pons 359 Elements

Transportation Dose Risk - Person-Rem '

.Port OFEHW lneldmt-l-‘ree . Accident Tota!'PereoneRm - Towal LCFs
| Charteston ~ 0.12 0049 017 -0.000085 -
Jacksonville 04 - S 0046 . 019" 0.000095 -
Savannah - 013 0050 "~ 0.18. " 0.000090
Sunny Point | . 016 0045 .. 009  0.000094
Wilmington . - 0.15 0,048 0.18 0.000091

Table 6.2-4 'rmnspoﬁaﬁon Radiological Impacts for Shipment-of 359 Elements via the
Proposed Ports and Truck Overland Transport Assuming No Intermedlate Port Stops
: and Elght Casks Per Vessel

.Proposed Ports - Purpase-Built Ship - 359 Elements -

Transp_ortetion Dose Risk - Person-Rem’

Port Of Entry

" Total LCFs

Incident-Free " Accident . Total Person-Rem
Charleston - 02 . " 0.00055 042 0.000061
(| Jacksonville 014 -0.00016 014 . 0.000072
‘Savannah 0.13 ~ 0.00068 J013 0.000063
Suany Point | | 0.15 - 0.000075 015 0.000075
‘Wilmington 015 ' 0.00043 3 0.15 © 0.000075
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Table 6. 2-5 Transportation-Radiological Impacts for Shipment of 291. Eléments via thre
Proposed Ports and Truck Overland Transport Assuming Three Intermediate Port Stops

and One Cask Per Vessel

Proposed Ports - 291 Elements - | o
: Transportation Dose Risk - Person-Rem .
: Por.tc.)fl_?.nuy .lncidcnt-"Free Accidént - ) To@ Pcrrpn-Rem - Total LCFS -
H.Charleston 0076 * 0030 0.11 0.000053
§ Jacksonville 0.090 0.028 012 ' 0.000059
Savaunab- 0.079 0031 o1t | - o.000s5 o
Sunny Point 010 0.028 - 0.13 0000065 - f 0
Wilmington 0,09 0.029 o3 | - ooo0063 I o

T able 6.2-6 Transportation Radnologncal lmpacts for Shipment of 291 Elements via the
~ Proposed Ports and Truck Overland Transport Assuming No Intermedlate Ports and
: E:ght Casks Per Vessel

" Proposed Ports - 291 Elements
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' - T Tnnsportaﬁun Dose Risk.-'Person-Rem ‘ : ‘ - IR
Port Of Entry . - Total Person-Rem -{. Total LCFs-
. Incidemt-Free © Accident .o 1T
Charleston 0075 0.00055 0.076 . 0.000038
Jacksonville - " 0,089 - 0.00016 0.090 0.000045. .
[ savannah . 0.079 0.00063 0.079 0.000040
Sunny Point . 0.091° . - 0.000074 .0.091 - 0.000046
Wilmington 0.091 . 0.00043 10.091 © 0.000046



'I:able 6.2:7 Transportation Radiological Impacts for.S'hlpment of 248 Elements via the. -
Proposed Ports and Truck Overland Transport Assuming Three Intermednate Port Stops

" and One Cask Per Vessel

. i 7 . ‘ - .

L

" Table 6.2-8. Tr;an'sportation':liadiologicol Impacts for Shiponent of 248 Elements via the
Proposed Ports and Truck Overland Transport Assuming No lntermedlate Port Stops -

and Exght Casks Per Vessel

Proposed Ports - 248 Elements

Proposed Ports - 248 Elements
Transportation Dose Risk ~ Person-Rem | | ; :
Port ..Of Enlry -lncident-‘ch | Accident .fljo.\‘.al : Persan-Rem Total LCFs -
| chartestoni 0076 0027 010 0000051 © °
Jacksonville 0,09 0.025 “o12 - | . 0.000058
Savannah - - 10.079 - 0.027 . L0 - 0000053 .
Sinny Point 0.010 0025 013 0.000065 .*
Wilmington " 0,006 0026 Y % b} - '0.000059--1

A " Transportation Dose Risk - Person-Rem . | - : e ‘

1 Port Of Entry Tatal Person-Rem | Total LCFs
, - Incndent-!-‘ree - Acctdcnt , -
Charleston 0.075 0.00055 0076 | 0000038
Jacksonville ;' 0.089 0.00016 - 0.090° 0.000045
Savannah 0079 - "0.00068 0.079 - 0.000040
Sunny Point 0.091 10.000074 - - 0,091 ©0.000046
Wilmington 0.091 . 0.00043 L0091 0.000046

6.2.3 Receipt of 409 Spent Fuel Elements ',at'Alte_rno'te Co'li'lmei"ciol_for Military Ports'’

‘The incident-free impacts associated with shipping the spent fuel through alternate commercial
or mlhtary ports are shown in Tables 6.2-9 and 6.2-10. The overall 1mpacts for the alternate
ports are in some cases slightly higher than those of ‘the proposed ports and in other cases the
same or lower depending primarily on the distance from the port to the Savannah River Site.
As shown in Table 6.2-9, similar to the risks for the proposed ports, the risks for the altemate
ports are exu-cme]y small and are ‘estimated to result in a one in 7,700 to a one in 10 000

"ORisk estimates associated with alternate numbers of fuel elements associated with altcrnate ports are found in Appendix L
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chance of an additional latent cancer fatality depending on the port. EsscnUally no dlstmcuon
can be drawn between the’ nsks for the proposed ard altemahve ports. :

" The incident-free results display a 'marked correlatlon between the overland shipping ¢ dlstance
“for each port and the populahon dose, There are four factors that contnbute to th.ls

observation:

l.

- except perhaps for Yorktown and Kings Bay. "
military ports bécause of the lack of experience of the handlers in handling this type of .

The dose to handlers and port workers would essentially be the same from port to port,
Port operations may take longer at these -

cargo, and the lack of the spec1ahzed handlmg equlpment found in norma] contamer sl'up .
ports. - .. . } )
The dose t0 the sh1p crew is’ based on sea-route dlstancc, and the dose to the truck crew is s
based on highway distance. For most of the proposed action ports and the alternative -
ports, the sea-route distances are roughly equal. 'I'herefore, the ovcra]l dlﬁ'erenccs in nsk ‘

LV are dommatcd by the truck shlpplng distances.

| Table 6 .2~9 Transportat:on Rndlo]oglcal Impacts for Shipment of 409 Elements via the

Alternate Ports and Truck Overland Transport Assuming Three lntermedlate Port Stops 7 ':;\

- and One Cask Per Vessel

Alternative po&s' - 409 Elements
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' Transportation Dose Risk - Person-Rem | - - : : o
Port OF Entry Incident-Free Accident | (o PemonRem | ol LCFs
Elizabeth 021 . 0.057. 027 . 0.00013 -
Kings Bay - 0I5 : 0,053 020° 0.00010
Morehead City 0.15 0083 - |~ 020 0.00010
"] New Orleans 018 - © 0084 - 024 © 000012
Newport News 0.16 " oos2 022 . 000011 -
 Norfolk 0.16 " 0082 021 0.00011
Portsmouth 0.16 1 o0 021 © . | . 000011
ﬁ\ Yorktown e " 0.048 022 | - oo0om -




Table 6. 2 10. Transportatton Rndlologlcal Impacts for Shipment of 409 Elements via the
Altemate Ports and Truck Overland  Transport Assuming No Intermedlate Port. Stop

. o and Elght Casks Per Vessel

[ AItemative Ports - 409 Elements * -

. : _ Transponatioh Dose Risk - Person-Rem | = - ‘ '

- .-Port of Em:ry lncitlettleFree, T Accldent Total Person-Rem Total LCFs.
Elizabeth - - [ % 020-- - |: . oooos1 . | 020 0.000100
KingsBay . | 014 | -coooas - [ o014 | 0000069
Morchead City T 'o,.'t4' N -‘0;00043\ ol a4 0.00007‘1
New Orleans - |- -* “o18 -~ | .o000s6 =~ .| . 018- | oocoos8 |
NewportNews | < 016 | - - 000014 | 016 - 0.000082" ||
‘Norfolk .+ .- - @16 .. | - - o000027.-- |- _ 016 . .| oooocosi
Poftsmouth o6 R © 000045 . - 1 .. 016 : | -0co0080
Yorktown . - | o 0.1.6 o0 c0.00014 - 016 o.oooové .

3. Most of each truck and ratl route for each port traverses rural populatton zones, rather than' _
- "urban or suburban routes, even. for routes ongmatmg from ports in large cities. .

- -4, The exposure of the publlc clurmg routme truck rest and refuelmg stops is the major

contributor to the overland component of dose. As noted in’ Section 6 1 2.1, stops would
be mlmmtzed in actual practnce ' S
" The accident dose nsk associated thh the altemate ports studied s also shown in.Table 6.2-9
for three intermediate port stops and one cask per vessel. Table 6.2-10 shows the accident .
 risk for no intermediate port stop and eight casks per vessel. The variation in. accndent risk. .
.across all of the port options is small. Just as for the proposed action (Tables 6. 1-8 and 6. l- _
9), the accident risk associated with port operations at each port alternative is sufﬁctently _
greater than the ‘contribution of the truck shipment to that risk. The contribution of the latter _
does not influence the total. ‘Because of this disparity, accident dose nsk., unltke mcndent-free B
impacts, is relatively msenstt.tve t0. shlpment route distance, - :

6.2.4 Transport of 409 Spent ] Fuel Elements by Rall from Proposed Ports of Entry to .
the Savannah River Site :

The combmed mc:dent-free and accident nsks assocnated with receipt of 409 spent nuclear ‘
fuel elements at the proposed ports and transport overland by rail to the Savannah River Site -
.are illustrated in Tables'6.2-11 and 6.2-12, for shipment assuming one cask per ship and three
' mtermedtate port stops and eight casks per ship w:th no intermediate port stops, respeetwely

Only a slight increase in overall risk would be expeeted if rail were uséd for overland
transportation instead of truck. A comparison of the total dose risk associated with use of rail
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- - transportation and the proposed action assuming three intermediate port stops (Table 6.1-8)
indicates that the total. dose risk estimate is fifteen percent higher for the options of Charleston
and Savannah. There is essentially no difference in the dose risk estimates for Jacksonville,
Sunny Point, and Wilmington. A similar trend is shown for the shxpmcnt of eight casks per
vessel with no intermediate port stops (compare Tables 6.2-12 and 6. 1-9). As with the’
proposed shipment by truck under the proposed action, the risks are extremely low using rail
transportanon and result in an esnmatcd increased chance of one additional cancer death of
'one in 10 000

Thc‘small dlﬂ'erences in the total risk are due primarily to differences in incident free dose
estimates, A comparison of the incident-free dosc estimates associated with this altcmau\rc
(T able 6.2:13) and the proposed action (T able 6.1-4) illustrate these differences. The
difference between incident-free estimates for truck and rail are due to differences in: the-
handler dosc, public exposure along the transpoﬂanon route, and conveyance crew exposure

The port handler dose estnnates for rtul are approxunately 50 percent hrgher than for truck
This is because the spcnt fuel casks would very likely be shlpped two to a rail car, and ’
handlers could receive additional dose from the first cask on a rail <car as the. second cask was
loaded. When casks are loaded onto trucks each cask is immediately removed from the berth
apron before another would be loaded. If casks were shipped one to a rail car, the handler
dose estimates would be essenually the same as f0r loading the “casks onto trucks :

Incident-free exposure to the pubhc ‘would be less for rail than for truck varying from

between a factor of 25 for Savannah and 40 for Sunny Point. There typically are fewer -

members of the public sharing rail lines (e.g., passengers on AMTRAK) than for h:ghways,

and trains tend to stop only at rail yards to which the public does not have free ‘access.

Whereas, trucks tend to stop at rest areas or truck stops at which the pubhc is more hkely to
be exposed.

The rail crew dose estimates are higher than for truck by a factor of between three to five.
Inspection procedures practlccd by railways require a rall worker to mspect the rail car and
cask at each stop during transit. :

Another potentxal d:fference m rml transportahon versus truck could-occur in the process. of
loading. the casks from the ship. The port handler dose estimates in Table 6.2-13 are based on
a single intermodal transfer of the spent fuel cask involving a direct ship-to-rail transfer. The
cask would be directly off-loaded from the ship and loaded onto a rail car at the berth apron.
However, it is not uncommon at ports for cargo to be first off-loaded from- the ship onto a -
truck trailer and then transported a short distance within the terminal complex to a rail yard,
where the cargo is thén loaded onto rail cars. . This process would involve two intermodal.
transfers and handling of the spent fuel casks at the port of entry.. If this method were to be
employed, the handler dose estimates could be approximately. double those shown in Table

" 6.2-13. Incident-free dose estimates for this ship-to-truck/truck-to-ship intermodal transfer-
model are shown in Table L-21 of Appendix L. The only difference between the results of
Table 6.2-13 (direct ship-to-rail intermodal transfer) and in Table L-21 (ship-to-truck/truck-to-
ship intermodal transfer) are the dose estimates to the handlers.
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" Rail shipment of the proposed action from the port ‘of entry to the Savannah River S:te would

- double the number of handling operations of each cask at the Savannah River Site depending

on the option used for staging the casks at the Savannah River Site (Section 4.3). The lift

. height required to unload the cask would be less than 15 feet and therefore not challenge the

cask integrity since the cask design assures no reléase of radioactive materials from a 30 foot
drop onto an unyielding surface. The additional exposures and risks expected from handling
the casks in the Savannah River Site rail classification yard can be compared to the risks .

. calculated for the port handlers/inspectors discussed in Sections 6.1 and 6.1.2. Additional .
_Savannah River Site personnel exposures during handling operations of thc casks pnor to
‘unloadmg at RBOF, would be similar to the port handlers. |

Table 6. 2-11 Transportatwn Radlological Impacts for Shipment of 409 Elements via the -
Proposed Ports and Rail Overland Transport Assuming Three Intermedlate Port Stops '
nd Oné Cask per Vessel S o

Savannah |-~ - o016 | . o0ss |- . 021 .. 0.00011
SumyPoint.-. | : . 016 | . . 000 021 | - " 0.00011
046 | - 0.053 N : o.ooon'-

Wi lmington

._PmposedPons-Rnil-409Elements - L |

_ Port of Enu'y 'Transponitio'n'Dose Risk - Person-Remi | Total Person-Rem Total__LCFs n
' | - incident-Free - Accident - ] oo

Charleston -~~~ |.-. ox6- | - oos4 |. - oam.~| - . osoons |

Jacksonville . |. o016 | oost [~ e20 |. °  ooo010

' Table 6. 2-12 Transportatlon Radlologlcal Impacts for Shlpment of 409 Elements via the

Proposed Ports and Rail Overland Transport Assuming No Intermediate Port Stops and
Elght Casks per Vessel .

" roposedPoﬂs' ‘Rail --409 Elements -

-. Port of Entry Transponauon DoseRlsk Pcrson-Run 1. Total Person-Rem. |- Total LCFs .
S Incident-Free . | Accident | B
‘Charleston 1. . oas | - ooms | 0.15 . 0.000075
Jacksonville' o015 | . ooois | .. o01s . | -oo00007s
Savannah : . 015 : 0.0057 '/ o6 i 0.000080 ‘
Sunny Point 016 | - opoos | - 016  0.000080
Wilmington - 016 |- 00038 | . 016 "0.000080
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Table 6.2-13. Incident-Free Radiological Rlsk for the Altematlve Actlon- Shlpment of
409 Spent Nuclear Fuel Elements to the Savannah River Site via Rail Transportation

with Direct Ship-to-Rail Intermodal Transfer at the Port Of Eatry *

Port of Entry
Charleston

Sunny Point

Wilmington

_ o Annual Dose . ' RS I
" Exposure Category (person-rem) Latent Cancer Fatalities _
Port Handlers/Inspectors 0.12- . 0000059 -
Other Port Workers 0.0039 -0.0000020
Public - " 0:0012 0.00000059 °
 |Rail Crew . - 0,029 0.000015 - .
|Total -~ 015 0.000077
o012 - 0000059 ..~ . [l -
0.0039 0.0000020 . .- |
0.0014 -~ 0.00000068 . -
0.031: - 0.000015
015 ©'0.000079 o
| Port Handlers/Inspectors -+ 002 0000059 -~ |
“|Other Port Workers - - 0.0039 0.0000020 _
Public ' 0.0010 10.00000051 |
Rail Crew 0029 0000014 - | -
Total _ 0.15 " 0.000078 '
Port Handlers/Inspectors - 012 - . 0.000059 o
| Other Port Workers _ 00039 00000020 || -
Public 0.0017 - 000000083~ f| .
~|Rail Crew 0.032 0000016 ~ ll o
Total . 0.16 . 000008 - |
| Port Handlers/Inspectors - 0.12 0.000059 ; \
Other Port Workers 0.0039 0.0000020
Public : 0.0017 ~ 0.00000083
Reil Crew . 0032 7 0.000016
Total ' 0.16 . 0.00008 7

"n:cva!uespmurmummmmmmmbmhﬂwwammm;hﬂwm lndm:vem.ﬁuemkmlll .
oﬂlcrgmupsncachofmemherpommuldbcm 1'Iu:ﬂshwouidbcduecuypmpoamnﬂloﬂunmbaormksmtymlondcdu

cack porL

-

Rail accident risk is also similar to truck accident risk. -For either transportation option,
overland accident risk is a small contribution to the total accident nsk., which is dominated by
port accident risk. ' :
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6.2.5 Transport of Low or nghly Ennched Uramum to the United States Al‘ter e €n
| Reprocessmg Spent Fuel Abroad : | ‘

" The potenual environment impacts of tra.nspomng low-ennched uranium (LEU) by ocean-
-going vessel into the United States were analyzed in detail in two recently issued - -
. Environmental Assessments (USEC, 1993 and USEC, 1994). These Environmental .

Assessments, were issued by the United States Enrichment Corporation (USEC), which

- determined that-many shipments of large quantities of LEU through United States seaports

oL "and their -overland transport to a gaseous diffusion plant entailed msrgmﬂcant lmpacts These -
'_’conclusmns 'were reached after a thorough evaluation of postulated accidents and routine .
: impacts and recognition of the fact that LEU i is a common commercial product that has been'_

) . safely shxpped around the world by a1r, water, and land transport modes for over 30 years

2 N TIJnder this altematrve the Umted States would purchase at a maximum approxlmately

1,000 kg of hxghly enrlched uranium (HEU) retrieved during reprocessing. If the HEU were

‘blended down in Europe to LEU at'a-commercial assay (the concentration by weight percent

-of U-235 to the total uranium content) of about five percent and assuming the HEU was 80

* percent U-235, the HEU would produce 16,000 kg (16 metric tons) of LEU. In comparison, -

. the USEC will purchase and ship 15,250 metric tons-of LEU in only one of the1r programs.
- The LEU quantities resultmg from reprotessing foreign research reactor fuel would be much

o Jless than.the USEC LEU quantities. . Accordingly, the potential impacts. would be much less

If the HEU were not blended down to LEU in Europe but transported to'the Umted States for

: -than the prevrously determmed m51gmﬁcant unpacts resultmg from LEU shlpments

blending, HEU would have to be transported from Dounreay in Scotland to the Umted States

» - The shipment of HEU was not assessed in the USEC's Environmental Assessments.:
* ~Shipment of HEU would require extensive secunty activities and would likely mclude

S involvement or the use of military. assets for protecnon and safety. The military has

" considerable experience in shlpment of HEU and has safely transported such matenals

. throughout the world.

“The potentlal enwronmental 1mpacts of shrpplng HEU to the Umted ‘States for storage would .
_ be the same as those ‘of shipping HEU to the United States for blending into LEU. There

"~ would be some potential risk associated with the’ storage of the HEU, but DOE has safely.

stored HEU, without incident, at various facilities for ma.ny years. As a result, DOE has

" significant experience wrth storage of HEU and has in place appropnate safeguard- and '

secunty measures.

63 Cumulative'lmpacts- ' _ L

Cumulatlve impacts are those that result from the. mcremental impact of the proposed action
‘when added to other past, present, and reasonably foreseeable future actions. (See 40 CFR
§1508.7) (CEQ, 1978). This section describes the cumulatrve impacts resultmg from the
proposed action. \
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To calculate cumulative radiological impact, maximum annual doses from the proposed action - -
and from other radioactive materials tmnsportauon in the same facilities, along the same -
routes, and projected to occur. during the same time as the proposed action are added. This
approach neglects the fact that dose fractionation (delivery of a total dose in a number of
separate doses spread over time) may reduce the effect of the total cumulatxve dose

(Ullrich et al., 1987; Miller et al., 1989)

" In addition to the fifteen shipments of spent nuclear fuel from the proposed actxon, the .
Savannah River Site also plans to transport approximately 50 shipments of spent nuclear fuel
as part of its normal operations. Also, Barmwell, a low-level waste disposal facility located .
east of the Savannah River Site; receives approximately 22,650 m® (800,000 ft*) of low-level .
radiological waste per year, This translates to-412,000 curies. This waste is shipped from

throughout the United: States to Barnwell by truck, resulting in approximately 2,700 mdmdual K o

truck shxpments per year. Some of these sl'upments use the same transportatlon routes
described in the proposed acnon ; :

| 6.3 1 Cumulatwe Transportatlon Impacts

The followmg sections discuss the cumulatlve rad:ologlcal impacts that the proposed action
" would have on the workers and the general public who would be exposed as a result of the
proposed action. - The first section describes the results of the:"Final Environmental Statement .
* on the Transportation of Radioactive Material by Air and Other Modes," NUREG-OI70 ‘
- (USNRC, 1977). The section discusses the doses received from the proposed action in -
relation to natural background radiation and estimates from NUREG 0170. The second
section summarizes the cumulative effect evaluatlon.

6.3. 1.1 NUREG-OI‘IO and Other Studles on Populatnon Exposures |

The proposed actxon is similar in every respect to spent nuclear fuel transportation actxvmes
that have already taken place in the same locations and along the same routes. The proposed
action is similar in many respects to other radioactive material transportahon that is taking -
place in the same locations-and along similar routes. The transportauon of radioactive - .
materials and shipments-of spent nuclear fuel to support the fuel cycle, in particular, were = -
- assessed in the "Final Environmental Statement on the Transportation of Radioactive Material
by Air and Other Modes, NUREG-0170" (USNRC, 1977). This Environmental Statetnent:

. considered the risk of transporting various types of packages of radioactive materials including
 spent fuel along transportation corridors, such as the ones which would be used for ‘the
_proposed action, and determined that the total annual incident-free and accident risk was -

* minimal. More recent studies of radioactive material shipments indicate no substantial. .change
in the number of shipments or in their characteristics that would mval:date the general result
of NUREG-0170 (Weiner, et al., 1991). - Because the transportation of the spent nuclear fuel
would meet the same regulanons as cited in NUREG-0170, the total risk for all transportation
activities is still negligible, For individuals residing near principal transportation routes,
NUREG-0170 estimated that the average annual individual dose from radioactive material
transportation activities was about 0.09 mrem. Recently, Weiner et al. (1991) estimated that a
maximally exposed individual member of the public would not receive more than 0.14 mrem
if exposed to the in-transit passage of all of the 1 611 443 radloactlve materials packages
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shipped in the United States in a single year. This is, of course, not a realistic scenario, but it .
does place an upper bound on the individual in-transit dose from other shipments.

.Mills and Néuhauser (1994) estimated the individual in-transit dose, for a person located 30

- . meters from an average route segment, as only 0.00009 mrem. - However, the number of

- radioactive materials shipments occurring annually in the vicinity of the Savannah River Site
- could exceed the average radioactive materials traffic on the nation’s roadways because of :
(1) the proximity of a low-level waste repository, near Barnwell, South Carolina, and (2) the .
- variety of shipments that enter and leave the Savannah River Site to support other DOE .~ -

programs. NUREG-0170 used annual shlpment levels for the United States as a whole to
obtain maximum individual dose estimates. - The two classes of shipments considered i in
NUREG-OI 70 that can be used to conservatively model traffic in the Savannah River Site " -
vicinity are 'spent fuel shipments (250 commercial reactor shipments) and secondary transport. L
Secondary transport is the shipment by hght-duty vehicles of consignments of a- large variety . !

. . of packages (Type A and small Type B packages) in- cities and suburbs along secondary

roadways and city streets. NUREG-0170 estimated that the dose to an individual living 30 m .~ -
from a roadway on which all 250 spent fuel shipmerits pass would be.0.009 mrem and that no

.. individual would receive more than an additional 0.009 mrem from secondary transport,
. which gives a total of 0.018 mrem from these sources. The maximum annual dose to a

person exposed to local hlghway traffic in the vicinity of the Savannah River Site is unhkely .
to exceed 0.018 mrem. Therefore, the average annual individual dose remains va.hd for
' cons:denng the cumulatwe unpacts associated with the proposed action.

»6.3 1.2 Estlmated Doses for the Proposed Actlon .

Calculauons have been carned out to estimate the maximum occupauonal and pubhc doses
. associated with the transportation .of the foreign research reactor spent nuclear fuel.. The
calculated maximum annual exposure a member of the pubhc would receive from routine
transportation activities associated with the proposed action is 0.002 mrem (see Table 6.1-6.)
This dose is small in comparison with the individual dose estimated in NUREG-OI?O which
- is the accumulatlon over all shipments, not Just those of an individual agency. . Along the
transportation corridors that would be used in lmplemennng the proposed action, the average
annual effective dose equivalent for a member of the general populatlon from all sources of
' radlanon is 360 mrem (NAS 1990)

The maximum exposurc for a worker mvolvod in tmnsportmg the forexgn research reactor
spent. nuclear fuel is predicted to result from activities associated with the unloading of the

" spent fuel casks in port, cask inspection and preparation for truck shipment of the cask to the

- Savannah River Site. If the same individuals were present for all proposed shipments of spent

nuclear fuel (a conservative assumption), the maximum dose would be 0.0052 rem or 5.2

mrem. Each of the ports proposed as a port of entry routmely receives commerclal sl'upments '

of radioactive matenals :

' An additional source of radlauon exposure could be from shipments resultmg from the
purchase of Russian LEU under the Agreement Suspendmg the Antidumping Investigation of -
Uranium from the Russian Federation. The ports and estimated doses associated with this

- action are described in the United States Enrichment Corporation Environmental Assessment
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(USEC, 1993a). An additional action proposed by the USEC is the import of Russian LEU
derived from the dismantlement of nuclear weapons in Russia (USEC, 1994). -If the same
individuals were present for all shipments under the proposed action, one-third of all
commercial shipments of radioactive material shipped during a 12-month period, one-third of
the Anti-Dumping Investigation Shipments of LEU, and one-third of the proposed first year’s
shipment of Russian weapons-derived LEU, the annual cumulative dose for the proposed ports
of entry would be 10 mrem or less as shown in Table 6.3-1. As can be seen in Table 6.3-1,
the cumulative dose is small for all ports, and well below the regulatory limit of 100 mrem/yr
establlshed by NRC regulatmns to protect a member of the general public (FR, 1991)

The maximumi exposure for a port worker involved in transportmg the foreign research reactor .
spent nuclear fuel is approximately 5.2 mrem, while the maximum exposures for .
transportation workers are approximately 4.5 and 4 mrem for.ship and truck crew members
respectively (see Tables 6.1-1 and 6.1-3) and could be up to-10 mrem for a rail mspector who .
"inspected rail cars carrying all fifteen casks.. The exposure estimate for port workers is a .
function of the number of cask shipments. The exposure estimate for the ship and truck .
crews is & function of the distance between the Eumpean and U S. ports and the Savannah
River Site. : :

6.3.13 . Summary of Crrmulative Transportarion Eﬂ'ect Evalu'ation

“The analysrs contamed in NUREG-0170 includes shipments of spent nuclear fuel. As a result,
" the doses to the general public that would result from the proposed action are encompassed by
the estimated average individual dose of 0.09 mrem. The average annual individual dose to
members of the public from incident free transportation associated with the proposed action is
calculated by dividing the public population dose estimates in Table 6.1-4 by the appropriate’
potentially exposed population for each port option (Appendix E). For each port option, this
value would be less than 0.001 mrem, which is well below NUREG-0170’s estimated average .
dose for all radroactwe material shipments in the United States.

6.3.2 Cumulative Storage Impact_s

As stated in Section 6.1.3.3 the proposed action is expected to result in a maximum individual -
worker dose of 60 mrem over the life of the proposed action, assuming the same workers are

. involved in each unloading evolution (a conservative assumption). DOE requirements allow
“workers to receive occupational radiation exposure of up to 5,000 mrem per year although the -
DOE administrative control level is 2,000 mrem per year, per person, for all DOE activities
(DOE N 5480.6, U.S. Department of Energy Radiological Control Manual, prepared by the
Assistant Secretary for Environment, Safety, and Health. June 1992). Because the amount of
foreign research reactor spent nuclear fuel involved in the proposed action would not
measurably affect the RBOF’s current inventory of spent fuel, no measurable cumulative
impacts would be associated with the proposed action and any foreseeable future annual
activities. :
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T' able 6.3-1. Cumulatwe Individual Annual Radiation Dose for Maxxmally Exposed |

Individuals i in Proposed Ports of Entry* . C C‘\
Dose from Poﬁ-Activity (mrem)

Commercial | Anti-Dumping LEU |  Weapons- Total Annual

- Shipments® . Shipments . Derived LEU Dose
Charleston - - 52 03 09 14 718 .
Jacksonville 52 " NA. NA(A) NA(A) - 52
Savannsh 52 34 . NAA) 14 100 .
Suany Point 52 |. NA'' " NA(A) NA(A) “52
Wilmington - U NA CNAGA) ‘NA@A) | s2 k

~ the risk to the public from the proposed action a1 each of the other ports would be zero,
* ¥ See USEC 1993 for details on the calculations of this estimated dose.
. NA = information not available, assumed to be zero. )

NA(A) = not applicable because LEU was not proposed for shipment through this port.

644
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7.0 AGENCIES CONSULTED

The following agencies were consulted in the development of the Environmental Assessment.

Federal Agencies

Arms Control Disarmament Agenéy

" U.S. Department of State

U.S. Department of Defense
U.S. Department of Army )
U.S. Coast Guard

U.S. Merchant Marine Academy

Port Authorities . : o | .

-Other

Georgia Ports Authority

“ Jacksonville Port Authority (Florida)

North Carolina Port Authority -
South Carolina Port Authority

Virginia Port Authority

Belgian Nuclear Research Centre -

Interfaculty Reactor Institute, Delft Umversny of Technology, The Netherlands -
Joint Research Centre-Pétten, Institute for Advanced Materials, The Netherlands
Risoe National Laboratory, Denmark

Studsvik Nuclear AB, Sweden

Hahn-Meitner Institut Berlin, Germany

GKSS Research Center, Germany

Paul Scherrer Institute, Switzerland

‘Austrian Research Centre, Austria

National Center for Scientific Researdh, "Demokritos”, Greece .
Australian Nuclear Science & Technology Organization (ANSTO) ..
United Kingdom Atomic Energy Authority, Thurso, Dounreay Caithness, Scotland
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APPENDIX A
SUPPLEMENTAL MATERIAL REGARDING THE NEED FOR THE PROPOSED
ACTION
Karsten Haack (RERTR Conference Secretary) Letter to Admiral Watkins (Secretary
of Energy), October 1, 1992

‘Lawrence S. Eagleburger (Secretary of State) letter to Adrmral Watkms, October 26,
" 1992

‘Ronald F. Lehman 11 (Du'ector of ACDA) letter to Adrmral Watkins, December 7,
1992

Hans Blix (Director General of the IAEA) letter to Hazel O‘Leary (Secretary of
Energy), July I, 1993 -

| Warren Christopher (Secretary of State) letter‘to Secretary O'Leary, July 2,--l993

Secretary O'Leary letter to Secretary Christopher, including the Proposed Foreign. ~
‘Research Reactor Spent Nuclear Fuels Acceptance Policy, July 13, 1993 o

Dr. W. Krull (GKSS) letter to Vlctor A.lessr (DOE), October IS5, 1993 -

_Paper presented at the 1993 Intemauonal RERTR Conference by Dr. W Krull
| Peter TarnofT (State) letter to Secretary O’ Lea.ry November 30, 1993

Thomas P. Grumbly (DOE) letter to E. D. Hondros, March 25, 1994

White House Fact Sheet, Nonprollferauon and Export Control Pollcy, September 27,
1993 '

Secretary O‘Leary letter to Secretary Chnstopher, January 19, 1994

Letter to Mr. Thomas P. Grumbly (DOE), April 6, 1994, from Arand Hermans.
Deputy Director of Electricity, Ministerie van Econorrusche Zaken



RISG NATIONAL LABORATORY  INTERNATIONAL ATOMIC ENERGY AGENCY .

15 INTERNATIONAL MEETING ON R.EDUCED ENRICHMENT FOR
RESEARCH AND TEST REACTORS™

SEPTEMBER 27 TO OCTOBER 1, 1992 IN RO'SKILDE.' DENMARK

Adn, James D, Watkins ~ . . - 1992-10-01
Secretary of Energy | . ; - K8/RR/GC = .
Onited Btates Departnent df Enerqy e R RS
Forrestal Building
1000 Independence Avenue

8.W. Washington, DC 20585 , T
UsAa ,‘ _ ; : . 8Sent by air-mail and fax

Dear Secretary Watkins,

As you mey know, sone one-hundred nttendeea fron across the globe 5

are gathered this week Iin Roskilde, Denmark, for the 15th Annual’

Conference on Reduced Enrichment for Remearch and Test Reactors

(RERTR). . 'I am writing to inform ‘you that the attendeces,

representing non-US raactor operators, expreased their deep -

concern on the gituation with the back-and of the tuel cycle and-'--
. draw your attention to the following: :

Hany ‘of the resezrch raactor operatora, in agreament. with their
respective governments, heve Joined the RERTR Programme, thus .
supporting the .US policy to reduce the proliferation risks. An
ipportant considaration for this common effort has besen the
-return of the spent fuel from research reactors to the United
Stater under the Off-Site Fuels Policy of the Department of
Energy, covering low Enrichad Uranitm (I..EU) and . mgh Enrichod .
Uranium- (HEU) fuel. -

The United States Departmant of. ."..nergy has no‘t reneved <« and
appetrs unwilling to commit to renew =  the Off-Site Fuelr.
Policy for the receipt ot Bpent. HEU-!uel from foreign research.
. and test reactors.

The Departnent of Enerqgy’s proqranmn for tha receipt of spent LEU
fuel from foreign reszearch and toat reactors is sat to cxpire on
December 31, 1992, _ .

Hany of the participants in tha RERTR Programme therefore hava -
no meens to cope with the back-end of the nuclear fuel cycle, in )
pnrtmular thoae which do not have & nuclear power programme.



;mruign research nnd test reactors have incur:ed substnntial
efforts. in switching from HEU fuel to LEU fual and in continuing
to maintain LEU fuel without any tangible currasponding benefits. B

It is the opinion of the majority of attendees, representing the -
non-US research and teats reactor operators at thes 1992 RERTR

Conference, that the non-ranawal of the Off-Site Puels Policy
jeopardizer the non-proliferation achievements up to now and

removes the incentive -for =a contiunuad support t.o us non-.
: proliferation efforts., :

I gubmit this nattor for your consideration with the . hcpe that.-
_the Dapartmcn{: of Energy may yet £ind it feasible to reverse this

widespread. - sentinent -azmong the i'oraign research reac‘bor 5
-.community, _ Lo

Very aincaraly yours,

,&4&‘4.._ léé.a’ﬁ

Karsten Haack ' : B
Sacretary of the Ccm.t‘erence o ‘ C \
c/o Research Reactor DR 3 - . o -
Ris¢ Kational Laboratory

P.0. Box 49 -

DK=4000 Roskilde

Denmark

| (Fax +45—46-755052)

cCc:

- .Tohn Easton
Assistant Secretary for Domestic and International Energy

Policy
Faxs 009-1-202-586-0861

-  victor Alessi ' ‘ (
Director of the 0Office ot Arms Control znd t.onprofileration -
Fax: 009-1-202~586-6788 ‘ ‘



) ' : . DEPARTMENT OF STATE
: | WASHINGTON - -
~,/”://i::; - T October 26, 1992

During the 1992 Internationsal Meet1ng on Reduced Enrichment
for Research and Test Reactors (RERTR) in Denmark, participants
voiced very strong concern regarding the apparent reluctance of
the Department of Energy to renew the Off Site Fuels Pol1cy, to
take back spent research reactor fuel. from abroad

Dear‘Mr.

S1nce 1978 the United States has encouraged countries to-
convert from the use of high enriched fuel (HEU) to low
enriched fuel (LEU). This effort constitutes a key element of -
.. U.S. nuclear non-proliferation pol;cy._whicb has. been accepted.
with some reluctance by other countries, since it entails-
additional effort and expense on their part. Hlstorxcally, the
Off Site Fuels Policy has been an integral part of the '

. conversion effort, which is perceived by countries as essential
' to meet reactor operating licensing requirements for
disposition of spent fuel and to assure that their research
‘reactor 'spent fuel is disposed of in a safe and reliable manner.

. I fully recognize .that renewal of this program will require
-DOE to resolve difficult and complex budgetary, environmental
and technical issues. However, for a variety of reasons, 1
believe it is essential for DOE to move promptly to renew its
policy of taking back forexgn research reactor £ue1.

We have worked hard for many years to reestablxsh the
position of the United States as a reliable partner in-nuclear
commerce. We should not forfeit this effort by appearing
uncertain about a policy which we have long supported and which
is so critical to our non-proliferation. obJect1ve of .
eliminating HEU from commercial use. "

Clearly, we also do not want to forfeit the significant
nuclear non-proliferation gains which have resulted from the
RERTR program and our agreement to take back foreign research -
reactor spent fuel. Limiting the use and location of HEU -
abroad serves the security interests of both the United States

P

The Honorable.
- James D. Watkins,
Secretary of Energy.
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and the international community as a whole. Hence. it ‘is .
particularly disturbing to hear that. some countries are
considering halting their conversion programs, and even
reverting to the use of HEU fuels in the event the United
States does not agree to take back U.S.-supplied LEU spent.

fuel. .

. Over the past four years, we have maintained. a dialogue
.with DOE concerning the importance of the spent fuel policy. -
Given the ‘urgent need to resolve this matter, I strongly urge g
‘that DOE move quickly to reassure other governments that thelr
. spent fuel.needs will be fully addressed and that we w111
"cont1nue to honot our commitments to them.f T -

"S1ncer 1y,

Lawrence S. Ea leburger
Actzng Secretany




'UNITED STAT!:; ARMS CONTROL'AND DISARMAMENT AGENCY_

Whihmgton, D.C 20451

(

THE DIRECTOR

0 7DEC 1392

MEMORANDUM FOR THE sEcg'E'rARY OF ENERGY

SUBJECT: Reduc1ng Foreign Inventor1es of U.S. -Suppl:ed .
nghly Enrlched Uranlum _ e o _—

For many years ‘the United States ‘has encouraged reduced use’

of highly enriched uranium (HEU) for civil purposes as a key
‘component of U.S. nuclear nonproliferation- policy. This
effort has.met with scme success, and the civil use of HEU has
diminished, bringing reduced stockpiles and reduced .trans-
portation and diversion risks. A&n important incentive for
‘foreign users of U. S.-supplxed HEU to convert their reactors
to low enriched uranium (LEU) fuel was the- Unlted States® '
program to take back the spent fuel.

- Recent h1stor1c p011t1ca1 developments have also presented
g opportunities for further reducing stockpiles of HEU abroad,
(, thereby further promoting our nuclear nonproliferation
objectives. We are arranging to purchase 500 ‘metric tons of
HEU from Russia for peaceful uses. South Africa has ended its:
HEU production and has offered to sell -its stockplle to the’
United States. : ,

I-believe we shculd consolidate these ga:ns and encourage
further reduction of civil HEU use. It is essential to act
soon to avoid damaging the longstanding and successful U.s.
program that encouraged foreign operators to convert HEU
research reactors fueled by the United States to the use of.
LEU fuel. Without approprxate action, some forezgn operators -
might decide against conversion and others may switch back to
HEU fuel. Horeover. new foreign suppliers of HEU may emerge.

'In this regard, I have three recommendations:

1. Conclude contractual arrangements w1th appropriate.
foreign organizations to. take back U.S. -supplled research reac-
tor fuel followxng any necessary env1ronmenta1 ‘determination.

2. Examine the feas1b111ty of add1t1ona1 incentives that
would be helpful or necessary toward ensuring the convers1on



of those reactors for which alternative LEU fuels have been _
identified. A general rev1ew of the conversion program.may be’
appropriate in any event in view of the recent amendment to - )
the Atomic Energy Act which severely restricts future HEU =~ - (?“
licensing. 1In regard to that legislation, we would .also :
"support efforts to reestablish the LEU target development

program for production of med1ca1 1sotopes. : . '

3. Ensure that the United States w111 make South Africa
an attractive offer for its HEU.

" I do not underestimate the difficulties posed by these
recommendations. ‘However, actions such as these would .
maintain and strengthen a longstanding and successful u.s.
pollcy .0of reducing HEU stockpiles abroad -- a.policy wh1ch
will continue.to promote global nuclear nonproliferatlon -

ob3ect1ves.; .
/& ﬂ/o //

Ronald F. Lehman‘Ii;



INTERNATIONAL ATOMIC ENERGY AGENCY

CUTHE LDIRIZCTOIR GENERAL

. 1993-07-01

Dear Madam Secretary.

Since 1978, the United States has encouraged countries to convert the cores of
their research and test reactors from the use of highly enriched uranium (HEU) to
nuclear fuels of low enriched uranium (LEU). This effort, initiated by President
Carter, was an important element of the U..S. non-proliferation policy throughout. .

-most of the 1980s.and was. fully supported through the Reduced Enrichment for

" Research’ and Test Reactors (RERTR) programme by the International Atomic -
Energy Agency.  The expiration of the U. S. Department of Energy's Off-Site

. Fuels Policy (the Policy).in. 1988 has' led to a cnsis for the operators of research
. reactors in many countries where the laws are such' that continuation of licensing
and/or purchase of new nuclear fuels is-contingent upon 2 resolution of spent fuel -
management problems. This situation is exacerbated for many reactor -operators -
who complied with the wishes of the ‘U. S. and converted their cores to LEU.
. They now have interim storage pools filled with irradiated HEU. fuels and are
- trying to cope with a greater throughput of LEU fuéls. The anticipated announce-
ment that the U.S. DOE will renew the Pohcy and in .due course begin the take
back of research reactor fuels of U.S. origin from around the world will be very
much. welcomed by the Agency and many of its Member States .

However, because of the problems of spent fuel -management facing the oper-
ators of many research reactors the Agency urges the earliest implementation of
the Policy renewal. Some of these research facilities are the only sources of ra- -
dioisotope production for medical uses in the countries'in question, but face immi-
nent closure unless they can resolve their problems of spent fuel management
quickly.. The Agency has initiated programnmes to advise them, but the real solu-
tion for most of them is to return their irradiated research reactor fuels of U. S.
origin.' It is understood that the renewal of the Policy will require the solution of
difficult and complex budgetary, environmental, transportation, legal and technical
issues. Nevertheless, the Agency is confident that when the resources of the U. S.
DOE are brought to bear on these problems that they will be resolved as soon as

possnble

The Honourable Hazel O* Leary L - L J.
Secrctary of Energy ' :
Washington, DC 20585

United States of America
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. " Limiting the use and location of HEU fuels throughout the world remains a ‘ €
valuable objective and will serve the security interests of all nations. The Agency .
stands ready to help in any way it can consistent with its mandate and budgetary
constraints. | = S

Your_s sincerely, :

- Hans Blix_




THE SECRETARY OF STATE
WASHINGTON

July 2, 1993

Dear Madam Secretary:'

. I am wrztxng to urge your personal support for renewal by
the Department of Energy of the QOff Site Fuels Policy for the
acceptance of spent research reactor fuel from abroad.

. The Department of State has strongly supparted this po;zcy .
‘because of its importance in geining foreign coogeratzon in
convertxng reactors from highly enriched uranium (HEU) to low .
enriched (LEU) fuel. under the aegis of the Reduced Enrichment
in Research and Test Reactors (RERTR) Program.

. We recall Secretary Watklns confirmed in 1992 that the
Department of Energy proposed to renew the Off Site Fuels
-Policy, but with the caveat that meeting the requirements of
the National Environmental Policy Act (NEPA) could take as long
as 2 to 3 years. We are concerned, however, about- reports- of
substantial delays in the amendment of the exzstzng :
Environmental Assessment, an essent1al early step in the NEPA
process. , : .

Foreign research reactor operators are reportedly highly
concerned about a perceived change in DOE policy and have
threatened to withdraw from further RERTR cooperation and to
seek resumption of HEU. supply from sources such as Russia.

A breakdown of the international consensus on conversion of
research and test reactors to LEU ‘and a return to an HEU fuel
economy would undermine 15 years of intensive U.S.
non-prol:ferat1on efforts on this matter and substantzally
. vreduce ' the ability of the 11.S. to; 1nf1unnre nuclaar nol:cy in

bllateral and: 1nternat1onal fora.

In light of current developments. I urge your support for
early reaffirmation by DOE to other governments of our .
continued commitment as a re11ab1e suppl:er to fully address

their spent: fuel needs.

Slncerely,

Ll %.7%/

. Warren Chr1stopher . R

The Honorahle .
Hazel R. O'Leary., -
Secretary of LEnergy.



