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3.0 COMPARISON OF SPENT FUEL MANAGEMENT STRATEGIES AND

APPLICABILITY TO SWEDEN

The spent fuel management activities described in Sections 2.1

through 2.8 are compared in this section in three areas. Section

3.1 summarizes the spent fuel management options being followed

in each country and compares those options with regard to cost,

environmental impact, and public acceptability. Section 3.2

reviews and compares national policies on nuclear power, spent

fuel management, and high-level waste disposal and assesses their

impact on the development and licensing of nuclear power piants.

Section 3.3 compares the regulatory requirements affecting spent

fuel management in terms of their overall spirit and characteris-

tics and in terms of the responsibilities of the utilities and

the regulatory authorities. Finally, Section 3.4 addressee the

applicability to Sweden of the findings from these comparisons,

focusing on cost efficiency, health and safety, environmental

impact, public acceptance, and licensing procedures.



3.1 COMPARISON OF OPTIONS

The information presented in Section 2.0 of this report demon-
strates the variety of strategies used today by the major nuclear
power nations of the world to manage the back end of the nuclear
fuel cycle. Some nations reprocess used fuel elements to recycle
uranium and plutonium back into reactors. This produces high-
level liquid wastes that are stored or vitrified for disposal.
Other nations are planning direct disposal of spent fuel. Some
are developing disposal repositories nowr whereas others are
deferring this effort to allow the cooling down of waste
materials and the continued development of the capability for
safe disposal. Also, various techniques are utilized throughout
the world for storing discharged fuel elements.

In Section 3.1.1, the spent fuel management options selected in
each of the eight countries are briefly summarized and compared
in terms of overall features. In Sections 3.1.2 through 3.1.4,
the spent fuel management options of each country are compared in
three specific categories: cost, environmental impact, and
public acceptability.

3.1.1 Summary Of National Options For Spent Fuel Management.

With 95 commercial reactors in operation, the United States
currently has the largest nuclear power program in absolute terms
among the eight countries studied, generating electricity at a
rate of over 80 GWe and producing approximately 1,900 MT of spent
fuel (almost entirely light water reactor fuel) per year. These
figures are presented in Table 3-1 and compared with similar data
for the other seven countries listed in order of current nuclear
generating capacity. As a group, the natural uranium-fueled
reactors (the gas-cooled reactors in France and the UK and heavy
water reactors in Canada) generate substantially more spent fuel
than light water reactors, due to the nature of the fuel and its
lower burnup, as shown by comparing the data in the last column
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

of Table 3-1 with generating capacities in the third column.
Among either the natural or the enriched uranium-fueled group,
spent fuel discharge rates are generally a function of electrical
generating capacity.

Interest in commercial reprocessing of spent fuel varies
substantially among these countries. France and the United
Kingdom currently operate commercial-scale facilities for
reprocessing their own spent fuel and provide reprocessing
services to other countries. Both are currently constructing
additional reprocessing capacity. The PRG and Japan now operate
only pilot-scale reprocessing plants and ship most of their spent
fuel to France and the UK for reprocessing. However, both have
selected sites and will soon begin construction of commercial-
scale reprocessing facilities. Table 3-2 shows the reprocessing
capacities available and under construction in these countries.
In addition, the US, France, and the UK all maintain a signifi-
cant reprocessing capability for the production of nuclear
weapons. In the UK and France, the same plant is used for
reprocessing both commercial and military fuels, but the two
streams are kept separate by separate batch processing.

The US and Canada are both currently planning for direct disposal
of commercial spent fuel, as is Sweden, although future
reprocessing has not been completely dismissed from
consideration. In the U.S., none of the laws affecting atomic
energy establish a specific policy on reprocessing. The current
Administration has voiced its support for reprocessing, but there
is no commercial interest at present and it is assumed by DOE
that spent fuel will be disposed of. Canada has not developed a
policy on reprocessing, and is developing technologies for
immobilization of both spent fuel and high-level reprocessing
wastes to maintain options to dispose of either v.'aste form.
Belgium and Switzerland both have contracts for reprocessing
services offered in France and the UK.

3.1-2
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The following sections give a brief description of spent fuel

management activities in each of the eight countries. Table 3-3

provides a comparison of the spent fuel management strategies in

each country. Figure 3-1 shows some of the major program

milestones in spent fuel management and high-level waste disposal

in each country.

3.1.1.1 Belgium

Belgian utilities operate seven IWRs and routinely ship their
spent fuel for reprocessing. Between 1966 and 1974, a small
reprocessing plant was operated at Hoi, Belgium by Eurochemic, a
joint arrangement of 13 OECD countries. Since 1984, when the
plant was closed down due to projected overcapacity of reproces-
sing services in Europe, Belgian utilities have shipped their
spent fuel to BNFL and Cogema in the UK and France for reproces-
sing. Recommissioning of the Mol plant has been under debate for
several years, but early in 1986 the Belgian government, which
now owns the facility, decided to halt the recommissioning
plans. Without recommissioning, Belgian utilities anticipate
that additional spent fuel storage capacity will be needed by
1992. Belgium also has two nuclear fuel fabrication plants in
operation—one for low-enriched UO2 fuel, the other for mixed
oxide fuel.

An independent government agency, NIRAS/ONDRAF, was established
in 1982 with the responsibility to store, transport, condition,
and permanently dispose of radioactive waste. The organization
will be responsible "or the disposal of all vitrified high-level
waste to be returned to Belgium by foreign reprocessors beginning
after 1990. Reprocessing wastes at Eurochemic's Mol plant are
also NIRAS/ONDRAF1S responsibility. A pilot vitrification plant,
PAMELA, for high-level wastes from the Eurochemic plant has been
constructed at Mol by DWK, the German fuel cycle consortium, and
began operating in mid-1985.

3.1-3
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A temporary facility has been constructed at Mol for the storage

of conditioned low-level and medium-lev el wastes before they are

disposed of by shallow land burial. NIRAS/ONDRAF has conducted

an inventory of regions where a shallow ground or surface

repository could be sited for the disposal of these wastes. It

is anticipated that such a facility can be operating within 10

years. For high-level and alpha-bearing waste, the availability

of suitable disposal media is limited but there is an abundance

of clay, including in strata beneath the Mol s i te . NIRAS/ONDRAF

and the Belgium Nuclear Energy Research Center (SCK/CEN) will

submit a Safety and Feasibility Interim Report to the authorities

in mid-1987, presenting the knowledge acquired over the preceding

12 years to allow the authorities to make a determination on the

acceptability of siting a repository beneath Mol.

3.1.1.2 Canada

Canadian ut i l i t ies have developed extensive at-reactor fuel pool

capacity, including auxiliary storage pools at several plants,

connected to the primary pools by enclosed corridors or under-

water ducts. Natural uranium fuel used in Canada's heavy-water

reactors is not subject to criticality in normal water and can,

therefore, be stored at high density, contributing to this large

storage capacity. Furthermore, lower burnup reduces heat removal

requirements, and the CANDU reactor's short assembly length

allows horizontal storage in stacked trays. However, the quan-

tity of natural uranium required to fuel a CANDU reactor and i ts

lower burnup account for the much larger volume of spent fuel

generated than in enriched uranium-fueled reactors, although the

lower burnup material is cooler and less radioactive.

Additional storage capacity will be needed at Canadian reactors
by the mid-1990s. With no decision by the government on the
reprocessing of spent fuel, u t i l i t ies are considering additional
at-reactor and centralized storage facil i t ies of both wet and dry
design. Concrete canisters and convection vaults are expected to

3.1-4



feasibility of a concrete integrated cask suitable for storage»
transportation, and dis-:>sal is also being assessed.

Canada is now in its sixth year of a ten year R&D program to
assess the concept of deep underground disposal. Technologies
are being developed for the immobilization of both spent fuel and
reprocessing waste, so that options are maintained for the dis-
posal of either waste forn. An Underground Research Laboratory
is also being constructed as a part of this assessment to allow
in-situ testing in granite. It is expected to be completed in
1986. At the end of the decade, a public hearing will be held,
followed by decisions by the governments of Canada and the
Province of Ontario on the acceptability of the concept. If
accepted, efforts to select a disposal site could then proceed.

3.1.1.3 Federaj. Republic Of Germany

German utilities are required by law to demonstrate provisions
for spent fuel management in order to obtain a license to operate
a reactor (see Section 3.2,4 for further discussion of such
requirements). A comprehensive system has therefore been
developed including reactor spent fuel pools, central-zed dry
storage facilities, contracts for foreign reprocessing services,
and construction of a German reprocessing plant. A pilot repro-
cessing plant is currently operating in the FRG and a commer-
cial-scale plant will soon be constructed. In the meantime,
German utilities send most of their spent fuel to Frar:e and the
UK for reprocessing. The construction of the commercial repro-
cessing plant has become highly controversial and is not certain
to succeed.

Most power plants in the FRG have the capacity for about ten
years of spent fuel storage, although little of this capacity has
been utilized because of the reprocessing contracts. Offsite
transport ncrm'^ly occurs after a cooling period of about one
year. In erdf to build an inventory of spent fuel elements for
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the future reprocessing plant, it will become necessary to begin

using the at-reactor storage capacities and to develop away-from-

reactor interim storage facilities. It has been decided to con-

struct three centralized facilities for interim storage of spent

fuel in dry storage casks, each with a capacity of 1,500 MT. The

facilities are located at Gorleben (the site of Germany's planned

high-level waste repository), Ahaus, and at the Wackersdorf repro-

cessing complex, and will begin receiving spent fuel between 1986

and 1990. Utilities will now begin to make maximum use of at-

reactor storage, extending at-reactor cooling to about 5 years.

Subsequently, spent fuel will be shipped to these facilities and

stored in dual-purpose transportation and storage casks.

A vitrification plant is planned at the Wackersdorf site, along

with a storage facility for vitrified high-level waste canisters,

which will also accept the returned vitrified waste from the

reprocessing of FRG spent fuel overseas. A site investigation is

underway at the Gorleben salt dome to demonstrate i ts suitability

for a high-level waste repository. Germany is the only country

to date that has succeeded in gaining local acceptance for the

siting of a high-level waste repository. It is intended that

operation of the facility will begin before the year 2000.

3.1.1.4 France

The French are firmly committed to the reprocessing of spent fuel

and the recycling of extracted plutonium in light water reactors

until breeder reactors come into full-scale operation. Storage

of spent fuel at reactor sites is very limited because fuel is

routinely transported to either the Harcoule (metal GCR fuel) or

the La Hague (metal and oxide fuel) reprocessing plants after an

initial cooling period of about one year. France has also

provided LWR fuel reprocessing services at La Hague to Germany,

Japan, Switzerland, and Spain.

3.1-6
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The French view storage in fuel pools as a low-risk technology
that is better established and less costly than dry storage.
Therefore, spent fuel pools will be used at the expanded
reprocessing facilities. Reracking in reactor fuel bays and dry
storage are not foreseen in France, nor is long-term interim
spent fuel storage. The exception is at the Superphenix fast
breeder reactor site, where a large storage facility is being
built in anticipation of the construction of a specialized
breeder reactor fuel reprocessing plant at Marnoule.

The French have operated a borosilicate glass plant at Marcoule

since 1978 for immobilizing the high-level waste from reproc-

essing operations. Canisters containing the glass blocks are put

in concrete vault storage with inivial cooling by forced convec-

tion and eventually by natural convention. Vitrification facili-

ties for the La Hague reprocessing plants are also under construc-

tion, scheduled for operation in the late 1980s. Vitrified high

activity wastes may be stored for several dozen years prior to

permanent disposal in deep geologic structures. Selection of a

site for an underground research laboratory is anticipated in

1987. After two years of construction and two or three years of

study, a determination will be made on the s i te ' s suitability as

a permanent repository for both transuranic and high-level waste.

The site will be developed to be ready for transuranic waste

disposal and pilot high-level waste disposal before 2000, and

full-scale high-level waste disposal beginning after 2010.

3.1.1.5 Japan

Japan is also firmly committed to reprocessing its reactor fuel,

but currently depends heavily on reprocessing services provided

in France and the UK. As shown in Table 3-2, Japan currently has

a small reprocessing capability at Tokai Mura and plans to

construct a large reprocessing plant at Rokkashomura, which is

expected to begin operating in 1995. The Japanese plan to use

recovered plutonium to fuel fast breeder reactors beginning in

3.1-7



about 2C10, and to use mixed piutoniurn/uranium oxide in light

water and advanced thermal reactors beginning in the late 1990s.