The Secretary of Energy
Washington, DC 20585

July 13, 1993

The Honorable Warren Christopher
Secretary of State
Hashington. D.C. 20520

Dear Mr. Secretary:

This is in response to your letter dated July 2, 1993 urging my support for
" renewal of the Department of Energy's po]tcy for the acceptance of spent
research -reactor fuel from abroad.” . . :

The Department of Energy remains comm1tted to the Reduced Enr1chment for
Research and Test Reactors (RERTR) program, and to the proposal to establish &-
policy for the return of U.S. origin spent fuel from foreign research
reactors. In response to your letter, and other inquiries we have received on
this subject, we have taken a hard look at how we can expedite actions in
~ these areas. We have decided on a three-tlered approach, as follows:

1. For any- fore1gn research reactor spent fuel returns for which we can
mutually agree that a bona fide emergency exists, the Department of-
Energy will join with you in consulting with the Council-on - -
Environmental Quality on the implementation of alternative: arrangements
for compliance with environmental review requirements pursuant to the
emergency provisions of the Council on Environmental Quality"s -
regulat;ons implementing the National Env1ronmenta1 Pol1cy Act (40 CFR
1506.11 '

2. - In order to be able to respond to any near-term s1tuatton in which the
expiration of the Department's acceptance of foreign research reactor
spent- fuel may threaten the Reduced Enrichment for Research and Test -

" Reactors Program, the Department has begun an expeditious Env1ronmenta1
Assessment of the proposed return of sufficient spent fuel to 'eliminate
that threat. It is proposed that any near-term spent fuel returns would
be conducted under the terms and conditions of the enclosed proposed B
policy and be limited to approximately 550 spent fuel elements which can
be stored in existing DOE capacity. This Environmental Assessment is
scheduled to be completed by September 1993, and, if appropriate, a
proposed Finding of No Significant Impact will be issued for public
review by no later than September 30, 1993. Our goal is to complete the
National Environmental Policy Act review process of this proposed -
limited foreign research reactor spent fuel acceptance by the end of
this calendar year.

3. for the longer term, the Department will undertake preparatzon of an
~ Environmental Impact Statement that addresses the proposed return of all
. U.S. origin foreign research reactor spent fuel, as specified in the
enclosed proposed policy. A notice of intent fer preparation of this
Environmental Impact Statement is in preparatlon and should be issued in
August 1993. The Department intends to issue the draft of the
Envzronmenta1 Impact Statement for public review by no later than the



' Enc1osure

| end .of December 1994, and the final Environmental Impact Statement hy
the end of June 1995.

We cannot continue to address this issue in a business as usual manner. The
actions outlined above reflect our determination to move forward promptly and
our acknowledgement of the need for a new definition of national security -
one that includes both nonproliferation and environmental concerns. To
provide added emphasis to the urgency of this effort, the Department requests
that the Department of State participate as a cooperating agency 1n :

. _preparation of this environmentaI documentation. ,

In conc1us1on. the Department ‘is comm1tted to uork uith you and

representatives of the Council on Environmental Quality at any t1me that you

consider an:emergency situation may be developing. . In the meantime, we are-
proceed1ng as exped1t1ously -as. possib]e .on the actions outi1ned above.

S'nce 1y, .

HaZel R. O'teary




DRAFT ' -
Proposed Foreign Research Reactor Spent Nuclear Fuels
Acceptance Policy
13 July 1993

PURPOSE - This proposed Deparlment of Energy pollcy would support Umted ‘States -
nonproliferation policy, including one of its key elements, the Reduced Enrichment
Research and Test Reactors Program. It would provide opportunities and incentives
for.-research reactor operators in foreign countries holding United:States origin spent’ .
nuclear fuel containing highly enriched uranium to return that spent nuclear fuel to the
United States for storage and eventual geologic disposal. . This proposed policy is
intended to support the United States nonproliferation objective of elimjnating United
States origin highly enriched uranium from research reactor use. It is also consistent
with Section 903(a) of the Energy Policy ‘Act of 1992, which places further restrictions -
on the export of hlghly enriched uranium from the United States. “This proposed policy

would provide incentives to encourage and assist. developmg countries (defined below) .

in returning their United States origin highly enriched uranium research reactor spent
nuclear fue! to the United States for storage and disposal, For developed countries, '
. the policy would allow return of United States origin research reactor spent nuclear -
,tuet to the United States for storage -and dtsposal ona full-cost-recovery basis."

: PROPOSED POLICY - The United States proposes to adopt a pollcy under whnch

1. For develogmg countries (i.e., those eligible for assnstance under the\United .
Nations Assistance’ Program) the United States would offer to accept United
States origin research reactor spent nuclear fuel containing highly enriched
uranium for storage and disposal in the United States. The United States
would reimburse the developing country for costs incurred in transportation of
the spent nuclear fuel from the developing country to a- receipt facility in the

- United States. Upon acceptance of the spent nuclear fuel in the United States, -
the United States would assume all responsublhty for the spent nuclear fuel,
including storage of the spent nuclear fuel in the United States, any preparation
of the spent nuclear fuel for disposal, all transportation in the Umted States
subsequent to spent nuclear fuel acceptance, and ultimate geologuc dusposal of
the spent nuclear fuel in the United States. -

- For developed countries, the United States w0uld offer to accept all United -

. States origin research reactor spent nuclear fuel containing-highly enriched
uranium for storage, preparation for disposal, and eventual ‘geologic disposal in
the United States. Such.acceptance would be conducted on a full-cost-.
recovery basis, with the developed country responsible for transportation of the

spent nuclear fuel to a designated receipt facility in the United States and '
paying the United States the full cost of all storage, all transportation within the

" United States subsequent to spent nuclear fuel acceptance disposal s
preparat:on and ultimate geologic di sposat
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: To encourage the conversion of foreign research reactors cumently using United
States origin highly enfiched uranium fuels to low enriched uranium fueis, the .

United States would offer to accept for storage and ultimate disposal certain.
United States origin low enriched uranium research reactor spent nuclear fuel.

‘Specifically, low enriched uranium research reactor spent nuclear fuel of United |

States origin would be accepted for.a ten year period following implementation

+ - -of this policy from reactors that have already converted, or that were
constructed to use and operate with low enriched uranium fuels. United States
origin fow enriched uranium research reactor spent nuclear fuel exported to.

research réactors that convert within five years of the effective date of this _ .

policy would also be accepted for a ten-year penod followmg thelr lnrtral order i

tor low ennched uranium fuel.

A

. The acceptance ot low ennched uranlum research reactor spent nuclear fuel S
. {rom developed and developing countries would be ‘conducted on the same - Bt
-.terms as stated in 1 and 2 above for. highly ennched uramum research reactor -

spent nuclear tuel

" CONDITIONS

This proposed policy would apply only to recelpt of spent research reactor
nuclear fuel of United States origin. _ .

Ownershlp ol the spent nuclear fuel would be transterred 1o the United States
upon acceptance of the spent nuclear fuel by the- ‘United States ata designated

r,recelpt and inspection lacrllty in the Unlted States.

All transportatton wrthm a develop:ng country and to the Umted States recerpt
facility would be the responsibility of the developing country, but would be pald

for by the United States (subject to Unlted States approval of the transportatron

arrangements and costs).

All transportation within a developed. country and to the Umted States receipt
facility would be the responslbllrty of, and would be pald for by. the developed
country. , _ .

' .'Cntena concermng the requrred condmon of the spent nuclear luel would be.

published by the United States as part of the announcement of this policy, to -
clarify conditions for acceptance of the spent nuclear fuel. In general terms, all
spent nuclear fuel to be accepted by the United States would be required to be

either intact and free of defects or canned to ensure the ablhty to salely contain -

and manage the spent nuclear fuel. .

For developed countnes the lee to be paid to -achieve lull cost recovery would
be established by the Department prior to entering into the agreements to
accept the spent nuclear fuel. - This fee would be based on estimates of the
cost of the storage and disposal activities that would be required. The fee

_-2- )

c




schedule would be updated annually to account for items such as mﬂat:on and
experience with the program. .

TERMINATION - This pohcy of accepting low enriched uranium research reactor spent
nuclear fuel would expire ten years after the effective date of this policy {or ten years
following placement of an order for low enriched uranium research reactor fuel to -

- replace highly enriched uranium research reactor fuel, if such an order is placed within
_five years of the effective date of this policy). - Therefore, countries and research

. reactor operators that plan to take advantage of this pollcy for spent nuclear fuel

. containing, low enriched uranium should begin planning for their own national or

. " regional means of slorage and disposal of low enriched uranium research reactor'
- spent nuclear fuel for use followmg termination of this policy.

- .. The proposed pofcy for accepting research reactor spent nucléar fuel oontammg"

highly enriched uranium of United States ongin would encourage all countries to return -
this United States origin research reactor spent nuclear fuel as soon as possible.
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" COMMENTS ON THE FUTURE ACTIVITIES OF THE RERTR PROGRAM

WK.mll

* GKSS Research Ccntrc ' s . \
Geesthacht GmbH =~ | = E
Postfach 11 60 . :
. D-21494 Geesthacht .

A.BSTRACI'

Ovcr many ycars enormous nanonal and mtcrnanonal cffons have becn made 10 mvc-
; -_sncatc the possibilides of reducing the enrichment of research and test reactors (R.E.RTR)

fro::n HEU 10 LEU. Within someé Emits and accepting some difficulties, the conversion is = .
_ technically achievable. But as these efforts have been made not only asan end in itself all re- -

search reactor operators, their régulatory bodies and especially the ‘govérnments should con- .

sider all relevant factors and the Jeading idea before. making the dems:on 1o convert, The

" idea when starting the RERTR activities was to reduce the prohfmnon risk. Due to the ter-
mination of the return of spent fuel to the country of Ongm of the ennched U and other fac-

. tors it may be ncocssary 0 makc the follovnng demszon. - : ,

-10 eonnnuc thc development of high deasity fuel . - '
=10 stop all conversion acuwucs for resca.rch mactoxs prcsmﬂy opcratcd with HEU

- Starting vmh 2 historical overview, the prcscnt siruation is desm‘bcd and conclunons _ :

are drawn which lca.d directly 10 thc abavc mcnuoncd rccommmdauons TR

h HISTORICAL OVERVIEW

Duc to the increasing avaﬂabi]:ry and lmowlcdec of nuclear wcapons technology at thc' '
end of the sixtdes and in the seventies actions were taken to reduce the threat of prohfcrauon
of nuclear weapons. The main steps involved are the Non-Proliferation Treaty (1968), INF
CE (1977) and the US Nuclear Non-Proliferaton Act (1978). From the Summary Volumc of ,

INFCE the followmg citations are taken as thcy highlight the demands

Paoe 1: 'Thc Imcrnanona.l ‘Nuclear Fuel Cycle Evaluanon (INFCE) was organized at a

cbnfcrcncc held in Washmcton. DC, on 19-21 October 1977, in which 40 countries and four -~

~ inlernational organizations were represented. In the communiqué issued by the Conference
the partcipants were conscious of the urgent need 1o meet the world’s energy reguirements
and that nuclear energy for peaceful purposes should be made widely available to that end;
were convinced that effective measures can and should be taken at the nadonal level and
" through intemational agreements to minimize the danger of proliferarion of nuclear weapons
-, without jeopardizing encrgy supplies or the development of nuclear energy for peaceful pur-
poscs; recognized that. special consideration should be given to the spcmﬁc nceds of and
condmons in dcvclopmc countries™ _ .
Paoe 273: "Thc Final Plcna:y Confcrcncc of t.he Imemanonal Nuclear Fuel Cyclc Eval-
vaton (I'\'FCE) 100k place, as scheduled, at the- Hofburg in Vienna, on 25-27 Fcbrua.ry

- 1980. Fifty ninc siates and six inteatonal organizations paruc1pa1cd in the Conference.”

General conclusions were:

Page 276: "Fmally. the Confcrcncc wxshcs 10 state that thc ﬁndmes of INFCE have -
stren clhcncd the view



" tion

- that nuclear energy is cxpcctcd 0 mcn:asc its rolc in mccnng the \-\orld S cncrzy nccds
' and can and should be wadely available to that end; ‘ ; .

- that cffccuvc measures can and should be taken 10 meet thc specific needs of dcvclop- ‘
mc countries in the pcaccful uses of nuclc.ar energv;and . : o L (‘

- that effective measures can and should be takcn to minimize the da.nccr of the prohfm- L
tion of nuclear weapons without jeopardizing energy supplies or the development of
nuclear energy for pcaccful pwrposes. . . .

The Conference recognized that the objecnvcs mcnnoncd above can only be ach:cved
throu gh contnued mtcmanonal co-operation and the pamclpants arc determined to preserve
‘the climate of mutual understanding and mpc:auon in the mtcmanonal nuclcar en-:rgy
Jf cld that is one of the ma;or aclucvemcnts of B\‘PCF." ’ P e

Spec:al conclus:ons were: .

Pacrc 255 256 "4.2 Mcasun:s t0 increase prohfc:anons rcsxstancc.

Rcsca.rch reactors utilize the excess neurons from the ﬁssxon cham reacton for expcn- .
‘meats and irradiadons. In thése reactors U-238 acts as a parasitic absorber by capturing peu-”
‘ons that otherwise could be used for experiments. Thus, highly ennched uramum has usu-"-

ally been stccted to gwc the best Teactor pcrformanoc. . ) o
: ‘l'hc tradc in and wxdcspmd use of ‘highly ennched urdnjum and thc producnon of ﬁs-
~ sile ‘materials constitute proliferations. nsks with wlnch INFCE 3 conc:med. Prohfcranon
resistance can be increased by: -
(1) Enrichment reduction prefmhly 1020 % or lcss wh;ch is. mternanonally recogmzcd to ;
- be fully adcquatc ISOIOPIC bama' 1o wcapons usabihry of U-235 :

() 'Reducnon of stockpxlcs of hlghly cnnchcd uzamum, Do ’ (
&) Roducuon of the annual producton of fissile mategials i in rcscamh reactors, a.lthouch at-,
' tainment of weapons-usable material would require spent fuel reprocessing. For exam-
ple, for some research rectors fuelled with natral uranium the proliferations resistance
might be lmpmvcd by uuhzmg shghtly enriched uranium, which rcduocs the annual '
p]momum producton.

3 It must be stressed that in an ovcrall assessooent of the prohfcranon resistance and safc- :
_ cua.rd of a pamcular rcscarch reactor, n lS ncccssa.ty 0 consadc.r all of the above factors.

Most of the conmbunons dxscusscd in dcml only the possxbxluy of cnnchmcm rcduc-

" 4.3 Measures and cmcna for cnnchmcm rcducuon

" The bases of the various cnnchmcnt rcducnon stud:cs conmbuted to l'NFCE weré quuc
different but agreement was obtained to apply the followmc approach::

_ ~ In assessing the pracncal feasibiliry of utilizing lowc.r enriched fuel in c.x;stlncr rcscarch
reactors, the awrccd criteria are that safety margins and fuel reliability should not  be lower
than for the current design based on highly enriched uranium and that-neither any loss in re- -

actor performance, ¢.g. ﬂux-pcr-unu powcr nor any increase in opcraunc cost should be
more than marginal.” :

In addition 10 thxs thereis a sma]l chaptcr on rcproccssmg on page 148 of thereporiof = - f
INFCE Working Group 8.



- "No spccw] rcproccssm° problcms are a.nnc1patcd for h:oh-conccnu-anon currcm-typc
. clements. However, for very-high-concenmation fuels of new types, some development ef-
_fon may be nccdcd if these fucls cannot be m:alc.cl with convcnnona] reprocessing rncthods

- Following these cncml statéments and conclusmns ‘as all of you know, smcc 1980
exmemely succcssful (i_n_gg_{) natjonal and mlcmanonal actvites have occm'rcd. \
dcvclopmcnt and qualification of high dcns:ty fuel up to 4 2g Ulcc and hwhcr
fundamental and detailed safety studies :
principles of conversion procedure developed and actual conversion tiken place

many studies on dxffcmnt t0p1cs (e g rcpfocessm reuse of rcproccsscd U, cost -ﬁg--
ures). _

Many of you havc bcen mvolvcd in these activities which were sponsored and orga- |

-+ nized in many cases by the IAEA and havctakcnpanmalargc numbu'of national pm— .

' gra.ms But what where the ﬁclds of a.cuvmcs o

rcducmg l.hc cnnchmcnt to 'less than 20 ‘5 R
* reduction of stockpﬂcs. e

| 'Somc Othc.IS are’on the way. but o:hcrs are stll 1::ussmtr

e n:duenon in :hc annual producnon of ﬁssi]c material '
- This will be realized by using LEU. But there will be an extra acuvxty wh:ch ‘may in-
crease this' raducuon. ‘I]:ns is the posszblc shutdown of some or Imore reactors. '

‘- using enrichéd wraniium in cases where narural uranium has been used.
© Tknow of none of these reactors mahng t.lus conversion. Do you lcnow of any?

‘ WHEREA.REWEI\OW" pe - 7

In the fo::llcm-uwr some of thc INFCE concluszons and dcve.lOpmcnt stcps will be dis-
cussed. -

REPROCESSING ’

' Many research reactor opcrators like GKSS prommed all nadonal and international ac-;

tivities to decrease the proliferation risk from the beginning, For this reason we are well in- ‘

formed about the background for. making decisions in the past Therefore we are aware and
we believe it is necessary to point out today that from the beginning, reprocessing was con-
sidered as the key point in the RERTR program. It was clear that the RERTR progrdm
" would only be successful if there was a solution for reprocessing LEU fuel. This has been
stated many times .at IAEA meednigs and .intemnatonal conferences. It was agreed at that
time by all US represenuatives from DOE, DOS, NRC, ACDA, ANL and other US rescarch
cenmes and universities. For this reason some acrual reports on reprocessing of LEU fuel
were publxshcd by US-DOE in 1982. These reports included, as an important result that re-
processing of LEU silicide fuel should pose no real teclmologlcal problemn. One additional
step within the chemical. process for scparanng the silicide in all that is necessary. This very
important result has been discussed in detail at RERTR mccnngs The conclus:ons ‘which
" were-drawn are the following:

. one of the key problcms in convcmng rcscarch reactors has been solved. This was the
signal to the opcrator that he could get rid of thc LEU fuel after conversion

- the US-DOE should stan the next step and "Wc lhc polivcal s:ana] to all rcscarch reac-
tor opcr.'nors _



The fundamcm.z.l nccd 0 prove the poss:bxh of rcproccsnng of spcm LEU fuel and to

demonstrate the willingness of the US-DOE 10 take back this fuel to encourage operaiorsto -~ - | e

conven their reactors 1o LEU was the reason for publishing the Fed. Reg. ‘Note Vol. 51; No.
32, Feb. 18, 1986."Receipt and Financial Sealement Provisions for Nuclear Research Rr.ac-
tor Fuels”. It was clear at that fime and it is stll valid today that there will not be enough’
spent LEU fucl clements 10 Start reprocessing actvities before the end of the nineges. The
-only reason for publishing this Fed. Reg. Note at that fime (more than 10 yeers in Ydvance)

was to give a2 US-government guarantee to foreign research reactor operators usm, fucl of

. US origin that the US-DOE will take back the spent LEU fuel clements.

"Only this guarantee cnabled the opcra:ors at that time.and today 1o-follow the RERTR

actvitdes and, thc RERTR program dcspuc thc pcnalncs involved in the proccss.

: Ttis undcrstandablc that duc to the drastic political changcs that have taken place there -
- is'no longer a need for rcproccssmg any HEU or LEU fuel by US-DOE. But this should only

. make 2 small change in the promises. The need for the research reactor opcrator was and i 1s '

. to'getrid of the fuel and not reprocessing per se. At.all fimes reprocessing has been
sive and the eredit for the rcprocc.sscd U was small comp:m:d to the ovc:'all fucl c;,-clc cost.

Thcreforc thc reference’ soluuon was 10 take back the fucl 10 cnablc core. convcrsxon to :

: LEU. In the early eighties everyone believed in the economical need for the reuse of U..

These were and there are extremely large stockpiles of HEU available in many counties

throughout the world. This was known to US-DOE officials but it was not known by many -
research reactor operators. Therefore, even at imes when opm'axors bchcved in thc ncccssuy
of repmccssmg. the US-DOE was aware about the mal snuanon. .

The prcscm hlams in fulﬂlhng its- prom:scs on the pan of thc US-DOE causes great
concems and severe d:.fﬁculncs to many research Teactor opcrators and coumncs. A fcw €x-

amplcs

- Countncs without any powcr reactor program do not havc pmw:ams f°1' 2 ﬁ-“al dlsposal
~ of radioactive waste or spent fuel clcmcnts : :

- ox.hc.r countics have no posmbmry of storin g rcscarch TTActor spcnt fuel

- hccnsmc authonucs demand that no new fuel clcmmu; can be' mscncd into :hc reactor -

core (e.g. ASTRA (A), TRIGA Heidelberg (D)). This limits the operatonal lLife
- lack of spcnt fuel storage capacny forces termination of Operanon (e g. FRG-2 (D))

- . many opcrators are construcung new spcnt fucl racks. This mcrcascs thc smckpllc of
* - 'spent fuel substandally at different locanons worldwxdc.

- PENALTIES L
Dcmands from p- 256 of the summzuy of INFCE are:

safety margins ‘should not be lower comparcd with the dcsxon buod on HEU
- fuel reliability should not be lower compared with the dcsxgn based on HEU

only marginal loss in-réactor performance e.g. flux per | unit power

only marginal foss in opcranng cost - :

No definition has bccn oﬁ'crad for the 1erm marcmal (l %, 10 %, 50 %") I bchcvc only
10 % can be taken as marginal. : . .

tht_ is the reality?

- After performing the first calculations it was clear that there is no chance of meeiing

r




. '." Y

the first demand. Nevertheless it has been agreed to allow a reducdon in safety margins

" Af thcsc are small cnouch

The fuel rehabxhty for HEU aluminide fuel is excellent even for burnups up 10 100 %.

_The oxide and U,3Si fuel is at present far from meering this demand. Only the UsSi,
- fuel has a cornparablv high fuel reliability (after i mcrcasmg extc.nswcly the ulspo:uon

procedures during and aﬁa the fabncanon of the fuel). |

Ifonc 160ks at the reactor pc:rformancc it was and is clear thatthe 10 % (margmal) limit
is achievable only in a few cases, Many have 10 accept a severe decrease in overall per-

formance. In these cases only radical redesign followed by-severe Ticensing problems-

would lcad oa marcmal" reduction in pcrformanec.

: * For thc GKSS rescarch reaétors the pcna.lues were:

1y 3

3 hccnsmg proccdm'es for d:c paformancc tcsts of fuel c]cmcnrs (UA]x (MEU). U303

- (LEU) U3512 (LEU))

3)

4) .

| Lxccnsmg proccdurcs for the fqu conversion of the FRG-I rescarch reactor,

Public interventions including court proceedings were poss:blc, Demands for addiuona]
upgmd.mg could be madc and havc been madc. . _

Increase in- fucl cyclc cost by more than 20 % due to h:ghcr fucl clement fabrications
cost. We have to accept pargally burned HEU fuel elements which will cause reladvely -

- high reprocessing, interim storage or final d.lsposal cost and at prcscm occupying valu-

able Storagc places for spent fuel elements,

Rcducuon of neuton ﬂux for bm.m mbc cxpamcnts by more than 10 %.

. The GKSS research centre like many others was willmg 10 accept all these pcnalues s

and chfﬁculncs in dcmonsu-aung thcu' wilhngness to fulfill the INFCE prom;scs.

GERMAN LICENSD\G DH-'-'.FICULT[ES

There are some spe.cxal German ln:c.nsma d:.fnculucS'
Published in "Bundcsgcsctzblau I" of February 18, 1977 with some additions March |
31, 1982, is an ordinance "Verordnung fiber das Verfahren bei der Genehmigung von .
Anlaacn nach § 7 des Atomgesetzes™. _

In chaptcr 4(2)5 of th:s ordinance thcrc is an express dcmand that an increase of the

_storage capacity for spent fucl eleménts by more than 10 % requires a public hearing

procedure. In pracice the licensing authontes require such hearing procedure (mclud-
ing normally court proceedings).if there is an application for an increase of the storage
capacity by more than 5 %. Such a dcczsxon can be made by thc state hccnsmo authori-

- 1y. . .
: Pubhshcd in: "Bundcsanzmgcr Nr. 58 of March 22 1980" is lhc announcement of the

basis of the "EntSorgungsvorsorge” for nuclear p0wcr plants. At present it is scheduled
10 have 2 new ordinance "Reststoffverordnung™ published at the end of 1993. These

"demands applicable -at present only for power reactors and the HMI research reactor

will become effective according 10 "Entsorgungsvorsorge™ for all rescarch reactors, too.
In chapter 2.2.2 there is an express demand that for-a'six vear (rolling) period in ad-

.vance one has 10 demonstrate the future (final) storage of spent fuel clements in exist-

ing storage capacity and /or through contracts with third parties for reprocessing and/or
storage of these spent fuel elements.

*) dealing with all existing radioactive samples (waste and others)



- Stated in-chapter 2 2.1 of the aboxc mcnnoncd announccmcnt in the Bundcsanwocr-
" there is written a demand that there muyst be cnoueh storage capacirty gt any nmg for a-
100 % unloadmg of the reactor core. - . : '

. Th:s siration is 2 severe  threat for the fururs opcnnon of research reactors Wllhm Gcr-
' many.as, on the one hand, the chance in increasing the spent fuel storage capacity ig near.t1o
"zero and,on the other hand, operators have 1o st nd of the fucl as soon as. poSsxblc to ensure
the operatonal life of their reactors. .

SPENTFUELISFRESHFU‘EL | L .

Due 10 mtcmauonal and German rcgu]auons spent fuel must be cons:dcred as fresh fucl
if the radiation dosc at 1'm distance in air per kg U is below I Gy/h. If there is no shipment

-" .of spent fuel within the next few years, at many rcscarch reactor facilities an increasing num-

ber of spent fuel elements for which the radiaton dose level is below that limit will develop.
This will cause a severe crisis because additional exnaordmary demands on physxcal protcc-
tion and’ safcvuardmv are duc o bc mtroduccd. .

 The dcmands for i mspecuons o safcvuard nuclcar fucl arc ﬁxed in IAEA pubhcauons |

“The contolling parameters are the entichment of U (LEUor HEU) and thc cffective kg of .
U* The IAEA has pubhshed thc csnmatcd inspection eﬁ'orts. o

Esnmatcd Agcncy InsPccnon Eﬁ'on for Rcscarch Reactors: Mandzylycar)

: 'Typc and Quanuty of Fuel . Manmum Effon Acwal Effort:
a) ennchment<20% U-235;ar - . = 2-3 - -0.5-1-
. Inventory less than 5ekg. . . L .
b)  LEnnchment>20% U-2357 - . 1 2
- Inventory <25 ke U-235 : S
* ¢) Ennchmept> 20 % U-233; - 0 9 b
- Inventory > 25 kg U-235 .
- . but<25ke in fresh fuel * - - '
d) Eanchment>20%U-235 - - A0 0
Inventory > 25 kg U-235 S : T
in fresh fuel .

Therefore: A rcscarch reactor wl-uch has been convcncd to LEU fuel ha.s normally an
acrual inspection effort of QS_]_mmM)-w But due to the decreasing radiation dose
- level all converted research reactors - and there are some - are on the way to an actual in-
* spection effort of 50 mandays/year. They will reach these 50 mandays/year probably within

this decade. At present neither the operator, their hccnsmg authonucs nor the IAEA is aware
of that problem. ~ .

The demands on physical protecton are dcpcnd.mg in a similar way on t.hc amount of
effective kg, the cnnchmcnt (LEU or I-IEU) and some othcr safcty rclated features.

: Within the Federal chubhc of Gcnna.ny the dcmands are 1dcnnca1 fur
- powerreactors and

. for famlmcs stonnc fresh I-iEU fu'cl in an a.rnduﬁt of 2 5ckg U

For research teactors using LEU fucl and/or having less than 5'ckg U in the form of
fresh HEU fuel (see definition above for spent fucl 10 be considered as frcsh fucl) the dc- .
mands are far less stringent. ,

“) The effective kg (cke) is the wcight of U in kg multiplied by the square of its enrichment




" Fulfilling the dcmands on physical protecton for power reactors is lmpossxblc for any
: reséarch reactor within Germany.. Thercfore, 25 we approach the § ekg U limit the difficul-
tes w:ll become unsolvablc. It may (will?) lead 1o the ﬁna] shuidown of facility in qucsnon

. . Whatare the conscquences of conversion from HEU 10 LEU and holding the spent fuel
for a long period of tme. The-operator runs into increasing difficuldes wuhm demands on
sa.t't:vuart.’uncr and physical protection. But 2s he will cxpcricncc these difficulties anyway,
why “bother to convert in the first place. There are at present real advantages to stay within
HEU: besides avoiding with spent fuel the difficuldes he avoxds all pcnalues and concems
.with the conversion process as described above. - -
Fora research reactor with relatively low'power (- 1 MW) or 2 lifetime core a decision
1o convert to LEU.is illogical in the existing circumstances. The operation will replace the
. - self-shielding and sclf-pmtccnng HEU fuel by LEU fuel. The HEU fuel will become pro-
gressively non self protecting. Thus, in addidon to the conversion difficuldes the operator ',
will experience safeguarding and physical protection difficulties he never bad 1o worry about
befare. Instead of reducing the difficulties by convcmon such a reactor opcrator will havc 1)
copc wuh many more pmblc.ms and hcadachc.s.

* UNIQUE PURPOSE R.'EACTORS

Dcﬁmuon'
. "Unique purpose” means a pro_]ect pmg:zm, or commercial acuvuy whsch cannot rea-
sonably be accomplished without.the use of HEU fuel, and may include: (1) A specific ex-
ment, program, or commercial activity (typically long term) that significanty. serves the
’ _Emnanonal interest and cannot be accomplished without the use of HEU fuel; (2) Reactor
~_ physics or reactor development based explicitly on the use of HEU fuel: ) Research Ppro- -
~ Jects based on nevrron flux level and specwra anainable only with HEU fuel or (4) reactor
core of spcmal désign that could not perform its intended function without usmgHEU fuel. -

'I'lns definition can be found in c.g. Fed. ch Vol 47 T0. 131, July 8, 1984 and Fed.
Reg. Vol. 51, no. 37, FcbruaryZS 1988. - ’

'I'lus dcﬁnmon and mmlunc consequences - gf_smgﬂm are primarily valid
only for US domcsucal]y licensed research and test reactors. But nevertheless evervone
should look at such dcﬁmnons and compare his reactor design and utlizaton with these  def-
inidons. At present it is believed that there are some reactors worldwide whlch may be con-
sidered to belong 10 thc group of uniqué puUrpose reactors:

US: - ATR, HBWR. NIST stsoun MIT
- Europe: HFR-ILL, Orphee, BR-2 (HFR Peuen?)
Others: " There will probably be more rcscarch reactors w}uch have not bccn examined -
by these criteria bcforc

Bux in principle, the above definition gives a recipe to everyone 1o reconsider the de-,
sign of his reactor (even if he is operating at power levels of 5 MW) c.g. there may be a
need for high neurron flux levels which makes the use of HEU necessary. This is casy and it
is being demonstrated. Otherwise, the operator will havc 10 accept severe pcnalncs for the
use of LEU.
The distinction between ™ unique purpose reactors” and non- umquc purposc reactors”
is arbitrary. There are two groups of research reactors '

- onec group with all advantages of using HEU and none of the dlsadvam.aocs from the
conversion procedurc (licensing, cost, ...). This is the group of rich reactors. The annu-
al consumption of U-5 for these few reactors is of the same order as for all other reac-
tors. Therefore, the continuing operation of these reactors with HEU reduces the stock-
pile of HEU, the fabrication of HEU fucl elements, the transportation of fresh and spent
HEU fuel elements only by about a factor of 2. This is surely not enough.



. the <ccond group contzins some la.roc rcactors but xhc majonty are small and financial-
ly poor rescarch reactors. They have to accept all disadvantages discussed above and

become unarmactve for many reasons. This creates severe concern for the future of the'

. operation of these reactors and may signal the end of nuclear research in many coun-
tries. _
: ) ' L]

The conclusion is that the somcwhat arbm'ary scpa.ranon into these two groups is abso-
lutely unfair. Unique purpase reactors should convert in the same way as other research re-
actors. Of course, there should be an ongoing program to qualify higher density fuel to re-
duce the penalties from the conversion to thc lowcs: possible dcgrcc. )

In the same way - to have a fair reatment. for everyone - exemptions for new r:scarch
'mactors to use HEU should not be bascd only on dcﬁmnon no. 4 abovc. o

" The definiton of unique purposc reactors i believed to be 10 sunplc. It thcrc are exccp- k

. tions from th¢ conversion 2l other conditions and | questions arising during a conversion pro-

cess must be looked at equitably £.g. safety margins,. ‘qperation cost, licensing demands,

. physical protection demands, safeguarding. All these points are for an operating research re-
* - actor of the same quality and of the same importance as the decision to Opcralc or to shut-
* down the reactor is dcpcndmg in thc same way on all Lhcsc factors. .

' SULMRY AND CONCLUSION

At prcscm no mpmccssme 1s ava:lablc (except AEA?) worldwide to get nd of md.mt-

ed fuel elements. The AEA opdon is really only ava.tlablc to a few rcscarch Teactor operators
- who can takc back t.hc waste from thc n:proccssmg.

Conmdcnng thxs smlauon onc can concludc. *

a) Convcrsnon of aresearch rcactor from I-IEU t0. LEU lcads 10 severe d;fﬁculncs for all
involved pamt:S' B

- the operator has to acccpt many pcna]ncs, thnsm probIcn;s and incrcésing operR-

tdon COS!

- the hccnsmv auxhonty must dcal with ncw pmblcms and cons:dcr increasing ph\’Sl- ..

cal protecton dcmznds

- the IAEA has to prcparc fori mcrcasmc safcvuard.s mq:ccuons

- the pubhc mtcmanonal]y fccls dccply conccmed about the mcrcasm° prohfcrauon )

risk. .
No one has any advamaoe; from convcnihg a specific reactor.

b) If there is no conversion there is an increasing prohfcmnon risk \mh the HIEU spread
' wordwide . . .

c) lf there is no slupmcnt of spent HEU fuel clcmcnts to a central storage (the country of

origin of the U) there is an increasing pm]xfcranon risk with the HEU spread world-
w:dc ‘

d} The counincs of bnc'm (Us, Russ:a (USSR) China, UK and oxhcrs") of the enriched U
have 10 take back the spent fuel elements for 2 given time to allow the research reactor
operaior



- -t look at other soludons for .g. an interim storage or final disposal in the home

m
St

-

country

- 1o shutdown the reactor and without having remaining spent fucl clements durning

the decommissioning period.
' 1Y
To reduce-the prommuon risk the ideal situaton would be 10 have no résearch reactor
in operation worldwide with HEU. Thercfore, all rr:scarch reactors should be converted
from HEU 16 LEU including e.g. the unique purpose reactors, the reactors build by the
USSR and operated in many counties (36 %. 80 %, 90 %), the reactors in China and
others, Othc:w:sc conversion makes linle sense. '

From the forgomg sections the following conclusions can be drawn.

From INFCE-summary volume p. 255

Where is the’ provram, where is the effort and where are the reactors Opcratcd in the
past with natural uraniam and that havc convernied 10 the vse of shghtly enriched urani-
um? -

Reprocessing, gct nd _6f spent fuel

The nc’ad for rep'r'occssing has been stted in INFCE.

US announcements in the Fed. Reg. in 1986 10 take back spent LEU fuel demonstrated
the wxllmgness of the US to takc back the spent fuel after convcrs:on tolEU. .~ .

At the tdme of the announcement and for the next several years there was (is) no real

.~ need for such a guaranice 2s thcn: were not enough spcn: fuel clements for rcpmccss-
ing.

The US dccxsxon 1o stop any reprocessing activities should not makc any changc 10 t.hat

“guarantee in pnnc:pal.

The intention of the Fed. Reg. Note was that rcscarch reactor opcrators would be ablc
get rid of their spcm fuel. :

‘Some rcacto;'_s will shoidown.
- Worldwide the s:ockl:;ilés of spent fuel are increasing rapidly.

) _Ecnaln'cs have 1o be pa.id whcn performing conversion.

Reduction of safety margms :

great during conversion, small after conversion |

Fuel n:habxluy is only comparable for U;Si,

Neutron ﬂux‘lcvcls are decreased by 10 % or more

Fuel element fabrication cosf_arc increased by 20 % or more
Complex licéhsing procedures are nccessary

In many cascs additional upgrading measures must be made



" Germnan licensing ifics

- Increasc of spent fuel storage capacu'y bv morc than 10 % rcqmrcs a pubhc hcanno
' proccdurc wuh an unforeseeable outcommc

- For a 6 year (rolling) period in advance, 2 soluton for all dxscharocd a.nd cmsqnﬂ spcnt
fuel clements must bc shown by conwacts. o

pent fuel is fresh cl _

- Spent fuelis by dcﬁmnon fresh fucl l.f thc nchanon dose per kg Uis below 1 Gylh atl
m distance inair. : :

The spcm fucl will bccomc ﬁ'csh fidel in due coursc. _

“stead of <l mandaylycar

_ Fresh HEU fucl reqmrcs phys:cal pmta:non dcmands :dcnucal w:th phymca.l protecuon -
dcmanus for powcr reacior. S

~

If th:re is no soluuon to geting rid of the spent fucl. it 1s complcu:ly ﬂ}oqcal to conven
o LEU . . , .

_, mucu e ct'

- 'I'hcsc rcacmrs (5 'US 3 abmad, + ._) are cxcluded from thc convcmon dcmands. _

i

'I‘hc hsung of such c.xcmsxons is far from ocmg plete..

Rcactors are not trcated eqmtably.

" “The definition must be extended © hccnsm + st reactor performance, physical pro-
tection, safeguarding: : ' S

‘These rcactors shou]d convert to l..EU too

H.whcr densny fuel should be qua.nnea o umn tnc pcnames for tncsc reactors

\‘cw rcscarch rc.ar:tors must use I.EU

. FINAL o
Reduction of the prohfcrauon risk should be an indispensable goal of the mtcmauonal

policy. Therefore enrichment reduction should be made for all research réacors ina
fair and equitable way and in a rc.asonablc tme. .

The announcement by the secretary of US-DOE oa July 13, 1993 isan cxtrcmcly jm-

portant signal. This must be followed soon by further steps to reach the status approved .
Policy with conaacts for the first sh:pmcnts agrccd wuh the countries in question.

Where are the aocquatc sngnaJs from the od_)cr countrics of ongm of cnnchcd u? .'

We hear the signal and we all want to reach the goal which is |

REDUCTION OF PROLIFERATION RISK

Frcsh HEU fucl mquues safcgua:cb_nc mspccuon efforts of up t© 50 man days/yc.ar e




DEPARTMENT OF STATE
WASHINGTON

November-BD, 1993

Dear Madam Secretary:

. Thank yon for informing us in your July 13 letter that the
. Department of Energy (DOE) has proposed to adopt a policy to
receive United States-origin spent fuel from foreign research
reactors and to undertake the necessary environmental reviews
in order to implement the policy. : - .

- DOE s agreement to use the emergency procedures in the
Council on Environmental Quality's National Environmental
Policy Act (NEPA) regulations in order to accept for '

- disposition in the United States an emergency shipment of 144

" spent fuel elements from the BR- 2 research reactor at Hol,
Belgium, is’ sxgn:ficant and prazseworthy.

e Even though the Belgzan reactor operator has decided. not
"to break its contract with the Atomic Energy Authority of the
United Kingdom for reprocessing these 144 fuel elements and - -
therefore will not send them.to the United States for '
disposition, I believe that DOE's offer to accept the Belgian
‘fuel under NEPA's emergency procedures has made an important
‘contribution to U.S. nuclear non-proliferation interests. If
DOE had not taken this decision, there would have been a grave
-risk that other research reactor operators and their
governments would have abandoned their support for our efforts
to minimize the use of highly enriched uranium in civil nuclear

' programs.

. ,i Rapid completion of the Environmental Assessment that
would provide the basis for importing into the United States up
to 700 fuel elements from other foreign research reactors with

The,Honorable
Hazel R. O'Leary, .
Secretary of Energy.



| pressmg spent fuel’ dxsposition requzrements and completion of the
Environmentel Impact Statement is essential -to the President's .
I hope that

nuclear non-proliferation policy. For that reason,
it will be possible for- DOE to complete these actions as soon as
possible in order to maintain foreign commitment to the Reduced

Ennchment for Research and ‘Test Reactors rogram. {
| ' Smce/j]

.




Department of Energy
Washington, DC 20585 _
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- Mr. E. D. Hondros

- Commission of the European Communitiés
Joint Research Centre - Petten Establishment
1755 ZG, Petten

The Netherlands

Dca: Mr. Hondros- -

" lam wnung in response to your leuer of March 2, 1994 in whlch you prowded comments on .
the Fcbruary draft Environmental Assessment (EA) on Urgent-Rcllef Acceptance of Forengn
Research Reactor Spent Nuclear Fuel as well as to followup on the telcphone conversation that
you had w:th Mr. Hunz.cnga of my staff on March 11 1994, :

l understand that you have discussed with the Dutch authorities the possibility of adding two

. more storage racks to the High-Flux Reactor (HFR) spent fuel storage pool and that you have

- serious concerns as to whether they will grant such an expansion. The proposal in the February

draft EA to accept 33 spent fuel.elements was based on the assumption that this storage could
be added in a timely manner. Because this does not appear to be a viable solution to your
immediate storage problem, wc have agreed to increase the number of spent fuel elements .
proposed to be accepted from HFR from 33 to 66 in the revised EA, which the Depanmcm is

_ currently completmg ) : '

I undersnand that you have confirmed that t.he Comnuss:on of the European Communities (EC)
~ will enter into an agreement with the United States Govemmem in the near future that would
result in the expeditious conversion of the HFR 1o use low-enriched uranium fuel. The proposed
acceptance of the HFR spent fuel, as part of the urgent relief shipments considered by the EA,
would be contingent on the signing of such an agreement that would set forth the undertakings
of the parties regarding the conversion. We' annclpate that the: following major steps would be
 required for HFR to convert to low-enriched uranium: (1) completion of the required safety
" documentation; (2) completion of the licensing procedure- and (3) ordcnng and delivery of low-
enriched uranium fuel elements. Because this is such an important priority, the United States
- will make available technical resources from the Argonne National Laboratory to assist you in
pcrformmg technical analyses. We expect that these actions should result in HFR beginning
conversion. m four to five years. .

In your March 2 letter, you indicated that the agreement.to convert HFR to low-enriched
uranium fuels would be contingent upon the United States’ agreement to accept all ‘spent fuel
generated by HFR in the. future. ‘As my staff has discussed with you, the Department has
proposed a policy to accept both low and hlchly~ennched uranium spent fuel from foreign
research reactors for a period of up to fifteen years. This proposal is currently being evaluated
in an Environmental Impact Statement prepared under the National Environmental Policy Act.



" If, after the Env:ronmcntal Impact Statement.is complete, the Department decides to adopt and
‘implement such a policy, HFR spent fuel of United States origin (both low and highly-enriched
uranium) would be cllglble for acceptance by the Umted States for the period the policy is in -
cffcct : :

As discussed in the March 11 telephbne conversaiion with my staff; I understand that Srou will
confirm these understandings in a letter. to-be forwarded to me the week of March 28. Wéare -

.. delighted to be able to work with you on this important nonprollferauon effort and hope that we

can completé an agreement that results in a strengthened Reduced Enrichment for Research and®
. Test Reactor Program. I look forward to-hearing from you and workmg togcthcr to effccmate P
the conversnon of HFR to iow-ennchcd uramu.m fuels = : e .

o ‘Smccrgly

. L i
‘Thomias P. Grumbly . {
Assistant Secretary for /

Env1ronmemal Managemcml

i

cc: The Honorable Adnaan Jacobov:ts de Szeged L : - - -
-~ Ambassador of thc Nethcrlands L - '




THE WHITE HOUSE

. Office of the Press Secretary

For Immediate Release _ . o September 27,1993

FACT SHEET =~
NONPROLIFERATION AND EXPORT CONTROL POLICY

The Pres:dent today estabhshed a framework for U.S. efforts to prevent the prohferatnon of

s Aoce_c_at

PO o al .4

Weapons of mass destruction and {he missiles that deliver them. He uuumcu um:c magur :
prmc:ples to gmde our nonprohferat:on and export control pollcy

- Our national secunty reqmres us to accord lugher pnonty to rionproliferation,
and to make it an integral element of our relatlons with other countries.
= To strengthen U S economic growth, democratization abroad and mternatlonal
' stability, we actively seek expanded trade and technology exchange with

. nations, including former adversaries, that ab:de by global nonprohferat:on
" norms. : :

- We need to build 8 new consensus —- embracing the Executive and Legislative
- branches, ‘industry and public, and friends abroad —~ to promote effective |
-‘nonproliferation efforts and integrate our nonprolifer'ation and economic goal‘s.

. The Presldent reaﬂirmed U.S. suDDort for a strong, effectwe nonnrohferatlon regime that

enjoys broad multilateral support and employs all of the means at our dlsposa.l to advance our
objectwes i

~ Key elements of the pohcy follow

Flssﬂe Matenal

. Thv 1S will “"‘"C"".E‘.ke a comp!'ehenswe npm-nnnh to ﬂ""‘ g.fn“"nﬂ accumulation of ficsile

AW was = e W LS AAVEATANE W AL WE AR

- ‘material from dismantled nuclear weapons and- wuthm civil nuclcar programs, Under this

approach the U.S. will:
/ -
- Seek to eliminate where possible the accumulation of stockplles of hlgh]y--
‘ enriched uranium or plutonium, and to easure that where these materjals

already exist they are subject to the highest standards of safety, secunty, and
international accountability. :

—  "Propose a mu'lttlateral convention prohlbmng'the praduction of highly-enriched
uranium or plutonium for nuclear explosives purposes or outside of
international safeguards.

- Encourage more restrictive regional arrangements to constrain fissile material



production in regions of -instnbility and high proliferatiOn risk.

- Submit U.S. fissile material no lOnger needed for our deterrent to mspectlon by-
’ the International Atomic Energy Agency

- Pursue ‘the purchase of hlgh.ly-ennched uranium from the former Sov1et Union
. and other countnes and its conversion to peaceful use as reactor fuel.

-- o \"Explore means to lxmlt the stockpllmg of. plutomum from cml nuclear

T programs, and seek to minimize the civil use of highly-enriched uramum

D Inmate a comprehensnve review of long-term opnons for plutomum dlsposmon,
takihg into account technical, nonprollferatlon, environmental, ‘budgetary and.
- economic considerations.. Russia and other nations with relevant interests and
expenence wxll be mvned to part:clpate in thls study

'I‘he Umted States does not encourage the cml use of plutomum and accordingly, does not’
" itself engage in plutonium reprocessing for either nuclear power or nuclear explosive
" purposes. The United States, however, will maintain its existing commitments regardmg the -
use’ of plutomurn in CIVll nuclear programs in Western Europe and Japan :

' Exp_ort Control

"To be truly eﬂ'ectwe expon controls should be applled umformly by all supphers 'I‘he
United ‘States will-harmonize domestic and multilateral controls to the greatest extent possrble.
- At the same time, the need to lead the international community or ovemdmg national security
_or forelgn policy interests may Jusufy unilateral .export controls in specific cases. We will -

“review our urilateral dual-use export controls and policies, and ellmmate them unless such
controls are essennal to nanonal secunty and foreign pollcy mtercst.s

' We wlll streamline the 1rnplementatmn of U.S. nonprohferat:on expon controls Our system
“must be more responswe and efficient, and non inhibit legitimate exports that play a key. role
-in American economic strength while préventing exports that would make a material® :

" contribution to the prolnferat:on of weapons of mass destructlon and the mlssﬂes that dehver

them. S . - : E

Nuclear Proliferatign

' 'I‘he U.S. will make every effort to secure the indefinite extension. of the Non-Prollferatlon
Treaty in 1995. We will seek to ensure that the International Atomic Energy. Agency has the -
resources needed to implement jts vital safeguards responsibilities, and will- work to strengthen
the IAEA’s ability to detect clandestme nuclear activities, :



Missile Proliferation

We will maintain our strong support for the Missile Technology Control Regime. We will
promote the principles of the MTCR Guidelines as a global missile nonproliferation norm. and
seek to use the MTCR as a mechanism for taking joint action to combat missile proliferation.
We will support prudent expansion of the MTCR’s membership to include additional countries
that subscribe to.international nonproliferation standards, enforce effective export controls and
abandon offensive ballistic missile programs. The United States will also promote reglonal
efforts to reduce the demand for missile capabilities.

The United States will continue to oppose missile programs of proliferation concern, and will
exercise particular restraint in missile-related cooperation. We will continue to retain a strong
presumptxon of denial against export.s to any country of complete space launch vehicles or '_
major components. X

The United States will maintain its general policy of not supporﬁn’g the developmcht or
acquisition of space-launch vehicles in countries outside the MTCR.

For MTCR member countries, we will not encourage new space launch vehlcle programs, .
which raise questions on both nonproliferation and economic viability grounds. The United’
States will, however, consider exports of MTCR-controlled items to MTCR member countriés
for peaceful space launch programs on a’ case-by-case basis. We will review whether .~
additional constraints or safeguards could reduce the risk of misuse of space launch ,
technology We will seek adoption by all MTCR partners of policies as vxgtlant as our own

Chcmncal and Bl_ologlcal Weapgns

" To help deter violations of the Biological Weapons Convention, we will promote new

" measures to provide increased transparency of activities and facilities that could have

~ biological weapons applications. We call on all nations - including our own -- to ratify the
. Chemical Weapons Convention quickly so that it may enter into force by January 13, 1995. -
We will work with others to support the international Organization for the Prohibition of
Chemical Weapons created by the Convention. -

Regional Nongrohferapon Initiatives

Nonproliferation will receive greater priority in our diplomacy, and will be taken into account
. in our relations with countries around the world. . We will make special efforts to address the
proliferation threat in regions of tension such as the Korean peninsula, the Middle East and -
South Asia, including efforts to address the underlying motivations for weapons acquisition
and to promote regional confidence-building steps.

In Korea, our goal remains a non-nuclear peninsula. We will make every effort to secure
North Korea’s full compliance with its nonproliferation commltments and effective
1mplemcntauon of the North-South denuclearization agreement.

In parallel with our efforts to obtain a secure, just, and lasting peace in the Middle East, we
will promote dlalogue and conﬁdcncc—bmldmg steps to create the basis for a Middle East free



of weapons of mass destruction. . In the Persxan Gulf, we will work with other suppliers to -

contain Iran’s ‘nuclear, missile, and CBW ambitions, while preventing reconstruction of Iraq s -

activities in these areas. In South Asia, we will encourage India and Pakistan to proceed with
multilateral discussions of nonproliferation and security issues, with the goa] of capping and
eventually rolling back their nuclear and’ rmssrle capab111t1es

In developmg our overall approach to Latin Amenca and South Afnca, we will take account
of the significant nonproliferation progress made in these regions in recent years. We will
intensify efforts to ensure that the former Soviet Union, Eastern Europe and Chma do not
contribute to the’ spread of weapons of mass destruction and m:ssrles . :

Military Plannmg and Docmn _

We will give prollferatlon a hrgher proﬁle in our mtelhgence coIlectlon and ana]ys:s and
defense planning, and ensure that Jour own force structure and military planning address the ‘
potenual threat from weapons of mass deslructxon and mxssnles around the world ‘

1

,

Convennonal An'ns Transfers -

We will acnvely seek greater transparency in the area of convennonal arms transfers and -
~ promote regional confidence-building measures to encourage restramt on such transfers to

- regions of instability. -The U.S. will: uridertake a comprehensive review- of conventional arms '

transfer pohcy, taking into account national secumy, arms control trade budgetary and
economic competltweness consnderatrons L _ : .

S
6‘\‘



The Secretary of 'Energy
Washingtlon, DC 20585

January 19. 1994

The Honorable Warren Chnsmphcr
-Secretary of State
- Washington, D.C. 20520

Dcar Mr Secretary'

| On July 13 1993 1 wrote to you conccmlng thc Department of Encrgys pmposal to
adopt and Jmplcmcm a new. pohcy on the acceptance of foreign research reactor spent.
fuel containing uranium enriched in the United States. In addition to expressing the
Department’s intention to prepare an environmental impact staiement on the proposcd
policy, 1 also indicated that the Department was planning-to complete by the end of 1993
an ‘environmental assessment for the proposed urgent-relief acceptance of enough spent
fuel to eliminate any near-term threat to the Reduced Enrichment for Research and Tesi
Reactor Program while the environmental impact statement is being prepared. On
November 30, 1993, Under Secretary Tarnoff wrote to me-on your behalf, urging rapid
completion of the environmental assessment and noting thc importance of this. cffort to
the President’s nuclear nonprohfcrauon pollcy : — L

I want to assure you that we are proceeding as rapadly as possiblc toward complctxon of
the environmental assessment.  You should be aware, however, that in. response to the

. draft assessment that we made available to affected States and interested groups and .
individuals for their review on October 18, 1993, we received numerous comments from
elected officials at all levels of government and from private groups and individuals
questioning the. merits of the Dcpanmcm s proposal to receive any spent fue) from
foreign research reactors. It is apparent from these comments that we need to provide a
-Clearer explananon of the nonprohfcranon concerns that underlie the need for the
United States to accept tlus spent fuel prior to complcuon of the envuonmental 1mpact
statement. ‘ .

Thc need to address the concerns of the public and the evolving list of Teactor operators

- professing a need for "urgent-relief*. acceptance of their spent fuel have delayed the
completion of the environmental assessment. In order to proceed in light of the concerns
expressed and the changing parameters of the proposed action, we have developed, in
consultation with your staff, the énclosed action plan leading to completion of the -
assessment by the end of March 19%4. . :



1 would like specifically to call your attention to the forum scheduled for February and

_ ask that the Department of State participate as a co-host. The purpose of this forum is to
have a meaningful dialogue among key stakeholders and policymakers regarding the
purpose of, and need for, thé proposed urgent-relief acceptance of spent fuel. This will
allow a thorough airing of both the international and domestic policy components of this
issue and provldc an opponumty to explore how to better harmonize thcsc polmcs

Thc meeting on February 10, whnch would be designed in pari to prcparc for the
discussion on February 25, would involve: representatives of all of the key stakeholders.
Any new ideas that emerge from the discussion on February 10, could then be brought
" before the senior policymakers on February 25. This latter mecting is intended for -
' pohcymakcrs, including elected officials from affected States and senior reprcscmatwcs of
" the appropriate Federal agencies and. public. mtcrcst groups. Obscrvcrs willbe - o
accomodatcd at both of thcsc mccungs : '

' It is csscntlal that thc Dcpanmcnt of State acuvcly participate in this fomm so that the -
foreign policy and nonproliferation concerns underlying the urgency of this action are™
cffectively presented. As a practical matter, this Department’s ability to proceed with .
acocptanoc of urgént-relief spent fuel shlpmcms may depénd -upon our collcctxvc abilny
to convmoe stakcholdcrs that thc proposed action is necessary. :

1 rcquest that you make ava‘lablc a senior mcmbcr of your staff to jOll'l w:th Assxstant
Secretary Thomas P. Grumbly, Director John G. Keliher, and Special Assistant Robert
DeGrasse of my staff to participate in this forum. Please feel free to contact
. M Grumbly concerning this. requcst. In addition, 1 would like to express my

- appreciation for ! your support in completing the environmental asscssmcnt and look -
forward to the Department of State’s participation as a cooperating agcncy under the
National Environmental Policy Act in preparation of the environmental Jmpact statcmcnt-'
on thc pr0poscd pollcy to. acccpt forclgn research reactor spent fuel. '

- The Dcpanmcm rcmams commmcd to the cxpedmous complcuon of thc cnvxronmcntal
~ reviews of the proposcd acceptance of foreign research reactor spent fuel and to the
support of the I\auon s nuclcar nonprohfcrauon policies. . -

| Sindcrely,

Enclosure



Plan of Action
for
Completion of the Environmental Assessment of the
“Urgent. Rehef Acceptance of Forelgn Research Reactor Spent Fuel

'~ January 3-14,'1994 Dcpartmenl of Energy and Department of State teams
' : visited each of the foreign research reactors from which we -
.are considering accepting spent fuel under the environmental -
~ assessment to verify the need for urgent-relief assistance.

February 4, 1994 A draft environmental assessment, revised to include the:
- - results of reactor site visits and consideration of comments
received in response o the previous comment period, wili be
released for a 30-day public review and comment period. .

February 10, 1994 . A preparatory public meeting will be held involving

_ - appropriate Federal agency representatives interacting with
interested parties, with invitations being 'sent to :
representatives of environmental and non-prohferanon
public interest groups, State and local government, private
sector interests, reactor operators and represemamvcs of key
affcctcd communities.

February 25, 1994 " A half-day meeting of senior policymakers, including
) o Congress, elected officials from affected States and senior
representatives of the appropriate Federal agencies and.
public interest groups, will' include a summary of the
discussions t.hat took place at the February meeting. -

March 4, 1994 " Close of thc_30-day public comment period. -
Marcﬁ 5-31,1994 . ~ Address public comments. " |
March 31, 1994 'Complctc the cnv:ronmcntal review _process associated with .

the environmental asscssmcnt.

-
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“Assistant Gecretary for

Enviroamental Managamant

.Department of Basrgy
. Washington, DL 105!5
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Dasr Mr. Grumbly,

In”roopodnu te your question forvarded to-ni by the Duteh Inbasay in
Vazhington, -concerning the tsXe dack of fual from the XFR research
resctor in Petten the Netherlands, I hareby enderse the letter send to -
you by Hr. Hondros oz the Joint Research Ccntru on Harch 29 1996.

The acceptancs of 66 fual alannntn fzom the HER by DO! is urgeatly
raquired, '
As mentioned in your lnv&ronman:al Allcllmcnt the Duteh officicls have
axpreseed coneiderable concern about ths incressing smcunt of spent
fual accumulating in the spent atorsge pools at the HIR.

Adding etorage racks {s not compatible with this policy and cannot be
cons{darad to ba a vtahlc-nltctn;tlvufto tha tike back cptica. . -

"1 look forwverd to a nutually lattltylng dolution of tho take b;ck

problem {in the near £utur-.

your ar9ly,

Are
deputy directdt of Elsctriaity

€,0. Stata Dapartmant

Sereansdres . Do end safunyier Telotax
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FOREIGN RESEARCH REACTOR SPENT NUCLEAR FUEL -



APPENDIX B

CRITERIA FOR EVALUATION OF STORAGE SITES FOR THE URGENT-RELIEF
ACCEPTANCE AND STORAGE OF FOREIGN RESEARCH REACT OR SPENT
NUCLEAR FUEL

The initial selection of sites for evaluation regardmg the urgent-relief acceptance and storage
of foreign research reactor spent nuclear fuel was based on the followmg cntena '

¢ DOE must have Junsdrctron over the site.

o Because of the limited time available in which to complete 1 the proposed actlon, the
facility must have sufficient available storage space to accommodate the spent fuel .
' elements proposed to be accepted. ‘

‘e " "The srte must have exlstmg expenence in spent nuclear. fuel management.

s The site must be aceessrble by major highway systems and transportatton L
mfrastructurc . , .

Based on consrderatron of these site- entena, the followmg srtes have been selected for
: evaluatron in the Envuonmental Assessment

ldaho Natronal Engmeenng Laboratory
‘Savannah River Site
Hanford Site = .

 Oak Ridge National Laboratory
Nevada Test Site.

The Savannah R.wer Srte is dtscussed in detail in Chapter 3 of the Envrronmental Assessment.
- The ldaho National Enginéering Laboratory, the Hanford Site, the Oak Ridge National '

© . Laboratory, and the Nevada Test Site are discussed in Chapter 4 of the Environmental

Assessment. In addmon to the factors discussed therein, the following information was
eonsrdered regardmg thé Hanford Slte and the Oak dege National Laboratory

Hanford Site

The Hanford Site; while having a large mventory of spent nuclear fuel does not have extstmg_.
" appropriate facilities available for receipt and storage of the spent fuel covered by the
proposed action. Several Hanford facilities were evaluated to ascertain their capability to -
receive aluminum clad spent fuel in the near-term: 105-KE Basin, 105-KW Basin, N Basm,
‘the Purex Plant, T Plant, and 308 Building. Near-term recerpt and storage at these facrlmes

- .. are not viable for the following reasons:

- 1. - The 105- KE and IOS-KW Basins currently are used to_ store Hanford defense
production reactor fuels. Receipt of the fuel in the proposed action at the 105-KE and
‘the 105-KW Basins is not practical in light of key corrective actions that are being

B-2



.undertaken to address concerns identified in the "Spent Fuel Working Group on
Inventory and Storage of the Department’s Spent Nuclear Fuel and Other Reactor’
Irradiated Nuclear Material ‘and Their Environmental, Safety and Health

' 'Vulncrabllmes" (USDOE-EH, 1993).

. ddmonally, near term receipt would not- be practlcal due to the following restrictions:
1) existing basin safety analyses support storage of low enriched fuel only (1.25
percent or less); 2) cnucahty analyses would be required at each facility to establish

safe storage arrays, spacing, shielding, poison, etc.; 3) physical change in fuel storage , | —, -
‘racks would also be required; 4) existing safety limits at 105-KE and 105-KW do not - - .

- allow handlmg of fuels identified as being 50 inches and 60 inches; 5) load out pit-
e 'conﬁgurauon in each of the basins would restrict sh1ppmg cask handlmg a.nd szze, and’
' 6) any fuel entering 105-KW must be encapsulated : '

N Basm cleanup actlvmes are: scheduled fo mke place over the next few years to ready :
" the basin for turnover to a Decontamination and Decommissioning status. The N o
- Basin support systems have alréady been shut down as part of N Reactor shutdown
* activities. A formal safety basis for receipt of the fuel at the N Basin would be
required. Near-term receipts of fuels within the proposed action would not be practical
due to the current basin status and physlcal and admrmstrahve requrrements to ready
the basm for fuel recelpt. - o L

The existing Shlppmgport PWR Core I pool cell within the 221-T Bulldmg canyon is
approximately-27 feet by 13 feet.. The PWR core II fuel utilizes roughly 50 percent of
the available storage space in the pool cefl. The 221-T Building canyon includes 36
additional process cells. However, all but two of the cells are filled with contaminated
equlpment and the two empty cells are desrgnated as decomammauon cells.

- 'I' Plant is a Lumted Control Facility, medning that the facrhty currently can contain no

greater than one-third of a minimum critical mass of fissionable material, unless the
form or chstnbutlon of the material ensures that a safe mass cannot be exceeded.
Criticality analyses and criticality safety measures would be required prior to storagc -
of fuel that would cause the Limit Control Facility limits to be exceeded. The facility
satlsﬂes requirements for storage of safeguards category IV E materials. Additional,
measures would be requrred for storage of sorne of the-fuels within the proposed
action.

The 308 Bu:ldlng contains a TRIGA reactor and 104 TRIGA fuel elements.. The
elements are stored in racks in the water poo] around the reactor. The existing :
Hanford TRIGA fuel occupies essentially 100 percent of the available capacity in 'the
pool. Plans are being implemented to remove the fuel from the 308 Building to ~
enable transition of the facility to a Decontamination and Decommissioning status. -
Fuel removal from the facility will not be cornpleted unti] 1996. Further, the 308
Building cannot readily be reconﬁgured to-receive and store most fuels within the
proposed action. - :
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The Purex Plant Storage Basin is a small pool cell (31 feet by 20 feet) that currently s
used to store Hanford defense production reactor fuel that was originally sent to the
PUREX Plant for reprocessing. The PUREX Plant currently is in transition to a
Decontamination and Decommissioning status. Activities to remove nuclear material
inventories, including the fuel, from the PUREX Plant are being 1mplemcnted to
support facxhty deactivation.

The existing safety analyses and criticality controls for the PUREX Plant do not
accommodate high enriched uranium. The storage basin does not have a water .
treatment system and the water quality within the basin is not controlled.. The PUREX
Plant is not configured to receive fuel from casks that would be utilized for foreign

- research reactor fuel. PUREX Plant modifications and readiness to receive fuel under

the proposed action likely could not be achieved within the time requu-ed to nnplement' _
the proposed action. . _

" Qak Ridge National Laboratog

‘The Qak Ridge National Laboratory has three possible locations for wet storage of the forexgn

research reactor spent fuel elements: (1) the High Flux Isotope Reactor (HFIR) pool; (2) the
Oak Ridge Reactor (ORR) pool; and (3) the Bulk Shielding Reactor (BSR) pool. Ncar-term
receipt and storage at these facilities is not viable for the following reasons: -

1.

. The HFIR pool is currently full. _An effort is in progress to support the ‘rell-acking of -

the pool to allow for additional capacity needed for about five years of operation of
the HFIR reactor. This reracking will use all of the remaining storage space in the
HFIR pool; there would be no room for the storage of 409 foreign. research reactor .
spent fuel elements.

The ORR pool has been shut down for a number .of years. The pool’s Safety Analysis
Report and other related safety documentation are no longer current, and the pool has

. been designated for unrestricted use. In order to store foreign research reactor spent *

fuel elements in the ORR pool, the safety documentation would .need to be redone, a
new Safety Analysis Report prepared and approved, and the facility returned to.
restricted use. This process would likely take well in excess of the time rcqulred to
implement the proposed action. _

The BSR pool currently contains BSR spent fuel elements Although with reracking
this pool could accommodate 409 forelgn research reactor spent fuel elements, several
operational issués preclude its use in the near term. The pool water chemistry is
currently being controlled with a demineralized water feed and bleed process. To

. accommodate the foreign research reactor spent fuel elements, a major upgrade of the

pool water cleanup system likely would be required and could not be completed in the
near term. Because the facility crane is inadequate to handle the casks associated with
the foreign research reactor spent fuel elements, a new crane would have to be
installed or the fuel would have to be unioaded in the HFIR facility and then _
transferred to the BSR pool. The latter option is not viable because the HFIR pool
does not have interim storage capacnty
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APPENDIX C .

CRITERIA FOR INITIAL SELECTION AND ANALYSIS OF MARINE
PORTS OF ENTRY FOR FOREIGN RESEARCH REACT OR
SPENT NUCLEAR FUEL

C.1 SUMMARY

The Department of Energy (DOE) undertook for thls Env:ronmenml Assessment a series of '
efforts to develop a list of proposed ports of entry that best addresses the proximity of the -

- ports to the proposed storage facility, the populatlon density surroundmg the ports, the.
experience and capability of the ports in receiving spent nuclear fuel, and other factors - = .
relevant to the assessment of risk.. The efforts included port visits and contacts w1th selected

ports to collect detailed information on’ port capabllmes and operations, meetings with . :
concerned citizens at potential ports of entry, rigorous calculations of potential risks, a
workshop of maritime experts, and review of public comments on two drafts of the : .
Environmental Assessment. The result was a detailed picture of the environmental and other
considerations required for selecting marine pons of entry for proposed shlpments of spem .
nuclear fuel under the proposed action. .

Based on this mformauon DOE has identified five ports of entry for the p:oposed slupments
of spent nuclear fuel from foreign research reactors. These ports are Wilmington, North
Carolina; Sunny Point, North Carolina; Charleston, South Carolina; Savannah, Georgla, and
Jacksonville, Florida. This list differs in some respects from the list of proposed ports -
included in the Draft Environmental Assessment distributed for public comment in February -
- 1994. In response to public comment and upon further consideration of all factors, Sunny
Point, North Carolina was added, -and the ports of Portsmouth, Norfolk and Newport News,

o V:rgmla were dropped from the list of proposed ports.

€2 PORT AND MARITIME INDUSTRY DATA COLLECTION ACTIVITIES '

Prior to the development of criteria for port selectmn and the appllcatwn of those criteria to a
list of ports, detailed information on seaports in the United Statés and on the econoinic, '
safety, and practical considerations-of the maritime industry was obtained. The data collecnon
activities undertaken for this Envuonmenm.l Assessment are descnbed in the followmg
sections, :

C2.1 INVENTORY OF UNITED STATES SEAPORTS ’

The data collection activities began with a search for United States ports available for - .

- potential receipt of shipments of spent nuclear fuel. A list of all 151 commercial United
States seaports was obtained from the. United States Maritime Administration (MARAD) (see
Table C-1). The seaport inventory contains the names of all commercial ports handling
foreign trade. The MARAD seaport inventory does not include pure fishing ports, inland
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ports (e.g., Pittsburgh and St. Leuis),' and pure military ports. .No efforts were made to
“include fishing ports or inland ports since ocean-going commercial vessels would not and

have not typically called at these ports.. Mlllmry ports were evaluated separately as dlscussed :

in Section C.5. ‘ : A

C 2.2 U S. Merchant. Marine Academy Wojrkshi:p on Port Selection Criteria

A DOE-sponsored workshop on-port selecuon criteria for shrpments of spent nuclear fuel was .
held at the United States Merchant Marine. Academy (USMMA) in Kings Point, New York on
' November 15-16, 1993. Participants in the workshop included experts from key sectors’
. within the maritime lndustry Disciplines represented included marine transportation, - ‘
: mtermodal systems, marine insurance, adrmralty law, United States Coast Guard Operations, .-
‘United ‘States Navy Opérations, Mlhtary Seahft Command Operanons, national cargo bureau,
pllotage, and shrps operatlons
Through a series of panel dlscussmns, a description of how spent nuclear fuel would be
_ transported to the United States was developed. “The key points of discussion were.the" .
economic and practical constraints -of the maritime industry as they pertained to shrpments by
sea of spent nuclear fuel and factors which could potentially increase the safety of such .
shipments.. The workshop paruclpants clarified several points of fact regarding shipments of *
spent nuclear fuel and described the advantages 'and disadvantages of various types of vessels, = .
~ the 1mpract1calrty of specifying small ports not on regular shipping routes, and factors which
may be desirable if potentlal and percelved nsks assoclated with the spent nuclear fuel were

© o be avoided (SNL, 1994).

One of the more 1mportant issues agreed upon by the panel of experts assembled was that nny :
- port_capable of handlmg an ocean-going vessel is capable of receiving spent nuclear fuel. - °
Some ports may have features which would be more desirable, such as easy access to open
water, on-site cargo cranes, full-tune safety or emergency ‘staff, etc., but no port which could

‘receive an ocean-going vessel carrymg cargo has llmrtauons which would prevent safe recerpt S

of the cargo.
C23 Port ths

A number of port visits were condueted on behalf of DOE to obtam detailed mformamn on ' .
. several ports that appeared to be reasonable ports of entry based on past experience with other
shipments of radioactive materials and the location of the proposed spent.nuclear fuel storage
site. " The port visits provrded detailed information on topics such as emergency response
resources and the number and capabilities of shore cranes as opposed to more general

~* information such as the distance.from the port to the Savannah River Site. .

L

YAn mland port is one that cannot service a commercial occan-gomg liner. “Any port (rcgardlcss of its locauon) that can
scrvice such a vesscl is included on the M.AR.AD list of commercial scaports.
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C.2.4 Other Activities

In addition to port visits and the USMMA workshop, contacts were made by telephone and
correspondence with other ports and shipping companies (private and government) to obtain
information on maritime . capabilities and requirements.. Navigationa! charts of potential ports
were assessed for information such as harbor and channe! depth, distance from the open
ocean, vessel maneuvering room, ete. Computer "database searches were conducted for

pertinent information, such as ports receiving shipments of radioactive materials, to determme o

the quanUUes and comparauve risks associated with commerclal shlppmg actmhes
C.3 Port Selectmn Crltena and Screening Procas

Once mformaﬁon on Umted States ports of entry and the maritime mdustxy was collectcd, the o

" criteria by which potential ports of entry would be evaluated were developed. These criteria

were designed to address issues associated only with shipping a small number of casks over-a

short penod of time through a United States port for transport to the Savannah River Site. '

These criteria were not designed to address issues associated with a larger number of =~

shlpmcnts over a long period of time, such as the long-term proposed policy being considered

in the Foreign Research Reactor Spent Fuel Env:ronmental Impact Statement. For long-term .

- proposals, considerations such as future port developmcnt plans and populatmn trends would

have to be considered. N .

 The criteria development procéss began with the incorporation of criteria pertaining to -

.- shipments of spent nuclear fuel in Section 3151-of Public Law 103-160, National Defense
'Authorization Act for Fiscal Year 1994 (the Act), which was signed into law by Presndent
Clinton on November 30, 1993 Section 3151 of the Act provxdes, in perunent pan

"The Secrcmry of Encrgy shall, if economlcally fca51blc and to the maximum .
extent practicable, provxde for the receipt of spent nuclear fuel under this )
section at a port of entry in the United States which, as determined by the
Secretary and compared to each other port of entry in the Uhited States that is
capablc of recclvmg the spent nuclcar fuel- : ‘

(l) " has the lowest human populahon in the area surroundmg the port of emry,
(2) s closest in prox1m1ty to the facility whxch will store the spent nuclear fucl

‘ and :
(3)  has the most appropriate facnht:es for, and expencnce in, receiving spcnt

nuclear fuel.” .
"The full text of Section 3151 is provided at the end of this Appendix.
'In addition to these reqmrerhenis additional criteria recommended by the USMMA workshop -
were incorporated. These criteria were considered important from a maritime perspective, =~

taking into account environmental, safety, and practical consxdcratlons _ These addmona.l
criteria were:
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(1) distance of the port from the open ocean; . . . o
(2)  emergency. preparedness and capabilities;- and ' : _ 6“_’
(3) intermodal access. :

DOE determined that it would be appropnate to apply the screening cntena to the MARAD
list of commercial ports using a step-by-step approach. The first three criteria applied were
those set forth in-the Act (i.e., most appropriate facilities, lowest population, and closest in .

. proximity to t.he Savannah River Site). If a port “failed to meet one of these criteria, the port
was excluded from further consideration. Although the Act did not direct DOE to consider , -

~ the three criteria in any partlcular order, DOE applied the criterion relating to'a port s

-facilities and expenenee first as a reasonable means of evaluating which ports were in fact -
. capable of receiving the spent nuclear fuel. Unless a port had such facilities and therefore

- was in fact capable of receiving spent nuclear. fuel, it would not matter how closé the port’
was to the Savannah River Slte or how low the populahon was | m the area surroundmg t.he _

- In the ﬁnal step, cntena recommended at the USMMA workshop were applled to determine if -

the ports that met the first three criteria had other characteristics deemed important, but not

" necessary, to safely receiving shipments of spent fuel. ‘These criteria. were distance from. the

ocean, emergency preparedness and capabilities, and intermodal access. -The criteria were not

applied'singly but as a group, because failure to meet any one of those criteria would not-

: necessanly mean a port could not safely receive spent nuclear fuel.” Based on the lessons .~ ... -

learmed in the USMMA workshop, there is nothmg to prevent a port that can receive cargo '-

(containerized or-not) from receiving a vessel carrying spent nuclear fuel. The fact that

failure to meet any of the last three criteria would not physmally ‘prevent safe handling of -

" spent fuel led DOE to conclude that these criteria should be applred as_a means of weighing

~ the relative merits of ports. In this manner, DOE could consider: many factors relevant to the.
safe and practicable shipment of spent nuclear fuel to select’ the port(s) most "capable of :

recewmg spent nuclear fuel." . :

CA4 Appllcatxon and Results of the Port Selectlon Screemng Process :

DOE belleves that any well-mamtalned port thh certain basic charactenstlcs could safely and ., '
~reliably receive ‘spent nuclear fuel. Failure of a port to be selected as one of the proposed -

“ports of’ entry does not mean that such'a port is not a’safe port of entry for shipment of spent
nuclear fuel. DOE does believe that certain ports are more advantageous than others, and the
selection of these ports on ‘well-defined criteria provides the basrs for the port selechon effort
undertaken for this Enwronmental Assessment. ‘

'Cntenon 1: Most-Appropnate Facilities for Re_celpt of Spent Fuel

- The first step in the screening process was to determine which ports would best meet the.

Act’s criterion of having the."most appropriate facilities for.., receiving spent fuel.” Since
Congress did not define the term “most appropriate facilities” in the Act, DOE had to

. determine what port features would be necessary to service a large container vessel of the

type possibly used under the proposed action. Since DOE does not know if a container - _
-vessel, breakbulk freighter or roll-on/roll-off vessel would be used, ports that could service all
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types of vessels were consndered so as not to preclude selection of a parucular type of ocean- .
going vessel. Ports that had regularly scheduled commercial ‘container service from Europe
would be adequately equipped to receive spent fuel, i.e., these ports would have the harbor .
depth, pier depth, berthing space, cranes, and crane operators, etc., necessary for sérvicing a
large container or breakbulk vessel. Moreover, these ports would have experience in handling..
containerized cargo. Because of the near-term nature of the proposed action, it is important
that any facilities needed to receive spent fuel already exist, since harbors and channels could.
not be deepened and dredged, nor port facllmes constructed in the trme reqmred for the

“proposed slupments

~ The decision to use current commercial liner schedules was based on recommendations made -

at the USMMA workshop. Workshop participants concluded that the "most appropriate’ -

- facilities" criterion would best be met by ports which were regularly serviced by commercral

- liner operations, where ships provrde services as common carriers between spccxﬁed ports -

(much like a scheduled airline service between specific cities). Liner operations were . . . -

restricted to those. steamship companies servicing the. European ports likely to be the point of . .
origin of the spent nuclear fuel. Unless a port had the facilities néeded to service a large -
ocean-going liner, it would not matter how close the port was to the Savannah River Srte or.
how low the population was surroundmg theport = - -~ .- :
Commercial liners are common carriers’ operatmg shlps on scheduled saxlmgs over estabhshed
trade routes. They provide service to all on a first-come, first-served basrs ‘In contrast to .> _
liner operations, tramp ships provide private or contract carrier service on no fixed route or -
predetermined schedule. These ships go wherever cargo is available and take it to whatever - .
destination is requested.. While some companies advertisé that, "subject to inducement,” ports -~
not-on their regular schedule may be added, the cost of adding a port would be significant. -
However, it was the opinion of the USMMA workshop participants that the better vessels and
crews would be working on well-éstablished-and regular routes, and that the compames '
operating these vessels would be unhkely to change their schedulcs. T

Since commercial liners would likely be unavailable even wnh inducement to call ata port -
not on their schedule, the shipping companies. that would entertain specral port calls for very -
small increments of cargo would tend to manage vessels operating in the tramp (1 €. charter)
market. Such vessels tend to be older and less reliable and, according to marine insurance
and marine transportation experts at the USMMA workshop, subject to higher casualty rates
than vessels sailing on regular liner routes. Less reliable vessels tend to be on the tramp ~ :
market because they cannot be relied upon to meet a tight and well-defined schedule. There
are well maintained and reliable vessels, however, operating in the tramp or charter market.-
One method for selecting such a vessel would be to select a vessel meetmg the standards of
the American Bureau of Shipping or a similar classification orgamzanon (See Appendix H.)
If a well maintained vessel was obtained and chartered for carriage of the spent nuclear fuel, -
any port could be specrfied assuming that the port had the necessary capabllmes

Based on port faClllty requirements for importing spent nuclear fuel by sea from Europe ona
regularly scheduled commercial liner, ports were assessed using liner schedules of shipping
companies listed in the Journal of Commerce’s Shipcards. Twenty of the original list of 151
ports met the "most appropriate facility™ criterion as shown in Table C-1. These twenty ports:
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| are identified in Table C-1: .Although military ports were not listed in the port int'entory €

-shown in Table C-1, no military ports would have met the "most appropriate facility" criterion’ -
. since commercial liners do not routinely call at military terminals or bases Mtluary ports.
-were evaluated separately, as discussed in Section C.5.

: Cntenon 2 Lowest Populatlon Dens:ty

The Act requlres DOE to consxder the port of entry havmg "the lowest human populatmn in;

- the area surroundmg the port of entry." Of the twenty appropriate facility ports, none is

obviously superior when compared to the others with respect to the "population” criterion for
two reasons. -First,. p0pulat10n densities aré usually determined by dividing the populatxon of .
a city or county by the entire area of that city or county.” As a result, the population density -

- .of a city or county may not be representatwe of the density -around the port. “A port may be

‘located well away from the populatxon centers of a city or. county, or may.be more cent.rally

. located. Morehead City, North Carolina is often cited as a low population density port since

‘the county has a population density of 97 people/sq mi.. However, when the populatlon -

" around the port and the’ transportatxon link to the closest interstate h1ghway access is

examined, the population densnty is-4572 pe0plelsq mi, Moreover, the spent fuel would -

_transit not only throtgh the city and county in which it is unloaded, but also would transit '

through other population centers along the route to the Savannah River Site. 'Not only the .

‘population. density in any one area, but the total potentially exposed population should be

- considered.. DOE. determined that both population densities (total cxtylcounty and initial Toute

_from port) and total populatxon res1dmg along route- should be used to’ assess the su1tab1hty of K ( '

the twenty ports

| Table C-2 contams the three populat:on charactensucs for each -port. - In order.to compare. the

population characteristics.in a meaningful ‘way, the pOplll&thn for each characteristic was- E
normalized with respect to the lowest population of all ports for that characteristic. -For
example, along the initial route away from the twenty ports meeting the first criterion, the

. Port of Jacksonville has the lowest population density, 395 personsllcm2 To normalize the B |

population characteristic for route p0pulauon density, each port’s populatton densuy was '

divided by 395. . R

; The result was that Jaclcsonvxlle had a score of 1, whlle Newport News had a score of 2. A

score of two means that Newport News has an initial port route population density twice as
great as that of Jacksonville. All three population characteristics were normalized in this
manner. The. average of the three scores was then déterminéd. Each characteristic was given
an equal weight, since all are important.. An average score of two for a port would mean that
the port's population charactenstxcs were: two times greater than .a port which had the lowest
score for all three charactensttcs '

No port had the lowest numbers for all three populatton charactensttcs Based on the results

" shown in Table C-2,.the decision was made to use an average score of 5.4 or less as meeting -

‘the lowest population criterion, since eleven ports were determined to have roughly

comparable low population characteristics. - ) . (
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CAPABILITY TO CAPADILITY TO . CAPABILITYTO - || ~ - " CAPABILITY TO |
- UNLOAD UNLOAD | UNLOAD .~ , UNLOAD
: CONTAINERIZED * || . - CONTAINERIZED . - | CONTAWNERIZED | = -~ - 'CONTAINERIZED
US. SEAPORT . CARGO. . " US. SEAPORT - CARGO US.SEAPORT | - CARGO US. SEAPORT . _ CARGO

Orange, TX No . s |- Ya '  No Tacoms, WA . No
Ostrlea, LA - “No' .. ' || Port Hueneme, CA " No” No Taf EA No
Oswego, NY ‘  Noo Port Manatee, FL " No - Yes Tamps, FL - No
Palm Beach, FL No Pon Neches."l'x No No . Texss City, TX No
Panama Chy, FL No Port Royal, $C No. . No. Toledo, OH No
Pascagouls, MS No . Port San Luks, CA < " No ‘Saeramento, CA No Uncle Sam, LA No
paulsboro, NJ Mo Pont Silphur, LA " No Saghnaw, M1 No Vallejo, CA No
- Pensacota, FL _ No - Port SL Joe, FL No. _$an Diego, CA . No Vancouver, WA No -

_No 'Port Towniend, WA No Sin Franclsco, CA ' No Vehicr, LA Mo
Pitortown, LA No || pormmna,or” [ . N Sandusky, OH " o Ventira, CA No
Pitisburg; CA - No’ GREEME . | Yes SIARRIOK Yes ..  Willepo Herbor, WA ' No
Point Wells, WA No Portsmoutt N © Searsport, ME No Wilmington, DE No
Port Angeles, WA No SREYA | | Yer o || Seame,wa No BRI Yes
Port A\:ﬁhur. ™ No . a " No ’ ‘|| - sheboygan, w1 No Wlmioﬁ. WA No
Port Canaveral, FL . No ' ; No Stockton, CA No
Port Costa, CA . No - . || Redirood - No - . || Superior, w1 - No- -
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o - ggﬂ% . J‘ v?% 23
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Boston, MA 4597 . 975615
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Criterion 3: Ciose'st in Proximity to the F ecility That Will Store the Spent Nuclear Fuel

* - The th.u-d step. of the port selection process was to determine’ which of the eleven ports of entry

having the most appropriate facilities'and lowest population densities were closest in proximity to the €

Savannah River Site (Aiken, South Carolina). As with the other criteria, "closest in distance" could -
have several different mterpretat:ons Distance could be mterpreted as distance the crow flies,

- distance via rail line, distance via water route, distance via small back country roads, or distance
using interstate highways to the maximum extent possible. ' Since no definition of "closest in
proximity" was provided in the Act, ports wére normalized with respect to the distance of the closest

~port to the Savannah River Site using. interstate highways to the. maximum extent possible. The use

~ of interstate highways tends to increase distances from the Savannah River Site for ports located

"close geographically: For example, there are toads over which the distance from Charleston, South
Carolina to the Savannah River Site measures only about 130 miles. Maximizing the use of interstate

' highways, which were designed to carry heavy trucks and hazardous materials, the distance increases

" to about 200 miles. The distance from the ports to the Savannah River Sxte were determmed using .

_ the computer prograrn "HIGHWAY" (ORNL 1993) : .

, -The hrghway dlstances and their normahzed scores are presented in Table C-3. Charleston, South o

" Carolina is the closest of the eleven ports and all distances were normalized with respect to -
Charleston. - Based on the results of Table C-3, ports with a.normalized score greater than 2 were .
eliminated from further consideration. Four of the eleven ports had scores of 2 or less. (A score of -
2 would mean that the port was tw1ce as far away as the closest porL)

Although Charleston is in fact closest to the Savannah Rrver Site, four of the eleven ports were . - .
relatrvely closer to the Savannah River Site in comparison to the remaining seven ports. The .- : (

" reasoning behind selecting several rather than “the closest” port is that no one port clearly meets all

“of the Act's criteria. For example. even though Charleston is the closest in distance to the Savannah ~
River Site, the port has no experience with spent-fuel and is not the lowest in any of the population .
“characteristics. - Consequently, four ports were deemed to satisfy the "closest in proximity” criterion °
as the most balanced means of rneetmg the Act s criteria. .

' A lication of SMMA Worksho Criteria

' -Dunng the fma] step in evaluatmg commerclal ports severa] cntena recommended by the USMMA
“workshop were applled to all four remaining ports. - The first criterion in this step was to apply a
"distance from sea” criterion.” Most ship collisions and groundings occur in restncted waters where
there are frequent course and speed changes, other vessels, and hazards to navigation. Loss of
engines or steering on a vessel on the open seas seldom leads to a collxston or grounding, but would
probably result in some incident in restricted waters. : .
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Table C-3  Closest in Proximity to the Savannah River Site

ﬁlgb\ﬂy Distance from
|  Savannah River Site
~ Port Normalized Score
B EX
YRSV B
Kﬁ%ﬁﬁ . 8 |
Richmond ° o A 23 |
Posmouth - - oass. | 24
Norfolk . o 499 25
Newport News 540 Y
Everglades - S s1a - 28
New Orleans -. 643 32
Houston . = - 986 | a7

4

Therefore, in recognition of the recommendation’ of the USMMA workshop, DOE determmed that :
distance from the sea would be considered in evaluating whether ports have the most appropriate
facilities for receiving spent nuclear fuel. Instead of specifying an exact transit distance as the cut-
off for use as the criterion, DOE assessed the distance from the sea for the four ports which had met
the first three criteria. As shown in Table C-4, the average distance from the sea to each port is not
significantly different. A port transit of between 10 and 26 nautical niiles would take about two to
four hours. In comparison to other port transits that can take up to twelve or more hours, these
- distances are not large. Additionally, each of the four ports listed have opén sea-to-port tranisits
characterized by well maintained aids to navigation. Based on these reasons, no port was ehmmatcd
from consxdcrauon using dxstance from the ‘open ocean. _

A second criterion.- suggested by the USMMA worksh0p was emergency preparedness and
capabllmes This criterion is similar to the Act’s consideration of most appropriate facilities and

. experience in handling spent fuel. Only a few ports have historically handled spent nuclear fuel, and
the port with the best facilities and most experience (Hampton Roads) was eliminated from ,
consideration by the distance criterion. "Of the four commercial ports meeting the first three criteria,
only Wilmington and Savannah have had expenence in recéiving commercial spent nuclear fuel -
(NRC, 1993).
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: Table C-4. DlStance from Sea for Ports with Most Appropriate Facilities, Lowest in
Populatlon, and Closest in Distance _ )

f ‘ ' Distance from Sea
" U.S. SEAPORT - _ {nautical miles)
Charleston ' 16
Jacksonville - " 10
Savannah _ . ' B 26
wumingto:i AR 2%

In reallty, no specml eqmpment or expertise is required to off-load.a container of spent
. nuclear fuel as opposed to a container of similar weight containing hazardous or non-

. hazardous carpo.- Any port that can receive containerized cargo has the capabthty to receive: .
~ spent nuclear fuel. Slmply stating that a port has received spent fuel in the past does not = -
_‘meéan that the experience with that shipment tesulted in any knowledge or practices at the port

‘which would affect future shipments. ‘If a port has good cargo handling equipment and .

© emergency response capabilities, the port has facilities for handling spent nuclear fuel. In the

event of an accident, a port with these charactensucs would have the resources needed for an
“appropriate response. If the port had a-risk management staff on-site or on contract, it was

deemed to have emergency preparedness and response capabilities. No attempt. was made to
evaluate the ports subjectively with respect to their capabilities, but simply to determine 1f L
- they had such capabilities. All four ports had these characteristics. : C

-The ﬁna] USMMA workshop criterion by which the ports were evaluated was access to the A
~ -intermodal transportation system. . Ports well connected to the intermodal’ transportation -
system have well defined routes, capabllmes, and -experience in qulcldy, securely, and safely

~* . 'moving containerized cargo from a port of entry to its destination point. Typically, these

‘routes maximize the use of interstate highways, a desirable feature for transporting hazardous-
-cargo. Each of the -four ports is well connected to the intermodal system and has facilities ~
specifically de51gned for intermodal shlppmg .

' .C 5 Selection of Proposed Mnhtary ‘Ports of Entry

"Smce MARAD’s. cornmercml seaport llst excludes nuhtary ports DOE evaluated United
" States military ports to provide a military alternative to the proposed commercial ports. DOE
- used a slightly different approach for determining which military ports satisfy the screening
-criteria because the facilities at military ports may differ from those at commercial ports due
to the dtfferences in the purposes served by military and ¢commercial ports.

~ The first step was to locate military ports on the East Coast in close proximity.to the St

Savannah River Site that were weapon stations, military ocean terminals, or military ports
with nuclear material experience, and that could unload containerized cargo from a
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. commercial vessel.? These facilities were the Naval Weapons Station in Yorktown, Virginia;
the Naval Station in Kings Bay, Georgia; the Naval Weapons: Station in Charleston, South '
Carolina; and the Army Military Ocean Terminal in Sunny Point, North Carolina. Of these
bases, Kings Bay and Sunny Point have the lowest populations in the area surrounding the
port. However, Klngs Bay is a submarine base and does not have the most appropriate
facilities for, or experience in, handling spent fuel arriving on either container, breakbulk, or
roll on/roll off vessels.-.On the other hand, Sunny Pomt is a military cargo port and has
appropnate facllmes for handlmg spent. fuel.