Spent fuel is currently stored in the reactor spent fuel bays for

an init ial cooling period typically of two to three years. Since

all of Japan's 15 reactor sites are on the coast, offsite trans-

fers of spent fuel are made by ship, whether the fuel is going to

European reprocessors or to Tokai Mura. Substantial R&D efforts

are underway on interim storage technologies, focusing primarily

on dry storage cask technology.

The interim storage approach is attracting increased interest,

due to the possibility of delays in operating the large reprocess-

ing facility, the expiration of contracts with European reproces-

sors in 1990, the later need for plutonium fuel due to slow

development of breeder reactors, and the possible economic advan-

tages of interim storage. The planned commercial reprocessing

plant will include a storage pool providing 3,000 MT of interim

capacity, and is scheduled to start receiving fuel around 1991.

The Japanese plan to immobilize high level wastes from reproces-
sing in borosilicate glass and store the glass canisters for 30
to 50 years prior to deep geologic disposal. A pilot v i t r i f i -
cation plant is planned to begin operation in 1990, and a high-
level waste storage facility is expected by 1992 for receipt of
returned waste from European reprocessors. (Under the contracts
for reprocessing of spent fuel from foreign countries, the UK
government requires that, if appropriate, the high-level waste
shall be accepted back by that country from which the spent fuel
originated.)

3.1.1.6 Switzerland

Switzerland's five operating nuclear power plants have storage
capacities for 6 to 14 years' worth of spent fuel, but do not
fully utilize this capacity because the fuel is removed regularly
from the power plants and shipped abroad for reprocessing.

3.1-8



At-reactor storage capacities are expected to be adequate until

the mid-1990s. To meet further storage needs, a consortium has

been established by the ut i l i t ies for the planning of a single

centralized interim storage facility for spent fuel, HLW returned

from reprocessors after 1992, LLW and ILW. Dry storage of spent

fuel elements is anticipated, utilizing dual purpose Castor-type

transport/storage containers. A site has been chosen and an

application is being prepared, with the goal of commencing opera-

tions by 1392. The total time anticipated between the discharge

of spent fuel from the reactors and the geologic disposal of the

HLW derived from that spent fuel is about 40 years.

Swiss law requires the demonstration of proof and guarantee of

safe and final waste disposal in order to licenre a new nuclear

power plant in Switzerland, and Federal regulations stipulated

that existing plant licenses would expire at the end of 1985 if

no such guarantee project was available. To meet this need, the

"Project Gewahr" (guarantee project) report was submitted to the

Federal authorities in January 1985. The Federal Council (the

executive branch of the government) is expected to announce in

the fall of 1986 its partial acceptance of the project with

caveats regarding obligations for the continuation of research.

Project Gewahr calls for the development of two repositories:

one for high-level and certain alpha-containing intermedi-

ate-level waste which would begin operation around 2020; and one

for other low- and intermediate-level waste which would begin

operation around 2005. Crystalline rock is the reference medium

for the high-level waste repository; sites in three media—

anhydrite, marl, and crystalline rock—are currently being

studied for the low-level waste repository. A surface rock

laboratory has been established at Grimsel for the benefit of

both repository programs.

Swiss voters have rejected referenda in 1979 and 1984 calling for

a moratorium on the construction of new nuclear power plants. A

new antinuclear effort is now collecting signatures to get

3.1-9



another referendum on the national ballot. The Swiss Parliament
will hold a special session in October 1986 on the Chernobyl
accident and the political actions to be taken in Switzerland as
a consequence.

3.1.1.7 United Kingdom

The United Kingdom developed a reprocessing capability early, out
of necessity. Magnox fuel from Britain's gas-cooled reactors
could not be wet-stored for prolonged periods because its magne-
sium alloy cladding is susceptible to corrosion, and dry storage
was not yet developed. Therefore, storage of spent fuel at the
26 Magnox reactors in the UK is minimal, with offsite transport
to the Sellafield reprocessing plant generally occurring within 6
tc 12 months of reactor discharge. One exception is the Wylfa
plants in Wales, where some spent Magnox fuel has been stored in
a dry vault. Similarly, oxide fuel from 9 advanced gas reactors
(and, in the future, from 5 additional AGRs under construction)
is stored at the reactor site for only a short period of 1 or 2
years. The policy in the UK is to store this stainless-steel-
clad spent fuel in water pools up tc a maximum of 10 years. It
is presently shipped offsite for wet storage at Sellafield, prior
to reprocessing at the thermal oxide reprocessing plant (THORP),
which is scheduled for operation in 1990.

As in France, both the metal fuel and THORP reprocessing plants
at Sellafield are contracted for reprocessing of foreign spent
fuel. LWR fuel from Japan, Germany, and other countries is being
stored at the Sellafield site in anticipation of 1990 operation
of THORP. Recently there has been controversy within the UK over
the development of the THORP plant,

A vitrification plant is under construction at Sellafield for
immobilization of high-level waste from both rej-.ocessing
plants. It is based on the French design and is scheduled for
initial operation in 1989. The vitrified waste will be stored

3.1-10
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for approximately 50 years in a natural-convection-cooled vault
prior to geologic disposal. The intended time period for storage
of vitrified waste products allows substantial time to site a
high-level waste repository and develop a disposal capability.
The UK has thus discontinued a research drilling program and has
reoriented its disposal R&D towards confirming the applicability
to the UK of investigations and findings of research in other
countries. Construction of a pilot high-level waste repository,
which was originally scheduled for the late 1990s, is no longer
considered necessary in the UK.

3.1.1.8 United States

Activities related to the management of spent fuel and the
disposal of high-level waste in the US are governed by the provi-
sions of the Nuclear Waste Policy Act of 1982. The NWPA directs
the Department of Energy to select sites and construct and
operate two high-level waste repositories. The Act authorizes
the construction of a first repository, with a target of begin-
ning its operation by 1998. DOE announced the selection of three
candidate first repository sites for detailed characterization in
May 1986: Yucca Mountain, Nevada (tuff); Deaf Smith County,
Texas (salt); and Hanford, Washington (basalt). Second
repository site screening activities (primarily in crystalline
rock) were suspended in May 198S, and only generic research on
second repository media continues.

The NWPA does not establish a specific policy on reprocessing, so
that it is not known with any certainty what mix of spent fuel
and reprocessing high-level waste will be destined for repository
disposal. The current Administration has voiced its support for
reprocessing, but with no commercial interest in this activity at
present, it is becoming more likely that spent fuel will be
disposed of, and this is an assumption of the DOE Mission Plan.
Repositories will be designed to accommodate both spent fuel and
reprocessing waste forms, since the small amount of waste from
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earlier commercial reprocessing activities and high-level waste

from defense activities will be included in the same repositories

as the spent fuel, as would any commercial reprocessing wastes

that may be produced in the future.

DOE will soon propose to Congress the authorization of a moni-

tored retrievable storage (MRS) facility, a renter for consolida-

tion and packaging of spent reactor fuel as well as temporary

backup storage up to 15,000 MT in the event that start-up of the

first repository is delayed. Interim storage of spent fuel until

it is accepted by DOE for disposal is the responsibility of the

utilities. The strategy for utility storage of spent fuel in the

United States is likely to include reracking of fuel in the

reactor storage pools, reactor transshipments, red consolidation,

extended fuel burnup, and independent storage in dry casks.

3.1.2 Cost Comparison

The comparison of the costs of the alternative spent fuel

management approaches has two principal components:

Comparison of spent fuel storage costs, including the
costs of alternative storage technologies as well as an
examination of at-reactor vs. away-from-reactor storage
costs; and

Comparison of the costs of recycling fuel vs. the
once-through use of fuel.

This section reviews the comparative costs of all spent fuel

storage techniques, including those not in commercial use in any

of the eight countries studied. This is done by comparing

estimated costs based on previous published studies.

3.1.2.1 Analysis Cf Previous Cost Studies

Several studies have been published addressing the costs of alter-

native spent fuel storage systems. These have dealt primarily
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with the relative costs of different storage technologies for a

given facility (at-reactor [AR] or away-from-reactor [AFR]) and

scale of operations (storage capacity required). This type of

study is called for when, for example, a utility seeks to deter-

mine the optimum technique for storing the spent fuel discharged

from a particular plant. In this case, the costs of alternatives

will be constrained by the storage needs of that plant because of

the differing economies of scale of the various storage concepts.

Other studies have addressed the relative costs of different

storage technologies as a function of scale. This type of study

would be performed, for example, to determine whether it is

preferable economically to build supplemental storage capacity at

individual plant sites, or to move fuel from several reactors for

storage at a larger, centralized facility.

In general, smaller facilities will favor modular storage

technologies with low fixed capital outlays. Larger facilities

allow economies of scale to accrue so that systems with large

fixed costs become more affordable. Then, the large fixed costs

are distributed over a large quantity of spent fuel, and variable

costs which increase as the volume of spent fuel increases are

low.

This section summarizes the findings of some of the major cost

comparison studies completed to date.

3.1.2.1.1 Reracking

Several studies have been published regarding the economics of

spent fuel storage in watei pools, including the cost of

reracking spent fuel into higher density configurations. A 1980

study by the US Department of Energy estimated that reracking of

a 200 HT storage pool into stainless steel racks would increase

the capacity to 400 HT and cost approximately $18 per kilogram of

heavy metal of additional storage capacity provided. Reracking
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the same pool witxi stainless steel racks containing boron would

increase capacity to 520 MT and cost about $25 per kilogram.1

3.1.2.1.2 Rod Consolidation

A paper addressing the costs of rod consolidation was presented

by a US utility, Rochester Gas & Electric, at a recent seminar

held in Washington, DC by the Institute of Nuclear Materials

Management.2 Assuming that additional reracking solely to

accommodate consolidated fuel can be avoided, RG&E has estimated

a cost of $36 per kilogram of added storage provided through

consolidation, and believes these costs can be further reduced by

about 25%. Fixed capital costs represent about 30% to 40% of the

total cost, while canister cost and labor cost, which do not

require up-front investment but rather are incurred as needed,

represent about 20% and 40% of total cost, respectively. Further

downstream benefits of rod consolidation are cited by RG&E, amoun-

ting to an estimated saving of $59 per kilogram due to reduced

costs of fuel loading for transport, fuel transport, fuel unload-

ing by DOE, and DOE consolidation and repackaging which would

otherwise occur. 'A discussion of rod consolidation development

and demonstration in the US was provided in Section 2.8.4.2.1.)

3.1.2.1.3 Comparison of Storage Concept Costs for a Specific
Capacity

A study was presented to a Nuclear Energy Agency workshop on

spent fuel storage by a US firm in 1982, comparing the costs of

several at-reactor storage methods for a station of twin 800 MW

PWR units, using the assumption that 1,000 MT of spent fuel would

require additional storage, supplemental to the existing storage

pools.3 The study estimated the total life cycle capital and

operating costs of five different storage concepts for both con-

solidated and unconsolidated fuel. It assumed that all consoli-

dated fuel would be canned for ease of handling (since the fuel
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rods are no longer in their assemblies), and that unconsolidated
fuel would be canned only in the cases of drywell, vault, and
silo storage to prevent contamination of the storage systems and
reduce decommissioning costs. If it is further assumed that can-
ning in these instances is done in the reactor pool, which is
less expensive than building a separate facility for this pur-
pose, the results of this study lead to the following rankings:*

Cost
(VSS/kaU)

1. Cask storage, consolidated and canned fuel 110
2. Drvwell storage, consolidated and canned 112

fuel
3. Cask storage, unconsolidated and uncanned 117

fuel
4. Silo storage, consolidated and canned fuel 131
5. Drywell storage, unconsolidated canned fuel 137
6. Silo storage, unconsolidated canned fuel 160
7. Vault storage, consolidated and canned fuel 300
8. Water pool storage, consolidated uncanned 301

fuel
9. Water pool storage, unconsolidated uncanned 345

fuel
10. Vault storage, unconsolidated canned fuel 419

It must be emphasized that the costs per kilogram and the resul-
ting rankings are based specifically on the 1,000 MT storage
requirement of one particular plant. The rankings could be very
different in the case of a much larger, AFR storage facility.
Within these limitations, however, three important conclusions
can be drawn:

Vaults and pool storage require large initial investments
of capital and therefore result in high average costs per
unit of stored spent fuel for this size facility.