The next step in the evaluation of a military port was to apply the USMMA workshop
criteria. The ability of the port to meet the USMMA criteria would ensure that the military
port had additional features deemed important to safe shipment of spent fuel Sunny Point is
.approximately twelve miles up the Cape Fear River from the open ocean. The passage is
along well maintained and marked navigation channels. The short and easy transit from the
open ocean to Sunny Point meets the distance from the ocean criterion. Because Sunny -
Point’s primary mission is movement of hazardous cargoes, there are dedicated teams of
individuals trained in emergency response. The full-time staff, port response plans, and staff
training amply address the emergency preparedness concern. Finally, Sunny Point has good

. intermodal system access. - The Army owns and maintains over 90 miles of rail track that
services the port and connections into the CSX rail line, The federal, state, and county
maintained roads servicing Sunny Point prowde easy access to the interstate system. -Trucks
movmg munitions to and from Sunny Point safely travel over these roads., 'Based on an
evaluation of Sunny Point, the terminal met all three USMMA cntena. '

C.6 Selection of Proposed Ports of Entry

Based on the criferia in the Act and the criteria recomrncnded by the USMMA workshop
participants, the following commercial and rruhtary ports of entry were proposed as most
" reasonably meeting the port selection criteria for purposes of this proposed action:
Wilmington, North Carolina; Sunny Point, North Carolma, Charleston, South Carolma.
Savannah, Gcorgm and Jacksonwlle, Flonda.

C.7 Publlc Law 103-160, Natlonal Defense Authonzatmn Act for rFlscal Year 1994

SEC 3]51 LIMITATIONS ON THE RECEIPT AND STORAGE OF SPENT NUCLEAR
FUEL FROM FOREIGN RESEARCH REACT ORS '

(a) Purpose - It is the purpose of tlus section to regulate .tho receipt and storage of spent
nuclear fuel at the Depariment of Energy defense nuclear facility. located at the Savannah
River Site, South Carolina (in this section referred to as the "Savannah River Site™).

(b) Receipt in Emergency Circumstances - When the Socrcta.ry of Enoi-éy determines that

%iCan arca had more than one military. facility, the weapons station was selected over the other facilities. Weapons stations 1end 1 have
lower populations in the immediate vicinity of the port due w safety zones, Also, weapons stations would have experience in loading and
unloading cargo camrying vessels,
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emergency circumstances make it necessary. to receive spent nuclear fuel, the Secretary shall -

submit a notification of that determination to the Congress. The Secretary may not receive -
- spent nuclear fuel at the ‘Savannah River Site until the expiration of the 30-day period
- beginning on the date on which the Congress receives the nottﬁcatlon '

(©) leltahon on Storage in’ Non-Emergency Circumstances - The Secretary of Energy
may not, under other than emergency circumstances, receive and store at the Savannah River
. Site any spent nuclear fuel in excess of the amount that (as of the date of the enactment of

~ this Act) the Savannah River Site is capable of receiving and stonng, unul with respect to the
receipt and storage of any such spent nuclear fuel- ,

(1) - the complet:on of an envrronmental 1mpact statement under section 102(2)(C)
. of the National Environmental Policy Act of 1969 (42 U.S.C. 4332(2)C));
" (2) the expiration of the 90-day period (as prescribed by regulation pursuant to
- - such Act) beginning on the date of such completion; and
(3)' B the sxgmng by the Secretary of a record of declston following such completron

(d) Llnutatlons on Recelpt The Secretary of Energy may not, under emergency or non-
emergency crrcumstances, receive spent nuclear fuel if the spent nuclear fuel—-

‘(1)  cannot be transferred in ari expeditious manner from its port of entry in the
- " United States to-a storage fac:hty that is located at a Department of Energy -
facility-and is capable of receiving and storing the spent nuclear fuel; or
(2) ' will remain on a vessel in the port of entry for a period that exceeds the period
- - necessary to unload the fuel from the vessel pursua.nt to rouune unloadmg
procedures ' ‘

(e) Criteria for_ Port of Entry - The Secretary of Energy shall, if economically feasible and
'to the maximum extent practicable, provide for the receipt of spent nuclear fuel under this .

", section &t a port of entry in the United States which, as determined by the Secretary and -
‘compared to each’ other port of entry in the United States that is capable of recelvmg the spent

~ nuclear fuel -
(1)  has the lowest human population in the area eunouuding the port of entry;
. (2) - isclosest in proximity to the facrhty which will store the spent nuclear fuel
- and . .. .
(3)  has the most appropriate facilities for, and experience in, receiving spent
© nuclear fuel. :

® 'Deﬁﬁition “In this section, the term "spéht nuclear fuel'.' means nuclear fueI that--

(1) was ongma]]y exported to a foreign country from the Umted States in the form .

-of highly enriched uranium; and
(2)  was used in a research reactor by the Government of a forelgn country or by a
foretgn-owned or forelgn-controllcd entity. ‘
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APPENDIX D

_ SUMMARY OF REGULATIONS

D.1 International Regulations

Regglanons of the Intgmatmnal Ato;r_nc Eneggx Ageng _

" The International Atomlc Energy Agency (IAEA) is an agency. of the Umted Nauons
headqumered in Vienna, Austria. The IAEA ‘establishes standards for radioactive materials .
transportation.  These are published as- model regulations (Safety Series No. 6) that may be

- _-adopted by individual nations. These model regulations are regularly revxsed and updated.

. Safety Series 6 was revised in 1990 (IAEA, 1990a).  The U.S. Nuclear Regulatory -
| _Comrmssmn (NRC) and the U.S. Department of Transporta&on (DOT) both periodically
- "review and revise their regulations to bring them into general accord with the JAEA :
, regulations to the extent eonsndered feasnble The U S regulations are dlscussed in the next -

: SCCUOIL

" The emphasus of the IAEA model regulatlons is on package integrity. To that end, :
packagings must. be shown to survive a hypot.hencal accident sequence that includes impact; .

- crush, puncture, fire, and immersion. The level of protectton is defined by the nature of the

contents. The intent of the regulatwns is to maximize the shipper’s contribution to safety,”
and the shipper (consignor) must certify "that the contents of this eons;gnment are properly
described by name; are properly packaged, marked and Iabeled; and are in proper condition.
. for transport . . . " (JAEA, 1990a). The camer is respons:ble for follomng rules for stowage .
“and for segregat:on from persons. . .

International Maritime Orgamzatlon

The. Intcmanonal Mant:me Organization (IMO)' pubhshes the Interhational Mantune
'Dangerous Goods (IMDG) Code (IMO, 1984), which was developed to supplement the -
" provisions of the 1960 International Convention on the Safety of Life at Sea (SOLAS), as
- amended, (IMO, 1992) to which the United States is a signatory. These regulauons include
those that deal with carriage of radioactive. material (Class 7 materials). They are based on -
the TAEA regulations and deal with segregation of radloacuve materials packages from other
- dangerous goods and other aspects of stowage :

lForrm:rly known as the Inter Governmental Maritime Consultative Ocganization (IMCO}.
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D.2 Domestic Regulations
D.2.1 NRC Paekagmg Certification ) ' - @

. An NRC certlﬁcate is issued as evidence that a packaging and its contents meet apphcable
Federal regulations. The certificate is issued. on the basis of a Safety Analysis Report (SAR)
on the packaging design. Type B packaging must survive certain severe hypothetical accident
conditions of impact, puncture, fire, and immersion. The tests are not intended to duplicate
accident environments, but rather to produce damage equivalent to extreme accidents. The
complete accident sequence is described in Title :10 of the Code of Federal Regulatlons, Part .
71 J3 (10CFR 71 ‘73) and is summanzed here. :

_. Test Sguenee for Tm B Packagmg;

" 'not less than that of a radiative environment of 800°C (1475°F) with an emissivity coefﬁclent -

- .'l'he effects ona package of the tests may be evaluated e:ther by sub_lectmg a scale model -
“sample package to the test or by other methods acceptable to the NRC. NRC Regulatory -
. Guide 7.9 allows assessment of package performance: by analysrs prototype testing, model =
testing, of comparison to a similar package. To be judged as surviving, the packaging must. ~
- -not'exceed allowable releases defined in 10 CFR 71.51. The dose rate outside the packagmg
must not exceed 1 rem/hour at a distance of 1 meter from the packaging surface. The first .- |
. three tests must be performed on the same package in this order: drop test; puncture test; and -
" thermal test (with an immersion test followmg for fissile material packagmgs only) '

. The drop test con51sts of a 9-meter (30-foot). drop onto a- ﬂat, essenually unyleldmg, _
Ihonzontal surface, striking the surface in the position for which maximum damage is -~~~
expected. The puncture test consists of a 1-meter (40-inch) drop onto the upper end of 2 -~
. 15-centimeter (6-mch) solid, vertical, cylindrical bar of mild steel mounted on an: essentlally
. unyielding surface. The top of the bar must be horizontal and its edge rounded to a radius of
not more than 6 millimeters (0.25 inches). ‘An essentially unyielding surface is one that =
-absorbs very little of the energy of impact,- ‘which means that’ the energy of impact is absorbed
~almost entirely by the test object (cask). Unyielding surfaces are constructed.of a monolltlnc .
concrete base; remforced by Re-bar and- covered mth a plate of battleshlp armor. '

In the thermal test, the packaging must be exposed for not less than 30 miinutes to a heat ﬂux'

of at least 0.9. The surface absorptivity must be either the value that the package may be
expected to possess if. exposed to a fire, or (.8 - whichever is greater. When it rrught be
significant, convective heat input must be included on the basis of still, ambient air. The

* packaging may not be artificially cooled after external heat input ceases, and any combustion -
of materials of constructlon must be allowed to proceed until 1t terminates naturally.

- Fissile matenals packagings for which water m—leakage has not been assumed for criticality

. ‘analysis must be subjected to submersion under a head of water of at least 0.9 meters (3 feet)

for not less than 8’ hours and in the attitude for which the maximum leakage is expected. All ~
packages must be subjected to a separate test in which an undamaged cask is submerged
" under a head of water of at least 15 meters (50 feet) for not less than 8 hours. - , (
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Although spent fuel casks have been involved in several accidents, their integrity has never
been compromised. The regulatory tests are structured to place an upper bound on the kinds
of damage seen in actual severe transportation accidents.- Furthermore, after completion of
this series of performance qualification tests, Type B packagings are further subjected to a

- post-accident leak-rate performance test (10 CFR 71.51). ‘In this test, no escape of radioactive
material is allowed that exceeds an A2 amount in a week. The ‘A2 amount of an isotope is

the maximum activity of that isotope in a potentially dispersable form that is allowed to be

- shipped in a Type A packaging, which is non-accident resistant. Safety Series No 6 llsts :
A2 values for all commonly transported isotopes. .

The use of an essentially- uny:eldmg target makes the regulatory certification tests exn‘emely
_demanding. Real targets are much more yielding. For example, a lead-shield steel cask, was

- dropped 610 meters (2,000 feet) from a helicopter onto undlstur'bed soil. (USNRC, 1977). -
‘Impact velocity was 396 kilometers per hour (235 miles per hour). The cask penetrated

2.4 meters (8 feet) into the hard soil but suffered no measurable deformation. An identical |

- cask dropped 9 meters (30 feet) onto an essentially unyielding surface during regulatory

- testing suffered considerably more deformation (Jefferson and Yoshimura, 1978). More -

recent research has expanded the study of yielding targets (e.g., concrete surfaces) and theu: -

companson with the regulatory surface (Gonzalez, 1986) :

D.2.2 Transportatmn Regulations

Oversea Carriage

. Relevant regulations applying to transport of spent nuclear fuel by vessel are found in 10 CFR
Parts 71 and 73, and 49 CFR Part 176. The U.S. Coast Guard (USCG), part-of the DOT,
inspects vessels for compliance with applicable regulations and requires 24-hour

- prenotification (33 CFR 160.207, 211 and 213)

Section 49 CFR 171.12 (d) states that "Radloacuve materials being imported into or exported
from the U.S., or passing through the U.S. in the course of being shipped between places: ..
outside the U.S., may be offered and accepted for shipment in accordance with IAEA -
-"Regulations for the Safe Transport of Radioactive Materials, Safety Series No. 6, 1988 .
‘Edition". Certain specified conditions of this section must be complied with. For exar'nple; -
highway-route-controlied quan’uues (HRCQs) of radioactive material must be shipped in =
accordance with appropriate provisions. of the hazardous materials regulations and a Certificate
of Competent Authority (COCA) muist be obtained, with any necessary revalidations. A

- COCA fulfills the IAEA requirement for multilateral approva for a shtpment of Type B .

packages in international commerce (IAEA, l990a)

Section 49 CFR 176.5 details the apphcatlon of the regulanons to vessels " thls subchapter
applies to each domestic or foreign vessel when in the navigable waters of the u.s., _
regardless of its character, tonnage, size-or service, and whether self-propelled or not,.whetller
arriving or departing, underway, moored, anchored, aground, or while in drydock." Excepted
from the regulations are vessels not engaged in commercial service, a vessel used exclusively =~
for pleasure, a vessel of 500 gross tons, or smaller, engaged in fisheries, etc. '
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Section 49 CFR 176.15 provides for enforcement of 49 CFR Subchapter C:

"(a) -An enforcement officer of the U.S. Coast Guard may at any time and at any place,
within the jurisdiction of the U.S., board any vessel for the purpose of enforcement of -
this subchapter and inspect any shxpment of hazardous materials as defined in thls
subchapter . ‘

Provision is also made in this section to detam a vessel which is in violation of the hamrdous

' materials regulauons

- The Coast Guard may accept a certificate of loading issued by the Nauonal Cargo Bureau, :
- -Inc,, as evidence that the cargo is stowed in conformity with law afid regulatory requrrements.
.'I‘he National Cargo Bureau, Inc., is a non-profit organization directed by government and
- ! industry representatives (49 CFR 176.18). 49 CFR 176.18 authorizes inspectors of the
.. National Cargo Bureau, Inc., to assist the Coast Guard in adnumstenng the hazardous ,
matenals regulatrons Thexr funcuons are as follows: . -

"(l) Inspection of vessels for sultablllty fo,_r loading hazardous marerials; :
@ Examinaﬁon of stowage of hazardous rrmterials; )

(3) Making recommendatlons for stowage requlrements of haza.rdous matenals cargo.

and, .~ S - e

OF 'Issuance of certificates of loadmg settm'g. forth th.ax the. stowage of hazardoue .
‘materials is in accordance with the requu'cments of 46 U. S C. 170 and its
" subehapter " ‘ :

“Detailed requuements for radioactive material are located in Part 176 Subpart M of the

, Hazardous Materials Regulations. General radioactive material stowage requlrements of
176.700 state that “(b) A package of radioactive materials which in still air has a surface’
temperature more than 5° C (9° F) above the ambient air may not be overstowed with any
other cargo. If the package is stowed under the deck, the hold or compartment in. whrch itis
stowed must be venulated.“ '

Except for excluswe-use shlprnents requrrements of 176. 704(c) relatmg to t.ransport mdexes
state that. : ‘ o :

A"the number of freight containers with paekages of radroacuve marenals contamed
therein must be limited so that the total sum of the transport indexes i in the containers in
any hold or defined deck area does not exceed 200, and:

m The sum of transport indexes for any mdmdual frelght container, or group of
frelght containers, does not exceed 50; and, B



———
e A o, ————

© (2) Each freight container or group ot‘ freight containers is tare) handled and stowed
3 in such a manner that groups are separated from each other by 2 dlstance of at
least six meters (20 feet) "

Section 176 76(a) mcludes provtsnon for: fnerght containers wnth hazardous materials to be
carried on board a vessel in aecordance with the followmg :

"(1) The rnatenal must be in proper condmon for tmnsportanon accordmg to the
- rcqmrem-ts of tlus subchapter;. - . .

(2j . Al packages in the transport Vehlcle or container must be secured to prevent
.- inovement in any direction. "However, vertical restraint is not required if the
-shape of the packages and the stuﬁ'mg pattern precludes shxﬂ:mg of the load;
(3) Bulkheads made of dunnage whxch extend to the level of the cargo must be
: provnded unless the paekages are stowed ﬂush vnth the 51des or ends;

@ Dunnage must be secured 10 the ﬂoor when the cargo canslsts of dense matenals

- orheavypackages o , -
Each freight container must be placarded as requlred by Subpart F of Part 172 of the
Hazardous Matenals Regu]auons [176 76(f)). : .

Section 176. 80 requires that' radloactwe matenals be segregated from other ha.zardous e
materials so that they do not interact dangerously in an accident or, altematively, requires that -
the radioactive material be in separate holds when stored under deck. In 49 CFR 176. 83(b),
_ table is provided (Table II) that specifies the minimum separation distances for different -

classes of hazardous materials on board a vessel. A minimum horizontal separation. dlstance ‘
“of 10 feet projected vertically from the reference package is required. For specified hazardous -
materials, the "separate from" requ:rement means that the materials must be placed in- separate
holds when stowed under deck. v o I . S

Overland Carnag

'Overland shnpments (by ra:l car or by t:ruck) are regulated by a vanety of DOT and NRC
regulations dealing with packagmg, notification, escorts and communication. In addition there
are specific regulatrons for carnage by truck and camage by rail. -

When provisions are made to secure a package so that its posmon within the transport ‘vehicle
remains fixed during transport, with no loading or unloading between the beginning and end -
of transport, a package shipped overland in exclusive-use closed transport vehicles may not -
exceed the following radiation levels as provided in 49 CFR 173.441(b): '

. 1,000 mrem/hr-on the external package surface; '

. 200 mrem/hr at any point on the outer surface of the vehicle;
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pomt 2 meters from the vemcal planes projected from the outer edges. of the -
vehlcle, ‘ ' . .

‘e 2 mremvhr in any normally occupied position in the vehicle, except that this
. provision does not apply to private motor carriers when the personnel are

operating under a radiation protection program and wear radlanon-exposure
monitoring devices.

The shipper of record must comply with the reqmrements of 10 CFR 71.5 and 73 .37. .Section
71.5 piovides that all overland shipments must be in complignce with DOT and NRC .
regulations, these regulations provide for security of irradiated reactor fuel. General .

_requirements include: -provide notification to NRC i in advance of each sh:pment, develop a -
. shipping plan, provide escort instructions, establish a communication center to be staffed 24 - -

. hours a day, make arrangements ‘with local law enforcement agencxes along the route for thelr

response if not using law enforcement personnel as escort, ensure that the escorts are trained *

- in accordance with 73.37 Appendix D, and ensure that escorts make notification calls every

N two hours to the communication center. Addmonal requirements include having two armed .

~ escorts within heavily populated areas (when not in heavily populated areas, only one escort is . . |

needed) and the capablhty of commumoaung with the communications center and local law .
enforcement agencies through a radlotelephone or other NRC approved means of two-way
- vonce commumcahons ‘ _

The sh:pper of record, required by 49. CFR 173 22, prov:des physwal secunty measures for

" _spent fuel shipments equivalent to. those of the NRC. The shipper arid his agent w1ll prowde

notification for unclassnﬁed spent fuel shlpments to state officials.

For carriage by truck the, carrier wﬂl use mterstate lughways or state-desxgnated preferred
routes for movement of radioactive materials in .conformity with the DOT rulemaking known -
‘as Docket HM-164. These regulatwns, fourid in 49 CFR 397.101, establish routing and driver. .
- training requirements for hxghway carriers of packagés containing "hlghway-route-controlled -
quantities” of radioactive materials. Spent fuel shipments constitute such quantities. 'DOT. -
* rules make those routes designated by appropriate state.agencies enforceable by the Federal.
_ governnient aceordmg to DOT’s own determination that such route designations, when
.accompanied by an adequate safety ana.lysxs, are llkely to result in further reducuon of
radiological risk. : .

For carriage by rail car, each slupment by the railroad must comply with 49 CFR 174, m
particular, 174 Subpart K- Detmled Reqmrements for Radloactwe Matenals :



- APPENDIXE -

INPUT PARAMETERS FOR TRANSPORTATION RISK ANALYSIS



APPENDIX E

'INPUT PARAMETERS FOR TRANSPORTATION RISK ANALYSIS

Transportation risk analysis with the RADTRAN 4 computer code requires that the user
develop a number of input parameter values that describe the particulars of the. shipments
being analyzed. These input parameters and the sources of the values used in this analysns are
deecnbed in this append:x '

_' The rad:auon fields around Type B packages result in small doses to populations and L
.individuals in proximity to the casks during routine transportation. With the RADTRAN 4
- computer code, doses to all major groups of potentially exposed persons are estlmated '

- (Neuhauser and Kanipe, 1993) 'Ihese gmups are discussed here.

" ship CreW' Because of the large amount of shleldmg provxded by’ pamuons

bulkheads, and other cargo, and because distances between cargo areas and most crew
areas are large, radiation doses to crew members are generally negligible. However,

 dosetoa cargo mspector is calculated.” In the case of foreign research reactor spent .

nuclear fuel that is most likely to be shipped as a single container on a container or
other type ship, the placement of the container arhong others may provide so much
shielding that the inspector dose is greatly overestimated. Thus, the shlp-crew dose,
taken to be equal to the inspector dose, is considered to be conservaUVe Sea !anes are
consndered to be devoid of populauon _ : .

-Handlers and lngpectors at the Port: Containerized cargo is usually off-loaded w:th a
_maximum of five handlers: -four actual handlers, one at each comer of the container

where the crane engages the built-in corner-fittings, and one spotter who signals the

" ¢rane operator. The crane lifis the container above the deck and then moves it laterally

to the dock where it is lowered onto a waiting truck trailer. There; another group of -
up to five workers guides the container corner-fittings into the built-in tiedowns on the
trailer chassis, makes sure that they are secure, and signals the crane to disengage. The
entire process usually takes about two minutes. ‘At a large port, hundreds of such
container moves occur every day, Containerized spent fuel casks are handléd just llke
any other cargo, and the above description applies. : :

ln addmon, however radnologlcal and other compllance inspections may- be.'required by .

: . the U.S. Coast Guard, the state within which the port is located, and the carrier and/or .

the shipper.. Because the relative location of inspectors with respect to the container is

- approximately the same as for handlers, handlers and mSpectors are con51dered as a

single exposure group..

Other Persons at the Port: The period of time that the container remains in port after

- being offloaded is considered a Spe(':lal type of stop. The stop represents the time

required to complete all inspections, paperwork, placarding, and weighing. The grOUp
involved consists of port workers other than handlers and inspectors.
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Truck Crew: Dose rates in the cabs of tractor trucks carrying radioactive material are

“required by regulation to be less than two mrem per hour (Title 49 Code of Federal
Regulations, Part 173). - In the case of foreign research reactor spent nuclear fuel, the -

dose rates are expected to be much smaller. All trucks are modeled as. havmg
two- -person crews.

- Persons along the nghwax Route: This group, often referred to.as the off-hnk

population, generally receives the smallest doses. Population doses to persons within
800 meters (0. 5 xmles) on each s:dc of the transport route are cstlmated

ge_ggqns Sharing the ﬂlghway Rotte: Populanon doses to persons in vehlcles travelmg

in the same direction (mcludmg passing vehicles) and in the opposite direction :
(collectively referred to as the on-lmk populauon) are estnmated, although these doses

~ too are usually very small

E.l

Bccause of the large amount of shleldmg provided by partitions, bulkhcads and other cargo,

Persons at Hi ghway Stops: Popu]atxon doses to persons at fuel and rest stops,

T mspecﬂon stops etc. along the route are estImated

- Rail Crew: Because of large separat:on dlstances and massive shleldmg from :

intervening railcars, rail crews do not receive significant doses whlle in transnt. Only
doses to rail crew members at rail stops are calculatcd . :

Persons along the Rall Route; Thls group, who are also part of the off-hnk populauon _

generally receives the smallest doses. Population doses to- persons vnthm 800 m
(0.5 mi) on each side of the transport route are estimated. S

o Pcrsons Shanng the Rall Rout Population doses to persons in tr'al‘ns'tx"svelmg in the
" opposite direction (part of the on-link populaﬂon) are estimated, although these doses

too are usually very small.

7

Persons at Rail Stops: Populatioo doses to persons at rail classification stops are

estimated. Because rail inspectors are required to be in proximity to railcars carrymg .

.spcnt fuel dunng routine inspections, the mspcctor dose at rail stops |s modeled.

Carrlagc By Vessel

and. because distances between cargo areas and crew areas are large, radiation doses to crew
members are not calculated in RADTRAN 4 (Neuhauser and Kanipe, 1993). However, dose
to a cargo inspector is calculated. " In the case of foreign research reactor spent nuclear fuel,
which is likely to be shipped as single ‘contairiers on separate. container cargo ships, the
“placement of the cask-container among other containers may provide so much shielding that
the inspector dose is overestlmated Thus, the ship-crew dose, taken to be equal to the
inspector dose, is considered to be conservative. Ship inspector dose is calculated from input-
 data on the length of the voyage, the number of intermediate stops, and the speed of the ship.
Shipboard mspcctlons are conservatwely modeled as occurring once every 24 hours and as
taking one inspector at a distance of two meters (6.6 feet) one minute to’complete (Neuhauser

-
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~ and Kampe, 1993). “Since cargo mspcct:ons are related to total trip duration, the duration of .
intermediate port calls is added to the travel time. In this study, each voyage was modeled as
- having three intermediate port calls, each lastmg 48 hours, prior 0 the ofﬂoadmg of the spent
nuclear fuel at one of the ports analyzed. :

E2 Routine Port Operations

Much of the mforrﬁauo:i in this section is from actiial oBﬁervaﬁoﬁs and measurements made
during the intermodal transfer of twelve cask shipments of Taiwan spent nuclear fuel in _

February 1991 (Neuhauser and Cashwell, 1991; Neuhauser and Weiner, 1992b). The transfer . . '

took place at the Port of Hampton Roads, Vlrglma, which is an alternative port in the. present
analysis. Since handling of containerized cargo is highly standardized, the actual transfer .
process would be approximately the same for all ports. Potential differences between ports -
involve experience, especially the importance of experience in reducing delays, and the ‘
presence or absence of port infrastructure features and operational controls (e. g, Clearing the
scale area of unnecessary personnel while welghmg thc truck slupmems pnor to dcparture

from the port)

Berths are assigned to ships by port authonty personnel' Berth asmgnmems for ships carrying
Highway Route Controlled Quantities (HRCQs) of radioactive material are made by ‘the Port
Authority. For example, at the Port of Charleston, berth amgnments are made’ by the Port
.Authonty s Opcraﬂons and Engmeenng Department (FHI, l993a) .
Inspectors from the U.S. Coast Guard (USCG) conduct an. onboard mspectmn before the casks
are offloaded from the ship; the inspectors may take radiation readings at the surface.of the .
International Standards Organization (ISO) contamer Transfcr begms only aﬂer the on-board
inspection is complete, :

With modemn containerizzd-cargo—handling equipment, intermodal transfer of a single ISO
container from a ship to a truck usually takes less than two minutes, but can take up to
five minutes in some cases; the procedure includes: (1) posmomng the crane over the
container; (2) locking onto the container; (3) lifting it up and moving it horizontally to the
dock; (4) lowering it.onto a waiting trailer; (5) securing the tiedowns; ‘and (6) releasing the -
crane. The longer time is unusual and is generally associated with difficulty aligningor ., ..
securing the tiedowns on the truck chassis and the comner fittings on the container. . A time of -
ten minutes is conservatively used to model this process in the analysw for this Environmental
Assessment. The number of persons involved at any one time in this process is at most five.
‘There are, at most, five persons near the ISO container while it is on the ship - one handler at
each comer and a spotter. There are also at most five persons near the container on the dock '
- one handler at each tiedown on the truck chassis and a spotter, who may also be the one
who locks the tiedowns into place. An exposure time of ten minutes is also assngned to the ~
five-person group on the dock. :

Once a cask container is transferred to a truck chassis, placards may have to be replaced (if in
a language other than English); each truck is weighed; and shipping papers are finalized. At
Hampton Roads, the dock and weigh-station arcas were cléared of unnecessary personnel-
during offloading, and parking was provided in a remote staging area during completion of

E-4



the paperwork. The entire process took about three hours for sequential processing of a total -
of twelve cask shlpments at Hampton Roads. Intermodal transfer of only one or two casks, in €
a port with experience in handling radioactive cargoes, should take one hour or-less. In ports

with little or no experience and/or limited facilities, the time could increase. Therefore, three -

hr was used in this analysis for the intermodal-transfer stop time for all ports, and the default

value of 50 persons within a 50-meter radius of the shipment was used for the-number of

workers other than handlers and inspectors (Neuhauser and Weiner, 1992b). Where rail |
.:access is immediately adjacent to the berthmg area, the rail transfer process is similar to that

for a truck, but if the rail siding is at some _d:stance from the berthing ares, a container would
~ have to be transferred from the ship t0.a container chassis, which would carry it to the rail
" siding ‘where it would be transferred to a rmlcar In the latter case, the mtcrmodal st0p tlme

and handler dose: would i increase. o LT ‘ .

\ . s . .

A port security police vehicle miust be prowded to escort a truck s}npment dunng moves . - -
“within the port facility; the sthment is escorted out of the port gaie by the regular escort that.
is.required for HRCQ slupments in urban areas: Shipments from Virginia ports were escorted

beyond the port urban area all the way to the state border (Neuhauser and Cashwell 1991). |
* but escort practices may vary by state. _ . : _

Each cask may be subjected to several lnspecnons begmmng wnh aUSCG i mspecuon on the

vessel. Independent radiological inspections may be performed by other entities (e.g;; the .

state, the shipper). ‘An independent mechanical inspection of the tiedowns isusually = .-

- performed (by the carrier). In the past, a total of five inspections, each by a single inspector . - .

and lastmg as much ‘as five minutes each, have occurred. For this rcason, the total time spent (

near (i.e., within | to 2 m) an ISO contamer by handlerslinspectors was estimated to be 30
minutes.. . :

E.3 Routing |
Sea Routes”

' All routes were obtamed from "Distances Between Ports pubhshed by the Defense Mappmg
Agency (DMA, 1991), and use normal shlppmg lanes to . . - :

nghwax Routes

Data on h:ghway routes were obtained from the HIGHWAY -routing code (ORNL, l992a),
which also gives population densities for each route segment derived from 1990 Census .
Bureau data. The nature of their data as structured for input into the RADTRAN computer
analysis is illustrated in Tables E-1 through E-5. Each route segment is labcled as to whether.
" it is.rural, suburban, or urban according to the following breakdown: rural population densities

~_ range from 0 to 54 persons/km? (0-139 persons/mlz) the suburban range is 55 to 1284

persons/km’ (140-3326 persons/mi’); and urban is classified as all population densities above
© 1284 persons/km? (3326 persons/imi?) (Neuhauser and Kanipe; 1992). The total population is
given for persons within 800 m (0.5 mi) on each side of the route. The summary of highway - -
route data for all ports of entry is given in Table E-6. {7
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E4 Accidgnt Environments ‘
' Mddél Considerations

Maritime accident rate data from a variety of sources were examined for environmental
assessments of Taiwan spent nuclear fuel shipments (USDOE, 1991a) and an earlier study of
other proposed foreign research reactor shlpments (Cashwell et al., 1990). The data indicate
that the basic accident rate in and néar ports is 3.2E-04 per port transit; that is, apprommately
three accidents per 10,000 port visits.  The conditional probabilities of occurrence of each
accident seventy were ‘developed from these data. A conditional probability is deﬂned as the
pprobability given that an accident has occurred, that it will be of a certain severity. In order.
to calculate overall probablhty of an accident of a particular severity, the base accident
probablllty (accndent rate) must be multiplied by the conditional probability. The’ severity
categories are based on event trees originally developed for spent fuel shipped by truck and -
. rail (Wilmot, 1981), they are used for maritime shipments because the same accident ‘
. environments may occur-in other modes (Dennis et. al., 1977). - These categories and their
frequency values are shown in Tables E-7 and E-8 Accldcnt rate data for the truck and .
maritime modes are also shown in Table E-8. These are taken from DOT national data on
tractor-trailer accidents on Interstate highways (USDOT 1985). Table E-9 ¢ontains rclease
fracuons for the various accldent severities. - .

_ Other rescarchers have used c:ght-category (USNRC 1977) ahd 20-category schemes (Fischer
et al,, 1990) to describe the same spectrum of highway accidents. All give approximately the
~ same results when applied to similar problems and:are essentially interchangeable (Fischer et

" al., 1990; Whitlow and Neuhauser, 1992). Consistent with the general principles of"
probablllstlc risk assessment, extremely low probability events (Helton, 1991) are not -

. _ considered reasonably foreseeable, and therefore are not included among the accldent-seventy

categories. . Thus, for example, a "worst case" accident, although physically posmble, is.so’
remote (i.e., improbable) as to render it not reasonably foreseeable to.occur. * The six severity
categories include all accidents with a probability. of occurrence of one in a million or greater
for the entire campaign of up to 25 shipments, ‘well within the levels found acceptable by U.S.
" Environmental Protecuon Agcncy (EPA) and other agenctes (Hallenbeck and Cunmngham
1986). : :
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Table E-1. Highway Route for Proposed Port of Charleston to {the Savannah River Site

2

. | - Distance Pop. Density ' Total
Route Segment* | - - km(mi) (persons/km?) Type® | - Population
1 320 | = 22507 .U 115882
20 | 15406 22507 U '55623.4
37 | 208.5(129.6) 152, 'R | 5064.8
4. 674 (419) - 1296.3 8 319659
s 1245 121270 R 246411
6 - 1.0(0.6) 89 - R. 13.8
7 3904 8023 - 'S 4956.9
8 3.2 (2.0) Us116 S - 26342
9 1 29(1.8). 300 ‘R 1389 -
10 '51(3.2) 159.0 S 13098
B 142'(8.8) 29.0 "R . 657.2
12 3522 1416 s 8022
13 " 4.8 (3.0) 0.0 R ©00
ia 145 (9.0) 0.3° R 63
TOTAL 354.9 (220.6) . 139402.6 °

* Route scgments are scquenual segmems of hnghwny route, begmnmg wnh ﬂ'lc porl access road md ending with l.he SRS -
access road, Fach scgmem is deﬁned on 1.hc bas-ls of populanon dcnsny and hlghWny type.

‘. R.S and U n:fcr to rural, suburban. and urban, n:specuvely

E-7



h8

Dlstance km(xm)

Pop. Dénsity

'Total
Populatxon

Route Segment*

33 @27

.395.2

Type

27367 - -

134 (8.3)

3952

8454.4

341212

6788 -

1.3 (0.8)

24
U 898 |

185.0 .

1492 (92.7) -

126

30143 -

©32.5(202)

1382

ST T8

273.9 (170.2) . .

13.6.

. 59745.

623 (38.7)

200.1

: 20831 lr :

0.2(0.)

17654

R 4545

1.0(06) -

- 89

BT

= SJ\o o |lalalulalow]|n]-

3924

8023

49569 - .

—
N

'3.2.(2.0) -

511.6

26342 |

-
W

,2.9(1.8).

300

- 1389

Lol
-

5.1(32) ¢

159.0 .

p—
¥

142 (8.8)

- . 29.0

13098
6572

—
(=)

© 3522

. 1416

17

145 (9.0)

ﬁmw-mxjmmpﬁi‘:‘mwmx‘mw'hm

lg022
63 .-

" TOTAL

———;=

) 624'.-1 (387.'9)-

03

"_600'3'5.7 -

6‘\
B

" - Table E-2. Highway Rif_ute for Proposed Port of Jacksonville to the 'Savannaﬁ River Site.

* Route segments are scqucnual segments of highway route, begmmng with the porl access road and cndmg w:lh the SRS .
access road. Each segment is defined on the bas:s of populauon dcnsnty a.nd h:ghwny pe. :

‘¥R, S, and U refer to rural,. suburban, and urban. ttspecuvcly

-



Table E-3 nghway Route for
Proposed Port of Savannah to the Savannah River Site

4

- S Pop. Density - Total
Route Segment* | Distance km(mi) |  (persons/km?) - Type® Population
1 | 3009 37878 | U 13492.6 {l
2 © 269061 | . 190 R 817.0
3. - '10.1 (6.3) S 71706 S | 2766.5 ]
4 msarny. | 136 R 5974.5
5 623(387) . 2001 s | 208311
6 T 02000 17654 - | U 4545 -
© 7 '1.006). | 89 [ R - . 138 [
8 394 | 8,23 | s | 49s6s . | -
9 © 320 | . sue s | 2632
10 2908 | - 300 R 1389 -
1. ~51G32 .| - 1590 S 1309.8 -
12 142(88) - | . 290 R 6572
13- 352 | 141.6 S ..8022
14 4860 | 00 R 00 -
15 14500 | - 03 R 6.3
i JTOTAL'. . 4294(266 9) L 1 ] s48s55

) Ruute scgmcms are sequcnual scg,menls of highway route, bcgmmng wnh t.he port access road and endmg with lhe SRS
-aceess ‘road. Each segmem is defined on the basis of populanon dcnsny and highway typc ’

. R,S md U refer to rural, suburban, and urban, lcspecuvely



Table E-4. nghway Route for. Proposed Port of Sunny Ponnt to. the Savannah Rlver

Site .
— o | "pop, Density Total
Route Segment* Distance km(mi) . (persons/km’) Type® Population .
Kl 177 (1.9 1186 s 50%9.0
2 193 (12.0) . 219 "R | 6754
T 64(40) 1186 < s - — 12210
4 14.5 (90) 263 R " 609.5
K 48 3.0) 04 ‘R.° 30 -
6 £ 23 (14) 02 R S 07 5
7 03 ©02) 6674 s 3436
g 0.6 (0.4) - - 17654 U 818D
9 4.8 3.0) 17654 LU 136348
10 . 48 3.0) 1765.4 U 136348
u 6.4 (4.0) 17654 U 181797 -
12 2212 (1375) 156 IR  ssn9 -
13, 668 (415) RN TSR s’ T30
1" 2109 (13L.1) - 199 R 671269 -
15- 735 (45.7) . 2603 8. -.30629.5
1.9 (12). 1765.4 LU 54539
1.0 06) - 89 . R g
3.9 (24) 8023 s 49569
32 20) sie s - 2632
29 (18) 300 R - 1389
51062 '159.0' s 13098
142 (88) 290 R 6572
3.5 22) 1416 S ‘8022
48 (30) 00" R 0.0
14.5 (9.0) 03 ‘R

709.6 (441.0)

1313533

Routc scgments are scqucnual scgments of hlghway route, beginning with the _port access road and ending w:lh the SRS -
aceess _lfoad. Each segment is defined on the basis of population density and highway: type. .

. *R.S, and U refes to rural, suburban, and urban, respcctiv'cly.
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Table E-5. ' Highway Route for Proposed Port of Wilmington to the Savannah River Site

R * Pop. Density o Total -
Route Segment* | Distance km(mi) (persons/km?) Type® Population
1 16(10) . - 1765.4 U 45449
2 | 1.6(.0) | = 17654 U 4544.9
3 4830 | - 17654 u. 13634.8
4. 6.4 (4.0) 1765.4 U | 18179.7 ¢
5 Y 21231375 | - 156 R 5523.9
6 668 (41.5) 1621 S 17320.1
97 2109(13L1) | ' 199 R | emey |
8 73.5 (45.7) 2603 .S | 306295
.9 1.9012) | 17654 ‘U 54539
10 . 1.0(0.6) 89 R 138
1 394y | 8023 s | 49569
| 12 3200 .| 5116 s [ 26342 -
| 13 " 29(1.8) 300 "R 1389 -
s 5162 | - 1590 s | 13098
’I 15 142 (8.8) 290 - R 6572
16 3522) . | . 1416 's . 8022
17 . 48 (3.0) - 00 R 00
18 | 14500 | ¢ 03 | R .63
TOTAL . | - 642.0 (399.0).. 1 0| 1170780

p .
* Route scgmems arc scquential segments of hlghwny route, beginning with the port access road and endmg with the SRS
access road. Each segment is defined on the basis of populauon density and highway type

RS, and U refer to rurzl, suburban, and urban, respectively.,



Table E-6. Sun;mary of Highﬁay- -Rc_m& Data for all Ports of Entr‘y.

- ThbleE—?. 'Acéidenf Severity Catégories_‘Used in‘Ana_lAysis

Port of Entry . Distance to SRS | . Population
. ' .- Km(mi) - -Along Route
Charleston 3549 (221) 139403
Jacksonville 624.1 (388) 60,036
Savannah © 4294'(26T) . 54,856
‘Sunny Point 709.6 (441) | . 131,383
Wilmington -  642.0 (399) | 117,078

' RADTRAN Severity Category. - -

Desci'iption

Conditions do not exceed those for a Type A

Sevéi-ity Category 1 .
. package; no release of contents

Severity Category 2’

! Conditions equal to those for Type B certifi catxon
| tests; no release of contents

- Severity Category 3

| Seal damage creates leak path, but fucl undamaged

only CRUD* could be expelled from packagc

. 'Sé__verity Category 4

1 released -

Tmpact damage great énough to. cause damage to .. - |

spent fuel; fuel particulates and fission gases. may be

. Severity Categoi'ys |

lmpact damage to seals plus fire sévere endugh t0 -

| cause thermal burst with release of ﬁss1on gases,

volatiles, and particulates -

" Severity Category 6

Severe impact damage plus fire severe enough to

| cause fuel oxidation with release of greater amounts .

of fuel paruculates than Category 5-

- *CRUD (Chalk River Unidentified Deposits) consists of corrosion products deppsned on the fuel claddllng dunhg réﬁcior

fuel.

0pcﬂu°n Loosely adhered CRUD is observed on. power reactor spent fuel -but is absent on foreign ressarch reactor spcm '

-
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Table E-8. RADTRAN Accident Probability Data by Mode

—————

E-13

RADTRAN Input Parameter . - Keyword Values Used in This Study
Base Accident Rate - Ship in Port Vicinity ARAMTZ | 3.2E-4/port transit
. - , . ' MODE=4 :
Basc Accident Rates - Truck in Urban Arecas " ARAMTZ | AccessRd 1.34E-06/km
- _ ; S "MODE=1_ | Interstate 1.60E-05/km -
Base Accident Rates - Truck in Suburban Arcas | ARAMTZ | Interstate 3.00E-06km |
. 5 .. .| MODE=l' | . | : L
-B'meAccidem Rates - TruékinRural Areas | .ARAMTZ .| Access Rd 1.82E-06/km
_ MODE=1 - Interstate 1.37E-07/km
Conditional Probability of Accident Severity SEVFRC- - 'Shi'pl 603
Ca:egoryl : Urban .604
Suburban .602
. : _ Rural -.603
" -, |l Conditional Probability of Accndent chenty- SEVFRC - . Ship .395
Category 2 -, : . . : : . Urban 393
. Suburban .394
Lo -Rural .395
Conditional Probabllny of Accldent Sevemy'-' : SEVFRC Ship .002
Category 3. - Urban .003
Suburban 004
. . . . Rural ".002 - -
Conditional Probablhty of Accldent chenly SEVFRC Ship 4.0E-04
.Category 4 ' ~ Urban 3.8E-07
- Suburban 4.0E-06 -
. : * Rural 3.0E-06
Condmonal Probability of Accident Seventy' - ' 'SEVFRC Ship 4.0E-04
Category S : o . - Urban 2.5E-07
" Suburban 3.0E-06 -
. . " Rural 5.0E-06
|| conditional Probability of Accident Severity SEVFRC Ship 4.0E-04
CategoryG o - Urban 1.3E-07
Suburban 2.0E-06
- Rural 7.0E-06




Table E-9 Release Fractions for Forengn Research Reactor Spent Fuel By Accldent
Seventy Category

| Containgr_ Drops During Intermédal Transfer

'I‘he possxb:hty of cask damage during handlmg at the d0cl-: was cons:dered. Hlstoncal data
. from Hampton Roads, a large port with extensive container handlmg experience, hasa .

handling accident rate of less than 3E-06 lmshaps amually, that is, less than 3 per million "' -

container moves (USDOE, 1991a, Appendix C).  The major cause is container defects rather . -

~ than mishandling (USDOE, 1991a, Appendix C; FHI,.1993a). As noted in the main text, ISO -

containers used to transport spent niuclear fuel are reinforced and can be expected to be less

likely to have defects than the average container.  There is a possibility that the likelihood of

mishandling is greater at ports with less expenence in- handlmg contamenzcd cargo but.
quant:tatwc data are not available. .~ _ o '

| Berths at all ports considered in this analy51s consist of e:thcr concrete aprons constructed on
friction pilings driven into the sediment or bedrock or on tamped earth contained within sheet

pilings and surfaced with concrete. -Both are yielding surfaces, and the water and the deck of |

~ ‘a ship are even more yielding than a dock surface. . Previous studies have shown thata .
package can be dropped onto a yielding surface from much higher than 10 m (30 ft) w1thout
sustaining damage. (Gonzalcz, et al ‘1986; Waddoups, 1976). '

ln conclusmn, the probability o_f a container drop is low, and such a dmp would be expected
to be considerably less severe than the certification drop test conditions even if the container
were dropped from greater than 10 m (30 fi) because of the yielding nature of the surfaces
onto. which' they might fall.  Therefore, container drops during intermodal transfer are not
considered a threat to a massive Type B cask and they are not considered further in this'
analysis. - Port accidents that are considered consist mainly of vessel accidents, including _
- accidents in which a moored ship is struck, usually by another ship (Warwick and Anderson,

. 1976; ORI 1979). Since truck velocities within the immediate confines of a port are low and

cask movements are preceded by a port police escort vehicle, truck accndents in port are not a
significant contnbutor

E-14

_ Accident Severity Category _
Isotope 1 2 3 | 4 s | 6
Cobalt-60 0 0 | t12E2 | o12B2 | 12E2 | 12E2 .
Krypton-85.. | .0 o |- 0 | 1oE2 | 1L0B1 | LIEI
Cesum134& |- . | | | - | ] -
| Cesium:137. 0. o | 0o .| 10E8 9.0E-4 98E4 - |- .
Ruthenium-106 | 0 | o [* o - |.10E8 [. 10E6 | ‘4265 | ' °
Other Materials | | 1.0E-8 SOE-8 | SOES - |
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Cask ResnonSe to0 Thérmal'Co'nditiog‘

Spcnt fuel casks are de51gned to survive the thermal Toad speclﬁcd in the Type B cask :
certification tests with no release of contents (see Appendix D). Total heat input to the cask
is what is important, not a particular temperature or duration. A fire that meets or exceeds
the régulatory fire temperature of 800°C (1470°F), for example, may have no effect
whatsoever on a cask if it does not engulf the cask (i.e., if it does not satisfy the test

R condmon of the entire cask being exposed to the fire) and!or if it does not last at least és idng

as the ‘30 min speclﬁed in the test (Fischer et al,, 1987)

The fact that a cask is much smaller than a water carrier (shlp) makes the collocauon cmcnon

- an‘important consideration in maritime modes. Consideration must be given to the hkehhood

that a fire will occur in the same location as the cargo. Many ship fires are confined fo .
engme rooms, etc., and do not affect cargo areas (ORI, 1979). The small contamer-to-sth '

~ size ratios typical of maritime transport must also be considered in relation to the ﬁre-duratxoﬁ
criterion. Although shipboard fires have been desctibed as burning for days, that is not, by
‘itself, sufficient information to determine whether any particular location as small in volumé

as a single container is exposed to fire at all, much less for "days." Indeed, slupboard fires
are often traveling fires, which progress throug,h a ship during the course of the fire and in
which na single location in the fire's path is exposed for a prolonged period of time. Fires

involving tanker ships are not directly relevant to conditions onboard container-cargo ships; .
. ‘tanker fires are discussed by Abkowitz and Galarraga (1985). In a rare historical accident
- involving the collision of an oil tanker and a cargo ship, conditions onboard, the tanker and

contamcr sl‘up were quite different (USCG 1975 USDOT, 1975)

. The ISO container prowdes add:uona] surfaces for the radiation of heat and could prov:de

shielding from flame heat (Considine, 1984), although no credit is taken for the ISO container
in this analysis. ‘In 1978, an older model of a spent fuel cask was subjected to prolonged

. extra regulatory fire test at Sandia National Laboratories (SNL). The.JP-4 fuel flow to the’

fully engulfing fire was stopped after 100 min"(over three times the reguiatory fire test
duration); the fire also bumned at somewhat hotter temperatures than the minimum 800°C.