Although not stated in the study, it is assumed that these
life cycle costs are based on a storage period of approxi-
mately 20 years, which should correspond to expected storage
needs in the US at the time of the study. Note that the range
of co3ts shown in the table would widen as the storage period
increases, because pool and vault storage have the highest
annual operating expenses.
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Modular storage methods have the lowest average storage
costs per unit of spent fuel for this size facility
because of the small initial investment required.

Consolidation of fuel rods reduces storage costs for all
storage methods.

3.1.2.1.4 Comparison Of Sforage Concept Costs As A Function Of
l

A large comprehensive study was performed by an Expert Group on

International Spent Fuel Management (ISFM) convened by the IAEA

between 1979 and 1982.4 This study focused on APR storage

facilities and examined the relative costs of alternative spent

fuel storage strategies as a function of scale, rather than for a

given facility size as in the study described above. The study

considered five reference dry storage concepts and compared their

costs with wet storage costs for three facility sizes: 500 MT,

10,000 MT, and 20,000 MT. (Although the study focused on APR

storage, the 500 MT size would be suitable for AR facilities as

well.) The unit costs in US dollars per kgU presented in the

following table are life cycle costs for a 20-year storage

period, including capital investment, operations, maintenance,

transportation, and decommissioning. Transportation distances

assumed for the 500 MT, 10,000 MT, and 20,000 MT facilities were

approximately 400 km, 800 km, and 3200 km, respectively.

Size Water Storage Vault With Surface Subsurface
(MT) Basin gask Vault Heat Pipes Drywell Drywell

IC
20

500
,000
,000

677
101
103

251
200
—

_

99
85

79
-

88
-

74
78

tfhat this study illustrates, which was not evident in the study

described above for fixed storage capacity, is that vault and

water basin storage become much more attractive when facilities

of 10,000 MT capacity or greater are considered. However,

storage in drywells is still less expensive than water basin and

vault storage for this large a facility. This is noteworthy
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because drywells can be added incrementally, like storage casks

and silos, and would therefore be at least as economically

attractive for smaller storage needs. This is discussed further

in Section 3.1.2.2.

3.1.2.1.5 Comparison Of AR And AFR Storage Costs

The International Spent Fuel Management study referred to above

also found that the use of AFR storage s more economical except

for sites with six or more reactors. This conclusion is also

supported by two US DOE studies, published in 1980, for specific

storage situations. One of these estimated that AR storage in

500 ni, 1100 MT, and 1900 MT water pools costs $352, $204, and

$152 per kgU, respectively, as compared to $137 per kilogram in a

500 MT AFR pool.3- An AR storage facility is expected to

compete economically with AFR storage if the spent fuel discharge

rate is at least 100 MT/year, which will only be the case for

multiple reactor sites totalling 3,000 MW or more. The other

study looked at storage needs for the entire US and found that AR

storage at 46 US sites would cost $4.7 billion (discounted cost,

in present value terms), as compared to $1.2 billion for storage

at 3 AFR facilities.5

3.1.2.1.6 EPRI Study

In what appears to be the most comprehensive cost analysis to

date, a study funded by the Electric Power Research Institute

(EPRI) in the United States provides data on the capital and

operating costs for eight different AR storage options as a

function of scale, looking at systems ranging from 500 MT to 2000

MT of storage capacity.^ The data provided were obtained

entirely from referenced sources, but all costs were converted to

constant 1983 dollars for comparison purposes. The estimates

include capital costs, operation and maintenance costs, and

decommissioning costs, but do not include transportation costs

because only AR storage is considered. Since many of the sources
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from which the data were obtained addressed storage at facilities

of a specific size, multiple least squares regression analysis

was used to define the relationships between facility size and

unit capital cost, and between facility size and unit operation

cost. For this study, since separate data are provided for

initial capital and annual operating costs, it was not necessary

to make an assumption regarding the time period of spent fuel

storage.

The EPRI study addressed the costs of water pools, silos,

drywells, 5 MT and 1-0 MT casks, vault storage of canned and

uncanned fuel, reracking, rod consolidation, and double tiering

of storage racks. Applying the cost curves generated for each of

three storage concepts to facilities of 500 MT, 1000 MT, and 2000

MT capacity, the results in Tables 3-4 and 3-5 were obtained.

These tables indicate the following:

For all storage concepts other than reracking, substantial
economies are achieved when larger storage facilities are
used, affecting both capital and operating costs. The
largest economies of scale are achieved for water pools,
drywells, silos, and vaults.

Storage casks have high capital costs among the non-
reracking options but have very low operating costs,
especially for facilities of 1,000 MT capacity or greater.

Dry storage of uncanned spent fuel in vaults has rela-
tively low capital costs for small facilities and very low
capital costs for larger facilities, but annual operating
costs are high. Canning of the fuel increases capital
costs substantially but has little effect on operating
costs.

Expanding pool storage is an expensive option in terms of
capital costs and is by far the most expensive in annual
operating costs. However, capital costs decrease
dramatically for larger facilities, but annual operating
costs remain high.

Drywell storage has the lowest capital costs of the
non-reracking options, regardless of facility size.
Capital costs for a 2,000 MT facility are extremely low.
Annual operating costs are also low at any scale.
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Silo storage has average capital costs with moderate
economies of scale. Operating costs are high for small
facilities and average for larger facilities.

The data also show that reracking is the lowest cost option.
However, the total amount of added storage capacity available
from this option is the most limited. It should also be recog-
nized in comparing the capital and operating costs estimated for
the various concepts that these are estimates assuming that the
entire capacity constructed is indeed utilized. Costs per unit
of fuel stored would increase if a non-modular facility was
built and only partially filled. Because of uncertainty in
projecting the demand for future storage capacity, the modular
concepts (casks, silos, and drywells) may have advantages over
water pools and dry vaults because new capacity can be added
incrementally on an as-needed basis.

Finally, the EPRI study addresses the costs of transporting
spent fuel to an AFR storage facility, a reprocessing plant, or
a geologic repository by truck or by rail, but not by barge.
The study provides the data obtained in the two separate refer-
ences^'8 as well as averages of the values from the two refer-
ences. The values reported include round-trip shipping charges,
shipping container leasing fees, special equipment and security
costs, and handling and demurrage fees, assuming transport in
the US, and are adjusted to January 1983 dollars. Furthermore,
they are based on the use of a cask which can carry one PWR
assembly (840 kg) or 2 BWR assemblies (55C kg total). The
results are shown in Figures 3-2 and 3-3. The EPRI study notes
that a doubling in cask size can decrease transportation costs
by nearly 40%, and that AR rod consolidation can reduce
transportation costs by a factor of 1.6 to 2.0.

3.1.2.1.7 NEA Fuel Cycle Study

The most recent authoritative study on the comparative costs of

a fuel cycle with reprocessing and a once-through cycle was
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conducted by the OECD Nuclear Energy Agency and published in

1S85.S It concluded that for the PWR fuel cycle, the total

cost with reprocessing and recycle of uranium and plutonium is

about 10* higher than the total cost of a once-through cycle for

a typical reactor in the OECD area. The report found that for a

PWR commissioned in the 1990s, the choice of one fuel cycle over

another would have at most a 3% impact on the total cost of

nuclear-generated electricity.

The cost of purchasing natural uranium was determined to be a

major cost component in either case: 41% of total fuel cycle

costs in the reprocessing cycle, and 45% of total costs in the

once-through cycle. Reprocessing costs account for over 25% of

total fuel cycle costs in the reprocessing cycle, and are only

partially offset by a credit of about 10% due to the recycle of

recovered uranium and plutonium. However, the study reported

that small percentage differences in fuel cycle costs, such as

uranium prices, can have significant financial value when

integrated over the reactor's lifetime. Therefore, changing

uranium prices can have a large impact on the comparative

economics of the two fuel cycle options.

3.1.2.2 Discussion

The studies described above have shown that the alternative fuel

storage concepts have a wide range of capital and operating

costs which need to be carefully examined in order to make a

determination of the optimum approach for a particular storage

need. First, for countries which do not reprocess their spent

fuel, reracking is highly desirable but does not provide a great

deal of additional capacity. Subsequently, decisions on improv-

ing spent fuel storage capacity are not so clear. It is appar-

ent that two storage concepts benefit the most from sconomies of

scale: water pools and dry vaults. Both have high fixed

capital costs regardless of storage capacity, so that larger
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facilities have a lower capital cost per unit of fuel stored.
Annual operating costs for both storage concepts are also high
(especially the water pools) but decrease for larger facilities.
These options are therefore more suitable when large quantities
of spent fuel must be stored in a single location, although
modular storage concepts may still be cheaper. This can be done
either by building one large storage facility to serve multiple
units at a power plant site, such as in Canada; by building a
storage facility at a reprocessing plant to receive fuel from
several different reactor sites, such as the UK, the FRG, Japan,
and France; or for long-term storage of spent fuel from several
plants at a centralized AFR facility, such as in Sweden,
Switzerland, and the FRG.

The economies of scale for these or other storage concepts are
particularly favorable in countries with larger nuclear power
programs where very large AFR storage facilities can be built.
For example, using the EPRI data for dry vault storage of fuel
assemblies which are not in containers, it appears that storage
of 2,000 MT in four separate 500 MT facilities would have a
capital cost of $134 million and annual operating costs of $4.2
million, while storage in a single 2,000 NT facility would have
a capital cost of $78 million and annual operating costs of $2.4
million plus the cost of transportation. The AFR economics are
even more favorable when this comparison is made for a country
with much larger fuel storage needs. Assuming that no addi-
tional economies of scale accrue for facilities larger than
2,000 MT, and using the EPRI data again for vault storage of
uncanned fuel, storage of 5,000 MT in ten separate 500 MT facili-
ties would have a capital cost of $335 million and annual opera-
ting costs of $10.5 million, whereas storage in a single 5,000
MT facility would have a capital cost of $195 million and annual
operating costs of $6.0 million plus the cost of transportation.
This analysis shows that the scale of national nuclear programs
is as important to consider as the scale of individual facili-
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ties. While the ISFM concluded that AFR storage is more econo-

mical except for power stations with six or more units, it is

clear that the economic advantages of AFR storage also depend on

the total number of reactors in the country which may be

serviced by the AFR facility.

An AFR storage facility would have further benefit if it was

located at an existing or planned reprocessing plant (in coun-

tries with fuel recycle) or at the site of a future repository

(in countries with once-through use of fuel). In these cases,

the cost of transporting fuel to the AFR site can be disregarded

when comparing AFR and AR storage, since the fuel would even-

tually need to be moved to that site anyway. In the US, the

Department of Energy believes all spent fuel should pass through

a centralized packaging facility located at a site other than

the repository site, and that temporary spent fuel storage could

also occur at this facility. In this case, the cost of

transporting spent fuel to this facility could also be excluded

when comparing AR and centralized storage. In contrast, Sweden

plans to package all spent fuel at the repository site.

It must be recognized that although water pools and dry storage

vaults benefit more than other storage concepts from economies

of scale, the other concepts may have a low per unit storage

cost regardless of scale. In the FRG, a decision has been made

to store spent fuel in dry casks at three separate 1,500 MT AFR

facilities, one of which is located at the future reprocessing

site. This would also be a desirable approach for a small

country building an AFR storage facility, since non-modular

storage techniques would be somewhat less expensive for a larger

storage facility. The modular concepts (casks, drywells, and

silos) have the added advantage that they can be added increment-

ally, as needed, so there is no penalty for over-estimating

future demand for fuel storage capacity. Uncertainties over

fuel storage needs, transportation costs, the availability of

future reprocessing, and public acceptance of an AFR storage
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facility all tend to favor AR fuel storage using modular

systems, particularly if the storage capacity is constructed

initially when the power station is constructed, rather than

added later.

Two final factors should be discussed in comparing the costs of

alternative spent fuel management techniques. First, fuel

design is a major constraint on the available strategies. Some

fuel cannot be wet stored for long periods of time because the

cladding corrodes. This is true c£ the British Magnox fuel, and

for this reason the British made an early decision to reprocess

the Magnox fuel since dry storage techniques were not yet

developed at that time. Another fuel design consideration is

that natural uranium fuels have much greater bulk and lower

burnups than do enriched fuels and therefore generate much

larger mass quantities of spent fuel, although the radioactivity

and thermal output are necessarily lower. Furthermore, preven-

tion of criticality is not a concern with natural-uranium fuel

designs. This is true of the Canadian natural-uranium-fueled

heavy water reactors, which generate very large quantities of

spent fuel but the fuel can be stored at high density because it

is cooler and cannot go critical when densely packed underwater

or in air. The use of small fuel bundles also facilitates dense

packing. Canadian power stations with as many as eight reactors

sharing a large storage pool generate very large quantities of

spent fuel and can achieve favorable economics utilizing wet

pool storage at the reactor sites.

The availability of reprocessing is the second factor having a

major influence on the cost of spent fuel management. As the

NEA study has shown, the cost of natural uranium can have a

strong effect on the comparative economics of the two fuel cycle

options, an effect which would likely mask the differences in

the costs of alternative fuel storage concepts. A decision to

reprocess would be influenced by political and public acceptance

issues, however, and could not be based on economics alone, even
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if uranium prices increase substantially and reprocessing

becomes much more economically attractive. In the meantime,

countries without reprocessing can store spent fuel indefinitely

in anticipation of either future reprocessing or repository

disposal, and the likelihood of future reprocessing either

domestically or through overseas services should be evaluated in

determining storage methods. A high likelihood of future

domestic reprocessing would argue for developing a central APR

storage facility at the site of the future facility if that site

was identified.

3.1.3 Environmental Impact

The review of national spent fuel management strategies shows

that environmental impact has not demanded the same level of

attention as the comparative costs of alternative storage

concepts. The evaluation of these impacts is generally

addressed in the context of applications to the regulatory

agencies for approval of a particular storage concept or

facility. The storage concept designs are based on fundamental

performance objectives for safety and all can be demonstrated

through these regulatory reviews to achieve acceptable safety

levels that are environmentally sound. Safety differences

inherent in the storage concepts are compensated for in the

actual designs, and differences in the costs of the alternative

concepts can be attributed partially to these differences in

inherent safety of the concepts and the resulting costs, which

vary from one concept to another, of designing a safe system.

The reracking procedure was shown above to be the most desirable

initial action to improve storage capacity in terms of cost.

However, reracking is likely to bring on larger occupational

radiation doses, such as to divers performing underwater

activities, than other storage alternatives such as removal of

spent fuel from the pools and transfer to dry storage systems.

On the other hand, if high-density storage racks are installed

3.1-24



initially and extensive water pool storage is thus available,

the shielding properties of the water against gamma radiation

offer advantages in terms of dose over dry storage concepts,

where an extra transfer step is usually introduced before the

fuel is transferred offsite for either reprocessing or packaging

for disposal. It should be recognized that the use of higher

burnup fuels may limit the density at which fuel assemblies may

be racked. The OS NRC1 s Core Performance Branch recently

expressed concern over the need to redo criticality calculations

when higher burnup fuels are used.

Reracking to higher densities may have a negative safety impact.

The most severe type of spent fuel storage accident that is

possible is one leading to a complete drainage of water from the

fuel pool. Sandia National Laboratories in the US performed a

study addressing this type of accident, with the objective of

determining the conditions that could lead to cladding failure

due to overheating when storage rucks and the stored fuel are

exposed to air.10 High-density racks increase the heat source

and retard heat removal. Thus, high-density storage increases

the potential for cladding failure following a loss-of-pool-

water accident and provides a higher inventory of fission pro-

ducts for potential release to the environment. This question

is currently being addressed by the US NRC as an unresolved

safety issue.

The environmental impact of dry storage has been addressed in

license applications to the US NRC from the Virginia Power Co.

and Carolina Power and Light (see Section 2.8.4.2.1). NRC has

issued an environmental assessment in support of the issuance of

a license to store spent fuel in Castor V/21 dry storage casks

at Virginia Power's Surry plant.11 The assessment concludes

the following:

No significant construction impacts are anticipated, with
activities affecting only about two percent of the land
area of the Surry site. Fugitive dust, erosion, and noise
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impacts can be controlled to insignificant levels with
good construction practices. The only irretrievable
resource commitment is the concrete used for storage
slabs.

Radiological impacts from liquid and gaseous effluents
arising from cask loading and preparation are within the
range of impacts evaluated from reactor operations and are
controlled by the existing Technical Specifications for
the Surry plants.

Direct irradiation of workers and nearby residents is the
primary exposure pathway. The nearest resident is
expected to receive about 6 x 10~5 mrem/year, and the
occupational dose due to construction and operation is
expected to be a small fraction of the total occupational
doce commitment for Surry. (Slab construction is esti-
mated to result in an average of 64 man-rem per slab from
the colocated low-level waste st»rage facility and from
spent fuel already in storage on slabs. Occupational dose
due to annual operations is estimated to result in 23
man-rem per year. The annual average collective dose to
workers at Surry between 1973 and 1982 was 2315 man-rem
per year.)

Radiological impacts due to accidents at the spent fuel
storage facility are expected to be a small fraction of
the 5 rem criterion specified in NRC's regulations. An
impact rupture of a cask causing depressurization, release
of 20% of noble gases, and release of some fission product
particulates is estimated to cause doses of 4 mrem to the
whole body and thyroid at the controlled area boundary and
0.24 mrem to the whole body and thyroid of the nearest
resident.

No significant non-radiological impacts are anticipated,
including impacts on land use and terrestial resources,
water use and aquatic resources, socioeconomics, and cask
heat dissipation.

Based on this environmental assessment, NRC issued a license to

Virginia Power in July 1936, authorizing dry storage of spent

fuel at the Surry Plant for a period of 20 years.

NRC has also issued an environmental assessment (March 31, 1986)

in support of issuing a license to store spent fuel at Carolina

Power and Light's Robinson-2 plant.^ Tl»e operator intends to

store 56 spent fuel assemblies in concrete horizontal storage

modules manufactured by Nutech, Inc. Seven assemblies would be
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stored in each of eight modules. NRC's Environmental Assessment

concludes that no significant construction impacts are antici-

pated, with only about 0.15 acres on the site affected. Similar

conclusions are drawn as in the Surry EA with respect to the

control of fugitive dust, erosion, and noise and the commitment

of resources, and with respect to the radiological impacts from

effluents. The primary radiation exposure pathway is determined

to be direct irradiation of nearby residents and site workers.

The nearest resident would receive an added dose of 0.4 mrem/

year; the collective dose commitment to residents within one

mile of the storage facility would be 9x10"^ man-rem/year.

Based on this Environmental Assessment, the NRC staff has

approved Carolina Power and Light's application and the Commis-

sion is expected to authorize the issuance of a license for the

facility in the very near future.

No general conclusions can be drawn regarding the comparative

radiological impact of a reprocessing fuel cycle versus the

once-through use of fuel. Reprocessing is likely to have

significant collective dose to both the work force and the

public due to routine gaseous and liquid discharges from a

reprocessing plant, doses to workers in fuel handling» and the

fact that additional intermediate and low-level waste streams

are produced which must be processed, transported, and

ultimately disposed of with potential occupational or public

exposure at each stage. On the other hand, there are

significant occupational and public exposures asscciated with

the increased mining and milling of uranium that are necessary

in a once-through fuel cycle. A major study was conducted in

the US during the 1970s resulting in the Generic Environmental

Statement on Mixed Oxide in 1976, at which time no significant

differences in the radiological impact of once-through use of

fuel and recycling were expected.13 The study was

discontinued when President Carter imposed a ban on commercial

reprocessing in 1977, and no subsequent work has been done in

this area in the US. In the FRG, the alternative Entsorgung

investigations (Section
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2.3.4.6), which have, among other things, considered whether

there are decisive safety advantages in direct disposal of spent

fuel as compared to the reprocessing strategy, have thus far

concluded that overall doses are 50% lower to the general public

if spent fuel is not reprocessed, and 15% lower to the work

force.14 In contrast, Cogema of France determined doses

during 1983 to be 0.11 person-rem per MWe-year of electricity

produced by reprocessed fuel, versus 0.25 person-rem per

MWe-year from uranium mining.^

In summary, the differences in environmental impact of alterna-

tive spent fuel storage concepts are not viewed as large,

certainly not of similar magnitude as the differences in cost.

Differences among the storage siting options may be slightly

larger. At-reactor storage (either centralized or distributed)

may have advantages in terms of non-radiological, land-use

impact over storage at locations away from the reactcr sites.

Centralized storage, either at a reactor site or at a separate

AFR site, would have a slightly higher impact than distributed

at-reactor storage because of the risk of transport accidents.

These findings suggest that the choice of spent fuel storage

strategies is one to be made by the utili ty based on operational

considerations and cost. It is unclear based on limited

investigations whether there are substantial differences in the

comparative environmental and safety impact of fuel recycle and

the once-through use of fuel.

3.1.4 Public Acceptability

Before summarizing the various national approaches for achieving

public acceptance of spent fuel management programs, i t is

ureful to examine the parameters that affect public acceptance.

First, i t is important to recognize that nuclear power is

controversial worldwide for several reasons, including:
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the lay public's continuing, long term association between
nuclear power and nuclear weapons;

fear of the insidious nature of radiation;

fear of transnational effects of reactor accidents,
especially since the Chernobyl disaster;

organized opposition on an international scale;

real concern for public safety and worker safety;

real concern for the environmental heritage to be left to
future generations;

exploitation of fear to gain political or economic
advantages; and

uncertainty about the cost-effectiveness of the techno-
logy.

It is also important to note that the nuclear energy controversy

occurs in many different settings in various countries, including

the media, political debates and elections, power plant siting

and licensing proceedings, transportation routing, emergency

planning, and others. Furthermore, the nuclear energy contro-

versy affects a wide cross section of society, including politi-

cal, government, and financial decision makers; utilities, radia-

tion workers, and safety regulators; community groups, students,

labor unions, the lay public, the media and others. These people

are the stakeholders in the nuclear energy controversy, who

operate in the settings described above and who are motivated for

the various reasons listed. Collectively they represent a very

complex and difficult challenge for gaining public acceptance.

Because of the multi-dimensional human characteristics of this

challenge, it is apparent that a haphazard approach for gaining

public acceptance will not work. It is a complex problem to gain

public acceptance, and the solution must be carefully planned and

well managed by people who understand the technology and are

skilled in the art of communication.

Worldwide experience reflects that when utilities, regulators,

policy officials, intervenors, or others involved in the nuclear
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controversy take the time, do the planning, listen to the con-

cerns, and manage the problems, public opinion will go their way.

For example, when people's jobs, national security, or taxes de-

pend upon nuclear power, and they are shown how, and when the

government listens to their concerns, their opposition declines.

Conversely, when bil ls for electricity are too high, when fears

are stirred, or when decision makers are not visible or are

secretive about their activities, then opposition increases. The

central points to realize are (1) opposition to nuclear techno-

logy exists everywhere in the world for one reason or another,

and (2) i t must be addressed by well-conceived and well-managed

programs in order to be overcome.

With this introduction to the multi-dimensional nature of the

nuclear energy controversy, the various national programs can now

be summarized, understood, and compared in terms of how well they

have succeeded at overcoming opposition to nuclear waste facility

siting and at achieving public acceptability.

Belgium has historically relied on nuclear power, as i t has a

high demand for electricity and limited resource options. The

Mol-Dessel reprocessing plant and related facili t ies have been

accepted by the local communities, primarily because of the

employment opportunities offered by the plant. Reactivation of

the Eurochemic plant would likely be accepted for the same

reason. Although Mol is not suitable for a shallow land burial

facility (because the water table is very close to the surface),

the favorable climate of public acceptance may be a strong

incentive to store low-level waste there in engineered struc-

tures. There is hope that the acceptance of Mol-Dessel for

reprocessing will be extended to the siting of a high-level waste

repository in clay beneath the si te. However, this is not

certain because Mol-Dessel has historically been accepted for the

employment provided, not because of any enthusiasm for nuclear

activities. A high-level waste repository is not anticipated to

generate the same support because employment needs of such a

facility would not be as great as for the reprocessing plant.
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In the past, the Canadian site investigation program for

radioactive waste had several novel features including the

following:

formal process for siting research;

approval by local people for test drilling;

public information dissemination; and

community relations activities.

These efforts appeared to succeed in gaining public support until
anti-nuclear organizations lobbied local elected officials and
gained their support. The Federal and Ontario governments then
stepped in to separate the disposal research activities from site
selection activities, which would not begin until after an
extensive technical review and public hearing resulting in accept-
ance of the waste disposal concept. The research activities
which precede the hearing and the site selection phase, such as
test drilling, do not now require public consultation or
approval. Public opposition on the local level will still be a
great challenge once siting does begin, but at least by then
there will be a high-level of confidence in the technical
concept, as it will have been accepted by the government and the
technical community. It is also possible that economic incen-
tives (e.g., local jobs) in the actual site selection phase may
help to offset the anti-nuclear lobbying of local officials in
the research phase.