-(1470°F) called for in the certification test requitements. The test was terminated because the

lead shielding had melted and was being expelled from microcracks on the external surface of .

. - the cask. The cask was an oldér model_cask of a type no.longer in use, which was shipped
- with water in the cask cavity and ‘was fitted with a pressure-relief valve for venting of

water/steam in a fire. The pressure-relief valve functioned as designed, and hot water/steam’

" was expelled through the valve from the cask cavity during the test. A thorough post-mortem

examination showed that even in this extreme fire environment, no spent. nuclear fuel would
have been released (Rack and Yoshimura; 1980). The results of this test remain relevant to
discussions of newer casks (which are shipped with inert gas-in the cask cavity and which
have no pressure-reli¢f valve) because much of the heat resistance is attributable 1o the fact al}
spent fuel casks are massive structures that act as large heat sinks and take a long time to heat -
up. [For example, the contents of a spent fuel cask typically experiences:little or no heat rise
after the 30 min certification thermal (fire) test at 800°C (1470°F).] Inert gas or air (the latter
in the event of seal damage) in the cask cavity serves as an insulating layer. '
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Studies of Ume-vs-temperature behavior of zlrcaloy-clad commercial spent fuel rods indicate

that burst rupture (corresponds to Severity Category 5 in this EA) could begin to occur aftera
cask was exposed to an 800°C (1470°F) engulfing fire for approximately 4 hr (Burion, 1985). -

The temperature of the cask cavity does not reach even a fraction of the extérnal 800°C
(1470°F) ‘temperature during a 30-min certification test. Actual data from tests with - -
commercial power reactor spent fuel indicate that gaseous and hlghly volatile components are
expelled through localized cracks that form in the cladding as a result of burst rupture "~
(Lorenz et’ al., 1978; Lorenz et al., 1980a, 1980b; Burion et al., 1985) Since any subsequent
pressure buildup is relieved by the formation'of the cracks, extensive release into the cask
cavity of spent fuel isotopes cannot be achieved by fire alone. Furthermore, release to the
cask cavity would not result in any- release to the environment unless cask containment was
also affected, and as noted above, to compromise cask containment, an 800°C fire would have
to last for many hours and be collocated (i.c., engulf the cask for the entire duration of the °

fire). The foreign research reactor spent nuclear fuel analyzed in this EA is a]ummum-clad -

rather than. zircaloy-clad. Calculations show that the thermal response of the two claddmg
types in the temperature range of i mterest is snmlar (Stevens,. 1986) :

The relazse of volaules such as. cestum-137 from forergn research reactor spent fuel is
modeled as being slightly higher than from commercial power reactor spent fuel because the .
former is in metallic rather than oxide form. There is no basis for modeling large ces:urn |

* releases from burst rupture of spent fuel (Luna et al., 1986) :

“Fa:led Fuel o ‘. o i. '
-.No falled fuel is proposed for shlpment under tlus actJon

Atmosphenc Dtsgersal

'Atmosphenc dispérsal of matenal potenually released dunng a severe acc1dent is usually the .
means of spreading any released material beyond the immediate accident location and into the
human environment. Dispersal is affected by the degree of turbulence in the atmosphere.

‘which can vary from unstable (Class A).to extremely ‘stable (Class F). The Pasquill system of .

atmospheric ‘stability classes is commonly used to describe this variation, although there are °

- . other systems (Till and ‘Meyer, 1983).: A eonservatwe representation of atmospheric

‘conditions at ports generated by the. DIFOUT dlspersron code (Church and Luna, 1969) for
.-Class D, which has been used in previous ‘port analyses (USDOE,; 1986; USDOE,’ 1988; .
USDOE, 1991a;), was used for this assessment. For overland truck transportation, the . -
defaults available in RADTRAN .4, whlch represent nauona.l average data, were used (T urner,
1970; Neuhauser and Kampe, 1993). : : .
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"~ APPENDIX F

RADIONUCLIDE INVENTORIES OF FOREIGN RESEARCH REAC'I' OR SPENT
NUCLEAR FUEL

The radionuclide mventones of urgent-relief foreign research reactor spent nuclear fuel.are
presented in Table F-1. The values are from output files generated by the ORIGEN-79
(ORNL, 1979) isotope generation and depletion code. 'Among the input parameters reqmred
by ORIGEN are the cross-section libraries. Research reactors are designed and operated
differently than light water power reactors, and therefore have a markedly different neutron
flux spectra. As no library was available, Argonne National Laboratory (ANL) speclﬁcally
modified the ORIGEN-79 code, implementing neutron interaction cross-sections more
_appropriate to research reactors. The radionuclide inventories were calculated using the- ANL -
specially modified version of ORIGEN-79, utilizing input parameters derived. from the most
- recent information provided by the reactor operators documented by Shaw, Pittman, Potts and
" Trowbridge (Shaw, 1993)." Where data was insufficient or incomplete, the International -
~ Atomic Energy Agency (IAEA) directory .of nuclear research reactors (IAEA, 1991), was
uulrzed as a seconda.ry source of mformatlon.

Table F-2 lists the various input parameters required by the Argonne version of ORIGEN to
calculate the foreign research reactor spent nuclear fuel radionuclide inventories. The '
majority of the mputs were extracted directly from-either of the. two references, with the o
remainder requiring only simple calculations. The two most significant factors are the initial .

amount of fissile material present, in grams of Uranium 235 (U-235) isotope per fuel element,". -

and the average bumnup expressed in percent of fissile material consumed.. The two
parameters provide the basis from which the ‘majority of the other mputs were derived.

All reactors were modeled as of a typtcal high ennchment fuel type, and operated
continuously at full thermal power until achievement of the average fissile content burnup. :
Test reactors have irregular irradiation profiles and are typrcally operated intermittently and at " . -
various power levels. Treatment of the reactors as continuously operated at full power yields
conservative radionuclide inventories, as more reactions occur with no decay. interval resulting
in higher concentrations of fission products. .1n addition, as the spent fuel is allowed to cool
only 150 days following discharge from the reactor, the inventories presented are even further
conservatively represented. ‘



'l‘able F-1, Radlonucllde lnventorles of Forclgn Research' Reactor Spent Nuclear Fuel

-

1.40e+05

(Curies) , :

Reactor [ HOR BER2 | GRRI | ASTRA |. DR3 HIFAR | SAPHIR | FRG | muFR R2 BR2
Power | 2MW | 1oMw | suw | toMw | tomw. | toMw | ifomw | 1sMw [ somw | somw [ somw
* Level s . : _ o : c : o
Elements | 33 13 S0 i3 | 3 28 )33 3 33 64 36
Per Cask . ) . ‘ .

Isotope _ o S . . .

| 436603 | 523604 | 2.15e-04 | 108003 |.8.49e-04, [ 262604 | 5.84e03° | 483004 | 459004 | 1.59c.03 | 568604
CI4GAS | - i - S . : ‘

H3GAS | 5656401 | 1816401 | 272401 | 3.31¢+01 |3463¢+01 | 2.09¢+01 | 106e+02 | 3.40e+01 | 844401 | 1.10e+02 | 8.54c+01
'H3GAS | 192601 230602 | 943¢-03 | 475002 | 3.74¢-02 | 1.15e-02 | 2.58e-01 | 2.12e-02 | 2.02¢-02 | 7.01e02 | 2.50e-02

129 302603 | 882004 | 133003 | 162603 | 174603 .| 1.000-03 | 530603 | 1.65c:03 | 4.03¢:03 | 524603 | 4.08¢-03
131 | 17401 | 276001 | 3.31e-01 | 5.08¢-01. | L.14¢+00 ‘s.oze'-o; 9.13¢01 '| 586601 |3.60c+00 | 4.67¢+00 | 3.64c+00

P32 | 1Me12 | 770014 | 155615 | 545613 | 7.63e14 | 626015 | 8.48e12 | 1dSe-14 | 204614 | 175013 [ 307614 |-
U233 | 928607 | 440007 | 103006 | 580007 | 103006 | 723607 | 1.19¢-06 | 110006 - | 273006 | 3.06e.06 | 2.68e.06 ||

0235 | 146e03 | 147603 | 842003 | 134003 | 453603 | 4.99e-03 | 173603 | 608003 [ 155002 | 13102 | 14se02

U238 | 131604 | 556005 | 1356004 | 806605 | 128c-04 | 335¢04 | 221604 | 141004 | 354004 | 375604 | 3.42¢.00

Y91 258404 | 3806404 | S31cH0d | 697c+04 | 1316405 | 8.80c+04 1326405 | 7.94c404 [ 3.58¢+05 | 4.64c405 | 3.62¢405
AM241 | 488¢-01 | 8.02602 | 48602 | 1.65¢01 | 11101 | 1.19e-01 [ 642¢-01 | 928002 | 18601 | 325001 [ 2.02e-01
AM243 - | 6.82e02 | 395603 | 27104 - | 2.000-02 | 320003 | 120603 | 1.74e-01. | 138603 | 2.966-03 | 1.02¢-02 | 3.72¢-03
CEMI | 6.18¢+03 | 936e+03 | 1306404 q.vie+o4 3.67e+04 _'2.61?9404 3.15¢+04 | 1.99¢+04 p.osa'{_;s"- 1.09¢+05

F3



Table F-1. Radionuclide Inventories of Fprefgn Rmeﬁrch Reactor Sbept Nuclear Fuel (Continued)

T . i e — =—=======,_ = '-.-1
Reactor | -HOR BER2 | GRRI .| ASTRA | DR3 | HIFAR | SAPHIR FRG HFR . R2 BR2
Power | 2MW loMw | sMw | 1oMw [ oMw | tomMw | 1oMw [ -1sMw. | soMw | soMw | somw
Level . - - _ o _ ‘
Elements | 33 13 3 13| 36 28 13 .| 3 ) ‘64 - 36
Per. Cask . S U | A SR .
Isotope ) : ] : ,
CEI34 [ 936e+04 | 737e+04 | 1.09e+05 | 1.35¢+05 | 173405 [ 1.03e+05 | 3.50e+08 [ 143405 | 4.18¢+05 | 5426405 | 4.23¢+05
CF252 | 388207 | 18810 | 565e-15 | 184008 [ 1.60e-11 | 114e13 | 321e-06 [ 929¢13. | 154612 [ 605611 | 330e-12
CM242 | 9.95¢401 | 4.64¢400 [ 1.09e+00 | 1366401 [ 2.76¢400 | 1.41e400 | 1.01402 | 2.86+00 | 2.70e+00 | 629+00 | 3.126+00
CM244° | 939¢400 | 270001 - | 674e-03 | 2.09¢+00 .| 1.60¢-01 | 3.59e-02 | 2.84c+01 | 533002 | 11001 | 521601 | 1.48e-01 “
'CSI34 | 346¢+04 | 696e+03 | 423¢403 | 1.79c+04 | 1016404 1| 3500403 | 7.89c+04 | 794403 | 173404 [ 3.00c404 | 1.87e+04 |
CS137 | 1426404, | 432¢+03 | 6520403 | 7.89¢+03 | 8.62¢403. | 494403 | 2556404 [ 8106403 | 2.00e+04 | 2.50¢+04 | 2.02¢+04
EUIS2 | 2.88¢01 | 7.09e02 | 452601 - |'6.17e02 | 1.17¢:01 | 9.88e02 | 1.42¢-01 | 2.82e01: | 309601 | 255001 | 2.85¢01
EUIS4 | 1196403 [ 222¢402 | 1316402 | 5.49¢+02° | 3.30c+02° L1sc+02 | 228¢+03 249402 | 5.72¢402 | 9.96c+02 | 6.18e+02 [
EUISS | 223402 | 425¢+01: | 3746401 | 1036402 | 6.64¢+01 | 2946401 | 4.56e+02 | 5426401 | 127402 | 2.00e+02 134..-;02]
KRSS | 1.57e+03. | 5.18¢102 | 7.86e402 | 9.416+02 | 1046403 | 6.006402 | 297e+03 | 0.78e402 | 2036403 | 3156403 | 2.46e403
MO99 | 56le-12 | 9.19e-12 | 128e11 .| 16711 | 3.82e-11 . | 20911 { 2.93e-11 | 1.96e-11 | 121e-10 *| 1.56e-10 | 1.22¢-10
NB94 | 3.85¢06 | 1.05¢-06 .| 150606 | 1.99e-06 | 2.03¢-06 :| 12406 | 693¢-06 189606 | 4.646-06 | 6.12¢-06 | 4.71¢-06
Vs . F'4 : L

b
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Table F-1. Radionuclide Inventories of Foreign Research Reactor Spent Nuclear Fuel (Continuéd)

6.91e+03

9.51¢+03

Reactor | HOR BER2 | GRRI ASTRA DR3 HIFAR | SAPHIR | = FRG . HFR R2 BR2
" Power 2MW 1OMW SMW IOMW .| 10MW | oMW oMW . | ISMW | - soMw | soMw | soMw
Level » i L o . .
Elements | = 33 13 3 |- 13 ]| 3 28 3 | 33 3 | 6. 36 .
Per Cask ‘ I EE IR : R
Isotope . o . : .
NB95 634e+04 | 9.08¢+04 | 128e+05 | 1.67c+05 | 2.94e+05 | 193e+05. | 3.23¢+05 | 1.88e+05 | 7.82¢405 | 1.01e+06 | 7.91e+05
NP237 | 548¢02 | 1.02¢-02 | 6.48c-03 | 256002 | 1.60e-02. | 5.84c-03 [ 1.10e-01 | 11802 | 2.89e02 | 49802 | 3.11e-02
PM147 | 9.07¢+03 .| 692403 | 1.64c+04 | 9226403 | 1.85¢+04 [ 1346404 | 1.69e+04 | 1.79¢404 | 5.06e+04 | 5.82¢+04 | 5.00c+04
PU236 | 598002 | 5.85¢.03 | 146603 | 2.12¢-02 | 6.14e-03 | 131e-03 | 140601 | 3.94e-03 | 7.88¢-03 1.81e-02 | 9.04¢-03
PU238 | 3.96e+02 4026401 | 1.15e+01 | 131e402 | 4.32¢401 9776400 | 7.70c+02 | 2.95¢+01 | 5.73¢+01 | 125¢+02 | 651401
PU239 | 113400 | 3.45¢01 [ 622¢01 | 601e-01 | 724e-01 | 1.51e+00 - 2.13e+00 7.01601 . | 1.78¢+00 | 2:17¢+00 | 1.78+00
PU240 | 1.08¢+00 | 2.92¢-01 | 3.17e-01 | 5.42e-0 536e-01 | 8.44e01 | 1.97¢+00 | 469601 | 1.13c+00 | 1.59¢+00 | 1.17e+00
PU241 | 434e402 | 9.51e401 | 5.13e+01 | 2.09¢+02 .| 1.46e+02 1;5'9ewz B.18c+02 | 1.07e+02 | 2.50e+02 | 4.41c+02 | 2.72¢+02
PU242 | 893e-03 | 9.56e04 | 1.72¢04 | 3.31e-03 | 1.04e-03 [ 6.44e-04 | 199¢02 | 5.74c-04 | 128¢-03 | 3.22¢.03 | 1.50e-03
RUI03 | 6466403 | 9.06e403 | 1.24c+04 | 1.69e+04 | 3.39e+04 | 241e+04 | 331e404 1.89¢+04 | 9.70e+04 | 1.26e+05 | 9.82e+04
RUI06 | 842e+03 | 5.06e+03 | 722403 | 9.49¢+03 '| 1.12¢+04 2.76e404. 2.66¢+04. | 349404 | 2.70e+04
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Table F-1. Radionuclide Inventories of Foreign Research Reactor Spent Nuclear Fuel (Continued)

Reactor HOR - BER2 GRR1 ASTRA DR3 HIFAR SAPHIR - FRG HFR R2 BR2

Power | 2MW | loMW [ sMw oMW, | 1oMW | c1oMw | 1oMw | IsMw | soMw | soMw | somw

Level . : | . _
Elements 33 13 33 13 T3 28 33 n 33 64 36
Per Cask i . ' ;

Isotope - | ' | g .
ZR9S 3.40e+04 | 4.91c+04 | 6.88c+04 | 9.02¢+04 - 1.64¢405 | 1.09¢+05 | 1.73e405 | 1.02¢405 | 4.42¢+05 | 5.73¢+05 | 4.47¢+03
TOTAL | 3.32¢405 | 3.25¢+05 | 4.626+05 | 5.98¢+05 | 9.84c405 | 6426405 | 132e+06 | 6.60e+05 | 2.60e+06 | 3.37e+06 | 2.63¢+06




Table F-2. Input Parameters for Radionuclide_lhvéntory Estimates

! Shaw, Pmman. Pons. Trowbndge. 1993,

*JAEA, 1989

' ip | Elements/Cor | _
Power - . 235/Elemenl (percen e Density 238/E|emcnt Caomt Bumed
Reactor MW) - (grams) - 1) (number) (MW/assy) (grams) -~ | (percent) | - (days) ' (grams) :
« HOR 2? 190 ' 20" 211 0095247 | 12.9502" 93.16 ' 638" 7!
« ASTRA = 10 280 ? 65" 15t 0.66667 2 210753 | 93! ‘,220_' 182!
«BR2 .| 100 400 ' 53! 30? 1707589 1. | 30.f075' | 93° 100" 212!
- HFR 7| 45? as0' . | s 257 1840009 [ 338710" | 932 100 20t |
. FRG2 - 151 180" - Q' 501 03? 135484 | 93" 202! 76
- SAPHIR 10° 3200 | 6st..| 20° 0492312 | 24.0860 93 3381 208 ?
+ R-2 50? 250 62" 3612 0.684836 | 18.8172? 93! 100 ' 154
« DR3 0t 50! 55! 19? 0535 [ 112003 |93 124", 83!
« HIFAR 10! 150 45 192 053571 | 375" 80 ! 100 2 687
+ BERI.. | 10 180" 56" 282 | 036 R X 2! 100"
GRR-1 195t | © 261 0.195% | 146774 240? 591
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APPENDIX G

RISK ANALYSIS OF FOREIGN RESEARCH REACT OR
STORAGE AT SAVANNAH RIVER SITE

"Gl Risk

- The material in this appendix is taken in great part directly out of Risk- Analysis of Foreign
Research Reactor Storage at Savannah River Site, (Shomhorst, 1993). This risk assessment

‘was performed to support this environmental assessment. Postulated events' that could initiate

& sequence leading to release’ of radioactivity to the environment from foreign research reactor |

" - spent fuel are described in the following section. - Risk analyses for potential release events

are then given. The description includes a summary of the methodology employed and the
~ release frequency, average and ma:umum consequences, and risks for each significant
. potential accident. - S *

. Receipt and storage of foreign. research reactor spent fuel will not increase the quantities of

therefore, not increased.

hazardous chemicals in RBOF. The risk to any. mdmdual from hazardous chenucals is,

G.l 1 Release Scenanos

The potenua.l release lmuators (Allen, 1983) from natural phenomena, external effects, and :
operatlons-mduced events related to forexgn research reactor spent fuel follow.

P

R : , ' Operations Induced -

Natural Phenomena External Events Events -~ Criticality - A
Temperature Aircraft Crash Fuel Cutting Fuel Bundling Error -
Extreme - ' : , L
Snow  Helicopter Crash ~ ~ Spill at Hose Rack  Cask Loading Emror -
Rain ‘Surface Vehicle 'Fuel Rupture in . Fuel Identification ~

‘Crash Storage Problem '
‘Lightning - ' Fire and Explosion Fuel Movement -
- L Error
Tomnado Fuel Near Basin bropped- Fuel

Surface o - _ .

‘Earthquake Spills and Leaks Cranes or Hoist

Meteorite Impact

. RRF Waste to Cell

Collapse -

Cask lmmersioo
Error



Evaluation, in the Safety Analysis Report (Allen, 1983), of these accldent mmators mdtcated .

that seven potential accidents could release radionuclides to the atmosphere. Of these, the-.
following four are applicable to offsite research reaetor spent fuel o

‘s Nuclear cntlcahty

. Fuel rupture m storage

. Fuel rupture in cuttmg

. Resin regene:ahon_facihty (RR.F) Wo to oell o |
G2 Methodo'log'y' L

‘f Potermal accxdem consequences, frequencxes, and nsks are determmed usmg the methods o
" (Allen, 1983; WSRC 1991) normally used in Savannah Rwer Slte (SRS) safety- analyses :

Fault tree analysls is used to determine the ﬁ-equency of postulated aocndents that result o
directly in the release of. radtoactmty Fault tree analys:s is a.formalized procedure that can

" be used to identify high risk areas in a complex system. It is a deductive process whereby the .

analyst first-postulates an unsafe or otherwise undesired state of a system, and then’ .
systematically analyzes the system to determine the lower order fault events and component
failures that wﬂl result in the deﬁned undesued system state IR . :

_ The pnmary sources of data used in these fault trees for the 200-Area facﬂmes are internal’

documents, audits, logbooks, and incident reports. ‘Failure and maloperation information from L

these sources are stored in a oomputenzed data bank (Durant et al., 1993). A computer. -
program retrieves the sorted information according to area, factllty, ‘unit operation, typeof -

equipment, or type of failure. From these data, faJlure frequencnes for specific components or -

other errors are determined.

Quanutles of radtonuchdes released to the envn'omnent were estunated from the mventory
- present within the spent fuel, the airborne release mechamsms, and the potential energy for
each accident.. Sectlon G.14 dlscusses the releases for each accndent scenano

Airborne release of particles and gaseous radlonuclldes followed by atmosphenc transport to

‘man is the only méchanism for radioactivity release included in this analysis. Because of the _

layout and elevation of the RBOF 'faclhty, release of liquids directly to surface streams, which

would transport radionuclides to man, is not considered a credible event. Subsurface release .

of activity-followed by migration through the soil before release to surface streams is
considered. However, because very long travel times permit most of the activity to decay
before reaching surface streams, the consequences of release into the soil are negligible
(Randall and Landon, 1979; Poe, 1974; Durantl 1979; and Haselow, 1993), '

Radiological doses to the offsite maximutn individual are conipitted using the AXA]'R89Q
computer code (Pillinger and Huang, 1986, Huang and Lux, 1989;.and Hamby, 1990). The
offsite maximum individual is located at the sitc boundary along the centerline of the compass

G-3
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G.13 Accident Frequencles

sector (total of 16) havmg the highest value of XJQ (based on 1987-1991 statistics,
99.5 percenule worst sector ‘meteorology). . Fifty year committed effective dose equivalent
conversion factors are taken from ICRP-30.

. The maximally exposed onsite receptor is defined as a collocated worker at a distance of

640 m (2100 ft). Average meteorology is used (USDOE, 1993). Offsite populauon doses are

- based on the 1990census data.

All relcascs are conservauvely cons:dcrcd to be at. ground level.

Thc ‘expected frequencies of the postulated accidents are takcn from the SAR (Allen, 1983).

. Since this foreign- fuel represents less.than ten percent of the RBOF capacity (historically
- RBOF is filled to about 60 percent of capaclty - it is currently about 85 percent full), the use
-of historical data is conservative. Table G-1 gives the frequency of release of radionuclides
" for each of the four credible potential accndcnts with significant consequences. As illustrated

in Figures G-1 and G-2, thc conclusxons of this eport are not sensitive to the exact accident

* frequencies.

Table G-1. Potential Accident Radionuclide Releases and Frequen.cies

_ - ~ Average -A Average Reledse  Maximum
Potential Accident - Frequency (curies) . Release
. T ' (per year) : (curies)
; —T
Criticality e 3.1E-03 3400 /265° 68,000 / 5300*
Fuel Rupture During Storage * '] - 1.1E-01 : 85 85000
Fuel Cutting : 1.6E-01 85 ’ 425
RRF Waste Release to Cell  ~ . | - 2.4E-03 5 25

* Based on quantity of radionuclides present at 1 minute (on-site release) and 45 minuts (offsite release) after a
potential criticality -accident .

G.1.4 Accident _Consequeﬁces ‘

Table G-1 Tists the .average and maximum radiological releases from each of the considered

' accideht; The following subsections provide details on the release quantities.
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Figure G-1. Individual Site Boundary Risks from Potential Accidents
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 Fifty year comnutted effective dose eqmvalents to the maxunally cxposed mdmdual at the
SRS site boundary are shown in Table G-2 for both average and maximum potentml accldent L
releases. Table G-3 gwcs the onsite collocated worker doses, €

" Table G-2. Site'Boundary Manmally Exposed Indmdual Consequences and R.ISRS from

Potentia) Accldents
. .‘Avem'ge . Av&age : . ' o |- Maximum - Maximum
Potential . Frequency .| Release Dose* | Dose Risk - | Latent Cancer | - Latent Cancer
_ Accident (per year) (rem) . | (rem/year) Fatalities . Fatalities®
W criticatity . - | 3.03 | - 15B0¢ | 45E07 | . 23E10 03 :
Fuel Rupture © | ~ I1E01 |- 83E06 | 9aE-07 | 46E-10 " | 83EL03. | 20E09 |
During Storage | * . . | o - . |07 2 R
| Fuel Cutting= | ‘1.6E01:| '83E06 | i3E06 | 65E-10 - | 42805 | 12EM1
I rRE waste - | 24803 | 12E03 . | 28B06 | 10809 | 60E-03 | 10E09
Releaseto Cell | - S P ' L e o | BTN
o Tots! Risk | .-S6E-06- | - T -
* Fifty-year committed cffective dose equivalent ' - ‘
* Based on the frequency of SE-04 per year.
. Table G-3. Collocated Worker Consequences and Risks from Potential Accidents
‘ - o | Maximum | %
, Average Release - Latent’ Maxi -Latent - ’
Potential = | - ' - i " Cancer: ‘ ‘Cancer
Accident : N ) f " | Fatalities Fatalities®
| criticatity - 3.1E-03 ' 9 .
Fuel Rupwre | LIEO1 | 81E05 .| 8SE06 | 30609 || 8.1E02 1.6E-08 -
During Storage : - : : - S
Fuel Cutting -~ |  1.6E-0I ' B1E-05 .. | 13E-05 SOE09 ||.  40E04 | 8OE-i1 M :
RRF Waste |- -24E-03 | " 99E-03 | 24E0s | 90E09 [|  s.0E-02 1.0E-08
Release to Cell | _ S ' S o
| Total Risk | 6.8E-05

* Fifty-year committed effective dose equivalent. ' 7 7 -
* Based on the frequency of SE-04 per year. ’ ’

G-7



Table G4. Offsite Population Consequences and Risks from Potential Accidents

"%

* Fifty-year committed effective dose equivalent.
* Based on the frequency of SE-04 per year.

'G.141 Nuclear Criticality

Potential Average |~ Average Dosc Risk | ~Latent | ‘Maximum. | Maximum H
Accident Frequency | Release Dose (Person- Cancer - Release Dose | . Latent
(per year) (person-rem) rem/yr) _ Fatalities . | (person-rem) Cancer
o . : ' Fatalities®
m |
Criticality 3.1E-03 44E-01 . 1.4E-03 '7.0E-07 8.8E+00 22E-06 f
_FuelRupture - | 1.1E-01 | 70E02° | " 7.7E-03 3.9E-06 7.0E+01 1.8E-05.
During Storage ' -
Fuel Cutting 1.6E-01 7.0E-02 1LIE-02 5.5E-06 3.5E-01 8.7E-08
RRF Waste 2.4E-03 - 1.0E+01 24802 | 12B05 | soEt01 - | 13E0s
Release to Cell | - - - ~ o
' Total Risk 4 4E-02 |

* An estimate 'of the consequences of a criticality incident requires an estimate of the number. of

fissions that might occur. In the absence of actual data for an incident in a fuel storage basin,

* historical data elsewhere are used. Criticality incidents have produced from E+14 to E+19
fissions with a mean of 2E+18 fissions for incidents involving fissile solutions and a mean of

SE+17 fissions for those involving solids. There is uncertainty in applying these values to a

receiving basin because uncertainties exist as to the duration of the incident and the nature of

the mechanism that would terminate the nuclear excursion. The mean value for solid systems
(SE+17 fissions) is used in this analysis along with the bounding value (E+19 fissions) for the
maximum consequence estimate. The bounding value of E+19 fissions is consistent with

NRC regulations (USNRC, 1979). '
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“The isotopic distt'ibotion for airborne release (Allen, 1983) from a criticaiity accident is:

‘Isotope " Curie Fraction o fsotope ~ Curie Fraction
Br-83 © 88E-03 K85~ LIE-02
Br-84 34E02 - Ke87  STE02
Br-85 . 39E05 . ° Kr88 7.2E-02
1131 - 64E04 - Kr89 . 1.6E-04
32 - LIEe2 © Xe-133 1.1IE-04
133 0 - 20B02. . . Xelds - 38E02
134 .. 36E01. - Xel3dm ~  79E03
1135 S ,.'9.113-0_2-"'-. . Xel37 - 34E-03
Keg3 19803 o Xe138 . 28801

"_._Nonvolaule matenals are also released from the ﬁtel to the basm water; however, these are

not included i m the dose calculaﬂons because the matenal remains in the basin water 4

G. l 4.2 Fuel Cuttmg

. "I‘he tnert, non-uranium contammg extrenut:es of some fuel e!ements may need to be cut o£f ‘_ -

(cropped) in the wpackagtng basin prior to storage of the elements. - The fuel core could be
- inadvertently cut, causing-a release of airborne and/or lugh water activity to the work area..
" With foreign research reactor spent fuel, 85 curies of fission product gases are genemted in -
one element with the followmg radlonuchde distribution.

I - . . . F I . N f
. . E .

-

Radionuclide ..~ Curles per Element  Fraction of Release
Ke85 . 85 ' 0.998
F29 . 1SE06 - 2 0E-08
131 13E03 - 1.5E-05
Xe-13lm . 019 -~ 2.0E-03
 Xe-133 . . 34E04  4.1E-06
Totol .8 | 100

This radionuclide content is ftom an ORIGEN computer code analysis-of representative 50 -
MW MTR fuel 150 days after discharge from the reactor. (Spent fuels that could release
more fission gases than given above will require an Unreviewed Safety Quesuon analy51s
before acceptance in RBOF.) The amount of gases that is released to the basin water in any
accident is much less than the quantity generated, All the generated krypton, xenor, and
“iodine are conservatively assumed to escape from the basin water to the atmosphere. This is
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an extremely conservative assumption — the actual release should bc at lease one order of
magnitude less.

- The airborne release for an average acc:dental release from the cutting of one fuel elcment IS
therefore, 85 curies (Table G-1). -

The fuel cutting operation involves only one fuel element at & time. However, to. provide an
upper bound or maximum release estimate, the ndn mechanistic failure of five fuel elements is
- assumed.

.G-"l.'4.3 Fuel Rupture in St(;rage'

: Conmstent with the SAR (Allen,.1983), one research reactor spent fuel element is assumed to
fail for an average release accident. The release to the atmospherc is the same as’ the Fuel
Cutting accident.

Since failure of more than one fuel element cannot absolutely be precluded, the bounding or _
maximum release is very conservatively taken as fmlure of all 1000 foreign rescarch reactor
spent fuel elements i in RBQF. :

G.1.4.4 Release of RRF Waste Tank Actmty

A fire and explosion could occur in a waste tank in the event that the coolant of a recewed _
cask, when discharged to the waste tank, results in a flammable or explosive concentration of
. vapors in the tank.” Rupture of the tank by an explosion could result in an airborne release of
-5 curies to the shielded cell (Allen, 1983). - The maximum release was taken as five times the
release in the SAR or 25 Cunes

For the Resin Regeneratxon Fac:hty accident, the dxstnbut:on of radlonuchdes is:

Isotbpe o h Curie Fraction
Cs134 015,

- | Cs-137 - | 0.15
Co-60 ' - 0.90

G.1.5 Risk 'Analysis -

Tables G-2 and G-3 give the risks to an offsite and onsite collocated maximally exposed

* individual for potential RBOF accidents with foreign research reactor spent fuel, Table G-4

~ gives risks to the offsite populat:on from' potential RBOF accidents with foreign research
reactor spent fuel. Risk is defined as the product of expected frequency and average or
nominal release consequences. Figures G-1 and G-2 illustrate the maximum individual risks
in a Farmer plot format and compare them to the WSRC radiological criteria (WSRC, 1992).
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The ﬁgures also indicate the maximum release couscqueoces. Considering the very .

- . conservative assumptions made in determining the maximum release consequences, it is

expected that the corresponding release frequencies would be sign,iﬁca'ntly lower than those
associated with nominal releases. Frequencies associated with the maximum release
consequences were not calculated. However, using the frequency range shown in the figures
for the maximum release consequences, 8 conservative frequency per year of 5.0E-04 was
assumed to determine t.he maximum latent cancer fata]mes :

G.2 Conclusmns

The risk to the general publlc from receipt and storage of up -to 1000 fore1gn research reactor
spent fuel elements added to existing RBOF -inventory is insignificant when compared to
normal public exposure to background and radiation from other sources, Westinghouse
Savannah River Company radiological gmdelmes, and the DOE radlologlcal gmdelmes Tlus
: conclusron is based upon the followmg

. Background Radlologlcal Consequences and Rxsk.
A member of the general public lwmg in the vxcuuly of the SRS site will receive about
380 mrem per year from natural background and radiation from other sources (Cummins et
‘al., 1991). The average and maximum consequences from the worst of the credible
: accldents with respect to storing this fuel are 1.2 and 8.3 mrem to a person at the site ’
- boundary Smce the total dose rate from the proposed research reactor offsite fuel storage
- is only 0.0056 mrem/year, the i increase in risk i 1s Iess than 0.002 percent of the background '
" -radiological nsk. .

*. WSRC Guidelines

WSRC safety guidelines for nonreactor nuclear facilities provrde a measure for assessment
of risk acceptability. Curves of event release frequency versus onsite and offsite
consequences are provided with regions of acceptable risk and of unacceptable risk. Figures
G-1 and G-2 show that the radiological risks from receipt and. storage of these fuel '
elements are several orders of magmtude below thc WSRC guldelmes.

» DOE Gmdellnes

Current DOE facility safety policy is based on Secretary of Energy Notice 35-91, 1ssued
September 9, 1991 (USDOE 1991b) -The risk goals are: :

The nsk 1o an average mdmdual in the vicinity of a DOE nuclear facrluy far prompt
- fatalities that might result from accidents skould not éxceed one-tenth of one percent (0.1

percent) of the sum of prompt fatalities resulting fram other accidents to which members

of the population are generally exposed. For evaluation purposes, md:wduals are
assumed to be located within one miile of the .me baundary '

The risk to the population in the area af a DOE nuclear facrlrry Jor cancer fatalmes that
might result from operations should not exceed one-tenth of one percent (0.1 percent) of
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" the sum of all cancer fatality risks resulting from all other causes. For evaluation
purposes, individuals are assumed to be located within 10 miles of the site boundary.

Compliance with the WSRC guidelines has been shown to comply with the DOE safety

.guidance (Kim and Bradley, 1993). Therefore, the risk from storage of offsite research
reactor spent fuel elements satisfies the DOE facility safety policy.
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APPENDIX H

OPERATIONAL ASPECTS OF TRANSPORTATION

Sea Operations

The foreign research reactors from which DOE proposes to accept spent fuel would be
required to take those actions necessary to ensure an extremely high level of. safety inthe -
shipment of foreign research reactor spent nuclear fuel to DOE’s Savannah Rwer Site i in the.
Umted States _ -

: Intemamlial Atomic Energy Agency (IAEA) regu]auons regardmg the transportahon of
_ radioactive material JAEA, 1990b) clearly specify special requirements regatding segregatlon, -
stowage, in transit storage, and other aspects of transporting radioactive cargo by sea. '
Accordingly, the foreign research reactor operators would be required by their contracts with -
DOE to take the followmg actions with respect to the foreign research reactor spent nuclear

* fuel shipments discussed in this Environmental Assessment: , |

1. Al applicable regulatory r'equirements would be satisfied. This includes regulations -
_issued by (a) foreign nations in which the spent fuel is located or through which any .
foreign research reactor spent fuel would be transported; (b) origin, interim, and ‘
destination ports; (c) IAEA and lntemauonal Maritime Organization (IMQ); (d) the
cognizant United States agencies - Nuclear Regulatory Commission (NRC), United
States Coast Guard (USCG) and Department of Transportation (DOT) and (¢) the
State in wl-uch I.he United States port of entry is located

2. . Any ocean carrier uullzed would be required to (a) meet the Amencan Bureau of .
‘ Shipping’s highest class:ﬁcathn_o; equivalent, as approved by DOE, and '(b) utilize
communications and navigation equipmen;'that'meets or\exceeds industry standards.

3. Inspections-are performed by appropnate authorities to ensure that the cask never
- exceeds the rated capacity of the container and that the cranes utilized at the loading
" and unloading ports have sufﬁc:e.nt capacity. to lift the casks and ocean container.

4. Ocean carrier compamcs would be advised that the shxpment route should be the most
direct route available, and scheduled intermediate stops. should be avoided to the extent-
practicable. It must be recognized that liner service is less flexible in this regard than
dedicated service. The shipping companies publish schedules well in advance of
sailing and these schedules are normally not altered, except in extreme emergency
situations. Ocean carriers will be advised that the foreign research reactor spent fuel
casks must be loaded and unloaded on 2 1ast-on-and-ﬁrst~off bas:s to the extent
practicable.

5. A --chancr vessel would be subjected to a "Cor_n_diﬁon and Suitability Survey" prior to
finalizing the booking arrangements. Any deficiencies noted would be required to be
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" - repaired. Inspections would then be conductcd a second time to ensure that the repalrs

havc been completed

_Casks would be loaded at the reséarch reactor sites by spec1ﬁcally trained personncl in

accordance with applicable regulatory requirements. Casks would be inspected

" subsequent to loadmg at the reactor site. Casks would be reinspected prior to loading
“at the port. ..

‘ _Procedm'es would be employed with the' goal of ¢ ensunng that casks are loaded on
" " board vessels within 24 hours of arrival at the port. In the event of unanticipated or

unavoidable delay at the port, procedures ‘would be employed in cooperation with -

... "Competent Authorities" to ensure that loaded casks are appropriately monitored while
 at'the port. ' Representatives of the shipper would be required to monitor loadmg o
'operatlons at the port to ensure compliance. wnh appllcable reqmrements

- '.‘" - Advance notlﬁcanon would be pro\ndcd to a.ll "Competent Authontles along the route
- from the reactor to the port in accordance wuh IAEA regulations.-

. . The U.S. Coast Guard at the port.of entry would be nonﬁed pnor to the amval of an
- ocean camcr in U.S. temtonal waters. )

' “As required by 10 CFR §73:37(b)(4), representatives of the shipper would maintain a
" - communication center at a designated location staffed continuously by at least one
~ individual who would monitor the shipment and notify the appropriate authorities in

the event of a safeguards emergency. The communications center would be -
maintained from the time that the ship enters U.S. territorial ‘waters until it arrives at

. its destination.. At least one dedicated. phone line would be installed at the - .
. communications center, the status of the shipment would be chrecked at least every two

hours by telephone, and communications center personnel would maintain a written log
of the status reports received and any significant events, which would be available to
authorized NRC personnel for a period of at least three years followmg complenon of
the shlpment ' :

In accordance w:th 10 CFR §73 37(e)(l). if the vessel is docked ata U S. port within

a heavily populated area, it would be protected by two armed escorts or a'member ofa.

local law enforcement agency (LLEA) stationed on:board the vessel or on the dock at
a location that permits observation of the shipment vessel. . As required by §73.37(e),
an escort would also be provided for ships within U.S. territorial waters or docked at |

ports not within-heavily p0pulated areas. All escorts would have the required -
' communications equipment. ‘Escorts would-call the communications center at least

every two hours to advise on the status of the shipment while docked at the port and
during the land transport segment as required by. 10 CFR §73.37(b)(11). -

Representatives of the shipper would be required to be present at the U.S. port when
the vessel arrives and to take actions to ensure that the container carrying the cask is
unloaded as soon as possible and immediately taken to an appropriate area at the port
for inspection. Once it is ascertained that the cask meets applicable regulatory.
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requirements and the vehicle (truck or rail car) meets inspection standards, the cask
would be prompty placed on the vehicle and begin the trip to the destination point.
Shipments would leave the port within 24 hours unless, upon agreement with local -
authorities, the shipments are delayed to avoid spec1fic condmons (e.g., hohday, '
weekend, or rush hour traffic). . )

Overland Operatlon '

Arrangements for U.S. land carriers (truck or rail) would be made well in advance of the e
-expected arrival date of the vessel. ' Ali DOT, NRC, and State regulatxons applicable to the .
overland transport (e.g., route selection in accordance with DOT. regulations; required escorts '
* .- prenotification of NRC and State governors or their: -designees, NRC route approval L
safeguarding of route information, arrangements along route and in ports with local Jaw *
enforcement agencies) would be satisfied. ‘Representatives of. the shipper would be’ required to - .
- be present at the port prior to arrival to assess the port situation and momtor the unloadmg
operation to ensure regulatory compliance. - -

1.

" The sluppcr and his representatwe are reqmred to have emergcncy response plans for o

these shipments.

Emergency response plans are in effect for each port city. - State plans are also i in . -

- effect to cover emergencies along State highways. The Department of Labor

regulations require that hazardous materials training for Iocal and State emcrgcncy
responders be provided by their employers. .

DOE, in cooperat:on with Federal, State, and local gOVemments is engaged in
providing the type of training required fo react in an emergency situation mvolvmg
these shipments. As part of DOE’s responsxbxlmcs under Federal Response plans,
DOE has trained Radlologlcal Assistance Teams that are prépared to assist State and
local governments in the event of an accident, when requested by the State. The

-closest team, for the purposes of this Environmental Assessment, is located at the '
. Savannah River Site. : '

Only qualiﬁed r_notor carriers would be used to perform the land traxasportation portioﬁ-.

of this movement. A qualified motor carrier (common, contract or private) is one .
which has no safety condition imposed on its certificate, permit or record by the DOT, "
and has the required minimum levels of financial responsibility in effect as evidenced
by the proper documentation, and is otherwise in compliance with applicable Federal .
and State transportation regulations. All-vehicles would be inspected by cogmzant
State or Federal agenc1cs -and the camer prior to use.

DOE has a Carrier Evaluatlon program that reviews addmonal criteria for a carrier

selected for DOE shipments. A list of DOE evaluated carriers will be supplied to the
shipper’s agent, if requested.

H-4



The railroad that best serves each ongm and desmmtlon would be considered as a
~_potential carrier of these shipments. . The level of service required would be negotiated _
oif above the baselme requrrements Frgure H 1 shows rcprcsentatlve rail routes. - €~‘?\\

" The Department of Transportation Hazardous Materials Transportatxon Regulations,

which are now incorporated in the Federal Motor Carrier Safety Regulations, govern -

the routing of trucks transporting radioactive materials and require the use of Interstate

Highways for all highway route controlled shipments. “The Nuclear Regulatory

Commission, under Security Regulations in Title 10 of the Code of Federal Regulatwn

" Part 73, also conducts route surveys to determine the adequacy of the routes. In °
‘addrtmn, if a State Routing Agency has approved an alternative route, which is - L
. consistent with DOT-and NRC requirements, .it may be used. In combination, these o

are referred to as the preferred routes. The regulations also require that the shortest, '

safest local routes be used for p:ckup, dehvery, and access to the preferred routes

Frgure H-2xshows representanve hrghway routes ‘ |

Shtpments would be made i in accordance with all applicable Federal State, Tnbal and v
- local laws and regulations. . State, oversight of transportauon, in cooperation with the - ’
" military and/or Coast Guard, is contemplated by the Environmental Assessment to the -
extent that State 'involvement would be appropriate ata military base.