The current program for gaining public acceptance in the FRG grew
out of earlier, unsuccessful attempts to gain local approval of
the Gorleben fuel cycle center. Local and national antinuclear
protestors succeeded in stopping an approval of the Gorleben site
for that purpose. This led the Federal and state governments to
collaborate on a new program that includes the following
elements:

3.1-31



These efforts will help gain better public acceptance. However,

the pluralistic nature of U.S. society and the nature of the

public media guarantee that the public controversy will be

intense to the end. The influence of political factors on the

decision to suspend second repository site investigations is one

recent example, threatening to jeopardize the political balance

between East and West formulated in the Nuclear Waste Policy Act.

In the end it will be the complex but stable legal system of the

U.S. that will uphold or deny the DOE decisions on high-level

waste depending on whether the rules laid down by Congress have

been followed.

In comparison with the eight countries reviewed in this study,

Sweden appears to be further along with its decisions on spent

fuel management. Efforts to obtain public acceptance of the

spent fuel management strategy have included:

good public relations, and communications;

review of disposal plans and research by domestic and
foreign experts;

extensive in-situ research program;

stable management of waste program;

use of government or utility-owned sites, near or on
existing nuclear sites; and

avoidance of land transportation.

Furthermore, local governments have the authority to determine

the zoning of land use in their communities, and have the power

to veto a land use proposal if it is not compatible with local

zoning plans. Nuclear waste management facilities are not

excepted from this process.
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Despite well running nuclear plants and lack of serious criticism
of its waste management plans, Sweden has made a commitment to
phase out its authorized nuclear power program by 2010. Perhaps
this aids public acceptance in that nuclear power is viewed as an
interim dependence, not long term.
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TABLE 3-1. NUCLEAR POWER CAPACITIES AND
SPENT FUEL GENERATION DATA (THERMAL REACTORS ONLY)

US

France

Japan

FRG

UK

Canada

Belgium

Fuel
.3*426

Total Generating
Capacity, MWe
(operating/under

oxide (LWR*)

oxide (PWR)

metal (GCR)

oxide (LWR*)

oxide (LWK)

oxide (AGR)

metal (GCR)

oxide (HWR)

oxide (PWR)

Number of
Reactors

(operating/under

Switzerland oxide (LWR)

80,700/24,200

36,500/22,400
1,900/0

23,300/10,- 00

16,100/11,300

6,200/2,700
5,200/0

11,000/4,300

5,500/0

2,900/2,100

95/23

39/18
4/0

31/11

16/9

10/4
26/0

17/5

7/0

5/2

Spent Fuel
Produced

to Date (MTHM)

13,000

2,600
16,500**

4,500

2,700

700
25,000**

9,000

N/A

600

Current Spent
Fuel Discharge

Ba.te.lMT.ufi/ifiarJ

1,900

630

400 (est.)

800

400
130

1,300

1,600

N/A

90

**

Small amounts of additional spent fuel are generated at the Fort St. Vrain (US) and Tokai
(Japan) gas-cooled reactors and are not included here.

Data for France and the UK may include spent fuel from the military production reactors.
The US figures do not include fuel discharged from military production reactors.



Country

France

UK

Japan

FRG

Belgium

SPENT FUEL

Facil itY

TABLE 3-2

REPROCESSING

Primary
Fuel TvDe

Marcoule: UP1 Metal
La Hague: UP2 Metal

Oxide
UP2-800 Oxide
UP 3 Oxide

Se l la f i e ld
THORP

Tokai Mura
Rokkashomura

Karlsruhe
Wackersdorf

Mol

Metal
Oxide

Oxide
Oxide

Oxide
Oxide

Oxide

FACILITIES

Year of
Operation

1958
1967-1986
1976-1991
1991
1989

1952
1990

1977
1995

1971
1992

1966-1974

Capacity
(MT/year)

500
250*
2 5 0 - 3 5 0 *
800
800

1250
600

150
800

20
350

25

UP2 has been used to reprocess oxide (LWR), metal (graphite
reactor), and breeder fuels but is gradually being dedicated to
LWR fuel only. Its capacity for LWR fuel only will be 400
MT/year.



TABLE 3-3

Summary of Spent Fuel Storage Methods

United States -

£BG -

UK -

Canada -

At-reactor storage with reracking.
transshipments, and dry storage.

Plans to utilize rod consolidation,

Offsite transfer to reprocessing facility within one year of discharge. Wet
storage only.

Offsite transfer to reprocessing facility (mostly foreign) within 2 to 3
years of discharge. Interim storage under study with emphasis on dry
storage.

Offsite transfer to reprocessing facility (mostly foreign) within one year
of discharge. Will extend to 5 years and utilize 3 away-from-reactor dry
storage facilities in preparation for use of German reprocessing plant in
1990's.

Offsite transfer of GCR metal fuel to reprocessing facility within one year
of discharge. Mostly wet storage; one plant has dry vault. AGR oxide fuel
wet-stored at reactor for 1 to 2 years, then shipped to THORP site for
reprocessing beginning in 1990.

Onsite wet storage. Expanded at-reactor or centralized storage under
consideration of both wet and dry design.

Offsite transfer to foreign reprocessing facilities after brief storage
period. Wet storage only.

Offsite transfer to foreign reprocessing facilities after brief storage
period. Centralized facility for storage of various radioactive wastes and
dry storage of spent fuel in casks scheduled for 1992 operation.



Table 3-4

DATA SUMMARY - CAPITAL COSTS (S/Kgll)

' FACILITY CAPACIFY

STORAGE OPTION ' [̂ __
Cask (t> MTU capacity)

Vault ( fue l canned)

Cask {10 MTU capacity)

BUR Repacking (stainless steel to
borated stainless steel )

Pool

Si lo

Vault ( fuel not canned)

Dry we 11

PWR Re rack ing (stainless steel to
borated stainless steel )

Rod Consolidation Within Existing Pool

PWR Reracking (low-density to
stainless steel )

BWR Repacking (low-density to
stainless steel )

BWR Reracking (low density to borated
stainless steel )

PWR Reracking (low density to borated
stainless steel )

Double T ie r ing*

500

100

80

63

97

70

67

53

39

40

25

22

20

18

1000

109

87

75

61

59

59

48

41

38

25

22

20

18

2U00

103

81

73

60

42

54

39

35

38

25

22

20

18

•No cost data, but reracking costs represent lower l i m i t s .

Source: Cost Comparison for Cn-Site Spent-Fuel Storage Options,
Electric Power Research Inst i tute , EPRI NP-j!i6U, May iyt?4



Table 3-5

DATA SUMMARY - ANNUAL OSH COSTS (S/KgU)

- — ^ ^ _ FACILITY CAPACITY
1 - » - ^ _ _ (MTU)

STORAGE OPTION • ^ « _ j

Pool

Vault (fuel not canned)

Silo

Vault (fuel canned)

BUR Reracking (stainless steel to
borated stainless steel)

BWR Reracking (low density to
stainless steel)

BWR bracking (low density to borated
stainless steel)

Dry we 11

Cask (5 MTU capacity)

PWR Reracking (stainless steel to
borated stainless steel)

PWR Rerack<ng (low density to
stainless steel)

PWR Reracking (low density to
borated stainless steel)

Cask (10 MTU capacity)

Double Tiering*

Rod Consolidation Within Existing Pool**

500

4.9

2.1 .

2.1

1.9

1.1

1.0

1.0

.9

1.3

.5

.4

.4

.3

1000
3

1

I

1

I

1

1

,U

.5

.3

.6

.1

.0

.0

.7

.7

.5

.4

.4

.2

2000

I.

1.

1.

1.

I.

i #

1.

•

•

•

•

•

0

2

0

5

1

0

0

6

4

5

4

4

2

•No cost data, but reracking costs represent lower l imits.

**No cost data available.

Source: Cost Comparison for On-Site Spent-Fuel Storage Options,
Electric Power Research I n s t i t u t e , EPRI NP-JJU'J, May 1984



FIGURE 3-1

National Schedules for Spent Fuel and High-Level Waste Management
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Figure 3-2

Round Trip Truck Transportation Costs

Source: Cost Comparison for On-Site Spent-Fuel Storage Options,
Electric Power Research Inst i tute , EPKI N#-!siBU, May 1984
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3.2 COMPARISON OF POLICIES

This section reviews and compares national policies on nuclear
power, spent fuel management, and high-level waste disposal.
Sections 3.2.1 through 3.2.3 examine and compare the policies
which have been developed in each country on reprocessing,
repository development plans, and organizations for conducting
these activities. Section 3.2.4 discusses the impact of these
policies on the development and licensing of nuclear power
plants, focusing principally on stipulations that link reactor
licensing and development to planning and R&D progress in nuclear
waste management. The policies themselves were presented in
Sections 2.1 through 2.8.

3.2.1 Reprocessing

The most fundamental decision influencing the characteristics of
the nuclear fuel cycle in a given country is the decision over
whether to reprocess the fuel elements discharged from thermal
reactors, in which the uranium and plutonium are recovered for
recycle in thermal reactors or for use in fast breeder reactors,
or to proceed with once-through use of fuel. Some countries
decided early in the development of nuclear power to develop a
domestic reprocessing capability, such as the UK and France which
have provided reprocessing services to a number of foreign
countries as well as to domestic utilities. The United States
also initially assumed a closed fuel cycle involving reprocessing
and operated a small commercial reprocessing facility in the late
1960s and early 1970s in West Valley, New York until the plant
was shut down by the operator. Construction of a large reproces-
sing plant of 1,500 MT/year capacity was partially completed in
the mid-1970s, but eventually abandoned for reasons explained
below. A small reprocessing plant was also operated in Belgium
during this time period under a joint arrangement of 13 OECD
countries; Belgian spent fuel is now sent to the UK and France
for reprocessing.
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The decision to develop domestic reprocessing was made later in

the development of nuclear power in countries such as the FRG and

Japan, which have contracted for reprocessing services in the UK

and France but intend to have large domestic capabilities ia the

1990s. Of the other countries reviewed in this report, Switzer-

land has sent its spent fuel to reprocessors in the UK and France

since its first nuclear power plart went into service in 1969.

Sweden's approach has been similar except that, after the

decision to phase out nuclear power, reprocessing was no longer

considered practical and, as in the US, diract disposal of spent

fuel is now planned. The government of Canada has not taken a

position on reprocessing, and nuclear waste researchers plan to

develop the capability to dispose of either spent fuel or

high-level wastes from reprocessing. The FRG also is developing

a capability for the alternative of direct spent fuel disposal in

parallel with its investigations into the planned disposal of

vitrified high-level waste from reprocessing. The FRG is unique

in that its Atomic Erergy Act requires the utilization of

radioactive residues to the extent possible.

The information in Sections 2.1 through 2.8 reveals a variety of

reasons for these national positions on spent fuel reprocessing.

In the United Kingdom, the unavailability of either enriched

uranium or heavy water at the time when the nuclear power

industry was being planned dictated that at least the first

reactors had to use fuel with a metallic cladding material to

provide the lowest possible neutron absorption cross-section.

The cladding material which was developed corrodes easily and,

since dry storage techniques had not yet been developed,

reprocessing was necessary to avoid potential environmental

hazards, in addition to being desirable from the standpoint of

energy supply (See Section 2.7.1). Recovered uranium has now

been re-enriched to natural uranium levels and fabricated for

recycle in Hagnox reactors. Over 20 tons of plutonium are also

in storage in the UK for use in fast breeder reactors.
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Energy supply was the principal basis for deciding to reprocess
spent fuel generated in Belgium, France, Japan, the FRG, the US,
Switzerland and Sweden. Although it was initially anticipated in
France, Japan, and FRG that recovered plutonium would be used to
fuel future breeder reactors, the need for breeders has developed
more slowly than expected, and as a result the recovered uranium
and plutonium have been refabricated into mixed oxide fuels for
recycle in light water reactors, meeting the energy supply
objectives of reprocessing in a somewhat different manner than
originally envisioned.

In the United States, the initial intent was to use recovered
materials for recycle in LWRs as well as to fuel breeder
reactors. However, commercial reprocessing has not occurred
since the West Valley plant discontinued operations in 1972 after
reprocessing 641 MT of spent fuel, and the operator decided not
to restart the plant because of the cost of newly-imposed safety
regulations (see Section 2.8.1). The 1,500 MT/year Barnwell
reprocessing facility was under construction at the time, but
after the majority of construction had been completed, the Carter
Administration introduced its ban on commercial reprocessing in
1?77, out of concern for the perceived adverse impact of reproces-
sing on achieving the Administration's nonproliteration objec-
tives. When the Reagan Administration lifted the ban in 1981,
the costs of completion had escalated and a large sum remained to
be invested to complete construction. As a consequence, the
company building the Barnwell plant decided against completing
the project. It can be inferred that there is apprehension to
commit additional funds because of political instability and the
prospects that a ban could be imposed again by a future admini-
stration. The government is now assuming that there will be
direct disposal of spent fuel.

As stated above, Sweden initially intended to reprocess its spent

fuel at overseas plants m d has contracted for foreign
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reprocessing of about 10% of its total projected spent fuel

discharge from the 12 operating plants. However, these contracts

preceded Sweden's 1980 public referendum and the subsequent

Parliamentary decision to phase out nuclear power by 2010. There-

fore, because of public opposition to the use of nuclear power,

based partly on the nuclear waste issue but also on concern over

nuclear weapons and the accident at Three Mile Island in the US

which preceded the referendum, Swedish utilities are now trying

to sell their contractual rights to reprocessing services, and

the government is planning for the direct disposal of spent fuel.

The Canadian government has not taken a position on the commer-

cial reprocessing of spent fuel from its heavy water reactors.

Early economic utility of used fuel is not envisioned in Canada,

but the economics of recycle may prove favorable oeyond the next

decade. In the longer term, CANDU heavy water reactors can also

operate on thorium, of which there are abundant supplies in

Canada. Thus, the prospects for reprocessing to eventually be

developed in Canada are still uncertain due to a variety of

technical and economic factors. Canada is maintaining options to

dispose of either spent fuel or high-level reprocessing wastes.

3.2.2 Schedules for Repository Operation

Significant differences in national policies for nuclear waste

disposal are evident when the schedules for developing reposi-

tories are examined. In Section 3.1.1, Figure 3-1 was presented

to illustrate the time periods in which each country plans to

construct and operate repositories, as well as other earlier

activities related to spent fuel storage, reprocessing, waste

treatment, and underground investigations. The US and the PRG

are on the fastest schedules to develop repository disposal

capabilities, with plan»? to begin disposal by the end of this

century. These policies are apparently due to (1) the rising

criticism of nuclear power partially based on the nuclear waste
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issue and (2) the desire to demonstrate to the public that

solutions are at hand and that the burden of responsibility is

not being placed on future generations.

In the UK, France, Japan, Belgium and Switzerland, current plans

are to store the vitrified high-level wastes from reprocessing to

allow cooling, with planned storage periods ranging from 30 to 50

years; Sweden has a similar policy to store spent fuel for about

40 years. These policies are based on (1) the technical, econo-

mic, and safety advantages of allowing waste to cool down before

emplacing it in an underground repository and (2) the desira-

bility of having substantial time to work cut the best technical

and political solutions. Canada is also likely to store its

spent fuel and/or high-level waste for an extended period for

similar reasons, and because the expected economic utility of the

spent fuel is still unclear.

3.2.3 Organizational Responsibilities

There are noteworthy differences among the eight countries in the

assignment of organizational responsibilities for nuclear waste

management (see Table 3.3-1 and Figure 3.3-1, below). In the

United States, the utilities are responsible for the storage of

spent fuel only until 1998, when ownership is to be transferred

to the Federal Department of Energy. DOE is responsible for

repository activities and must obtain licenses from the nuclear

Regulatory Commission. The utilities finance all nuclear waste

management activities.

The FRG and Switzerland are somewhat similar to Sweden in that in

each country, a consortium of all nuclear utilities has been set

up to manage the back end of the fuel cycle. In Sweden the

consortium is SKB, the Swedish Nuclear Fuel and Waste Management

Company. SKB's activities include the responsibility for

repository development. Nuclear licensing is carried out by a
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Federal agency, the Swedish Nuclear Power Inspectorate while

another agency, the National Board for Spent Nuclear Fuel (SKN),

evaluates waste management research needs and decides the fee on

nuclear-generated electricity for financing waste management

activities. In the FRG, the consortium DWK manages the back end

activities except for waste disposal, which is the responsibility

of the Federal PTB, the Physical-Technical Institute. Licensing

of nuclear facilities, including repositories, is performed by

individual states under Federal guidelines and assistance. In

Switzerland, the National Cooperative for the Storage of Radio-

active Waste (NAGRA) represents the six nuclear utilities and the

State and is responsible for identifying sites and constructing

and operating waste repositories. Another consortium has been

established by the utilities for the planning of a single

centralized interim storage facility for spent fuel and radio-

active wastes. Licenses are granted by the Federal Council

following opinions from the Federal Energy Office.

France has established a special waste management agency, ANDRA,

which is part of the French Atomic Energy Commission, the CEA.

CEA is a public establishment but also a holding company for

several partially or wholly-owned companies such as Cogema. CEA,

in turn, is under the Minister for Industry and Research (MIR).

Safety regulation is the jurisdiction of another branch of MIR,

the Central Service for the Safety of Nuclear Installation

(SCSIN).

In Japan, the Power Reactor and Nuclear Fuel Development Corpora-

tion (PNC), which is under the authority of the Prime Minister's

office through the Atomic Energy Bureau of the Science and

Technology Agency, is responsible for management of fuel cycle

activities as well as nuclear waste disposal research. Although

responsibilities for the development of waste repositories have

not yet been assigned, PNC is likely to be the primary agency in

charge of siting the facilities and possible the waste disposal
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itself. Fuel cycle activities are regulated by the Nuclear

Safety Bureau (MSB) of STA, while reactors are licensed by the

Ministry of International Trade and Industry (MITI). It is not

yet decided whether STA or HIT! will have responsibilities for

repository licensing.

Canada is currently engaged in a ten-year concept assessment

phase and has not yet assigned responsibilities for waste

disposal. The Federal government is responsible for the concept

assessment research in the areas of waste immobilization and

disposal, while the government of Ontario (where most nuclear

power plants are located) is responsible for research into

interim storage and transportation. Atomic Energy of Canada

Limited, a federal Crown corporation, conducts the immobilization

and disposal research on behalf of the Federal government, while

Ontario Hydro, the provincially-owned utility, conducts the

transportation and interim storage research for Ontario. All

regulation and licensing are performed by the Federal Atomic

Energy Control Board.

In the United Kingdom, reprocessing and other fuel cycle

activities are conducted by British Nuclear Fuels (BNFL), an

independent, government-owned corporation. NIREX, the national

waste disposal executive owned by the UK Atomic Energy Authority,

the Central Electricity Generating Board, and BNFL is responsible

for the siting and development of a low and intermediate-level

v/aste repository and together with the UK Department of the

Environment will soon select potential sites for a repository

following which a site characterization program will begin. The

Nuclear Installations Inspectorate, which is part of the Health

and Safety Executive, is responsible for regulation.

Finally, Belgium has established a separate waste management

agency under the Minister for Economic Affairs, the National

Organization for Radioactive Waste and Fissile Materials
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(NIRAS/ONDRAF). The organization is responsible for the storage,

transport, conditioning and permanent disposal of radioactive

waste. SYNATOM, the fuel cycle company owned by the government

and the Belgian utilities, is responsible for spent fuel after it

leaves the reactor pools, and NIRAS/ONDRAF acts on its behalf.

Th3 Minister of Public Health is responsible for licensing in the

nuclear field.

3.2.4 Impact of Policies On Nuclear Power Development

In some countries, the licensing and development of nuclear power

have been linked to spent fuel management plans and R&D

progress. Like Sweden, two of the countries covered in this

study—the FRG and Switzerland—require reactor license

applicants to demonstrate a safe spent fuel management strategy

in order to obtain reactor construction or operating licenses.

In the FRG, this demonstration must initially be made in support

of an application for a construction license. Subsequently,

before the first partial operating license is granted, a

demonstration must be made that the safe location of spent fuel

is assured for the first six years after plant commissioning.

This can be accomplished by submitting contracts to reprocess the

spent fuel. Reactor licensing in the FRG is also linked to

progress in siting both external storage and reprocessing

facilities (see Section 2.3.4.5). Swiss law requires proof and

guarantee of safe and final waste disposal in order to license a

new nuclear power plant, and Federal regulations required this

demonstration by the end of 1985 in order to extend existing

operating licenses beyond that time.

Similarly, in order to obtain permission to load fuel into a

reactor for the first time, licensees in Sweden must (1)

demonstrate that there is a method for handling and final

disposal of spent fuel and derivative waste which is acceptable

with regard to safety and radiation protection and (2) present an
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R&D program for the work that is necessary to support this

demonstration.

In contrast, when the USNRC completed its Waste Confidence

Proceeding in 1984, it determined that there was a reasonable

assurance of the feasibility of safe spent fuel management and

hich-level waste disposal. NRC then issued a rule requiring

that, at least 5 years before the expiration of a plant's

operating license, the reactor licensee must submit its plans for

onsite management of spent fuel until the time when title to and

possession of the fuel are transferred to DOE for ultimate

disposal. This does not constrain licensing actions in any way.

However, controversy in the US over the acceptability of nuclear

waste disposal may impact upon the development of nuclear power

in another manner. In 1983, the US Supreme Court unanimously

upheld a California State law banning the construction of new

nuclear power plants in California until a technology for the

safe disposal of high-level waste is demonstrated, and ruled that

other states may enact such bans so long as they are based on

economic grounds. (Radiological concerns are left to the

exclusive jurisdiction of the Federal government under the Atomic

Energy Act.) At least three other states (Maine, Connecticut,

Oregon, and Wisconsin) have also banned reactor construction

until a waste disposal strategy is demonstrated (see Section

2.8.6.2).

Japan requires license applicants only to indicate the method of

disposition of spent fuel, which in effect means identifying that

the spent fuel will be reprocessed. Canada and the UK have both

been advised by special commissions not to commit to new nuclear

plants until substantial progress is made in high-level waste

disposal, but neither government has adopted such a policy.

France and Belgium also do not link reactor licensing to waste

disposal planning or R&D progress.
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3.3 COMPARISON OF REGULATIONS

This section compares the regulatory requirements affecting spent

fuel management and high-level waste disposal in the eight

countries studied. Section 3.3.1 considers the overall spirit

and characteristics of the regulatory requirements; Sections

3.3.2 and 3.3.3 focus on the responsibilities of the utilities

and of the regulators, respectively.

3.3.1 Spirit and Characteristics

An important difference in the regulatory requirements for spent

fuel and high-level waste management in the eight countries is

the extent to which prescriptive regulations have been

developed. In some countries, specific rules and criteria have

been written for these activities, while in others they have not

and the approach seems to emphasize compliance with radiation

protection criteria.

The United States has defined its requirements for spent fuel

storage and waste disposal the most thoroughly. As described in

Section 2.8.5, specific requirements have been written by the

Nuclear Regulatory Commission for interim storage of spent fuel,

transportation, and high-level waste disposal to supplement

existing criteria on acceptable radiation doses. Numerical

requirements for waste disposal are established in addition to

requirements that radiation protection objectives be achieved.

These include waste package containment requirements, limits on

radioactivity release rate from the engineered barrier system,

minimum groundwater travel time, and groundwater protection

requirements. The NRC criteria are designed to assure compliance

with the Environmental Protection Agency's radiation protection

requirements, which limit the maximum individual whole body dose

to 25 mrem per year. EPA's standards seek to insure that risks

to future generations will be no greater than if the uranium ore
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from which the waste originated had never been mined. The NRC

has also issued several regulatory guides dealing with wet and

dry systems for spent fuel storage, transportation, and

high-level waste disposal. The Department of Energy has issued

guidelines for use in selecting sites for a high-level waste

repository.

In Canada. France, and the FRG. regulatory requirements are

generally defined in terms of acceptable radiation doses to the

general public, but further criteria regarding waste disposal are

under development. To supplement its generally-applicable Atomic

Energy Control Regulations, which apply to all spent fuel and

waste management activities, Canada's AECB has issued a regula-

tory policy statement addressing acceptable radiation doses

following repository closure and establishing other requirements.