DOE would ensure that the shrppcr gives. advance notification of shrpments to the
Govemor of any State through which foreign research reactor spent fuel is transported,
or his’her representative. Specific arrangements regardmg not:ﬁcat:on would be '
-mutuaally agreed on by the States; the camer and DOE

If an mcrdent results in hablhty, the financial responsrblhty minimum limits .
’ requ:rement in the Hazardous Materials Transportation Regulations provide fora. .
minimum of $5 million in® personal liability and property damage, including '
“€énvironmental recovery coverage by ‘the motor carrier. For the railroads, the habxlrty'
coverage amount is underwritten through the outside purchase of insurance coverage, .
- which is usually. in excess of that required by law for motor carriers. - In any event, -
_-under the Price Anderson Act, as amended, the liability coverage is no less than $7. 3
billion. This indemnification extends to "any person” in the event of a nuclear
.incident, and covers transponauon activities. .
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APPENDIX I
DISCUSSION OF MARITIME TRANSPORT OPTIONS

11 'Commercial Container Ships

Commercial liners (i.c., commerclal container ships) are common carriers operatmg on
scheduled sailings over established trade routes. They provide service on a first-come, first-.
served basis. Most intemational maritime trade ‘goods, other than those shipped as liquidsor

_ butk cargo, are transported via such ships. The cargo on container ships is loaded into
individual ISO (International Standards Organization) containers (i.e., large metal boxes
“-roughly the size and shape of the trailer of an 18 wheeler truck) that can be-lifted onto and

- off-of the ship with their cargo inside. The containers are used to minimize the need to -

handle the cargo since the cargo is loaded into the container at the cargo’s point of origin and

_ not touched again until the cargo is unloaded at its final destination. Use of the containers
also facilitates and speeds. loadmg and unloading of the slnp and the transfer of the cargo to
and from truck or rail transport in the ports. The ports servicing container slups are equipped
with specially built cranes, specifically designed to automate as much of the loadmglunloadmg ‘
opcratlon as possible. - ,

Commercial container ships are among the most modem and reliable that are available, due to
the demands for meeting the tight schedules inherent in the commercial containership trade.
The spent fue] would be shipped in shipping casks, with the shipping casks loaded into
reinforced, standard size ISO containers, one cask per container. The spent fue) would be
shipped along-with other commercial cargo on board the container ships. -

L2  Purpose-Built Shlps

British Nuclear Fuels Limited (BNFL) owns six ocean-going vessels which have been built
specifically for transporting spent nuclear fuel. These vessels are known as "purpose-built”
ships. The major construction feature for the vessels is a double hull, which would prevent
the vesse] from sinking in most collisions. It is assumed that if a BNFL vessel was used in
the proposed action, it would be a double hull vessel dedicated orly to the movement of
foreign research reactor spent fuel, and the vesse] would not be transporting any other spent
. fuel for continued transport from Japan or other destinations. BNFL ships are capable of -

~ carrying over 50 casks. Howéver, there is a-much lower practical limit imposed by the
avallablhty of casks for carrying the foreign research reactor spent fuel.

BNFL Pacific class shlps (3000-4000 GT) are desxgncd to withstand a colhslon with a 23,400
GT vessel traveling at 15 knots in order to meet certain standards of the Japanesc government.
(Milne et al., 1986). About 25 percent of the collisions in the data considered by Warwick
and Anderson (1976) involved a similar combination of ships (i.e., a collision between a ship
of 1000-5000 GT and a ship of greater than 15,000 GT). Warmck and Anderson’s data were-
extracted from the United States Coast Guard Casualty files for the period 1970-1974. During
this period, 296 collisions involving 602 vessels occurred among 78,000 transits in five major
United States ports. Since Warwick and Anderson did not give ship speeds, however, the
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fraction of these accidents that were of a severity equivalent to or greater than the design-
basis accident cannot be estimated. Since the degree to which collision survival of a BNFL .
ship might be improved cannot be determined from these data, no quantitative expression of
the difference between a BNFL Pacific class ship and an ordinary cargo ship can be :
‘developed beyond the reduction attributable to the absence of intermediate port stops, given
that casks are stowed with the same minimum separation distance as that required by the
International Atomic Energy Agency for nonexclusive use shipments on commercial contmner
ships. - Since the BNFL ships are capable of carrying over 50 casks, maintaining the
separation distance should present no difficulty to the carrier, and doing so would reduce the
- likelihood of common-cause accldents' to the same msngmﬁcant level as that of regular
freight carriers.

'l.3 Mlhtary-Controlled Vessels

. The pnmary purpose of the Defense Transportatlon System (DTS).of the United States i is to
deliver troops and cargo during a contingency or war. The seagoing segment of the DTS,

which includes sealift of both dry and liquid cargo, is the responsibility of the Military Seahﬁ -

Command (MSC) The MSC controls its own ships, which are known as the MSC force _
" This force varies continuously in size and mix, and includes break-bulk and partial container
ships, roll-on/roll-off ships, tankers, and barge carriers. Some of the ships of the MSC force
‘are bareboat-chartered, some are government-owned, and others are chartered as needcd for

‘ spec1ﬁc penods of time.

Another responmbxllty of DTS is the operatlon of mllltary terminals. Mlhtﬂ:y Ocean :

- Terminals (MOTs) and ports for. military cargo shipments ring the continental United States.
They include such sites as Bayonne, New Jersey; Raltimore, Maryland; New Orleans, i
Louisiana; Charleston, South Carolina; Mobile, Alabama; Beaumont, Texas; San Diego, | Port
Hueneme, and Oakland in Cahfo:ma, and Seattle and-Tacoma in Washmgton. Military -
terminals used for loading ammunition onto ocean-going ships are located in Earle, New h
Jersey, Concord, Cahforma and Sunny Point, North Carolina.’ ’

. In addition to state51de temunals, there are a number of overseas terminals operated by the -
. Military Traffic Management Command. Included are the MOTs at Rotterdam, thherla.nds
Bremerhaven, Germany, Leghomn, Italy, and Felixstowe, England..

The forelgn rescarch reactor spent nuclear fuel would be categonzed as dry cargo. Most of
MSC’s dry cargo sealift capacity is obtained from commercial charters. Based on dlscussmns _
with MSC, one of tlieir controlled vessels could be made available to transport the foreign
research reactor spent nuclear fuel from ports within Europe to any commercial or rmhtary '
ocean terminal in the United States. _The vessels that could be used are roll-on/roll-off or
break-bulk vessels owned by private carriers. .In this situation, the foreign research reactor

spent nuclear fuel would be transported by a military-controlled chartered vessel, whose
charter would be transferred to the DOE, and would deliver the foreign research reactor spent
nuclear fucl to any of the proposed ports Because of the limited number of casks avallable

r : . , .
A common-cause accident is onc in which more than one package (cask) is damaged as a result of a single accident event
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worldwide at any one tune however, a slup hkely would carry no more than CIght casks on
each voyage.

While there is regular service between Bremerhaven (actually Nordenham) and Sunny Point,
the vessels on this route are all retrograde’ ammunition vessels. It would not be desirable to
carry a mixed cargo of spent nuclear fue] and ammunition on the same vessel. Therefore,
ship would be chartered to carry only the spent nuclear fuel. '

2 Retrograde ammunition is ammunition that is being withdrawn from setvice and returned to the United States for disposal.
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DESCRIPTIONS OF ALTERNATE PORTS OF ENTRY

In addition to the proposed ports, nine other ports, seven commercial and two military, were

analyzed as alternative ports of entry.! A brief description and discussion of each alternative port

is provided in this Appendix. Thrée of these ports, (Norfolk, Newport News, and Portsmouth,

Virginia), like the proposed ports, are frequent destinations for, container cargo ships traveling

from ports throughout the world, and have a great deal of experience handlmg containerized

cargo of all kinds. However, large, busy ports that are centers of commerce with good

transportation links are generally surrounded by large populations. Three low-population-density
" alternatives, Morehead City, North Carolma, the U.S. Naval Submarine base of Kings Bay,

Georgia, and the U.S. Naval Weapons Station of Yorktown, Virginia, were also analyzed.
- Neither Morehead Clty, North Carolina, nor any other small commercial port on the Atlantic . .
- (e.g., Fernandina Beach, Florida), are likely to be a frequently scheduled destination for .
transatlantic container cargo ships. King’s Bay Naval Submarine Base, Georgia, and Yorktown

Weapons Station, Virginia, have never been destinations for commercial container or freight cargo

ships. The three other alternatlvc ports are Oakland, Ca.hforma, Ncw Orleans, Lomsxana, and

_Ehzabct.h New Jersey.

Sea-route dlstanccs from each foreign port to each of t.he alternative ports are shown in Table J-1.
J.1. Port of New York and New Jersey Ehzabeth New Jersey, Termmals

- The Port of New York and New Jersey handles the world's great&st volume of mtermodal trafﬁc, ‘
- much of it ship-to-truck containers, such-as would be used for foreign research reactor spent -
‘nuclear fuel. The port also provides security, However, container damage from rhishandling has
" been a continuing problem at this port (Cigna, 1989). The marine terminals in Elizabeth, New
Jersey, are better situated for access to Interstate highway and avoidance of heavily populated .
areas than are terminals in New York. The terminals are separated from residential areas by

- storage areas and other industrial concerns. However, the surrounding area is 'densely populatcd- .

(3,650 persons’km? [9454 persons/mi?]). The highway route from Elizabeth to the SRS is 1328
km (825 mi) (Table J.2) and passes through the penphcry of the Balumore and Washmgton, DC :
metropolitan areas.

‘ J.2 Hampton Roads _

“The Port of Hampton Roads Vlrglma, is compnsed of three major port facilities: 1) Newport-
News Marine Terminal; 2) Norfolk International T erminal: 3) and Portsmouth Marine T erminal.

“The Port of Oakland is only proposed as an altemative in the event that 953 fuel clements would be accepted. Under this
larger number of elements, spent fuel would be received from Australia and could enter the U.S. through a west coast.port
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Distances in kilometers (miles) to: -

Table J-1. ‘Distanccs in Kilometers (km) Between Foreign Ports
and Alternahve Atlantic Ports.

[N

(6940)

[(5342)

. : . " Newport
Foreign Port Elizabeth | Kings Bay |Morehead City [ New Orleans | Oakland® | Yorktown | Norfolk News  |Portsmouth
Antwerp, Belgium |6264 (3884) |9165 (5682))|6686 (4145) (8939 (5542) N/A 6550 (4070) | 6568 6562 (4078)| 6568
N , 1 - (4081) 061y
Bremerhaven/ - 6760 (4191) |9661 (5990)|7182 (4453) [9435 (5850). N/A 7046 (4378)| 7063 7057 (4385) (7063
Hamburg', Germany : _ (4389) (4389)
Piraeus, Greece 8665 (5384) |11024 9089 (5648) = |11176 (6945)| - N/A 8972 (5575) | 8960 8954 (5564) | 8960
‘ (6962) i . (5568) (5568)
1 Rotterdam, Holland |6273 (4075)- (9174 (5688) | 6695 (4151) - 8948 (5548) N/A  |6560 (4076) |6577 6571 (4083) 6577
_ . ' : R . : | (4087) - (4087)
Stockholm, Sweden (8294 (5142) 11194 _ 8715 (5403) |10969 (6801)(  N/A - (8580 (5332) 8597 = |8591 (5338) (8597

(5342)

! Fuel from the Austrlan ASTRA,, Swlss SAPHIH und Danish DR-3 reuctors Is rnoda!ed as belng shlpped from tha ports of Brarnerhavan or -

Hamburg. )
? Qakland is consldered ea an optlon only for the Austrehun HIFAH fuel if 953 funl glements were accepted as an nltemntlve to the proposed

action,




Table J-2. Distances from Proposed Alternate Ports of Entry to the SRS

—r — _ : —— = —— — ‘
n ‘ Highway Distance ' Rai} Distance -
Port : km (mi) km (mi)
Elizabeth, NJ _ : 1328 - (825) . 1403 1 @712)
Hampton Roads - ' _ - a '
Newport News, VA ' 7 839 (521) (507) | 971 . _ -(603)
Norfolk, VA ; 815 630 | 852 - (530)
Kings Bay, GA Naval Base - | . 589 (366) VTR (309)
Morehead City, NC . 689 . (426) T932 | (579)
. New Orleans, LA ' " o3 | ey | . um " (129)
Oakland, CA . S 4600 | (2859) 5646 1 (3514) -
Yorktown Navy Basc, VA - . 87 © o (543) e —
=—— =

J. 2 1 General Informatxon

The Port of Hampton Roads Virginia, is located at the conﬂuencc of the James River -and the

* Chiesapeake Bay, approximately 29 km (18 miles) west of the Atlantic Ocean. Combmed, these

termirials total over 3.4 sq. km (840 acres), are equipped with 17 container-cranes capable of
handling spent fuel and have 3127 m (10,260 ft) of marginal wharf. ‘In 1982, the ports at
Hampton Roads were unified under the banner- of the Ports of Virginia to be managed by the

"Virginia Port Authority (VPA). 'VPA, a state agency, established an operating arm, Virginia“ -
International Terminals Inc., to operate the cargo terminals which fall.under the purview of the.

VPA. Overall strategic dlrecuon, sales, and marketing activities for the cargo termmals remam
the responsibility of the VPA i .

The port facﬂmes at Hampton Roads are closely ranked with- the Port of Charleston as the sccond
or third most active container port of the East and Gulf ‘Coasts, having handled in 1992

- . approximately 5.9 million metric tons (6.5 million tons) and 875,000 20-foot—equ1valent units of

‘containerized cargo. These ports have prior experience handling radioactive materials with port
* officials referencing 1000 metric tons (1, 100 tons) (primarily uramum dxoxlde) moved in 1992
(FHI, 1993c).

The Virginia Intemationél Ténninal§ Séfety Manual sets forth rules and policies for a diversitf

. of operations including, but not limited to, cargo arrangement, hazardous cargo, facilities

maintenance, fire emergency procedures, crane maintenance, container control, hazardous -

materials, emergency procedures, and general safety. - The manual also provides a policy for the

handling of radioactive materials, including an emergency response section. Additionally, the

manual sets forth emergency procedures that prioritize personnel protectxon, faclhty protection,
environmental protectlon, and cargo protecuon

J-4




' 'J 2.2 Eqmpment and OperatlonslNewport News Marine Termmal (NNMT)

NNMT is suuated east of the James River in the City of Newport News and encompasses
0.57.sq. km (140 acres) of land. This terminal has two major piers: Pier B and Pier C.
All are highly efficient operations with the latest technology incorporated into the network

“of cranes and loading systems available.

Combined, Piers B and C provide .

- 760 m (2,500 ft) of berthin'g space
Four cranes : ' |
36,620 sq. m (394,200 sq. feet) of covered pier storage
10,400 sq. m (112,000 sq. feet) of dry storage
0.13 sq km (32.8 acres) of open-ya.rd storage.

Roadway access is via major arteries that connect the tcrrmnal wnh lnterstate 64, U S.

" Route'17, and Interstate 664.

323

Rail service is- prowded by CSX. Slupsxde ratl service is available. at thrs terminal.

* Channel depth at NNMT is recordcd atll.m (35 feet)

“The VPA is spending $16 million to-expand and improve this termmal faclhty, mcludmg

a new 9300 sq. m (100 000 Q- foot) warchouse. .
Eqmpmcnt and OperatlonslNorfolk Intematlonal Termmal (NIT)
NIT is situated east of the Elrzabeth Rrver north of Portsmouth Marine Temunal NIT

consists of 1.9 sq. km (480 acres) of land and p|er area wnh 1320 m (4 320 feet) of
berthing space. .

NIT provides the followmg facﬂltles

Three dual-hmst cranes
Four single-hoist cranes
84,000 sq. m (900,000 sq. feet) of covered piet storage
93,000 sq. m (1,000,000 sq. feet) of dry storage
.- 28,000 sq. m (300,000 sq ‘feet) of cold storage

. Roadway access is via Internatlonal Termmal Boulevard, wtuch connects to Interstate 64
" (a major east/west corndor) o

Rail access consists of a diréct connection with the Norfolk Southern Corporation and
service by CSX Corporation and Eastern Shore Railroad via the Norfolk and Portsmouth
Belt Line Railroad. Shipside rail service is available at this terminal by prior arrangement.

Channel depth at NIT is approximatcly 9.8 m (32 feet).
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- "It is proposed to expand NIT by an additional 1.2 sq. km (300 acres) and 1300 m (4,300
feet) of berthing space as part of a $400 million project intended to double NIT’s current
size. '

J.2.4 Equlpment and OperatlonsIPortsmouth Marine Terminal (PMT)

-°  PMT is situated east of the Elizabeth. River in the Clty of Portsmouth, Vtrgmta, It o
"~ encompasses 0.9 sq. km (219 acres) of land and prowdes 1080 m (3 540 feet) of berthmg -

space PMT specializes in eontamer cargo.

. PMT _prowdes the followmg fac:llttes:.v

Five dockside container cranes :

A 98-metric-ton (110-ton) gantry crane

15,000 sq. m (160,000 sq.- feet) of-dry storage . !
" Container storage for 2,000 containers

fumigation chambers.

- Roadway access is via U.S. Route 58, connecting to Interstate 95 (a major north—south
corndor) : .

- Rail access consists of a direct connection of .the CSX.Corporation and service by the

. Norfolk Southern Corporation and Eastern Shore Railroad via the Norfolk & ‘Portsmouth
Belt Line Railroad. . Shipside rail service is available at this terminal with axle loadlng not
to exceed 27 ,000 kg (60 000 pounds) on 1.5-m (S-foot) centers .

L. C_hannel depth at PMT is approxtmately 14 m (45 feet). :

J3 Kings Bay Naval Submarine Base, Georgla

| The Kings Bay Naval Base is located in Kings Bay, Camden County, Georgla. The 64-sq -km

(16000-acre) site is situated between Jacksonville, Florida, approximately 40-km (25 miles) to - .

the south, and Brunswick, Georgia, which lies approximately 32 km (20 miles) north of the site.
. The Kings Bay site was acquired by the U.S. armed forces in the 1950s, and in 1978, the
. Department of the Navy selected Kings Bay as the east coast base for its Fleet Ballistic Missile
Submarine Support Facility. The primary mission of the base is-to provide support for Atlantic

- Fleet “submarines. . Kings Bay is designated as a high- secunty naval base to protect military -

equipment and information relating t6 the submarines, the submarine launched missiles they carry,
and the nuclear warheads on the missiles. Due to the potential for large; ex loswe releases of
destructive energy if the propellant in-one of the missiles should explode, the base is located and

‘laid out internally to separate its facilities from one another and from the surrounding sparse .

“population with buffer zones. The entire. waterfront area of the base is thhm one of the
explosmn separatton zones.

Miscellaneous equipment, including 14 straddle carners. three forkhfts and two

ha
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The buffer areas (at least 14 sq km or 3400 acres) around the base are unmhabtted The__
population of the surrounding Camden County is_16, 800, and the average population densny is
10 persons’/km’® (approximately 26 persons/mi’ ).

Because it is most uncommon to consider a high-security naval submarine base as a possible port _
for commercial cargo, permission was obtained from the Chief of Naval Operations for DOE to
conduct a site visit. The following information regarding naval pOllCleS and procedures was

_obtamed on that visit (FHI l993b)

 The base was consu-ueted spemﬁcally for the support of Tndent submarmes and its use is
.dedicated to that purpose. . Since many of the normal operations of Kings Bay. could not
be continued while a container ship was in the facility (due to” security and safety
_ concerns) operations involving the docking and unloading of a container ship at the port
would be likely to either significantly interfere ‘with the operational readiness of the
TRIDENT submarines, or significantly delay thé container ship (i.e., it would have to.wait -

for a "window" .in'the Navy's operations). For example, schedules regarding nuclear -

submarines potentially carrying ballistic nuclear missiles are neither. published nor
otherwise released to the public. Whenever. a submarine enters ngs Bay, no other
vessels are allowed to transit base waters or utilize any of the reqmred berthmg spaces

During. mlssﬂe handlmg actwmes, a safety zone w1th a 1500-m (5,000- ft) radius is
established around the missile handling area. ' All of the berthing areas at Kings Bay would

be included in any safety zone established. .Only personnel involved in missile handling |

or other essential activities are allowed to be vnthm the safety zone for. safety and secu.nty
reasons. .

There are three wharfs at ngs Bay for vessel berthmg The Service Wharf does not have -
equipnient that could be used for unloading a container ship and is not wide eenough or .

structurally capable of accommodating such equipment. The Explosive Handling Wharf
has heavy lift cranes which could be used to offload containers, but the berth can’ only
accommodate vessels up to 150 m (500 feet) in length, less than the 200- to 260-m (650 -
to 850-foot) length of typlcal container ships. The Refit Wharf is used to support
maintenance and repair activities on _submarines. The whatf can accommodate three
'submarines. It is therefore long enough to-berth a container ship, as long as there is only. .
‘one submarine present at the wharf, and itisina position which would allow berthing of -
a large ship, and if that submarine is not usmg the one crane that eould offload containers

welghmg up to 41 metric tons (45 tons).

While not prohibited in specnﬁc wntten pohc:es, to date, only military vessels have been '
allowed to enter the channel to Kings Bay for security reasons. No foreign flag ships
(apart from British naval vessels, with whom the U.S. has treatles of cooperation) or-
commercial ships have ever been allowed to enter the fac1l|ty ! -

No forelgn natlonals are allowed on base thhout pnor approval from the U. S State
Department, also for security reasons. This would rule out essentially all commerenal
container ships, since their crews are highly unlikely to be composed solely of U.S.
citizens. . ’ '
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'« The Navy does not have the personnel and equipment at Kings Bay that would be reqmred‘

to provide hazardous materials emergency response support for accndents mvolvmg ‘the
foreign research reactor spent nuclear fuel. : .

~+ . Kings Bay has no container handling equipment and no experience in the handling of

containers or container ships. This means that all operations irivolving docking of a
container ship at Kings Bay and unloadmg’ of the containers would be unfamiliar to the
personnel conducting them, thus increasing the time .(and resulting radiation _exposures)

required -for the operations. Furthermore, since the equipment that is ‘available at Kings - » o

. Bay was not de51gned for handling containers, and the personnel would not normally be - E

expenenced in container handlmg, the potenua] for- an acc:dent would be increased.

1993b).

Wlule Kings Bay could theoretlcally be used to oﬁload forei’gn"rescarch reactor "spent nuclear =

: fuel, the many procedural, safety, and logistical difficulties, such as those summarized above,
" make it highly impractical. The only acceptable wharf, the Refit Wharf, is ‘unlikely to be
available for berthing of a container ship for long. penods and the few available periods could

be altered without notice at any time the Navy needed to use the- facilities. ‘The. container ships_ -
would be .operating on a tight schedule. However, the period. when they could enter or exit the -
- port could be altered without notice whenever the Navy néeded to: use the facﬂmes thereby -~ .-°
".-making it impossible to know if and when a ship carrymg spent nuclear fuel would be allowed -
to enter or leave the port. Furthermore the presence of large quantities of high explosive -
material on the base would considerably increase the level of the consequences of an accident.

As a'result, the use of the Kings Bay Naval Base as a port of ent:y for fore1gn research reactor

-spent nuclear fuel is neither reasonable nor possible. .

.34 Portof Morehead Clty Termmal

'I'he Port of Morehead City, North Carolina is a sma.ll dry bulk .and neobulk pon ‘that handles

approximately 1. 8 million metri¢ tons (2.0 nillion tons) of cargo annually anary cargos are .

.woodchlps, phosphate, and potash. Its volume of containerized cargo is very small, with an

annual volume of less than 200 containers. "During the mid- to late-seventies, the Port handled - "

an annual volume of approxirately 10,000 containers.” The Port has one central cargo handling
. -facility, which is located along the Newport River and Bogue’ Sound, 4 miles from the open
- ocean. The channel serving the Port has a depth of 12.2-12.8 m (40-42 feet), MLW, and the

berths have depths ranging between 10.7-12.2.m (35-40 feet) MLW.. A dredging program, -

currently underway, will deepen the approach channel to 13.7 m (45 feet) MLW. The Port

. facilities, which are administered and operated by the North Carolina State Ports Authority, total
0.5 developed sq. km (115 developed acres), have 2, 100 m'(7,000 feet) of berthing space, two
general-purpose gantry cranes, and approximately 0.06 sq. km (15 acres) of open paved storage .
area. Over 74,000 sq. m (800,000 sq feet) of covered warehouse space is available on the .
terminal. Currently there are no shipping lines providing container service to the Port. The Port

has limited experience handling hazardous cargo (primarily Class A exploswes) and no experience
handling civilian radioactive materials-(FHI, 1993d).

-8 .
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The Ports Authority exercises a high degree of control over the day-to-day operations of the Port
facilities.  Through its Port General Manager, the Port Authority manages and supervises the,
terminal and the operations.conducted therein. This includes vessel berthing, crane assignment,
warehouse usage, yard and gate operations, and equipment and facility maintenance. '

According to the Port General Manager, to his knowledge, spent fuel has never passed throagh
* this Port. Explosives and possibly radioactive cargo are likely to have been handled at this
facility for military purposes during "desert storm" operations. However, neither commodity class

. is routinely carried through the Port. The port general manager was not aware of any local -

- ordinances prohibiting or regulatmg this material, and, to his knowledge, spec1a1 pérmits or
approvals were not obtained prior to offloading of the military shrpments However, the Coast co
Guard is reqmred to be not:ﬁed of spent fuel shtpments. : .

The 2,100 m (7,000 fect) of berthmg area in the Port is divided into a 2 450-th (1,480- foot) barge
* area with a draft of 3.7 m (12 feet) MLW, a 1,680-m (5, 520-foot) area with drafts ranging
between 10.7-12. 2m (35-40 feet) MLW. Approxtmately 50 percent of this berthing area, which-
is served by two general-purpose gantry. cranes, is restricted to vessels with a 10.7-m (35-foot)
maximum draft MLW. .One berth in the lowér draft area is equipped wrth a roll-on/roll-off ramp
for stern unloading and loading. ‘Berths are generally assigned on a first-come-fi rst-served basis,
‘with berths reserved on a 24-48-hour notice basis. Some berths are guarantced to speclf' ¢
."customers, primarily the dry bulk opetators and military vessels that call at the Port from time -
to time. - The Pott General Manager-exercises direct control over the berths. Berth occupancy -
is relatwely low; few vessel berthing conﬂrcts exist. . - .

Stevedormg of cargo to and from vessels is performed primarily by contract stevedores who are

- hired by the ship owner or operator. In the Morehead City Port area, two pnncrpal stevedores
operate.. These stevedores supply the management and supervision for the stevedoring operation,
- hire the labor, plan the stevedoring process and provrde any miscellaneous equipment that may -
be required. The gantry crane operators are non-union employees of the Port Authority, In the
case of certain dry bulk operatlons (wood chlps), the stevedormg process is controlled by the
cargo owner/shtpper : . .

;_Although the Port of Morehead Clty does not- handle contamenzed cargo on a regular basrs and
jts current volumes are msngmﬁcant, it does have the ‘capability to handle containers on a limited
basis. The principal berthing area for container vessel handling would be at berths § and 9 along -
the western edge of the terminal. These berths have a draft limit of 10.7 m (35 feet) MLW,

which is satisfactory to most vessels, but not the largest container vessels. Two -102-metric-ton E

(115:ton), 32-foot rail-gauge general-purpose gantry cranes serve these berths and provide-the
_container handling capability. These cranes are presently | not eqmpped with- contamer handling
attachments but could be equlpped relatively easily.

A Safety Officer on the staff of the Port Authonty reports to the Port General Manager This

officer is responsible for all safety aspects of the terminal and maintains close contacts ‘with-the . |

Coast Guard and the local fire department. There are very few instances of major accidents or -
injury on the terminal; accidents involving cargo handlmg are very minimal, with no drops
recollected.
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The perimeter of the terminal is only partially secured with a 2-m (6-foot)-high chain link fence
- topped with barbed wire. The terminal areas adjacent to the rail yard and the terminal access
road are not secured. The primary entrance facility to the terminal has a manned security booth
which controls vehicle access and egress. A seven-man Port police force provides overall site
security 24 hours per day. Six members of the police force are licensed, carry weapons, and have
arrest capability. Thls police force reports to the Safety Officer.

The Port factlmes are located along U.S. Highway 70 just east of the main town of Morehead ,

City. There are no. initerstate highways near the Port. Norfolk Southern provxdes rail seerce, L

through an mtermedlary switching railroad, dtrectly to the Port. -On-dock and éven under- crane . -

-loading of rail cars are possible.” Transfer of containers between the vessel, the yard area and the. .

. 'rail loading tracks can be easily performed by the Port Authority. -Norfolk Southern’s main | lme
o leavmg the Port travels directly down the middle of mam street" Morehead Clty - 2

" State Htghway 70 (Mam Street) is the main route into and out of the Port faclhty Thts road -
bisects the busy downtown area. This local secondary road is characterized by, penodlc heavy. . -
local traffic flow and numerous stop hghts ‘Highway 70 serves as the main route to Interstate

.. 95 which is located approximately 160 km (100 miles) northwest of the terminal (approxxmately
1-1/2-hour dnve) Acce'ss to I-95 requires travel through several smal] towns.

"l'hlS geographically rernote pemnsular location. is serwced by. small two lané secondary . roads

characterized by local traffic (espectally during peak tourist season) and many stoplights. The - v
main route to Interstate 95 requu'es travel through numerous, small, but relatwely populated' o

' towns.

. 'There are sensitive receptor pOpulatlons in close proxmuty to the Port tenmnal These mclude

"human receptors (i.¢., yacht basins, state parks, barrier island communities), wxldhfe (possible .
threatened and endangered flora and fauna on current and historic dredge spoil dtsposal 1slands),

. and valuable historic resources (downtown hxstonc Beaufort)

The termmal personnel have never handled civilian radloacttve slupments. 'I‘hough emergency
plans/policies/drills are in place, none is spectﬁc to the types of hazards assocmted with .the;
handling of radioactive matenals ‘

d.S Port of New Orleans |

-The Port of New Orleans Louisiana, is a’ Gulf Coast port. It has container cranes. and port
security, but no experience handling spent nuclear fuel. A marine terminal with relatively direct

‘access to Interstate 10 was used for this analysis. Low- to medium-population-density Gulf Coast . -

ports such as Tampa, Florida, Gulfport, Mississippi, ‘and Port Arthur, Texas, are primarily bulk
-cargo handlmg ports. Therefore, no low-population-density Gulf Coast port was analyzed. The

other two major Gulf Coast ports, Houston: and Galveston. Texas, have extensive container- -

. handling facilities, but are congested. ~The accident rate 'in the Houston Ship Channel, ‘in

particular, is relatively high, and the port security record is poor {Warwick and Anderson 1976;
CIGNA, 1989). The highway distance fror New Orleans to the Savannah River Slte is 1029 km

(639 m:les), and the rail distance is 1173 km (729 miles). =~ ~
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J.6  Port of Oakland

The Port of Qakland, California, is a major Pacific Coast port. As the second leading container
port in the United States, it is the most frequent destination for container-cargo ships from
Australia. Oakland has an extensive inventory of container cranes, and more than 80% of the
Port’s annual tonnage is containerized cargo. QOakland also is a consolidation port for overland
-movement of containerized cargo to inland destinations; that is, containerized cargo from smaller .
. Pacific Coast ports are trucked to Qakland for consolidation prior to going overland. . These

- .considerations make QOakland the most likely Pacific Coast port of entry for spent nuclear fuel -
-shipments destined for the SRS. The surrounding area is densely populated [2557 person/lcm2
(6623 persons/mi?)]. The highway distance from Oakland to the Savannah River.Site is 4500 km _
- (2795 miles) (Table C-1). Other ports along the.central and south Pacific Coast were not

~ considered because they handle.primarily bulk cargo, even though they may have container

cranes. As noted above, container cargo transferred to trucks at these ports may be hauled to
Oakland for consolidation. The ports, (all in California) are Long Beach, Port Hueneme, .
Sacramento and San Dlego CoT o ' . -

A o

_ J.T. U.S. Naval Weapons Statlon, Yorktown, Vlrgmla -

The U.S. Naval Weapons Stahon in Yorktown, Vlrglma, is the largest storage and transfer facnllty :

. for military weapons on the east coast. This facility is located on the Virginia Peninsula, which

'is 40 km (25 miles) long and flanked by the York River to the north and the James River to the
south. The site is situated 81 km (50 miles) west of the Atlantic Ocean, approximately 130 km
(80 miles) southeast of Richmond (Virginia's capital) and 290 km (180 miles) south of
Washington, D.C.~The 42-sq.-km (10,500-acre) Yorktown Weapons Station was acquired by’
Presidential Proclamation in 1918 and was initially developed as a U.S. Mine Depot to support = _
the laying of mines in the North Sea during Woild War I. For 20 years following World War -
1, the facility received, reclaimed, stored, and issued mines, depth charges, and related materials.
This facility expanded in 1927 to accommodate the growing accumulation of TNT. by
constructing three additional loading plants. In 1944, a research and development laboratory for
experimentation with high explosives was established. The U.S. Mine Depot was redesignated
the U.S. Naval Weapons Station in 1958. Since 1918, the Weapons Station has experienced
periods of high and low activity, new mission assngnments. and new facllmes, all within the
original 42-sq -km (10 500-acre) site (FH[ 1993e). .

A major part of the Station’s mission mcludes the renovatmn, mamtenance and assembly of all
"classes of ordnance in the Navy’s inventory, with the exception of ﬂeet ballistic rmssrles The
station has depot-level responsnblhtres for many of these items,

With regard to scheduling considerations, since the facility has not l'ustoncally accepted anythmg
other than military vessels, no-"normal scheduling protocol” was discussed. As a general rule,.
the Navy does know in advance the scheduled maintenance periods for the U.S. submarines.
However, the base must remain open to both U.S. and British vessels that may need to enter the .
base for emergency repairs, either with or without prior notification. These vessels’ needs would
obviously supersede any- non-mlhtary needs, regardless of how far in advance notice of entry was
provided. In addition, if a berthing area was being used by a non-military vessel, and a military
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vessel needed that berthing locatloh ‘the non-military vessel would be requlred to relmquxsh its
location, regardless of whether or not it had completed offloadmg its cargo.

The constraints imposed by various operational and safety criteria on the development and use
of land at the Weapons Station in Yorktown primarily revolve around explosive safety. The

Explosxve Safety Quantity Distance (ESQD) criteria dictate the physical separation requtred to .

minimize the adverse tmpacts of an unplanned -explosive detonation. -The ESQD T"arcs”
circumscribe safety areas in which all non-essential personnel must evacuate and all non-essent:al
operations must desist during missile-handling operations. Of the 42-sq.-km (10, 500-acre) site, -
only 10%, or-4.1 sq. km (1,037 acres), are free of ESQD arc-restrictions. The ESQD arc. around
the ‘pier. comprises an area within. 2,030 m (6,650 feet) of the loading pxer . The ‘Colonial -
Parkway, however, is exempt and lies within the pier ESQD arc. - As the entire. bertl'ung area of -

the Yorktown Weapons Station is within the ESQD atcs, any suspension in activities would affect ‘_ '

contmner unloadmg, and the tIme requxred could be lengthened slgmﬁcantly

When mxssrle-handlmg ‘operations are bemg ‘conducted and the arc. clearance area is bemg
enforced gates along the vehicular roadways automatically close to secure the area within.these -
arcs. At those times, the area within the arc may be accessed only by showmg special -
identification badges. The area is guarded by armed military security personnel, - The duration
that this elearanee arc must be observed vanes with the type of activity bemg conducted

It should be noted that the Yorktown fac1hty has never ofﬂoaded containers onsnte and does not -

maintain any equipment normally used for this purpose. As a result, personnel on the base have
" no knowledge or expenence in the safe and efﬁcxent handlmg method.s assoctated with tlus a

actnnty

" The pnmary marine asset of the Stann isa U-shaped pter on the northeastern pomon of the .

Station along the banks of the York River. This pier facility provides 686 m (2,250 feet) of
berthing space at a depth of 11 m (36 feet) ML W, and a general-purpose gantry crane. The pier
has a width of 29 m (94 feet) and provides an additional 564 m (1,850 feet) of berthing space
on the inboard side, for: berthmg small barges, which is controlled by a lift.span on the northern
- approach leg: A dredging program is underway to increase the water depth at the outboard berth -

‘to 42 feet MLW. The controlling depth for vessels approaching the. Station is currently 9.8 m
" (32 feet) MLW, -which occurs at the confluence of the York River and. the. -Chesapeake Bay
Discussions to alleviate this vessel draft limitation for vessels navxgatmg between the York River -
- and the Chesapeake Bay are ongoing, with no dredging plan in sight. The Coleman’ Memorial
Bridge, which spans the York River 2.4 km (1-1/2 miles) southeast of the Ioadmg pier, restricts
vessel access in the closed position. ‘Most vessels accessing the Station require the bridge to be
..opened, which is not allowed during rush hours. 'In the open position, there is adequate clearance
for vessel passage. : :

The general—purpose gantry crane has a 40-metnc-ton (44- ton) maximum capactty, a.nd sits on

a 9-m (30-foot) rail gauge 30 feet from the fender face of the wharf. This crane is not intended.

for handling containers, but has adequate height and outreach to perform container unloading

from a vessel. The crane characteristic of most concern is the single lifting point, which
compromlses safety and productivity compared to a standard container gantry crane: The Station
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. Commanding Officer, David Jones, stated that any berthmg of vessels at this fac:hty is controlled
~ by him, and that any unioading of spent fuel at his facility would be aceomphshed by his staff.

Security for the Stauon perimeéter and ordnance production storage area is prowded by the Navy
Security Force, which consists of 67 personnel. A 42-man civilian guard force component patrols
. the industrial areas, provides law enforcement Base-wide, and, in conjunction with the Security
. Force; patrols and guards facilities containing highly pllferable ordnance items. A 210-man
Marine Corps Security Force Company provrdes seeunty for special weapons. Maintaining
security of the Station's 26-km (16-mile) perimeter is made difficult by the presence of the
Colonial National Parkway, which travels along the York River, mterseetmg the route between .
the Station and the ammunition pier.  Traffic between the Station and the pier must travel under
the Parkway via two short underpasses. Because the parkway’s- overpasses could pose a threat
' to security, marine guards are posted-to prevent sightseers from stopping during certain logistic
movements. The ‘parkway is temporanly closed to tmﬁ'lc dunng the movement of certain
ordnance categones A

- The transportatlon system at the Weapons Station in Yorktown mcludes a network of 90 km (56 -
miles) of paved roads and 56 km (35 mlles) of 'unpaved roads, a Statton-operated 81-km (50-
mile) rail system, hehcopter facilities, and pier facilities. ‘

: Transportauon mto and out of the base is achieved pnmanly through highway and rail lines.
Interstate 64 is adjacent to the western perimeter of the Weapons Station at Yorktown. Interstate
64 is a four-lane, primary east-west route linking the peninsula to Richmond and Washington,
D.C. Interstate 60 also serves as a’ major east-west transportation corridor running parallel to
Interstate 64, State Highway 238 is a two-lane secondary road which borders the southern
perimeter of the Weapons Station. This State highway provides access from Interstate Route 64
dlrectly into the Station. Access to the Stations waterfront facnlltles is through two underpasses
, crossmg the Colonial Parkway. :

The Station operates its own Sl-km (SO-mlle) rallroad system connectmg to CSX Rail Transport,
which runs generally paralle] to and betweéen Interstate Routes 60 and 64.

. The mailroad system is used primarily to move ordnance from the magazines to the ammunitions -
- pier and vice-versa. The majority of ordnance arriving from off-stanon or to be shlpped to
another facility is carried by commercial carrier truck transport. :
In accordance with the Master Plan for the U.S. Navy Weapons Station in Yorktown, the
- privately owned land adjacent to the Station is sparsely settled with residences; undeveloped areas
‘are covered primarily with large tracts of forested lands. The southern boundary is well protected
from community growth by | Interstate 64. South of Interstate 64, land use remains primarily fow-
density residential and agricultural, A small portion along -the northwest boundary adjoins
~ privately owned land that has recently been zoned for 8 commercial/tourist area. . The Colonial
" National Historic Park, the small commumty of Lackey, and open fa.rm land ad_10m the Station’s
eastern boundary. ‘

The Yorktown Naval Weapons Station is located in the central portion of York County and near
the historic Village of Yorktown. The Virginia Peninsula is comprised of the following
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‘municipal jurisdictions: Hampton; James City Couhty, Nev\;porf News, Poquoson, Williamsburg,

and York County.. Pertinent demographic information is provided in the draft Environmental = -
Impact Statement prepared in July 1992 for U.S. Navy Fast Combat Support Ship Homeporting.

According to that information, of these six municipal jurisdictions, Hampton and Newport News
[both located at least 32 km (20 miles) south of the Station] .represent the most highly populated

areas, comprising approximately 75 percent of the’population of the entire Peninsula. In contrast, -

Yark County, within wl:uch the Station is located represcnts 10 5% of the population of the entlre
. pemnsula. ' _

' Approxunately 3, 000 people live a.nd work on the Yorktown Naval Base _The current housmg ‘
inventory at the Station consists of 225 bachelor enlisted quarters, seventeen bachelor officer . . .

quarters, 473 units of farmly housmg, and 40 moblle home pads ava:lable for use by xmhta.ry
: personnel
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U.S. DELEGATION RESEARCH REACTOR SITE VISIT QUESTIONS

Identify the current spent fuel storage facility type and capacity. Identify the limiting
criteria for determination of the maximum capacity of the spent fuel storage facility.
Identify the current contents. of the storage facility by fuel type [characteristics (mass,
isotopics, clad, etc) including origin] and quantity.

Identify any fuel corrosion concems or other potentlal or ongomg releases of ﬁssron
products from fuel currently in storage or soon to be placed in storage :

- Descnbe the. capablllty to upgrade in place the existing storage capacity to increase the
capacity including a description of the costs, timing, and licensing procedures for such a
modification. Identify the status ‘of any plans or efforts to modify the existing storage
facility. . : . '

Describe the capability to add now storage capacity such as additional storage ponds or dry =
cask storage including a description of the costs timing, and necessary licensing procedures.
As appropriate, discuss lrcensmg prospects Identtfy the status of any plans or efforts to add
addmonal storage capacrty :

Provrde a listing of all potentral spent nuclear fuel storage sues w1thm the country (thll'd
site) ot region (third country) including commercial facilities (e.g., COGEMA, Dounreay, or
a commercial reactor site). Describe your ability to make use of these facilities for storage
-of excess spent research reactor fuel on a temporary bams (18-24 mont.hs)

' Idenufy the current plans and status of replacing the exxstmg reactor core with a LEU
fuelled reactor core. - For those reactor cores unable to convert to LEU prowde the
underpinning techmca] Jusuﬂcatmn.

Identify the preferred and latest possrble schedules for the shrpment of spent fuel. Descnbe
the key factors. underpmmng these ana.lyses Include in your descnptton

ca Detanled charactenzamn of the spent fuel requiring near-term shxpment This

- characterization should include mass, isotopics, number of elements, clad ’
_descriptions, country of origin, corrosion characteristics, and any other features
relevant to the assessment of the environmental impacts of the spent fuel shipment.

b. Describe the facilities to be used to Shlp the spent fuel including physical
descriptions, locations, and relevant operating histories. Describe likely
transportation routes and methods. . . .

c.’  Describe the status of necessary procurements to sup.port‘the shipment including .
casks, shipping contracts, handling equipment, and local transfer contracts. '
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10.

1.

: 12,

13,
" 14.

‘15.

16.

d.- Describe the status of any- hcensmg or institutional approvals within your country or
region necessary to ship the spent fuel.

e. Describe ‘the status of' any requlred cnwronmcntal documentation w1thm your country
" or region to support the- sl'upment of your spent reactor fuel.

Describe the consequences if the spent fuel i is not shipped from your reactor site on
schedule. - What will be the consequences 10 your reactar, domestlc programs, mtemauonal
obligations, etc.? . A _ .

. Idenufy contingency plans if the spent fuel shioping schedules are nat met. Idenufy the
status of any contingency efforts, mcludmg contractmg efforts, for- reprocessmg or stonng or .

shipping the spent fuel.

‘Describe the currenit nuclear waste management capabrlmes and- p]ans for your cou.nuy
" including both mtenrn and. ﬁnal drsposal measures. :

: ‘Usmg your current reactor operatmg schedule, descnbe the role of this reactor 'rn the conduct

of research and development, isotope production, etc. Descnbe the future plans for 1h15
reactor through planncd decommrssmmng ' -

‘Provide a detailed descnpuon of the reactor and reactor complex and its surroundmg .
~ environments: To allow a better understandmg of future spent fuel shipment needs, prowde

a detailed characterization of the fuel currently in the reactor core and that planned for.
loading in the near future. This should include mass, isotopics, clad, origin, etc. Also

include in the descriptions ¢ of the.reactor complex the owner/operators, licensing. authonues,

other oversight orgamzauons (safcguards and envn'onmcnt) and ‘reporting relat:onshlps.

Describe planned future shlpments to the U.S. of spent research reactor fuel G:ven that the
U.S. Environmental lmpact Statemnent will be completed in about two years, how many of
_ these shipments must in your view occur beforc completron of that EIS. Why can t they be

deferred?

~ Are the plans you have provrded regardmg the future operauons of this reactor and

necessary spent fuel shipments contingent on any other factors such as receipt of other U. S.:
guarantees, new program fundmg, life extension programs, or changes in your domestxc .
policies? i

Are there fuels of other than U.S. origin wrthm your spent fuel storage facxhty? To provrde
interim relief, could these fuels be returned to the country of origin? .