The policy statement also establishes goals for what must be

demonstrated in the concept assessment phase to get concept

approval and allow siting activities to begin. Repository siting

guidelines have also been issued. Other qualitative goals have

been proposed by AECB regarding burden on future generations,

protection of the environment, and protection of health (no more

than 10~6 serious health effects per year). AECB intends to

develop further regulations on spent fuel management and high-

level waste disposal beginning in the early 1990s, following the

concept assessment phase, when it is better understood what acti-

vities will be conducted and what regulations will be required.

In addition to radiation protection requirements in France,

specific safety criteria have been developed for reprocessing

activities as well as numerical specifications for the vitrified

wastes produced from reprocessing. Transportation regulations

and repository siting guidelines have also been established. A

special committee advises SCSIN on the formulation of technical

and safety criteria for the permanent repository, and a temporary

expert group is expected to make recommendations on disposal

regulations for high-level waste by 1987.
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The FRG conducts spent fuel management activities, like other

nuclear activities, in accordance with its Radiation Protection

Ordinance, which limits whole body doses to 30 mrem per year. In

addition, site selection guidelines have been issued, which do

not include generally applicable quantitative safety criteria.

Site-specific criteria for the Gorleben repository are under

development and scheduled to be issued in draft form in about

1990. The site-specific criteria will include numerical

requirements for the performance of the repository system.

Switzerland has established specific protection goals for the

disposal of all categories of radioactive waste, supplementing

Switzerland's general radiation protection criteria. Two goals

have been established: the repository must not cause individual

doses in excess of 10 mrem per year; and the repository must be

designed such that it can be sealed at any time within a few

years and safety and surveillance measures can be dispensed with.

Finally, Belgium. Japan and the UK. like Sweden, all appear to be

relying on a strategy in which general radiation protection

requirements are applied to spent fuel and waste management

facilities. This strategy is based on requirements contained in

the Law for the Regulation of Nuclear Source Material, Nuclear

Fuel Material and Reactors, and the Ordinance for the Enforcement

of this law, in Japan; and in the Nuclear Installations Act, the

Radioactive Substances Act, and the Ionising Radiations Regula-

tions, in the UK. In Sweden, these requirements are specified in

the Radiation Protection Act, the Act on Nuclear Activities, and

the Ordinance on Nuclear Activities. It is possible that

specific siting guidelines and disposal criteria for high-level

waste repositories will be developed in the future in some of

these countries. As discussed in Section 3.1.1, these countries

do not expect to begin repository disposal before at least 2020.
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Aside from these differences in the specificity of regulations in

the eight countries, regulatory positions on particular waste

disposal concerns may vary. One important example is the

retrievability of spent fuel or high-level waste from a

repository. Regulatory authorities in the United States, Canada

and Switzerland have most clearly defined their policies on

retrievability. In the US, EPA's environmental standards for

disposal of high-level waste (40 CFR Part 191) require that the

disposal system be selected such that removal of most wastes is

not precluded for a reasonable period of time after disposal.

EPA states that this is intended to give future generations an

opportunity to rectify the situation if new discoveries give

compelling reasons to change the manner of disposal. EPA also

states that this provision should not have any effect upon plans

for mined geologic repositories; rather, it is intended to call

into question any other concept that might not be so reversible,

such as deep-well injection of liquid wastes. No additional

procedures or design features are mandated by this requirement,

and it is only required that the sealed repository can be mined

and the waste recovered, even if at high cost and occupational

risk.

NRC's requirement on retrievability (in 10 CFR Part 60) is

consistent with the EPA policy: the repository must be designed

to preserve the option of waste retrieval throughout the waste

emplacement period and until the completion of performance

confirmation testing. To meet this requirement, the repository

must be designed such that waste could be retrieved "on a

reasonable schedule starting at any time up to 50 years after

waste emplacement operations are initiated." NRC states that the

rationale for this policy is to preserve the ability to make a

decision on the acceptability of permanent closure. The 50-year

time period was determined based on estimates that the repository

would operate for 25 to 30 years, and that 10 to 15 years would
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be needed after operation is complete for performance confirma-

tion. NRC stated that its policy should not preclude it from

allowing backfilling or closure of the repository in less than

the 50 year period, but that the repository should not be

designed such that retrieval would be so expensive, difficult, or

have such high radiological impact that the option of retrieval

would be foreclosed and corrective actions could not be taken.

Maintaining the retrieval option does not require mined areas to

be kept open.

Canada's Atomic Energy Control Board has adopted Regulatory

Document R-71 (Section 4.2, item 10), stating that, although

there will be no design requirement for post-closure

retrievability of waste, any such provisions which are made must

be of a nature that does not compromise the effectiveness of the

repository. For the pre-closure operating period, the concept

must incorporate methods for waste retrieval as a contingency

measure. This resembles the US policy, which does not require

retrievability following repository closure. The Canadian policy

appears to preserve AECB's ability to make a decision on

permanent closure. In one respect the Canadian policy goes

beyond the US requirements, in that they require any provisions

for post-closure retrievability to be of a nature that does not

compromise the repository's effectiveness.

Switzerland's Regulatory Document R-21 (Section 4.6, item 8}

requires that a repository be designed so that it can at any time

be sealed within a few years. Project Gewahr (item 10) states

that the aim of final disposal is the definitive removal of the

waste without the intention of retrieval. The Federal Energy

Office has stated that retrievability should never be considered

as a last safety exit in case anything goes wrong, and that if

there is not confidence in the safety of a waste disposal system,

then the time is not ripe for that system and another proven
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method such as controlled storage should be pursued. Although

retrievability may still be required for socio-political reasons,

state the authorities, this decision should not be made solely by

the safety authorities, and for this reason R-21 neither requires

nor rules out retrievability.

In Section 3.2.3, a discussion was provided of the institutions

which have been developed in each country for the management and

regulation of spent fuel and waste management activities. This

is further addressed in Sections 3.3.2 and 3.3.3. Although the

authorities responsible for waste management have not yet been

defined in all eight countries, the regulatory bodies with

jurisdiction over waste management have been selected in all

countries but Japan, where one of two existing agencies will be

given the responsibility. Since the regulatory bodies are in

place in most countries, there are already some indications of

the kinds of interactions between licensee and regulator, even

though the regulations have not been issued in many places so

that the spirit of the regulations themselves cannot be evalu-

ated. In Canada, for example, a strong sense of cooperation is

exhibited between AECL, which is conducting waste management

research, and AECB, which will regulate waste disposal. This may

be partially due to the fact that Canada is currently in a con-

cept assessment phase, where all parties have the common interest

of demonstrating the capability of safe waste disposal. No

organization i.as been selected yet to manage the waste program

after the research phase, and no siting activities have yet

begun. Relations between AECB and Ontario Hydro, which is respon-

sible for R&D activities on spent fuel storage and transportation

but is also currently under AECB licensing, are also considered

to be relatively good. This may be due in part to the fact that

Ontario Hydro is a public body which has other objectives in

addition to earning profits.

The strongest contrast with this situation in Canada is probably
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in the United States. Only three years after the passage of the

Nuclear Waste Policy Act, relations between NRC and DOE in the

waste management area are very confrontational. At the highest

levels, where senior officials are involved, there is an

appearance of a spirit of cooperation towards achieving a common

goal. NRC senses that DOE is not taking certain considerations

into account which could jeopardize the licensing process a few

years hence. NRC also believes DOE's schedules are too acceler-

ated to allow sufficient testing, assurance of quality, and time

for full NRC licensing reviews of first-of-a-kind facilities.

DOE, on the other hand, must manage a difficult program under

pressure from several conflicting interests, and may sense that

NRC is going beyond its responsibilities and is trying to

instruct DOE how to conduct its program.

It is clearly desirable from the standpoint of public confidence

to have independent government sources in basic agreement over

the objectives and strategies of the waste management program.

Interactions between government regulators and government program

managers should be assessed continuously to assure a high degree

of technical cooperation, professional attitudes, and a complete

sharing of information.

3.3.2 Utility Responsibilities

The responsibilities of the owners and operators of nuclear power

plants with respect to spent fuel and high-level waste

managementwere discussed in Sections 2.1 through 2.8. The

following paragraphs summarize these responsibilities in each of

the eight countries. Table 3.3-1 and Figure 3.3-1 provide

comparisons of the utility responsibilities in each country and

their relationships to other organizations.
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The electric utilities in Belgium are responsible for the storage

of spent fuel at the reactor site before it is shipped offsite

for reprocessing. Belgium's fuel cycle company, SYNATOM, is

responsible for the spent fuel after it leaves the reactor.

NIRAS/ONDRAF, Belgium's waste management agency, is responsible

for the final disposal of radioactive waste, but the utilities

are responsible for financing the disposal of wastes resulting

from their power plant operations.

Ontario Hydro operates most of Canada's nuclear power plants and

is the lead organization responsible for R&D activities on spent

fuel storage and transportation. This stems from a 1978 agree-

ment between the Federal government and the Province of Ontario

in which it was decided that the Federal government would be

responsible for R&D on waste immobilization and disposal and

Ontario would be responsible for R&D on spent fuel storage and

transportation. Ontario Hydro also contributes a small amount

each year to the Federal government's immobilization and disposal

investigations, managed by Atomic Energy of Canada, Limited.

Since Canada is still in its concept assessment phase, no insti-

tution has yet been assigned the responsibility for siting high-

level waste repositories or managing the disposal effort, nor has

funding for the overall program yet been addressed. For the

present, the three nuclear utilities — Ontario Hydro, Hydro

Quebec, and the New Brunswick Electric Power Commission — are

responsible for the storage of spent fuel generated at their

reactors. Hydro Quebec and the New Brunswick Electric Power

Commission are expected to join Ontario Hydro in its research

efforts in the future.

The nuclear industry in the Federal Republic of Germany is

responsible for spent fuel storage, reprocessing, waste

conditioning, and decommissioning of facilities, while the

Federal government is responsible for disposal of high-level
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waste. The 12 nuclear utilities in the FRG have formed EWK, a

fuel cycle consortium which plans, constructs, and operates

facilities for the handling, storage, and reprocessing of spent

fuel. Utility applicants for reactor operating licenses must

demonstrate that provisions have been made for the disposition of

spent fuel discharged from reactors. Utilities have primary

responsibility for funding the Federal government's waste

disposal activities. The DWK consortium of utilities is

apportioned 75.5% of such costs, while 17.5% is levied directly

on the utilities.

In France, the publicly-owned national utility Electricite de

France (EdF) is responsible for the storage of spent fuel at the

reactor site and continues to hold title to the materials when

they are shipped offsite and after they are reprocessed. Trans-

portation of spent fuel from the reactor sites and subsequent

reprocessing are conducted by the fuel cycle company, Cogema,

which determines the fee charged to EdF for these services.

ANDRA, the national waste management agency, ultimately takes

title to the vitrified high-level waste and will be responsible

for its safe disposal, but EdF will be responsible for financing

the disposal of wastes resulting from its power plant operations.

Japanese utilities store spent fuel onsite until it is trans-

ferred to overseas facilities for reprocessing or to PNC's Tokai

Mura reprocessing plant. The utilities also have formed the

Japan Nuclear Fuel Services consortium, JNFS, for the purpose of

operating the future large-scale commercial reprocessing plant.

The industry is also responsible for financing the disposal of

high-level waste. Furthermore, special forms of compensation to

local residents in the areas or nuclear power plants have been

paid by the utilities, and it is anticipated that such compensa-

tion will also be made for waste processing, storage, or disposal

facilities. It has not yet been decided what responsibilities

the utilities will have with respect to final disposal. A policy
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appears to be emerging in which the government and the utilities,

through JNFS, will share the responsibilities, perhaps with the

government providing R&D and siting a permanent repository while

JNPS undertakes vitrification, storage and disposal activities.

Switzerland's nuclear utilities are responsible for the storage

of spent fuel prior to offsite shipment to reprocessing facili-

ties abroad. The utilities pay the costs of spent fuel transport

and reprocessing, and, through the national cooperative NAGRA,

are responsible for research on radioactive waste disposal, the

siting and development of waste repositories, and the disposal of

radioactive waste. The utilities are also responsible for the

interim storage of radioactive waste, including the materials

returned from foreign reprocessors, and have established the CEL

consortium for the purpose of planning a single centralized

interim storage facility for spent fuel and radioactive waste.