Please document any U S. cormmtments you have received regarding the refurn of spent fuel
to the U.S. :

¢
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ENVIRONMENTAL CONSEQUENCES ASSOCIATED WITH
| "ALTERNATE PORTS AND NUMBERS OF CASKS -



L.1 Introduction

- This Appendix includes the results-of RADTRAN analyses of the radiological impacts of
shipments altefnative. to those discussed in Chapter 6. The analyses consider shipment to the
Savannah River Site of 248, 291, 359, 409, and 953 fuel elements, with no intermediate stops
and one cask per vessel, via each of the five proposed ports in tables L-1 through L-5. The .
analyses also consider shlpments of 248, 291, 359, and 953 fuel elements to the eight
alternative ports discussed in Appendix J, for both cases - three mtermcdmte stops and no
mtermedlate stops, in Tables L-6 through L-18 :

L2 Compamon Between Alternate Ports and Proposed. Ports

: 'Companson of appropnate tables in thls Appendix confirms the desngnatlon of the proposed
- ports as pro\ndmg lower risk from transportation. than the eight alternative ports.: For

.- example, comparing the sl'upmcnt of 248 fuel elements, one cask per vessel and no - -
' intermediate stops, showri in Table L-5 with the same. shlpments shown in Table L-14, it is"
apparent that, in all éxcept two cases, the accident risks (total LCFs) for the proposed ports

“(Table L-5).are lower than the LCFs for- the eight alternative ports (Table'L-14). A sumlar
observation may be made in comparmg Table L-2 thh Table L-1L

" L3 - Comparison of Altemate Representatwe Routes_for Truck Shlpment From Sunny
. Point and thmmgton to Savannab River Site :

Tables L-19 and L-20 contain summaries of incident-free dose estimates and risk estimates for
the shipment of 409 fuel elements through the proposed ports, assuming three mtermedlatc
port calls and one cask per vessel. . These tables are analogous to Tables 6.2-8 and 6. 2-9. The
“only difference is that the représentative highway routes.for shipment from Wilmington and -
-Sunny Point to the Savannah River Site are different. For the information in Tables 6.2-8 and
6.2-9, the representative route is such that shipments from bath Sunny Point and Wilmington -
leave the Wilmington area via Interstate 40 to reach Interstate 95, from which point ‘the
shipments would go south to South Carolina. Tables L-19 and L-20 have results based on a
representative route for both Sunny Point and Wilmington where the shipments would Jeave
the Wilmington area via U.S. Route 74 to reach Interstate 95, at which point the shipments
would go south towards South Carolina.. The routes, and thus the analysos, for all other ports
- ‘are the same between the two sets oftables.

A comparison of these results mdlcate that the U. S Route 74 option would have sllght.ly
lower incident-free dose estimates. Any differences in total accident risk would be
1mpercept1blc since the port risk, which dominates the risk estimates, would be-the same .
regardless of the choice of highway route. The increase in incident-free dose estimates for the
Interstate 40 route option is attributable to longer highway distances and greater. numbers of
potentially exposod persons along the route. The dlfferenoes in route options are sununanzed
below: : -



. Port = Distance to "~ Potentially Exposed

Savannah River Slte Population .-
Sunny Point ‘ , o
us. 7 © - 546km - 70,127
Interstate 40~ -~ 710km 13135
Wilmington | L _ - S
. us.4 © S0lkm . 86553
Interstate 40 | 642km o em

. U.S. 74 has, in the past, been desngnated by the State of North Carolma as a preferred route

for slupments of Highway Route Controlled Quantmes (HRCQ) 6f radioactive material.;’

- However, in 1991 that designation was discontinued. HRCQ shipments which were shlpped

by vessel through the port of Wilmington in the 1980°s used U.S. 74. . Because of the hlstory
of HRCQ shipments along U.S. 74, the alternative analysis in Tables L-19 and L-20" was: -
performed. The assessment of risks associatéd with this alternative route should'in no way

~ suggest that the State of North Carolina is currently considering redesignating U.S. 74 as a ..

- preferred route.  The assessment was performed merely to develop an informed. compa.nson )

between two representative routes, both of which have the potential to: satlsfy the IeQuu-ements R

of the HRCQ routing requlrements as specnfied in 49 CFR 177.825.

The shlpper of the proposed shxpments eould request dlfferent routes than those representauve

~ routes incorporated into the risk assessment of this EA for any port of entry., The NRC and
- the State have the authority to grant permission for the use of alternative: routes after .
:determuung that such routes conform With the reqmrements of HM 164

S ., . s
'"7'\ e T

L-4 Companson Between Intermodal Transfer Methods for Transfer F rom Slup to A_ -

Rall

‘Table L-21 contains results for the incident-free. dose esumates for the shlp-to- '

truck/truck-to-rail intermodal transfer model for port operations. This model is djseussed in .

Section 6.2.4 and compared to the single-direct ship-to-rail intermodal transfer. model.- .Table -

L-21 is analogous to Table 6.2-11 and results of the two tables shows that the double . .
intermodal transfer operations would result in a doubling of the-dose estimates for port
handlers of the casks. All other dose estimates and risk ealculauons would be the same -
regardiess of the port mtermodal operauons.

L.S Conclusion . -

This Appendlx may also be used’ together with Chapter 6 to compare unpacts of truck _
transportation with those of rail transportation and to compare the effects of different. numbers -

of fuel elements. In sum, this Appendix complements the analyses of Chapter 6 a.nd
completes the data set provided in that chapter

~
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Table L-1. Transportatmn Radiological Impacts for. Shipment of 953 Elements via the
Proposed Ports and Truck Overland Transport Assuming -No Intermediate Port Stops
and One Cask Per Vesse!

| iy : o __ Proposed Ports - 953 Elements :

» ’ Transportatlon Dose Risk - Person-Rems : '
.~ Port Of Entry Total Person-Rem Total LCFs
: - Incident-Free . |- . Accident . . _ : .
Charleston - 28 . e .00014
Jacksonville . | . 32 . 0027 32 © L .00016
Savanneh . .| - 28 R YT R T T 00015 f
Supny Point. . © | . 33 . . .0010 . S 3 -
Wilmington 33. ' ' 34.

~-Table L-2. Transpoft'dtl;)n Radiological Iinpactﬁ for Shipment of 409 Elements Via the
. Proposed Ports and Truck Overland Transport Assuming No Intermedlate Port Stops -
. ' and One Cask Per Vessel :

Proposed Ports Smgle Port Call - 409 Elements

— | Transportation Doselllsk Person-Rems ; ‘ S R o
Port Of Entry _ Total Perso'n-R .- Total LCFs
Incident-Free Accident . : :
Charleston L1z 0048 ¢ 000063
| Jacksonville - S04 1 ome 14 - 000072
| ' a3 oesr L 000066
H?unny Point | . A5 . L0005 | a5 000074
Wilmington ' ' €S '.060075 ‘
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Table L—3 Transportatlon Radlologlcal Impacts for Shipment of 359 Elements Via the
Proposed Ports. and Truck Overland ‘Transport Assuming No Intermedlate Port Stop

)

and One Cask Per Vessel

Proposed Ports - 359 Elcmems

: o 'I‘ransponauon Dosc Risk -- Person- R E . :
. ?ort Of Entry " Incident-Free Accident Tofol Pceson-Rem Total LCFS .
Charleston 2 - 0044 a2 " . .000062°
Jacksonville 147 0013 ISR 000072 .-
Savannah - a3 0054 . CTasd 000066
Sunny Point - 15 00052 . a5 000074

1| witmington o as’ 0034 Tt s '

g ) . : 1

‘Table L-4. Transportatlon Radnolog:cal lmpaets for Shlpment oi' 291 Elements Via the
' Proposed Ports and-Truck Overland Transport Assummg No lntermedlate Port Stops

L-5

m

- and One Cask Per Vessel _ R
" Proposed Poris - 201 E!erncnts R | N
: S Transportation Dose Risk - Person-Rems. D o A o
: P.on Of Bnary Inccdent-l-‘ree e Aec:dent ’ ~Total fferson-Rern.' Total LCFS‘) '
Charleston 0.075 00027 0078 000003 |
Jacksanville 0.089 000077 . £.09 0000045 < - -
Savannah | 0079 00030 | - 0082 0.000041 -
-||._Sunr;ypoim.- " 0.091 . 0.00035 Y. 0.000046 -
“ Wilmington 0.091 0.0021 0093 ' 0.000046

| | 6‘\%




Table L-5. Transportation Radiological Impacts for Shipment 6f 248 Elements Via the
Proposed Ports and Truck Overland Transport Assuming No’ Intermediate Port Stops -
and One Cask Per Vessel

lm

I'

. - .Proposed Pbrts - 248 Elements
. " | Transportation Dose Risk - Person-Rems :
~Port OfE.nn'y . Incident-Free : Accident Total Persc_)p-l\{em ' ‘ _Total LCFs (
Charleston 0.075 0.0024 0.078° 0.000039 .
Jacksonville 0.089 " 0.00069 © 0,090 .~ 0.000045
Savannzh C 0079 00029 0081 0.000041
Sunny Point 0091 0.00028 - 0.091 0.000046
Wilmington - 0.091 ' 00019 0.093 - '0.000047

Table L-6 Transportat:on Radlologlcal Impacts for Shipment of 953 Elements Vla the

- and One Cask Per Vessel

' Altemate Ports and Truck Overland Transport Assuming Three Intermedmte Port Stops ‘

' Only fuel from the Avustralian HIFAR resctor was mbdeled for the option of the Port of Oakland

L6

" -Altemative Ports - 953 Elements .

: Transportation Dose Risk - Person-Rems | - S
| Ifort Of'En try ,lnddent-Fres ' Accident . Tpm! Pet_sop Rem . Total LFFS' -
‘Elizabeth 48 n o 58 . 00029

|| Kings Bay 33 . " .10 43 . .00022
Morehead City 34, 10 a4 00022
New, Orleans A1 10 52 - 00026
Newport News o 20 47 00024
Norfolk - 37 099 46" 00023
Oakland' =~ a2 0063 12 000062 - |
Porsmouth 36 10 46 00023
Yorktown 38 47 00024




Table L-7. Transportatlon Radlologlcal Impacts for Shlpment of 359 Elements 3 via the g 6\
Ahcrnate Ports and Truck Overland Transport Assummg Three Intermedlate Port St0ps : .
and One Cask Per Vessel ,

-  Altemnative Ports - 359 E;:cnts - - .
. R _Transportation Dose Risk - Person-Rems - ) [ERENERUEE I o
| Port Of Eriny._ II'ICI dent-Free. " Accident I .T_o.taf_l_ Pcrr&o.n-R.cn.-n._ * Totl LCFs_ - E
Elizabeth 21 081 - 26 00013

N | Kings Bay .- A5 048 19 000097 T

Morehesd Ciy 15 048 .20 000099 o ||
New Orleans’ s S04 23 00012 <
Newport News 16 047 .. a1 o001 | .
Norfolk 16 047 a1 oooro - [
‘Portsmouth .16 a8 a1 00010~ |l
Yorktown - - Y {1 o6 | . a2 00011 h

Table L-8. Transportation Radiological Impacts for Shipment of 201 Elements via the .
Alternate Ports and Truck Overland Transport Assuming Three Intermedlate Port Stops o
and One Cas‘k Per Vessel i

" Alternative Ports - 291 Elerncnts Lo
' | Transportation Dose Risk. - PcrsonR g L. . &

Port Of Entry_. IncidentFree : Acctda\t - Total Pmp-?tem._ o : Total _LCFs: ﬂ
Elizabeth 013 6031 016 © 0.000082
Kings Bay - 0.092" 0.029 702 i * . 0.000060 ..
Morehead City - 0.094 £ 0029 o2 © 0000062
New Orleans 0.12 70,030 0ds . 0.000073 °
Newport News 0.10° | 0.029 o3 © 0.000066
Norfolk 0.10 0.029 Y 0.000065 .
Portsmouth. 0.10 0.029 o3 0000065
Yorktown 0.0 0.026 013 0.000065




. Table L-9. Transportation Radiological Impacts for Shipment of 248 Elements via the
Alternate Ports and Truck Overiand Transport Assuming Three Intermediate Port Stops
and One Cask Per Vessel

o . ' Aitcmativc ;orts - 248 Elements

- S Trﬁnspona‘tion Dose Risk - Persori-Rems : o

Port O Entry Incident-Free Accident | 1o Person-Rem | Total LCFs -
Elizabeth 0.13 0028 S 0.16 0.000080
Kings Bay. - 0092 . 0026 012 0.000059
Morchead City - _ 0.094 0,026 012 © 0.000060 -
NewOfeans - | - 012 | = o027 0.14 0.000071
NewpoitNews - |- 010 | o026 .| . - 013 " 0.000065
Norfolk. =~ |- "oa0 . . 0025 | -013 .| . 0.000064 .
Portsmouth - - | o0 . | 002 | oa3 0000063 . |
Yorktown 010 . | oo 0.13 | o'ooooss o

" Table L-10. Transportatlon Radlologlcal Impacts for Shlpment of 953 Elements via the
Alternate Ports and Truck Overland Transport Assuming No Intermedlate Port Stops -
_ and One Cask Per Vessel

‘Alternative Ports - 953 Elcmmts

T Transponatton Dose Risk - Person-Rems : _ :

Port_Of :_E.ntry - Incidenit-Free Aucldmt Total Person-?lcm‘ -. Total LCFs.__
Elizabeth - 1~ & | e " , 00024
KingsBay | 31 . | ‘em |- 32 . 00016
Morehead City s |0 eem | - 33 [ - oome
| New Orleans 39 0092 - N B 00020
Newport News - 37 - | . 0055 . 37 - 00019

" Norfolk q - 36 Y Y 37 . . .00018
Oakland* - om A o00e - m 000057 |
'Portsmouth 36 0074 36 - | oo
Yorktown N .36 . | o023 36 00018

* Results for Oakland represcnt cstimates associated with trmpdrtnﬁon of the Australian HIFAR reactor. fucl only.



'7 Tablo L-11. Transportation Radlologlool Impacts for Shipment of 409 Elemen.ts' Via the
Altemate Ports and Truck Overland Transport Assuming No Intermed:ate Port Stops -
and One Cask Per Vessel

‘Alternative Ports - 409 Elements - ' , ’
; Tra.nsportanon Dose Rlsk Person-Rems | . | :
t’ort‘ OfAEntry ' lnt::dent-Free Acc:dcm ' Total l"erson-__Rem : Toul 'lCFs o

* Elizabeth 20 0078 . - 21 " 00011

| Kings Bay . e 0038 . 14 000071 - .

‘Morchead Cny SN VR " 0038 a5 000073
New Orleans , BT B 10048 cas 000091
Newport News | - .16 . 0029 17 . 000083 -,
Norfolk 16 . 0023 - 16 | 000082 - .
Il Portsmouth- a6 | wese | ae 000081
Yorktown A R A ' ".oooo'so*

l

Table L-12 Transportatlon Radlologlcal Impacts for Slnpment of 359 Elements v:a the

. Alternate Ports and Truck Overland Transport

Assummg No lntermedlate Port Stops and One Cask Per Vessel

" Altemative Ports - 359 Elements

L-9

Transportation Dosc Risk - Petlion-Rems S R
. Port Of.Enuy : Incident-Free } ‘Accident | _'l.‘ota!. Petsort-an" Total LCFs’
‘Elizabeth 2 0073 21 - 00011
IrKinés Bay 14 © 0038 14 000071
" Morchead City | . A4 - 0035 Coas 000073
: ILNew Orleans a8 0045 18 000090
| NewportNews ™ |~ 16 ".0026 A7 .oo_ooés i '
% Norfolk 1 as 0021 16 oc0082 . |
Portsmouth .16 - 0035 .16 000081 *
Yorktown o6 b eon AN [ . 000080




i

S Table L-13. Transportation Radiological Impacts for Shlpment of 291 Elements via the
( Alternate Ports and Truck Overland Transport Assuming No Intermediate Port Stops
and One Cask Per Vessel ‘

Alternative Ports - 291 Elements

L o Transportation Dose Risk - Persan-Rems :

P‘.or.t Of Entry Incident-Free Accident Total Person-Rem Total LCFs
Elizabeth - © 013 0.0043 013 0.000066
Kings Bay, 0.086 0.0021 0088 . 0000044
Morehead City 0.088 © 00021 0.090 0.000045

| New Orleans 011 . 0.0027 o 0.000056
Newport News . 0.10 0.0016 0.10 0.000052
Norfolk 0.10 0.0013 0.0 0.000051 -

I _Portsmouth . 0.099 0.0021 © 010 0.000051
Yorkown | - 0099 | 000066 | 0099 " 0000050

Table L-14 Transportatlon Radlologlcal Impacts for Shipment of 248 Elements Vla the
Alternate Ports and Truck Overland Transport Assuming No Intermedmte Port Stops
and One Cask Per Vessel

Altemative Ports - 248 Elements-

Transportation Dose Risk - Person-Rems ‘ '
.Po:.t Qf Entry Incident-Free Accident Total Pemn-Rm Total L(_:F:
| Etizabetn 0.13 ©0.0040 0.13 - 0.000066
B Kings Bay . - 0.086 00020 0.8 0.000044
Morehead City -0.088 0:0020 0.090 0.000045
New Orleans 011 - 0.0025° 0.11 0.000056
‘Newport News 0.10 0.0014 0.10 0.000052
‘Norfolk 0.10 0.0011 0.10 0.000051
\ 0.099 0.0019- g 0.10 0.000051
, 0.099 0.00062 £ 0.099 0.000050
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Table L-15. Tran.sportafion Radiological Impacts IOrIShipment of 953 Elements via the €~1\._
Alternate Ports and Truck Overland Transport Assuming No Intermednate ‘Port Staps '
| and Eight Casks Per Vessel '

o Alternative Ports - 953 Elements
.. .| . Transportation Dose Risk - Person Rems C L
Port Of_E.mry.  Incident-Free | - Accident. Tota.l Persqn.-Rcms' ‘T.ot.al LC'B
| Etizabetn - .45 | .. oms a6 | w00 |
N kingspey . | 00088 - | - 3. |7 oo016 )"
Morehead City- Com 7 |, oooss [ a2l | oome
NewOrdeans |- . 30 | eomr. ~ | = -4 [ o000 [
NewpoitNews | .37 .| ~ o008 . | - 37 . | .ooms
- Norfor c36 ., | -oo0sa . | 36 . 00018 ||
Portsmouth 36 .| . o001 36 - 00018 e
Il Yorktown S 36 .| . 00029 | 36 - | .ooos . '

Table L-16. Transportatlon Radlologlcal lmpacts for Shipment of 359 Elements via the
: Alternate Ports and Truck Overland Trausport Assuming No Intermedxate Port Stops ‘
and Eight Casks Per Vessel

_ Alternative Ports - 359 Ele:ﬁent‘s'- T ) l :

| I ' _Tmnsponmion'bosc Risk - Person-Rems | - - . 3
o OFBny I cidentPree | Accldent | 10 Pemon-Rems | Total LCFs [
Elizabeth 20 . 00050 a0 Crooot0 |
Kings Bay A4 00043 1 aa | oscee |
Moreheed City | .14 . 00043 aa .| oc00m ‘
New Ordeans | . = .18 ~ gooss - -] . a8 | -odooss
Newpoit News SR TR 00033 . .| a6 - | .ooc082 *
Norfolk A . 00027 |- .- a6 . . | 00008
Portsmouth a6 00045 a6 . | .oo00s0 |
Yorktown 6 ooota - | a6 ooory | (

L-11
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‘Table L-l? Tranﬁportatlon Radiological Impacts for Shipment of 291 Elements via the
Alternate Ports and Truck Overland Transport Assuming No Intermediate Port Stops
and Eight Casks Per Vessel

!

Alternative Ports - 29i Elemeﬁts

. Port Of Entry

Transportation Dose Risk - Person-Rems

. Incident-Free * Accident Total Person-Rems . | Toual LCFs

Elizabeth S0z Ll o009 0.13 0.000064
Kings Bay 0.086 17 000043 ' 0.086 0.000043

Morehead City - '0.088 - 0.00043 . 0.089 10.000044

New Orleans . o . |1 . oo0o00ss 0.1 10.000055 .
NewportNews |- 010 -~ | .. 000033 0.10. 0.000051

Nofolk | . o010. | . 000026 010 1. 0000051 -
*{ Portsmouth 0099 * 0.00045 < 0:10 0.00005

0.099 0.00014 0.099 0.000049 H

Tnble L-18. Transportatlou Radiological Impacts for Sh:pment of 248 Elements via the.
" Alternate Ports and Truck Overland Transport Assuming No Intermediate Port Stops
A and E:ght Casks Per Vessel

Altemativb Ports - 248 Elements .

Tmnsponauon Dose Risk - Person-Rems

— Total Person-Rems -

Port Of Entry Incident-Free Accident Toul DCFS_
1 Elizabeth o 0.0009 0.13 10.000064
Kings Bay 0086 " 0:00043 0086 | 0000043
Morehead City |~ - 0.088 0.00043 0.089 ' 0.000044
' New Orleans 0.1 0.00055 . o 0.000055.
[ Newport News 010 . | 000033 0.10 0.000051
Norfolk 010 . . 0.00026 0.10 0.000051
Portsmouth 0099 0.00045 0.10 0.000050
Yorktown 0099 0.00014 0.099 0.000049
I A s
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Table L-19: Transportatlon Radlologlcal Impacts for Shlpment of 409. Elements via the. ~
Proposed Ports and Truck Overland Transport Assuming Three Intermedlate Port Stops {
‘and One Cask Per Vessel :

Proposod Ports - 409 Elements

o Transportanon Dose Rlsk Pmon-Rcms o _ _ -

_Pot‘_t Of Entry. lnc:dent-Free . Accident :I‘ota_lPerson-Potn Tot.al Leks s
Chaleston | . 032 - | . o00s4 - | . oax |  ogoooss -
Jacksonville - |- 014.. i.| . .0051.:7 | 020 . |- odoooss. ° ’
Savanngh - | .. -013 -~ -] 0056 - |-~ ¢ ois- | . 0000001 .
Sunniy Point® . | . 0a4 .. - |.. 0050 |- o1 -+ -[. ocoo0ss |

! Wilmingtont . - | '014 ool eess b eas T 0000093 :

r m————l

. Hnghway sh:pmcnt from Sunny Point and Wulmmgton to I.he Sava.nnah Rlver Sltc would be via U.S Routc 74 ] Interstm
95, mstcad of vie Interstau ‘40 to Interstate 95, . : . )

]
s

E '_ Table L—20 Transportatnon Radlologlcal Impacts l‘or Shtpment of 409 Elements vigd the .A
Proposed Ports and Truck Overland Transport Assuming No Intermedlate Port Stops
: _ and Eight Casks Per Vessel . :

Propose‘d Ports - 409 Elemenu,

o o Tmmponat:on Dose Risk - Person-Rems | . - . . o
.Port Of Entry Total Person-Rem - Total LCFs
- : Ancident-Free - Accident ' : -

b Charleston = = |- 01z . ) ~o.oooss',._ 012 | 0000061 o
W ocksanvitle: | 0 oaa’ ] 000016 [ eaa” | 0000072
I savannan . o[ - eas . [ oocoss | - s . :.|. ocooooss |

SunyPoin | 013 . |  coooss - .- 013 . | - 0.000063 j :
“Wilmington® - 013 ooooos' 1 :m, - oooooss '.

e Highway sl'upmcnt from Sun.ny Pomt and W'Immgton to the Savanmh R.wer Site would he m us. Route 74 o Intetstnl.e
95, instead of via Interstate 40 to Interstate 95 .o .

L-13



Sunny Point |Port Handlers/Inspectors |- , 0.00012
|Other Port Workers: 0.0039 . 0.0000020
|Public . - - 0.0017 0.00000083
g {Rail Crew - 0032 0.000016 -
1 Total . L 027 0.00014
.| Wilmington |Port-Handlers/Inspectors |~ 0.23 , 0.00012
T Other Port Workers .| .  0.0039 0.0000020
Public | 10.0017 ~ 0.00000083
| ~ |Rail Crew 0032 ~0.000016
\ L Total S 027 - 0.00014

_Table L-21. Incident-Free Radiological Risk for the Alternative Action: Shipment of
409 Spent Nuclear Fuel Elements to the Savannah River Site via Rail Transportation
with Ship-to-Truck/Truck-to-Rail Intermodal Transfer at the Port Of Entry

: Annual Dose i :
|| Port of Entry Exposure Category . (person-rem) lLatent Cancer Fatalities
Charleston  |Port Handlers/Inspectors " 0.23 ' 0.00012 '
' Other .Port Workers _ . 0.0039 ~0.0000020
Public - g ©0.0012 | - 0.00000059
. Rail Crew = 0029 0.000015
1 [To [ 021 0.00013 . - |
.' IJacl«:sonvillc _ |Port Handlers/Inspectors | - 0.23 000012 :
B | Other Porf Workers . - 0.0039 0.0000020 -
Public S [ - o.0014 0.00000068 - .
Rail Crew - 0.031 0.000015
|Total . =~ - | 027 : . 0.00014
Savannah Port Handlers/Inspectors -0.23 ' - 0.00012 .
N '|Other Port Workers . 0.0039. 0.0000020 °
'- N ™ 0.0010 " 0.00000051
"~ |Rail Crew - 0.029 0.000014

| Total - N 027 - 0.00013 -
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1994 WL 160765 (F.R.)
NOTICES
DEPARTMENT OF ENERGY

Finding of No Significant Impact for the Urgent-Relief Acceptance of Foreign
Research Reactor Spent Nuclear Fuel

Tuesday, May 3, 1994
*22829 AGENCY: United States Department of Energy (DOE).
ACTION: Finding of no significant impact.

*22830 SUMMARY: In compliance with the National Environmental Policy Act, 42 U.S.C. 4321 et
seq., the Council on Environmental Quality's implementing regulations, 40 CFR parts 1500-1508,
DOE's implementing procedures, 10 CFR part 1021, and Executive Order 12114, Environmental
Effects Abroad of Major Federal Actions, the DOE has prepared an Environmental Assessment
(DOE/EA-0912, April 1994) to evaluate the potential environmental impacts of the proposed urgent-
relief acceptance of foreign research reactor spent nuclear fuel.

The Environmental Assessment analyzed the potential environmental impacts under the proposed
action of accepting up to 409 spent nuclear fuel elements from eight reactors in Europe for storage
an existing DOE wet storage facility to meet the urgent needs of certain foreign research reactor
operators and to avoid failure of a key United States nuclear weapons nonproliferation objective of
minimizing and eventually eliminating the use of highly enriched uranium in civil programs
worldwide. Specifically, the Environmental Assessment analyzed the potential impacts of transporting
the spent nuclear fuel elements by commercial or chartered vessel from eight reactors in Europe to
any one of five ports of entry in the United States (Wilmington, North Carolina; the Army Military
Ocean Terminal at Sunny Point, North Carolina; Charleston, South Carolina; Savannah, Georgia; and
Jacksonville, Florida), off- loading the spent fuel at the port of entry and transporting it by truck or
rail to the Savannah River Site, near Aiken, South Carolina; and storing the spent fuel there until
decisions are made regarding interim storage and ultimate disposition. The Nuclear Waste Policy Act
authorizes ultimate disposal of the spent fuel in a geologic repository.

In October 1993, DOE provided a draft Environmental Assessment for comment to the States of
Georgia and South Carolina, and the Commonwealth of Virginia, and interested individuals and
organizations. In February 1994, DOE provided a revised draft Environmental Assessment to the
States of Florida, Georgia, North Carolina, and South Carolina, the Commonwealth of Virginia, and to
individuals and groups known to have an interest in the proposed action, and requested that
comments on the draft Environmental Assessment be submitted by March 7, 1994. On February 10,
1994, Federal, State and local government representatives, citizen groups, individuals and members
of the international community attended a meeting in Washington, DC, to present their views
concerning the proposed action. DOE also held public meetings in communities potentially affected
by the proposed acceptance of foreign research reactor spent fuel. On March 18, 1994, the comment
period on the draft Environmental Assessment was extended until April 8, 1994, to provide an
additional opportunity for stakeholders to provide comments. The Environmental Assessment has
been revised, where appropriate, to reflect comments received during the comment period.

Based on an evaluation of the use of either commercial or chartered vessels, the proposed ports of
entry and alternative modes of transporting the spent nuclear fuel (truck or train) from the port of
entry to the Savannah River Site, DOE has concluded that no significant impact would result from
receipt of the spent fuel at any of the five proposed ports and overland transport by rail or truck
from the port of entry to the Savannah River Site. Therefore, based on the analysis in the
Environmental Assessment and after careful consideration of all comments from Federal, State and
local officials, members of the public and from the international community, DOE has determined
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that the acceptance of up to 409 spent nuclear fuel elements from eight foreign research reactors in
Europe for storage at the Savannah River Site does not constitute a major Federal action

affecting the quality of the human environment, within the meaning of the National Environmental
Policy Act. Accordingly, an Environmental Impact Statement is not required and the DOE is issuing
this Finding of No Significant Impact.

However, upon further consideration, and in an effort to balance the domestic and international
interests at stake, DOE has decided to implement the proposed action as follows. The spent fuel will
be shipped either by commercial or chartered vessel from Europe to the Army’'s Military Ocean
Terminal at Sunny Point, North Carolina to the maximum extent practicable (rather than allowing the
shipper to select from among any one of the five proposed ports as described in the Environmental
Assessment), and transported overland by rail (rather than truck). Should DOE determine that
another port or mode of transport (from among those considered as the proposed action) is
necessary, DOE will provide direct notice of the change to State and local government officials of the
affected States and will notify the public through local media and other means, as appropriate.

ADDRESSES AND FURTHER INFORMATION: Persons requesting additional information regarding this
action or desiring a copy of the Environmental Assessment should contact: Mr. David Huizenga,
Office of Environmental Management, U.S. Department of Energy (Mail Stop EM-30), 1000
Independence Avenue, SW, Washington, DC 20585, (202) 586-9441. Copies of the Environmental
Assessment are available for public review at the following DOE reading rooms and public libraries:
Aiken, South Carolina

DOE Public Reading Room, Gregg-Graniteville Library, 171 University Parkway, Aiken, SC 29801,
(803) 641-3465

Charleston, South Carolina

Charleston County Public Library, 404 King Street, Charleston, SC 29403, (803) 723-1645
Savannah, Georgia

Chatham County Public Library, 2002 Bull Street, Savannah, GA 31499-4301, (912) 234-5127
Jacksonville, Florida

Haydon Burns Public Library, Attn: Technical Services Dept., 122 N. Ocean Street, Jacksonville, FL
32202, (904) 630-2665

Wilmington, North Carolina

New Hanover County Public Library, Attn: Daniel Horn, 201 Chestnut Street, Wilmington, NC 28401,
(910) 341-4390

Brunswick County, North Carolina

Brunswick County Manager's Office, Attn: Joyce Johnson, P.O. Box 249, 45 Courthouse Drive,
Bolivia, NC 28422 (910) 253-4331

Washington, DC

DOE Freedom of Information, Reading Room, Forrestal Building, Room 1E-190, 1000 Independence
Avenue, SW, Washington, DC 20585, (202) 586-6020

For general information regarding DOE's National Environmental Policy Act process, please contact:
Ms. Carol M. Borgstrom, Office of National Environmental Policy Act Oversight, U.S. Department of
Energy (Mail Stop EH- 25), 1000 Independence Avenue, SW, Washington, DC 20585, (202) 586-
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4600 or (800) 472-2756.

SUPPLEMENTARY INFORMATION: In the 1950's, as part of the "Atoms for Peace" program, the
United States began providing assistance in the peaceful application of nuclear technologies to
countries that agreed to forego the development of nuclear weapons. This assistance included the
provision of highly enriched uranium for use in research reactors around the world. After irradiation
in the reactor, the used (spent) fuel was transported to the *22831 United States, where it was
reprocessed to extract the uranium still remaining in the spent fuel. In this way, the United States
maintained control of the highly enriched uranium, which otherwise could be used to make nuclear
weapons.

To reduce the danger of nuclear weapons proliferation, the United States began a program in 1978
aimed at minimizing and eventually eliminating the use of highly enriched uranium in civilian reactor
programs worldwide. This effort (the Reduced Enrichment for Research and Test Reactors Program)
was directed at replacing the highly enriched uranium used in research reactors with low enriched
uranium, a material that is not directly usable in nuclear weapons. Research reactors are of
particular interest because the major civilian use of highly enriched uranium is as fuel in research
reactors. If research reactors worldwide were to convert to low enriched uranium fuels, highly
enriched uranium essentially would be eliminated from use in civil commerce.

For research reactors converting to low enriched uranium fuel, acceptance of spent fuel by the
States was viewed as essential to offset the substantial expenses and reduction in reactor efficiency
and capability resulting from conversion. The United States accepted highly enriched uranium spent
fuel for several decades, until the program was allowed to expire in 1988.

DOE decided in mid-1993 to prepare an Environmental Impact Statement on a new proposed policy
to accept, over a 10-15 year period, up to 15,000 spent fuel elements containing uranium enriched
in the United States. The goal of the proposed long-term policy would be to recover highly enriched
uranium exported from the United States, while giving foreign research reactor operators sufficient
time to develop their own long-term solutions for storage and disposal of spent fuel. Although the
Environmental Impact Statement is under preparation, DOE does not expect to complete the analysis
and make a decision on whether to implement the policy until mid to late 1995.

Because DOE has not accepted any spent fuel containing uranium enriched in the United States for
more than five years, several foreign research reactor operators are running out of storage capacity
and facing safety and regulatory issues associated with the presence of spent fuel at their sites. If
the United States is unable to commit now to the near-term acceptance of a small amount of foreign
research reactor spent fuel, several reactor operators soon will either shut down their reactors or
ship their spent fuel offsite for reprocessing. Neither option would serve the nonproliferation interests
of the United States. Thus, at the urging of the Department of State, DOE is proposing to accept a
small number of highly enriched uranium spent fuel elements in the near term for storage in an
existing federal facility in South Carolina.

DOE believes that preparation of the Environmental Assessment, which analyzes the potential
environmental impacts of the proposed urgent-relief acceptance of a small number of spent fuel
elements before the Environmental Impact Statement is completed, fully complies with the National
Environmental Policy Act and its implementing regulations. The proposed near-term acceptance is
justified independently of the decision on whether to establish a new policy on the proposed long-
term acceptance of foreign research reactor spent fuel. Until the Environmental Impact Statement is
completed and a decision made whether to implement the proposed long-term acceptance policy, the
proposed acceptance of a small number of spent fuel elements is necessary to maintain the United
States program of encouraging the conversion by research reactors to low enriched uranium fuel.
Further, while there is an obvious relationship between the two proposals, a decision to accept such
a small number of fuel elements does not foreclose or prejudice future decisions regarding
establishment of a new spent fuel acceptance policy, or the decisions regarding interim storage or
ultimate disposition of spent nuclear fuel. (In the Programmatic Spent Nuclear Fuel Management
Environmental Impact Statement, due to be completed by June 1995, DOE is considering where to
manage all spent fuel within the DOE complex nationwide for the interim period prior to ultimate
disposition.)

In October 1993, to ensure that countries currently possessing spent fuel continue to support the
nonproliferation initiatives of the United States embodied in the Reduced Enrichment for Research
and Test Reactor Program until the ongoing Environmental Impact Statement can be completed,
DOE issued for comment a draft Environmental Assessment which evaluated the proposed urgent-
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relief acceptance of up to 700 elements of foreign research reactor spent nuclear fuel containing
uranium enriched in the United States. It was apparent from the comments that DOE received in
response to the October 1993 draft that many people did not agree that there is a need for the
United States to accept this spent fuel. Others expressed concerns regarding DOE's plans for
implementing the proposed action. Subsequent to the release of the October 1993 draft
Environmental Assessment and after consideration of comments received, teams of experts from the
United States visited foreign research reactors in Europe and Australia to assess the near-term need
for acceptance of foreign research reactor spent fuel elements before the Environmental Impact
Statement on the proposed long-term acceptance policy is completed.

In February 1994, a revised draft Environmental Assessment, which included revisions made in
response to comments received on the October 1993 draft Environmental Assessment, was prepared
and issued for public review and comment. The proposed action evaluated in the February draft
Environmental Assessment was to accept 448 highly enriched uranium spent fuel elements shipped
by sea to any one of seven ports (Newport News, Norfolk, or Portsmouth, Virginia; Charleston, South
Carolina; Wilmington, North Carolina; Savannah, Georgia; and Jacksonville, Florida) and then by
truck to DOE's Savannah River Site near Aiken, South Carolina, for storage. The comment period on
the revised draft Environmental Assessment was scheduled to close on March 7, 1994. On February
10, 1994, DOE and the Department of State co-hosted a meeting of stakeholders from State and
local governments, Congress, environmental and non - proliferation public interest groups, other
private sector interest groups, foreign research reactor operators and key affected communities. The
purpose of that meeting was to involve stakeholders in a meaningful and constructive dialogue on
the proposed urgent-relief acceptance of a small number of spent fuel elements from foreign
research reactors. Subsequent to that meeting and based on concerns raised by local communities
potentially affected by the proposed action, DOE extended the comment period on the February draft
Environmental Assessment until April 8, 1994.

Proposed Action

The DOE proposes to accept up to 409 spent nuclear fuel elements containing highly enriched
uranium of United States origin from eight research reactors in seven European countries (Austria,
Denmark, Germany, Greece, Netherlands, Sweden and Switzerland). The spent fuel would be
shipped across the ocean in up to 15 spent fuel transportation casks from the country of origin to
one or more United States eastern seaboard ports. The casks are *22832 expected to be
transported in the next several months either by commercial container ships or chartered ships.
Several casks could be transported together on a single ship to any one of the five proposed ports of
entry: Wilmington and the United States Army's Military Ocean Terminal at Sunny Point, North
Carolina; Charleston, South Carolina; Savannah, Georgia; and Jacksonville, Florida.

After arriving in the United States, the casks would be transported to DOE's Savannah River Site
near Aiken, South Carolina, where the fuel elements would be stored underwater in an existing
storage facility (the Receiving Basin for Offsite Fuels).

Environmental Impacts of the Proposed Action

Routine Operation: During routine (non-accident condition) ocean transport, there would be no
impact to the marine environment. Radiation exposure from the very small radiation fields being
emitted from the casks--about 1 millirem per hour at 1 meter from the cask surface--would be
limited primarily to crew members who inspect the cargo on a daily basis to ensure secure stowage
and structural safety of the vessel. Incident-free dose estimates to these crew members would be
essentially the same regardless of the port of entry, largely because the exposure is proportional to
the numbers of inspections over time. Distances and time of transit are similar from the European
ports to the proposed United States ports of entry. Assuming that the ship makes three intermediate
port stops and then unloads at the fourth stop, the incident-free dose to a ship cargo inspector is
estimated to be 4.3 millirem for shipments into Sunny Point and Wilmington, North Carolina; 4.5
millirem for shipments into Charleston, South Carolina; and 4.6 millirem for shipments into
Jacksonville, Florida and Savannah, Georgia. The likelihood of a single fatal cancer among the entire
crew of all the ships used in the proposed action is approximately one in 450,000. If no intermediate
port stops are assumed, the collective dose would be reduced by approximately 30 percent.

Because container cargo handling is relatively uniform throughout the world, exposure to port
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workers (handlers/inspectors) also would be essentially the same regardless of the port of entry.
Using a conservative assumption, i.e., the same handler/inspector inspects all shipments, the
maximally exposed port worker would receive a dose of approximately 5.2 millirem. The collective
exposure (assuming the same crew of handlers/inspectors for all shipments) to the
handlers/inspectors is estimated as 0.078 person-rem (0.0052 rem x 15 workers). The likelihood of
a single individual port worker dying from cancer as a result of the proposed action is about 1 in
380,000. Dose to members of the general public during port operations would be extremely low
because residences are separated from dock facilities by buffer spaces such as parking lots,
warehouses and other port facilities.

During truck transport of the spent fuel from the port of entry to the Savannah River Site, the
maximally exposed individual truck crew member (assuming the same person is involved in all truck
shipments) would receive 2.4 millirem for shipments from Charleston, South Carolina; 2.7 millirem
for shipments from Savannah, Georgia; 4.1 millirem for shipments from Wilmington, North Carolina;
4.5 millirem for shipments from Sunny Point, North Carolina; and 3.9 millirem for shipments from
Jacksonville, Florida. The likelihood of a single crew member dying from cancer as a result of
transporting spent fuel from Sunny Point to the Savannah River Site is about 1 in 440,000.

The maximum exposure to an individual not actively involved in shipping the spent fuel during
routine transport was estimated for two cases: (1) a member of the public who lives beside the
highway route (this individual was assumed to be exposed to each of the 15 truck shipments at a
distance of 30 meters); and (2) an individual located near a stopped truck, e.g., in a traffic jam. The
maximum in-transit dose under the first instance was calculated to be 0.002 millirem for routine
operations. A dose of 0.002 millirem would increase the risk of a latent cancer fatality by 1 in one
billion. For the second case, an individual could receive doses higher than 0.002 millirem depending
on the duration of the stop and the distance of the individual from the truck. For example, in the
unlikely event that a person was standing outside a stopped truck for a period of 1/2 hour at a
distance of two meters, the person could receive a dose of one millirem.

Since port workers, inspectors, and truck drivers are not considered radiation workers, as defined by
the Nuclear Regulatory Commission (NRC), the maximum annual allowable exposure for these
personnel would be 100 millirem, the same radiation dose limit established by the NRC to protect the
individual members of the general public. As discussed above, during normal transport of the spent
nuclear fuel, the maximum annual exposure to the public, port workers, inspectors, and truck drivers
would be well below the 100 millirem dose limit, and no doses large enough to result in acute health
effects are predicted among either the workers or general public for the proposed action. The
cumulative annual incident-free dose from the proposed activity to all persons potentially exposed
would range between 0.12 person-rem (Charleston and Savannah) and 0.16 person-rem (Sunny
Point).

Currently, the average annual individual worker dose at the Receiving Basin for Off-Site Fuels
(RBOF) for all operations (unloading, handling and storage of the spent nuclear fuel elements) is
approximately 150 millirem. Based on very conservative assumptions, i.e., all 409 spent fuel
elements are received in a one-year period and the same individuals unload all 15 casks, the
maximum annual increase in the average individual dose to a worker at RBOF is estimated to be 60
millirem. This dose would be well below both the DOE limit of 5,000 millirem per year for radiation
workers and the DOE Administrative control level of 2,000 millirem per year per person, for all DOE
activities. Once the spent fuel elements were stored under water in the RBOF, the increase in
radiation exposure to facility personnel from the storage of the foreign spent fuel elements would not
be detectable.

Only minor environmental impacts would be expected from the proposed action because the receipt
and storage of up to 409 spent fuel elements represents only a small increase to existing site activity
and involves no new construction. Approximately 15 cubic feet of laundry type waste and 5.5 cubic
feet of solid waste would be generated per cask. The proposed action would add less than 4 percent
to the average annual solid waste normally generated at RBOF. Receipt and storage of foreign
research reactor spent nuclear fuel would have no effect on the types, quantities or utilization of
hazardous compounds stored at RBOF, and no incremental risk to workers would be expected.
Accident Conditions: The Environmental Assessment evaluates the potential for accidents during
ocean transport (port departure, ocean crossing, and port arrival), overland transport, and storage
at RBOF.

In the extremely unlikely event of an accidental fire at sea in which a cask was sufficiently damaged
by the fire to release its contents, members of the ship crew near the fire would be exposed to the
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released radioactive material. *22833 However, any crew member close enough to the fire to suffer
a significant radiation dose likely would be more severely injured from the fire than the radiation
dose. If crew members were to survive the fire, radiological impacts would be similar to those
resulting from a severe accident in port, which would result in a maximum exposure to workers and
the public of approximately 0.21 person-rem. This exposure would result in an approximately one in
9,500 chance of one additional cancer in the entire exposed population. If such an accident were to
occur at sea, however, there would be essentially no exposure to members of the public, and all
released activity would be deposited in the ocean. Assuming that the spent fuel cask lay on the
ocean floor where it slowly released its radioactive inventory, the peak doses to biota residing on the
ocean floor in or near the uppermost sediment layer are estimated to be 0.11 rad (radiation
adsorbed dose) per year for fish, 0.17 rad per year for crustaceans and 7.3 rad per year for
mollusks. The radioactive material would be expected to disperse and to be diluted due to the
influence of ocean currents. Since deleterious effects of chronic irradiation have not been observed in
natural populations at dose rates of less than 365 rad, no significant impacts would be expected.
Further, uranium, the major constituent of the spent fuel, has not been found to bioaccumulate in
fish and bioaccumulates only slightly in crustaceans and mollusks. No significant chemical hazard
would be expected from the release of the contents of the spent fuel elements into the open ocean.
Spent fuel casks are designed to withstand at least a 15-meter immersion, and it has been
demonstrated that the cask seals will remain intact at much greater depths. Further, damaged and
undamaged casks can be recovered readily from water up to 200 meters deep. Recovery from
depths of up to 2,000 meters may be possible, but would be costly.

In an extreme situation, where the accident occurs in coastal wasters, the spent fuel is not
recovered, and both the spent fuel and cask are damaged, the peak dose to an individual is
estimated to be 11 millirem per year. This individual is assumed to reside near the shore and to eat
seafood (fish, mollusk, seaweed) harvested from the area in the immediate vicinity of the spent fuel
cask.

In the event of the most severe port accident (major mechanical damage, fire, oxidation of 100
percent of the fuel, and release of radioactive material from a cask containing 33 spent fuel
elements), the dose to a maximally exposed individual, i.e., an individual assumed to be standing
outside approximately 100 feet away from the event and remaining there for 24 hours, would be 25
rem. At such close distance, it is highly probable that the individuals, if not evacuated, would be
harmed more by the explosion and fire engulfing the cask than by the radiation dose. If the
individual were inside a building approximately 100 feet away and remained there for 24 hours after
the accident, the dose would be reduced to 0.22 rem. At a more likely distance, where an individual
may be located outside for a period of 24 hours after the accident, the dose at 0.6 miles would be
0.21 rem. If the person were inside at the same distance, the dose would be 0.002 rem. When
considered in conjunction with the unlikely probability of occurrence (approximately 1 chance in 7.7
million), the accident has an extremely small risk. For example, the risk of developing a single fatal
cancer for the most severe case, i.e., individual outside, 100 feet away for 24 hours receiving 25
rem, is about 1 chance in 600 million.

In the event of an overland accident, assuming the surrounding population remains there for a 24-
hour period, the estimated population dose risk is 0.0000015 person-rem for transport from
Savannah, 0.0000018 person-rem from Charleston, 0.0000028 person-rem from Wilmington,
0.0000024 person -rem from Jacksonville, and 0.0000035 person-rem from Sunny Point. While there
would be slightly different risks among the different ports, no significant impacts would result.

Four hypothetical accidents at RBOF were evaluated that could potentially release radionuclides to
the atmosphere. These accidents include: (1) A nuclear criticality incident; (2) a fire and explosion at
RBOF; (3) accidental cutting of fuel element cores; and (4) rupture or failure of fuel elements during
underwater storage. The maximum dose was attributed to the unlikely accident of 1000 foreign fuel
elements rupturing during storage at RBOF. This event would result in an 8.3 millirem maximum
dose to the individual at the site boundary and a 70 person-rem dose for the offsite population. The
probability of such an accident occurring, however, would be less than one in 2000 years. When the
probability is taken into account, there would be an additional 1 in 500 million chance that the
individual at the site boundary would develop a fatal cancer, and a 1 in 55,000 chance that a single
fatal cancer would occur in the exposed populations.

Environmental Impacts of Alternatives
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Alternatives considered in the Environmental Assessment include no action, receipt of a greater or
lesser number of spent fuel elements, alternate ports of entry, alternative modes of transport from
the receiving port to the Savannah River Site, and reprocessing abroad and transport of low or highly
enriched uranium to the United States.

No Action: Under the No Action Alternative, there would be no environmental impact in the United
States. However, United States nonproliferation policy would be adversely affected. Foreign reactor
operators will try to avoid shutting down their reactors. The operators of two reactors can elect to
reprocess their spent fuel at an existing facility in Scotland, although one of the two would need
United States authorization to do so. Reprocessing would allow the uranium to be extracted for
reuse, and thus would increase the threat of nuclear proliferation. Reactor operators in Belgium and
Germany resorted to reprocessing on four occasions in 1993 and 1994.

Six of the eight research reactors from which DOE proposes to accept spent fuel either do not have
the option to reprocess their spent fuel or could not obtain regulatory authority to reprocess in time
to avoid shutdown. Shutdown of these reactors would severely undermine the United States’
credibility as a reliable partner in matters of nuclear cooperation. This, in turn, could influence other
reactor operators to cease their conversion to low enriched fuel or to revert to the use of highly
enriched fuel if they have already converted. In fact, several reactor operators have stated that, if
the United States is unable to accept spent fuel, they will cancel or delay their reactor conversions to
low enriched uranium fuel. Such actions would encourage development of a world market for highly
enriched uranium, thereby undermining a key aspect of the United States nonproliferation program.
Selection of the No Action Alternative would also adversely affect the upcoming 1995 international
conference on the Treaty on the Non-Proliferation of Nuclear Weapons. The conference will consider
the indefinite extension of the Treaty, which the United States strongly supports. Other Treaty
parties will want assurance that the United States has fulfilled its obligations under the Treaty to
share the benefits of peaceful nuclear cooperation. If several countries that are parties to the Treaty
*22834 are compelled to shut down their research reactors, thereby foregoing the benefits from
these reactors, the United States may be accused, fairly or unfairly, of not sharing the benefits of
peaceful nuclear cooperation. Such an accusation, however ill- founded, could create or increase
opposition to the indefinite extension of the Treaty, which is the foundation for the international
nuclear weapons nonproliferation regime.

Greater or Lesser Number of Spent Fuel Elements Accepted: In addition to the proposed action
(shipment of up to 409 spent nuclear fuel elements), the environmental impacts of shipping
alternative numbers of spent fuel elements (i.e., 953, 359, 291, and 248 spent fuel elements) were
also considered in the Environmental Assessment. The risks for the 953-element alternative are
slightly more than double the risks for shipping 409 elements through the proposed ports.
Conversely, the risks of shipping 359, 291 and 248 elements are less than the risks for shipping 409
elements. While there are differences in the risks depending upon the number of elements shipped,
the impacts associated with the shipment of any alternative number of elements are extremely
small.

Acceptance of up to 409 spent fuel elements would allow the foreign research reactors to ship full
casks, and would not force the two reactors that can ship spent fuel to Scotland for reprocessing to
do so. (Acceptance of 359 spent fuel elements, i.e., shipment in partially full casks, also would not
force these two reactors to reprocess.) In proposing to accept full casks, DOE took note of the fact
that there is no significant difference in the environmental impacts between shipping full and
partially full casks. Further, shipping full casks is the customary shipping procedure, and more cost -
effective. Accordingly, proposing to accept full casks appeared to be a prudent course to encourage
the continued participation of foreign research reactors in the Reduced Enrichment for Research and
Test Reactors Program.

Other Ports of Entry: The Environmental Assessment also evaluated the impacts of shipping 409
spent fuel elements through alternate commercial and military ports using two assumptions: (1) No
intermediate port stops and eight casks per vessel; and (2) three intermediate port stops and one
cask per vessel. Dose to handlers and port workers would be essentially the same from port to port.
During ocean transport, dose to the ship's crew would be generally the same regardless of the port
of entry. However, dose to the truck's crew showed some slight variation consistent with the
distance of travel, i.e., slightly higher doses are associated with greater distances traveled. The dose
to the ship's crew and the dose to the truck crew would be well below the 100 millirem limit for
nonradiation workers.

None of the alternate ports appeared as advantageous for the proposed receipt of spent fuel as the
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five proposed ports based on the application of screening criteria drawn from the National Defense
Authorization Act for Fiscal Year 1994, and additional criteria recommended by a panel of maritime
experts at a DOE-sponsored workshop on port selection criteria for shipments of spent fuel. While
there are comparative advantages and disadvantages among the five proposed ports, all five of the
proposed ports appear comparatively more advantageous than other United States seaports for the
proposed action.

Other Modes of Overland Transport: The spent nuclear fuel could be transported by rail from the port
of entry to the Savannah River Site. The incident-free dose to spent fuel cask handlers would depend
on how the casks were handled in port. If two casks are shipped per rail car, the handler would
continue to receive a small dose from the first loaded cask as the second cask is loaded. Dose would
also be influenced by the number of cargo transfers required. For example, if the spent fuel cask
cannot be off-loaded directly from the ship to a rail car, spent fuel cask handlers would receive an
additional small dose during the transport by truck to the rail car and from the transfer of the cask
from the truck to the rail car. In addition, rail cargo is inspected after loading and prior to off-
loading. As a result, transport by rail would result in a slightly higher dose to port
handlers/inspectors and rail crew than transport by truck. Dose to the public, however, would be
generally lower, partly because rail stops would normally occur in rail yards (removed from the
general population). For example, rail transport from Sunny Point to the Savannah River Site would
result in an annual dose of 0.16 person-rem total to port handlers/inspectors, other port workers and
rail crew, and in a dose of 0.0017 person-rem to members of the public. Truck transport of the spent
fuel from Sunny Point to the Savannah River Site would result in an annual dose of 0.08 person-rem
to port handlers/inspectors, other port workers and truck crew and a dose of 0.067 person-rem to
members of the public. Neither mode of transport would result in a significant health effect.
Reprocessing Abroad and Transport of Low or Highly Enriched Uranium to the United States: The
potential environmental impact of transporting low enriched uranium by ship to the United States
after reprocessing the spent fuel abroad was analyzed in detail in two recently issued Environmental
Assessments prepared by the United States Enrichment Corporation. Low enriched uranium was
found to be a common commercial product that has been shipped safely around the world in large
quantities by air, water, and land transport modes for over 30 years without significant impact.
Consequently, if the spent nuclear fuel elements were reprocessed in Europe (i.e., at Dounreay,
Scotland), blended down to low enriched uranium, and the low enriched uranium was returned to the
United States, no significant impacts would be expected.

If the spent fuel were reprocessed in Scotland, but not blended down, then highly enriched uranium
could be transported from Scotland to the United States for blending. The shipment of highly
enriched uranium would require extensive security activities and would involve the use of military
assets for protection and safety. The military has had considerable experience in shipment of highly
enriched uranium and has safely transported such materials throughout the world without significant
impact.

These options, however, would not serve the nonproliferation interests of the United States. As
discussed above and in greater detail in the Environmental Assessment, reprocessing would likely
result in reactor operators postponing conversion from highly enriched uranium fuel, or reverting
back to its use if conversion has already been completed. This is because the only current
reprocessor of highly enriched uranium does not reprocess low enriched uranium fuel, and reactor
operators have only limited capacity to store spent fuel generated as a result of operating. Thus, to
continue operating, research reactors would have to continue to use highly enriched uranium fuels.
In addition, for those reactors for which United States consent is not required for reprocessing to
occur, there is no mechanism to implement or to enforce a blending requirement by the reactor
operators or reprocessors. Consequently, reactor operators could elect to have their fuel
reprocessed, but not blended. This would result in the continued use of highly enriched uranium fuel
by research reactors, *22835 contrary to United States nonproliferation policy.

Enhanced Storage in Europe: DOE considered but rejected as unreasonable the alternative of
assisting foreign research reactors to expand spent fuel storage capacity at the reactor sites or at
other sites in Europe. By the time new facilities could be constructed and licensed, or existing
facilities modified, the reactors from which DOE proposes to accept spent fuel would have been
forced to send their spent fuel to Scotland for reprocessing, where that is an option, or to shut down.
For the reasons discussed above and in greater detail in the Environmental Assessment, forcing
research reactors to shut down or reprocess would undermine the gains already realized in
converting to low enriched uranium fuels under the Reduced Enrichment for Research and Test
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Reactors Program. The governments in the countries where these reactors are located have stated
that acceptance of spent fuel has become a measure of the United States' reliability in worldwide
nuclear cooperation. A perceived lack of reliability could complicate upcoming negotiations for
renewal of important nonproliferation agreements.

Cumulative Impact

In addition to the environmental impacts from the proposed action, the Environmental Assessment
also considered the cumulative dose of transporting other shipments of spent fuel to the Savannah
River Site and shipments of low- level radioactive materials to the Barnwell facility, east of the
Savannah River Site. No significant cumulative effects were identified.

Determination

Based on the analyses in the Environmental Assessment, and after careful consideration of
comments received, DOE has determined that the acceptance of up to 409 spent nuclear fuel
elements from eight foreign research reactors in Europe for storage at the Savannah River Site does
not constitute a major Federal action significantly affecting the quality of the human environment,
within the meaning of the National Environmental Policy Act. Therefore, an Environmental Impact
Statement is not required and DOE issues this Finding of No Significant Impact.

Based on an evaluation of the five proposed ports of entry (Jacksonville, Florida; Savannah, Georgia;
the Army Military Ocean Terminal at Sunny Point, and Wilmington, North Carolina; and Charleston,
South Carolina) and alternative modes of transporting the spent nuclear fuel from the port of entry
to the Savannah River Site (truck or train), DOE has concluded that no significant impact would
result from any combination of proposed port and mode of transport from the port of entry to the
Savannah River Site.

However, upon further consideration, and in an effort to balance the domestic and international
interests at stake, DOE has decided to implement the proposed action as follows. The spent nuclear
fuel will be shipped by commercial or chartered vessel from Europe to the Army's Military Ocean
Terminal at Sunny Point, North Carolina to the maximum extent practicable (rather than allowing the
shipper to select from among any one of the five proposed ports as described in the Environmental
Assessment) and transported overland by rail (rather than truck). Should DOE determine that
another port or mode of transport (from among those considered as the proposed action) is
necessary, DOE will provide direct notice of the change to State and local government officials of the
affected states and will notify the public through local media and other means, as appropriate.
Issued at Washington, DC, this 22nd day of April, 1994.

Tara O'Toole,

Assistant Secretary, Environment, Safety and Health.
(FR Doc. 94-10569 Filed 5-2-94; 8:45 am)

BILLING CODE 6450-01-P

59 FR 22829-02, 1994 WL 160765 (F.R.)
END OF DOCUMENT
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U.S. Department of Energy
Finding of No Significant Impact
for the
Urgent-Relief Acceptance of

Foreign Research Reactor Spent Nuclear Fuel

AGENCY: United States Department of Energy (DOE)

ACTION: Finding of No Significant Impact

SUMMARY: In compliance with the Nationa) Environmental Policy Act, 42 U.S.C.
4321 et seq., the Council on Environmental Quality’s implementing regulations,
40 C.F.R. Parts 1500-1508, DOE’s implementing procedures, 10 C.F.R. Part 1021,
and Executive Order 12114, Environmental Effects Abroad of Major Federal
Actions, the DOE has prepared an Environmental Assessment (DOE/EA-0912,

April 1994) to evaluate the potential environmental impacts of the proposed

urgent-relief acceptance of foreign research reactor spent nuclear fuel.

The Environmental Assessment analyzed the potential environmental impacts under
the proposed action of accepting up to 409 spent nuclear fuel elements from
eight reactors in Europe for storage in an existing DOE wet storage facility to
meet the urgent needs of certain foreign research reactor operators and to avoid
failure of a key United States nuclear weapons nonproliferation objective of
minimizing and eventually eliminating the use of highly enriched uranium in
civil programs worldwide. Specifically, the Environmental Assessment analyzed
the potential impacts of transporting the spent nuclear fuel elements by
commercial or chartered vessel from eight reactors in Europe to any one of five
ports of entry in the United States (Wilmington, North Carolina; the Army

1



Military Ocean Terminal at Sunny Point, North Carolina; Charleston, South
Carolina; Savannah, Georgia; and Jacksonville, Florida), off-loading the spent
fuel at the port of entry and transporting it by truck or rail to the Savannah
River Site, near Aiken, South Carolina; and storing the spent fuel there until
decisions are made regarding interim storage and ultimate disposition, The
Nuclear Waste Policy Act authorizes ultimate disposal of the spent fuel in a

geologic repository.

In October 1993, DOE provided a draft Environmental Assessment for comment to
the States of Georgia and South Carolina, and the Commonwealth of Virginia, and
interested individuals and organizations. In February 1994, DOE provided a
revised draft Environmental Assessment to the States of Florida, Georgia, North
Carolina, and South Carolina, the Commonwealth of Virginia, and to individuals
and groups known to have an interest in the proposed action, and requested that
comments on the draft Environmental Assessment be submitted by March 7, 1994,
On February 10, 1994, Federal, State and local government representatives,
citizen groups, individuals and members of the international community attended
a meeting in Washington, DC, to present their views concerning the proposed
action. DOE also held public meetings in communities potentially affected by
the proposed acceptance of foreign research reactor spent fuel. On March 18,
1994, the comment period on the draft Environmental Assessment was extended
until April 8, 1994, to provide an additional opportunity for stakeholders to
provide comments. The Environmental Assessment has been revised, where

appropriate, to reflect comments received during the comment period.



Based on an evaluation of the use of efither commercial or chartered vessels, the
proposed ports of entry and alternative modes of transporting the spent nuclear
fuel (truck or train) from the port of entry to the Savannah River Site, DOE has
concluded that no Significant impact would result from receipt of the spent fuel
at any of the five proposed ports and overiand transport by rai} or truck from
the port of entry to the Savannah River Site. Therefore, based on the analysis
in the Environmental Assessment and after careful consideration of all comments
from Federal, State and local officials, members of the public and from the
international community, DOE has determined that the acceptance of up to 409
spent nuclear fuel elements from eight foreign research reactors in Europe for
storage at the Savannah River Site does not constitute a major Federal action
significantly affecting the quality of the human environment, within the meaning
of the National Environmental Policy Act. Accordingly, an Environmental Impact

Statement is not required and the DOE is issuing this Finding of No Significant

Impact.

However, upon further consideration, and in an effort to balance the domestic
and international interests at stake, DOE has decided to implement the proposed
action as follows. The spent fuel will be shipped either by commercial or
chartered vessel from Europe to the Army’s Military Ocean Terminal at Sunny
Point, North Carolina to the maximum extent practicable (rather than allowing
the shipper to select from among any one of the five proposed ports as described
in the Environmental Assessment), and transported overland by rail (rather than
truck). Should DOE determine that another port or mode of transport {from among
those considered as the proposed action) is necessary, DOE will provide direct

notice of the change to State and local government officials of the affected



States and will notify the public through local media and other means, as

appropriate.

ADDRESSES AND FURTHER INFORMATION:

Persons requesting additional information

regarding this action or desiring a copy of the Environmental Assessment should

contact:

Mr. David Huizenga

Office of Environmental Management

U.S. Department of Energy (Mail Stop EM-30)

1000 Independence Avenue, SW

Washington, DOC 20585
(202) 586-9441

Copies of the Environmental Assessment are available for public review at the

following DOE reading rooms and public libraries:

Aiken, South Carolina

DOE Public Reading Room
Gregg-Graniteville Library
171 University Parkway
Aiken, S5C 29801

(803) 641-3465

Charleston, South Carolina

Charleston County Public Library
404 King Street

Charleston, SC 29403

(803) 723-1645

Savannah, Georgia

Chatham County Public Library
2002 Bull Street

Savannah, GA 31499-4301
(912) 234-5127

Jacksonville, Florida

Haydon Burns Public Library
Attn: Technical Services Dept.
122 N. Ocean Street
Jacksonville, FL 32202

(904) 630-2665

Wilmington, North Carolina

New Hanover County Public Library
Attn: Daniel Horn

201 Chestnut Street

Wilmington, NC 28401

(910) 341-4390

Brunswick County, North Carolina

Brunswick County Manager’s Office
Attn: Joyce Johnson

P.0. Box 249

45 Courthouse Drive

Bolivia, NC 28422

(910) 253-4331



Washington, OC
DOE Freedom of Information
Reading Room
Forrestal Building, Room 1E-1390
1000 Independence Avenue, SW

Washington, DC 20585
(202) 586-6020

for general information regarding DOE’s National Environmental Policy Act

process, please contact:

Ms. Carol M. Borgstrom

Office of National Environmental Policy Act Oversight

U.S. Department of Energy (Mail Stop EH-25)

1000 Independence Avenue, SW

Washington, DC 20585

(202) 586-46800 or (800) 472-2756
SUPPLEMENTARY INFORMATION: In the 1950’s, as part of the "Atoms for Peace"
program, the United States began providing assistance in the peaceful
application of nuclear technologies to countries that agreed to forego the
development of nuclear weapons. This assistance included the provision of
highly enriched uranium for use in research reactors around the world. After
irradiation in the reactor, the used (spent) fuel was transported to the United
States, where it was reprocessed to extract the uranium still remaining in the

spent fuel. In this way, the United States maintained control of the highly

enriched uranium, which otherwise could be used to make nuclear weapons.

To reduce the danger of nuclear weapons proliferation, the United States began a
program in 1978 aimed at minimizing and eventually eliminating the use of highly
enriched uranium in civilian reactor programs worldwide. This effort (the
Reduced Enrichment for Research and Test Reactors Program) was directed at

replacing the highly enriched uranium used in research reactors with low



enriched uranium, a material that {is not directly usable in nuclear weapons.
Research reactors are of particular interest because the major civilian use of
highly enriched uranium is as fuel in research reactors. If research reactors
worldwide were to convert to Tow enriched uranium fuels, highly enriched uranium

essentially would be eliminated from use in civil commerce.

For research reactors converting to low enriched uranium fuel, acceptance of
spent fuel by the United States was viewed as essential to offset the
substantial expenses and reduction in reactor efficiency and capability
resulting from conversion. The United States accepted highly enriched uranium

spent fuel for several decades, until the program was allowed to expire in 1988.

DOE decided in mid-1993 to prepare an Environmental Impact Statement on a new
proposed policy to accept, over a 10-15 year period, up to 15,000 spent fuel
elements containing uranium enriched in the United States. The goal of the
proposed long-term policy would be to recover highly enriched uranium exported
from the United States, while giving foreign research reactor operators
sufficient time to develop their own long-term solutions for storage and
disposal of spent fuel. Although the Environmental Impact Statement is under
preparation, DOE does not expect to complete the analysis and make a decision on

whether to implement the policy until mid to late 1995.

Because DOE has not accepted any spent fuel containing uranium enriched in the
United States for more than five years, several foreign research reactor

operators are running out of storage capacity and facing safety and regulatory



issues associated with the presence of spent fuel at their sites. If the United
States is unable to commit now to the near-term acceptance of a small amount of
foreign research reactor spent fuel, several reactor operators soon will either
shut down their reactors or ship their spent fuel offsite for reprocessing.
Neither option would serve the nonproliferation interests of the United States.
Thus, at the urging of the Department of State, DOE is proposing to accept a
small number of highly enriched uranium spent fuel elements in the near term for

storage in an existing federal facility in South Carolina.

DOE believes that preparation of the Environmental Assessment, which analyzes
the potential environmental impacts of the proposed urgent-relief acceptance of
a small number of spent fuel elements before the Environmental Impact Statement
is completed, fully complies with the National Environmental Policy Act and its
implementing regulations. The proposed near-term acceptance is justified
independently of the decision on whether to establish a new policy on the
proposed long-term acceptance of foreign research reactor spent fuel. Until the
Environmental Impact Statement is completed and a decision made whether to
implement the proposed long-term acceptance policy, the proposed acceptance of a
small number of spent fuel elements is necessary to maintain the United States
program of encouraging the conversion by research reactors to low enriched
uranium fuel. Further, while there is an obvious relationship between the two
proposals, a decision to accept such a small number of fuel elements does not
foreclose or prejudice future decisions regarding establishment of a new spent
fuel acceptance policy, or the decisions regarding interim storage or ultimate
disposition of spent nuclear fuel. (In the Programmatic Spent Nuclear Fuel

Management Environmental Impact Statement, due to be completed by June 1995, DOE



is considering where to manage all spent fuel within the DOE complex nationwide

for the interim period prior to ultimate disposition.)

-In October 1993, to ensure that countries currently possessing spent fuel
continue to support the nonproliferation initiatives of the United States
embodied in the Reduced Enrichment for Research and Test Reactor Program until
the ongoing Environmental Impact Statement can be completed, DOE issued for
comment a draft Environmental Assessment which evaluated the proposed urgent-
relief acceptance of up to 700 elements of foreign research reactor spent
nuclear fuel containing uranium enriched in the United States.

It was apparent from the comments that DOE received in response to the October
1993 draft that many people did not agree that there is a need for the United
States to accept this spent fuel. Others expressed concerns regarding DOE’s
plans for implementing the proposed action. Subsequent to the release of the
October 1993 draft Environmental Assessment and after consideration of comments
received, teams of experts from the United States visited foreign research
reactors in Europe and Australia to assess the near-term need for acceptance of
foreign research reactor spent fuel elements before the Environmental Impact

Statement on the proposed long-term acceptance policy is completed.

In February 1994, a revised draft Environmental Assessment, which included
revisions made in response to comments received on the QOctober 1993 draft
Environmental Assessment, was prepared and issued for public review and comment.
The proposed action evaluated in the February draft Environmental Assessment was
to accept 448 highly enriched uranium spent fuel elements shipped by sea to any

one of seven ports (Newport News, Norfolk, or Portsmouth, Virginia; Charleston,



South Carolina; Wilmington, North Carolina; Savannah, Georgia; and
Jacksonville, Florida) and then by truck to DOE’s Savannah River Site near
Aiken, South Carolina, for storage. The comment period on the revised draft
Environmental Assessment was scheduled to close on March 7, 1994.

On February 10, 1994, DOt and the Department of State co-hosted a meeting of
stakeholders from State and local governments, Congress, environmental and
non-proliferation public interest groups, other private sector interest groups,
foreign research reactor operators and key affected communities. The purpose of
that meeting was to involve stakeholders in a meaningful and constructive
dialogue on the proposed urgent-relief acceptance of a small number of spent
fuel elements from foreign research reactors. Subsequent to that meeting and
based on concerns raised by local communities potentially affected by the
proposed action, DOE extended the comment period on the February draft

Environmental Assessment until April 8, 1994.

PROPOSED ACTION: The DOE proposes to accept up to 409 spent nuclear fuel
elements containing highly enriched uranium of United States origin from eight
research reactors in seven European countries (Austria, Denmark, Germany,
Greece, Netherlands, Sweden and Switzerland). The spent fuel would be shipped
across the ocean in up to 15 spent fuel transportation casks from the country of
origin to one or more United States eastern seaboard ports. The casks are
expected to be transported in the next several months either by commercial
container ships or chartered ships. Several casks could be transported together
on a single ship to any one of the five proposed ports of entry: Wilmington and
the United States Army’s Military Ocean Terminal at Sunny Point, North Carolina;

Charleston, South Carolina; Savannah, Georgia; and Jacksonville, Florida.
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After arriving in the United States, the casks would be transported to DOE’s
Savannah River iite near Aiken, South Carolina, where the fuel elements would be

stored underwater in an existing storage facility {the Receiving Basin for

Offsite Fuels).

ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION:

Routine Operation: During routine {non-accident condition) ocean transport,
there would be no impact to the marine environment. Radiation exposure from the
very small radiation fields being emitted from the casks -- about 1 millirem

per hour at 1 meter from the cask surface -- would be limited primarily to crew
members who inspect the cargo on a daily basis to ensure secure stowage and
structural safety of the vessel. Incident-free dose estimates to these crew
members would be essentially the same regardless of the port of entry, largely
because the exposure is proportional to the numbers of inspections over time.
Distances and time of transit are similar from the European ports to the
proposed United States ports of entry. Assuming that the ship makes three
intermediate port stops and then unloads at the fourth stop, the incident-free
dose to a ship cargo inspector is estimated to be 4.3 millirem for shipments
into Sunny Point and Wilmington, North Carolina; 4.5 millirem for shipments into
Charleston, South Carolina; and 4.6 millirem for shipments into Jacksonville,
Florida and Savannah, Georgia., The likelihood of a single fatal cancer among
the entire crew of all the ships used in the proposed action is approximately
one in 450,000. If no intermediate port stops are assumed, the collective dose

would be reduced by approximately 30 percent.
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Because container cargo handling is relatively uniform throughout the world,
exposure to port workers (handlers/inspectors) also would be essentially the
same regardless of the port of entry. Using a conservative assumption,

1.e., the same handler/inspector inspects all shipments, the maximally exposed
port worker would recefve a dose of approximately 5.2 millirem. The collective
exposure (assuming the same crew of handlers/inspectors for all shipments) to
the handlers/inspectors is estimated as 0.078 person-rem (0.0052 rem x 15
workers). The 1ikelihood of a single individual port worker dying from cancer
as a result of the proposed action is about 1 in 380,000. Dose to members of
the general public during port operations would be extremely low because
residences are separated from dock facilities by buffer spaces such as parking

lots, warehouses and other port facilities.

During truck transport of the spent fuel from the port of entry to the Savannah
River Site, the maximally exposed individual truck crew member (assuming the
same person is involved in all truck shipments) would receive 2.4 millirem for
shipments from Charleston, South Carolina; 2.7 millirem for shipments from
Savannah, Georgia; 4.1 millirem for shipments from Wilmington, North Carolina;
4.5 miilirem for shipments from Sunny Point, North Carolina; and 3.9 millirem
for shipments from Jacksonville, Florida. The likelihood of a single crew
member dying from cancer as a result of transporting spent fuel from Sunny Point

to the Savannah River Site is about 1 in 440,000.

The maximum exposure to an individual not actively involved in shipping the
spent fuel during routine transport was estimated for two cases: (1) a member

of the public who lives beside the highway route (this individual was assumed to
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be exposed to each of the 15 truck shipments at a distance of 30 meters); and
(2) an individual located near a stopped truck, e.g., in a traffic jam. The
maximum in-transit dose under the first instance was calculated to be 0.002
millirem for routine operations. A dose of 0.00Z millirem would increase the
risk of a latent cancer fatality by 1 in one biilion. For the second case, an
individual could receive doses higher than 0.002 millirem depending on the
duration of the stop and the distance of the individual from the truck. For
example, in the unlikely event that a person was standing outside a stopped
truck for a period of 1/2 hour at a distance of two meters, the person could

receive a dose of ane millirem.

Since port workers, inspectors, and truck drivers are not considered radiation
workers, as defined by the Nuclear Regulatory Commission (NRC), the maximum
annual allowable exposure for these personnel would be 100 millirem, the same
radiation dose 1imit established by the NRC to protect the individual members of
the general public. As discussed above, during normal transport of the spent
nuclear fuel, the maximum annual exposure to the public, port workers,
inspectors, and truck drivers would be well below the 100 millirem dose limit,
and no doses large enough to result in acute health effects are predicted among
either the workers or general public for the proposed action. The cumulative
annual incident-free dose from the proposed activity to all persons potentially
exposed would range between 0.12 person-rem (Charleston and Savannah) and 0.16

person-rem (Sunny Point).

Currently, the average annual individual worker dose at the Receiving Basin for

Off-Site Fuels (RBOF) for all operations (unloading, handling and storage of the
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spent nuclear fuel elements) is approximately 150 millirem. Based on very
conservative assumptions, i.e., all 409 spent fuel elements are received in a
one-year period and the same individuals unload all 15 casks, the maximum annual
increase in the average indfvidual dose to a worker at RBOF is estimated to be
60 millirem. This dose would be well below both the DOE 1imit of 5,000 millirem
per year for radiation workers and the DOE Administrative control level of

2,000 millirem per year per person, for al)l DOE activities. Once the spent fuel
elements were stored under water in the RBOF, the increase in radiation exposure

to facility personnel from the storage of the foreign spent fuel elements would

not be detectable.

Only minor environmental impacts would be expected from the proposed action
because the receipt and storage of up to 409 spent fuel elements represents only
a small increase to existing site activity and involves no new construction.
Approximately 15 cubic feet of laundry type waste and 5.5 cubic feet of solid
waste would be generated per cask. The proposed action would add less than 4
percent to the average annual solid waste normally generated at RBOF. Receipt
and storage of foreign research reactor spent nuclear fuel would have no effect
on the types, quantities or utilization of hazardous compounds stored at RBOF,

and no incremental risk to workers would be expected,

Accident Conditions: The Environmental Assessment evaluates the potential for

accidents during ocean transport (port departure, ocean crossing, and port

arrival), overland transport, and storage at RBOF.
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In the extremely unlikely event of an accidental fire at sea in which a cask was
sufficiently damaged by the fire to release its contents, members of the ship
crew near the fire would be exposed to the released radioactive material.
However, any crew member close enough to the fire to suffer a significant
radiation dose 1ikely would be more severely injured from the fire than the
radiation dose. If crew members were to survive the fire, radiological impacts
would be similar to those resulting from a severe accident in port, which would
result in a maximum exposure to workers and the public of approximately 0.21
person-rem. This exposure would result in an approximately one in 9,500 chance
of one additional cancer in the entire exposed population. 1f such an accident
were to occur at sea, however, there would be essentially no exposure to members
of the public, and all released activity would be deposited in the ocean.
Assuming that the spent fuel cask lay on the ocean floor where it slowly
released its radicactive inventory, the peak doses to biota residing on the
ocean floor in or near the uppermost sediment layer are estimated to be 0.11 rad
(radiation adsorbed dose) per year for fish, 0.17 rad per year for crustaceans
and 7.3 rad per year for mollusks. The radiocactive material would be expected
to disperse and to be diluted due to the influence of ocean currents. Since
deleterious effects of chronic irradiation have not been observed in natural
populations at dose rates of less than 365 rad, no significant impacts would be
expected. Further, uranium, the major constituent of the spent fuel, has not
been found to bioaccumulate in fish and bioaccumulates only slightly in
crustaceans and mollusks. No significant chemical hazard would be expected from

the release of the contents of the spent fuel elements into the open ocean.

14



Spent fuel casks are designed to withstand at least a 15-meter immersion, and it
has been demonstrated that the cask seals will remain intact at much greater
depths. Further, damaged and undamaged casks can be recovered readily from
water up to 200 meters deep. Recavery from depths of up to 2,000 meters may be

possible, but would be costly.

In an extreme situation, where the accident occurs in ccastal wasters, the spent
fuel is not recovered, and both the spent fuel and cask are damaged, the peak
dose to an individual is estimated to be 11 millirem per year. This individual
is assumed to reside near the shore and to eat seafood (fish, mollusk, seaweed)

harvested from the area in the immediate vicinity of the spent fuel cask.

In the event of the most severe port accident (major mechanical damage, fire,
oxidation of 100 percent of the fuel, and release of radioactive material from a
cask containing 33 spent fuel elements), the dose to a maximally exposed
individual, i.e., an individual assumed to be standing outside approximately
100 feet away from the event and remaining there for 24 hours, would be 25 rem.
At such close distance, it is highly probable that the individuals, if not
evacuated, would be harmed more by the explosion and fire engulfing the cask
than by the radiation dose. If the individual were inside a building
approximately 100 feet away and remained there for 24 hours after the accident,
the dose would be reduced to 0.22 rem. At a more likely distance, where an
individual may be located outside for a period of 24 hours after the accident,
the dose at 0.6 miles would be 0.2]1 rem. If the person were inside at the same
distance, the dose would be 0.002 rem. When considered in conjunction with the

unlikely probability of occurrence (approximately 1 chance in 7.7 million}, the
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accident has an extremely small risk. For example, the risk of developing a
single fatal cancer for the most severe case, i.e., individual outside, 100 feet

away for 24 hours receiving 25 rem, is about 1 chance in 600 million.

In the event of an overland accident, assuming the surrounding population
remains there for a 24-hour period, the estimated population dose risk is
0.0000015 person-rem for transport from Savannah, 0.0000018 person-rem from
Charleston, 0.0000028 person-rem from Wilmington, 0.0000024 person-rem from
Jacksonville, and 0.0000035 person-rem from Sunny Point. While there would be

slightly different risks among the different ports, no significant impacts would

result.

Four hypothetical accidents at RBOF were evaluated that could potentially
release radionuclides to the atmosphere. These accidents include: 1) a nuclear
criticality incident; 2) a fire and explosion at RBOF; 3) accidental cutting of
fuel element cores; and 4) rupture or fajlure of fuel elements during underwater
storage. The maximum dose was attributed to the unlikely accident of 1000
foreign fuel elements rupturing during storage at RBOF. This event would result
in an 8.3 millirem maximum dose to the individual at the site boundary and a 70
person-rem dose for the offsite population. The probability of such an accident
occurring, however, would be less than one in 2000 years. When the probability
is taken into account, there would be an additional 1 in 500 million chance that
the individual at the site boundary would develop a fatal cancer, and a 1 in

55,000 chance that a single fatal cancer would occur in the exposed populations.
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ENVIRONMENTAL IMPACTS OF ALTERNATIVES: Alternatives considered in the
Environmental Assessment include no action, receipt of a greater or lesser
number of spent fuel elements, alternate ports of entry, alternative modes of
transport from the receiving port to the Savannah River Site, and reprocessing

abroad and transport of low or highly enriched uranium to the United States.

No Action: Under the No Action Alternative, there would be no environmental
impact in the United States. However, United States nonproliferation policy
would be adversely affected. Foreign reactor operators will try to aveid
shutting down their reactors. The operators of two reactors can elect to
reprocess thejr spent fuel at an existing facility in Scotland, although one of
the two would need United States authorization to do so. Reprocessing would
allow the uranium to be extracted for reuse, and thus would increase the threat
of nuclear proliferation. Reactor operators in Belgium and Germany resorted to

reprocessing on four occasions in 1993 and 1994.

Six of the eight research reactors from which DOE proposes to accept spent fuel
either do not have the option to reprocess their spent fuel or could not obtain
regulatory authority to reprocess in time to avoid shutdown. Shutdown of these
reactors would severely undermine the United States’ credibility as a reliable
partner in matters of nuclear cooperation. This, in turn, could influence other
reactor operators to cease their conversion to low enriched fuel or to revert to
the use of highly enriched fuel if they have already converted. In fact,
several reactor operators have stated that, if the United States is unable to
accept spent fuel, they will cancel or delay their reactor conversions to low

enriched uranium fuel. Such actions would encourage development of a world
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market for highly enriched uranium, thereby undermining a key aspect of the

United States nonproliferation program.

Selection of the No Action Alternative would also adversely affect the upcoming
1995 international conference on the Treaty on the Non-Proliferation of Nuclear
Weapons. The conference will consider the indefinite extension of the Treaty,
which the United States strongly supports. Other Treaty parties will want
assurance that the United States has fulfilled its obligations under the Treaty
to share the benefits of peaceful nuclear cooperation. If several countries
that are parties to the Treaty are compelled to shut down their research
reactors, thereby foregoing the benefits from these reactors, the United States
may be accused, fairly or unfairly, of not sharing the benefits of peaceful
nuclear cooperation. Such an accusation, however il11-founded, could create or
increase opposition to the indefinite extension of the Treaty, which is the

foundation for the international nuclear weapons nonproliferation regime.

Greater or Lesser Number of Spent Fuel Elements Accepted: In addition to the

proposed action {shipment of up to 409 spent nuclear fuel elements), the
environmental impacts of shipping alternative numbers of spent fuel elements
{i.e., 953, 359, 291, and 248 spent fuel elements) were also considered in the
Environmental Assessment. The risks for the 953-element alternative are
slightly more than double the risks for shipping 409 elements through the
proposed ports. Conversely, the risks of shipping 359, 291 and 248 elements are
Tess than the risks for shipping 409 elements. While there are differences in
the risks depending upon the number of elements shipped, the impacts associated

with the shipment of any alternative number of elements are extremely small.
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Acceptance of up to 409 spent fuel elements would allow the foreign research
reactors to ship full casks, and would not force the two reactors that can ship
spent fuel to Scotland for reprocessing to do so. (Acceptance of 359 spent fuel
elements, i.e., shipment in partially full casks, also would not force these two
reactors to reprocess.) In proposing to accept full casks, DOE took note of the
fact that there is no significant difference in the environmental impacts
between shipping full and partially full casks. Further, shipping full casks is
the customary shipping procedure, and more cost-effective. Accordingly,
proposing to accept full casks appeared to be a prudent course to encourage the

continued participation of foreign research reactors in the Reduced Enrichment

for Research and Test Reactors Program.

Other Ports of Entry: The Environmental Assessment also evaluated the impacts
of shipping 409 spent fuel elements through alternate commercial and military
ports using two assumptions: (1) no intermediate port stops and eight casks per
vessel; and (2) three intermediate port stops and one cask per vessel. Dose to
handlers and port workers would be essentially the same from port to port.
During ocean transport, dose to the ship’s crew would be generally the same
regardless of the port of entry. However, dose to the truck’s crew showed some
slight variation consistent with the distance of travel, i.e., slightly higher
doses are associated with greater distances traveled. The dose to the ship’s
crew and the dose to the truck crew would be well below the 100 millirem limit

for nonradiation workers.

None of the alternate ports appeared as advantageous for the proposed receipt of

spent fuel as the five proposed ports based on the application of screening
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criteria drawn from the National Defense Authorization Act for Fiscal Year 1994,
and additional criteria recommended by a panel of maritime experts at a DOE-
sponsored workshop on port selection criteria for shipments of spent fuel.

While there are comparative advantages and disadvantages among the five proposed
ports, all five of the proposed ports appear comparatively more advantageous

than other United States seaports for the proposed action.

Other Modes of Overland Transport; The spent nuclear fuel could be transported

by rail from the port of entry to the Savannah River Site. The incident-free
dose to spent fuel cask handlers would depend on how the casks were handled in
port. If two casks are shipped per rail car, the handler would continue to
receive a small dose from the first loaded cask as the second cask is loaded.
Dose would also be influenced by the number of cargo transfers required. For
example, if the spent fuel cask cannot be off-loaded directly from the ship to a
rail car, spent fuel cask handlers would receive an additional small dose during
the transport by truck to the rail car and from the transfer of the cask from
the truck to the rail car. In addition, rail cargo is inspected after loading
and prior to off-loading. As a result, transport by rail would result in a
slightly higher dose to port handlers/inspectors and rail crew than transport by
truck. Dose to the public, however, would be generally lower, partly because
rail stops would normally occur in rail yards (removed from the general
population). For example, rail transport from Sunny Point to the Savannah River
Site would result in an annual dose of 0.16 person-rem total to port
handlers/inspectors, other port workers and rail crew, and in a dose of 0.0017
person-rem to members of the public. Truck transport of the spent fuel from

Sunny Point to the Savannah River Site would result in an annual dose of 0.08
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person-rem to port handlers/inspectors, other port workers and truck crew and a
dose of 0.067 person-rem to members of the public. Neither mode of transport

would result in a significant health effect.

Reprocessing Abroad and Trans f Low ighly Enriched Uranium t

United States: The potential environmental impact of transporting low enriched
uranium by ship to the United States after reprocessing the spent fuel abroad
was analyzed in detail in two recently issued Environmental Assessments prepared
by the United States Enrichment Corporation. Low enriched uranium was found to
be a common commercial product that has been shipped safety around the world in
large quantitjes by air, water, and land transport modes for over 30 years
without significant impact. Consequently, if the spent nuclear fuel elements
were reprocessed in Europe (i.e., at Dounreay, Scotland}, blended down to low
enriched uranium, and the low enriched uranium was returned to the United

States, no significant impacts would be expected.

If the spent fuel were reprocessed in Scotland, but not blended down, then

highly enriched uranium could be transported from Scotland to the United States
for blending. The shipment of highly enriched uranium would require extensive
security activities and would involve the use of military assets for protection
and safety. The military has had considerable experience in shipment of highly
enriched uranium and has safely transported such materials throughout the world

without significant impact.

These options, however, would not serve the nonproliferation interests of the

United States. As discussed above and in greater detail in the Environmental
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Assessment, reprocessing would likely result in reactor operators postponing
conversion from highly enriched uranium fuel, or reverting back to {its use if
conversion has already been completed. This is because the only current
reprocessor of highly enriched uranium does not reprocess low enriched uranium
fuel, and reactor operators have only limited capacity to store spent fuel
generated as a result of operating. Thus, to continue operating, research
reactors would have to continue to use highly enriched uranium fuels. In
addition, for those reactors for which United States consent is not required for
reprocessing to occur, there is no mechanism to implement or to enforce a
blending requirement by the reactor operators or reprocessors. Consequently,
reactor operators could elect to have their fuel reprocessed, but not blended.
This would result in the continued use of highly enriched uranium fuel by

research reactors, contrary to United States nonproliferation policy.

Enhanced Storage in Furope: DOE considered but rejected as unreasonable the

alternative of assisting foreign research reactors to expand spent fuel storage
capacity at the reactor sites or at other sites in Europe. By the time new
facilities could be constructed and licensed, or existing facilities modified,
the reactors from which DOE proposes to accept spent fuel would have been forced
to send their spent fuel to Scotland for reprocessing, where that is an option,
or to shut down. For the reasons discussed above and in greater detail in the
Environmental Assessment, forcing research reactors to shut down or reprocess
would undermine the gains already realized in converting to low enriched uranium
fuels under the Reduced Enrichment for Research and Test Reactors Program. The
governments in the countries where these reactors are located have stated that

acceptance of spent fuel has become a measure of the United States’ relijability
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in worldwide nuclear cooperatfon. A perceived lack of reliability could

compl icate upcoming negotiations for renewal of important nonproliferation

agreements.

CUMULATIVE IMPACT: In addition to the envi}onmental impacts from the proposed
action, the Environmental Assessment also considered the cumulative dose of
transporting other shipments of spent fuel to the Savannah River Site and
shipments of low-level radioactive materials to the Barnwell facility, east of

the Savannah River Site. No significant cumulative effects were identified.

DETERMINATION: Based on the analyses in the Environmental Assessment, and after
careful consideration of comments received, DOE has determined that the
acceptance of up to 409 spent nuclear fuel elements from eight foreign research
reactors in Europe for storage at the Savannah River Site does not constitute a
major Federal action significantly affecting the quality of the human
envircnment, within the meaning of the National Environmental Policy Act.
Therefore, an Environmental Impact Statement is not required and DOE issues this

Finding of No Significant Impact.

Based on an evaluation of the five proposed ports of entry (Jacksonville,
Florida; Savannah, Georgia; the Army Military Ocean Terminal at Sunny Point,
and Wilmington, North Carolina; and Charleston, South Carolina) and alternative
modes of transporting the spent nuclear fuel from the port of entry to the
Savannah River Site (truck or train), DOE has concluded that no significant
impact would result from any combination of proposed port and mode of transport

from the port of entry to the Savannah River Site.
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However, upon further consideration, and in an effort to balance the domestic
and international interests at stake, DOE has decided to implement the proposed
action as follows. The spent nuclear fuel will be shipped by commercial or
chartered vessel from Europe to the Army’s Military Ocean Terminal at Sunny
Point, North Carolina to the maximum extent practicable (rather than allowing
the shipper to select from among any one of the five proposed ports as described
in the Environmental Assessment) and transported overland by rail (rather than
truck). Should DOE determine that another port or mode of transport (from among
those considered as the proposed action) is necessary, DOE will provide direct
notice of the change to State and Tocal government officials of the affected

states and will notify the public through local media and other means, as

appropriate.

Issued at Washington, D.C., this <22 _ day of April, 1994.

7 7l

Tara 0’'Toole, M.D.,
Assistant Secretary
Environment, Safety and Health
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