In the United Kingdom, spent fuel generated at reactors operated

by the Central Electricity Generating Board, the South of

Scotland Electricity Board, and British Nuclear Fuels pic. is

stored at the reactor sites until sufficiently cooled to be trans-

ported for reprocessing at the Sellafield Magnox fuel plant (GCR

fuel) or for storage at the site of the future Thermal Oxide

Reprocessing Plant (AGR fuel). The utilities pay BNFL directly

for reprocessing and storage services, and participate in the

Nuclear Industry Radioactive Waste Executive (NIREX) to plan for

and perhaps eventually manage the development and operation of

permanent high-level waste repositories.

Finally, utilities operating nuclear power plants in the United

States are responsible for the interim storage of spent fuel

until the Federal government takes title to the fuel beginning in

1998, Several cooperative demonstration programs are now

underway between DOE and certain utilities who will be requiring
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expanded spent fuel storage capacities in the short term. Under

contracts with the Department of Energy, the utilities finance

the costs of the Federal nuclear waste management program, inclu-

ding storage, transportation, and disposal activities, through a

fee on all nuclear-generated electricity. The current cost to

the utilities is 1 mil (.001 US dollars) per kilowatt-hour of

nuclear-generated electricity. Most US utilities also provide

large subsidies to local citizens, through taxes and other means»

for schools, hospitals, roads, law enforcement, fire protection,

and emergency preparedness. The utilities are not involved in

the R&D programs or planning activities for high-level waste

repositories.

3.3.3 Regulatory Responsibilities and Manpower

Just as the responsibilities of the utilities with respect to

spent fuel and high-level waste management are substantially

different among the countries studied, so too are the responsi-

bilities of the regulatory organizations involved in these

areas. These are also compared in Table 3.3-1 and Figure 3.3-1.

It should be recognized that all of the countries studied regu-

late spent fuel and waste management activities at the national

or Federal level. The FRG is somewhat unique in that regulations

are developed at the Federal level, but the individual states are

responsible for designating their own authorities for licensing

nuclear power or nuclear fuel cycle activities.

Some differences in regulatory responsibilities are evident when

the organizational relationship between the regulatory agencies

and the government departments managing or promoting nuclear acti-

vities is considered. Figure 3.3-1 illustrates these differ-

ences. In the US and the UK, independent regulatory authorities
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have been set up (NRC and Nil, respectively) to regulate and
license nuclear power and fuel cycle activities, including spent
fuel and waste management. The arrangements are similar in
Belgium and Switzerland, where the Ministry of Public Health
(Belgium) and the Department of Transport, Communications and
Energy (Switzerland) serve in independent regulatory roles.

In contrast, Canada, the FRG, and France have established their
regulatory groups under ministries having broader functions in
the nuclear area. In Canada, Atomic Energy of Canada Limited,
which has primary responsibility for waste disposal R&D, and the
Atomic Energy Control Board, responsible for all nuclear regula-
tion, are both un ler the jurisdiction of the Ministry of Energy,
Mines and Resources. In France, safety regulation is the respon-
sibility of the SCSIN, which is under the Ministry for Industry
and Research. Also under this ministry is the Commissariat a
l'Energie Atomique (CEA), of which Cogema and ANDRA, the national
fuel cycle and waste management companies, are parts. Similarly,
in the FRG, the Minister of the Interior is responsible for
nuclear safety and radiation protection matters, including the
supervision of nuclear safety by the state licensing authorities,
and is advised by two internal commissions. At the same time,
the Federal PTB, which is responsible for planning, constructing,
and operating repositories, is supervised by the Minister of the
Interior, although it is actually a division of the Ministry for
Economics.

Finally, in Japan, nuclear power plant regulation is conducted by
an organization which is independent of the government's nuclear
R&D activities, but fuel cycle activities and the regulation
thereof are carried out under the same organization. The Science
and Technology Agency is responsible for nuclear R&D activities
and also regulates fuel cycle activities through one of its
agencies, the Nuclear Safety Bureau. At the same time, the Power
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Reactor and Nuclear Fuel Development Corporation (PNC) under STA
is responsible for nuclear fuel technologies, reprocessing, and
research and development related to high-level waste. Therefore,
with respect to fuel cycle activities, management and regulation
are both conducted within the STA. In contrast, nuclear power
plants are licensed by a separate authority, the Ministry of
International Trade and Industry. It has not yet been decided
whether STA or MITI will have the responsibility for licensing a
high-level waste repository. (Japan is the only country studied
which has separate regulatory organizations for nuclear power
plant safety and nuclear fuel cycle safety.)

There may be resource advantages to grouping regulatory and
promotional functions together under a single authority, although
these advantages may be offset by the conflicting interests which
might develop between the two. For example, the desire to
maintain schedules and keep costs down could result in cutting
corners on safety, and this would be the prerogative of the
managing authority. An independent regulatory agency might
require some duplication of staff functions but would avoid this
potential conflict because it would have the single objective of
protecting the public health and safety and the environment.
Furthermore, manpower requirements of a regulatory agency are
likely to be lower when a single national utility, a consortium
of utilities, or another government agency is the licensee than
where several different utility applicants are involved and the
administrative burden is greater.
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Figure 3.3-1

Relationships Among National Organizations

With Spent Fuel/Waste Management Responsibil i t ies
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Table 3 .3-1 National 0
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Ut i l i ty
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Storage cf spent fuel prior to

reprocessing; pay for spent

fuel transport and reproces-

sing services and for naste

disposal.

Canada FRG France

Long-ten spent fuel storage;

RID on storage and transporta-

tion for the concept assessment

phase.

Eovernieitt Ministry/Department

or Severntent-Qnned Company
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storage, transport, condi-

tioning and final disposal of

radioactive »aste; research

per for led by SCK/CEH.

_fiE_f'_responsible for RID in

the areas of naste immobili-

zation and disposal for the

concept assesstent phase.

Regulatory Agency Ministry cf Public Health

responsible for al l regulation

and licensing.

flECB responsible for al l

regulation and licensing.

Notes Responsibilities for naste
disposal to be further
defined after concept assess-
lent phase is coiplete.
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fuel transport and
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commercial fuel cy

t ies , including op

of reprocessing pi
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tent

PTB licenses spent fuel

transport or storage outside

of government custody. .State

authorities n i l l license high-

level naste repository nith

assistance from BH1.
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policy, technical

inspections, etc.

is by the Ministry

and Research.
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US DOE responsible for naste
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JI§B_regulates fuel cycle

act ivi t ies, including trans-

portation and reprocessing.

federal Council grants licen-

ses based on the recotmnda-

tions of

Nil develops and enforces

safety standards.

NPC responsible for al l regu-

lation and licensing.

Responsibilities for ntste

lanjqeient s t i l l under discus-

sion. PNC likely to be

responsible for repository

siting; JNFS likely to be

responsible for v i t r i f icat ion ,

storage, and disposal. STA or

NI I I ni l ) license HIM repository.
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3.4 APPLICABILITY TO SWEDEN

This section uses the information provided in the country

summaries of Section 2.0 and the comparisons of Sections 3.1 to

3.3 to evaluate the current spent fuel management strategy in

Sweden and the regulation thereof. Section 3.4.1 addresses cost

efficiency. Sections 3.4.2 and 3.4.3 address the health,

safety, and environmental impact of these options in Sweden.

Sections 3.4.4 and 3.4.5 address public acceptance of spent fuel

and waste management activities in Sweden and licensing strategy

considerations. First, the following paragraphs briefly outline

the current status and plans for spent fuel management in

Sweden.

Following a national referendum on nuclear power in 1980 and the

subsequent parliamentary decision committing to phase out

nuclear power by 2010, Sweden has developed a somewhat unique

system for managing the spent fuel to be discharged from its 12

reactor units. Under requirements to demonstrate a safe spent

fuel management strategy in order to obtain a permit to

initially load fuel into a reactor, Swedish utilities have

formulated the KBS-3 plan, which formed the basis for licensing

the last two reactors in 1984.

KBS-3 provides for a standardized transportation system, a

centralized interim fuel storage facility, and a central high-

level waste repository. With all reactor sites located on the

coast, all spent fuel is transported by ship to the intermediate

storage facility, "Clab," which is located adjacent to the

Oskarshamn reactor site on Sweden's each coast. The Clab

facility was completed in 1985 and has begun to receive spent

fuel for storage.

The wet storage technique is utilized, emplacing fuel in large

stainless-steel-lined concrete vats situated in underground
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caverns with rock cover of at least 30 m. The facility has an

initial capacity of 3,000 MT but will be expanded to 7,500 MT to

accommodate all fuel discharged from Sweden's 12 reactors during

their expected lifetimes. After the existing backlog of spent

fuel at the reactor sites has been shipped to Clab, future spent

fuel will be stored at the reactor sites for at least six months

after discharge prior to offsite transfer.

It is planned for spent fuel to be stored at Clab for about 40

years prior to shipment for repository disposal. Selection of

two or three candidate crystalline rock repository sites for

detailed study is expected around 1990, followed by presentation

of a single site for licensing in about 2000. Construction

would begin about 2010 and operation about 2020. Spent fuel

will be packaged into copper canisters at an encapsulation

station located above ground at the site of the repository.

The development of a final repository for spent fuel by 2020

means that Sweden could be the first country with a repository

in a hard rock medium (crystalline rock). Canada, Japan,

Switzerland and the United States are also investigating

crystalline rock but no firm schedules have been established;

Japan and Switzerland plan to store vitrified high-level waste

for 30 to 50 years, while Canada has not announced any timetable

and the US has recently postponed all siting work in crystalline

media (see Section 3.2.2). Nonetheless, the extensive testing

in underground rock laboratories in crystalline rock will

provide a wealth of data and information on repository charac-

terization and performance assessment, and Sweden should not be

at any disadvantage by having the first crystalline rock

repository in operation with no previous disposal elsewhere.

For example, Canada's investigations (with US participation) at

the Underground Research Laboratories at Whiteshell have as a

primary goal the development of 6kills needed for characteri-

zation and repository construction. Moreover, the experience
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gained in characterizing sites and constructing and operating
repositories in other media will provide certain benefits to
crystalline rock programs, and the US, the FRG and France all
plan to have repositories in media other than crystalline rock
in operation well before Sweden's SFL spent fuel repository. In
any case, Sweden's program to store spent fuel for 40 years
prior to disposal allows substantial fuel cooling and there is
certainly no disadvantage in this respect, as could be said of
the faster schedules of the US and FRG.

3.4.1 Cost Efficiency

Section 3.1.2 reviewed the comparative costs of the spent fuel
management techniques that are employed in the eight countries
studied or that may be used in the future, based on the analysis
of several studies which have been published previously on the
subject. The major conclusions of Section 3.1.2 were the
following:

If spent fuel is not reprocessed and at-reactor storage
space is limited, reracking of fuel pools is highly
desirable but does not provide a great deal of additional
capacity. Rod consolidation reduces storage costs for
all storage methods.

Pools and dry storage vaults require large initial
investments of capital compared to other storage tech-
niques, regardless of size, and benefit the most from
economies of scale. Annual operating costs for both
storage concepts are also high (especially pools) but
decrease for larger facilities. Both storage methods
become much more economical for storage facilities of
several thousand metric tons or greater.

Modular dry storage methods such as casks are not greatly
affected by economies of scale and have consistently low
unit storage costs regardless of scale. An advantage of
such systems is the ability to add capacity incremen-
tally, allowing investment to be deferred and reducing
the cost impact of uncertainties in estimating fuel
storage needs. Annual operating costs for the modular
dry storage methods are also low. Modular storage
concepts appear to be cheaper than pools and vaults for
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small and medium-size storage facil i t ies; in some cases
(most notably drywells) they are even cheaper for large
storage facil i t ies.

Pools and dry vaults are the most suitable when large
quantities of spent fuel must be stored in a single
location, although modular storage concepts may s t i l l be
cheaper.

Economies of scale are particularly favorable in
countries with larger nuclear power programs where very
large AFR spent fuel storage facili t ies (> 5,000 MT) can
be built.

Recent studies suggest that for the PWR fuel cycle, the
total cost of a closed fuel cycle with recycle of uranium
and plutonium is about 10% higher than the total cost of
a once-through cycle. However, the cost of natural
uranium can have a strong effect on the comparative
economies of the two fuel cycle options.

It is apparent that the Swedish spent fuel management scheme,

involving centralized pool storage at the Clab facility, takes

into account such factors, since a very large centralized

facility is used for all of Sweden's spent fuel, taking

advantage of the favorable economies of scale for pool storage.

The decision to add new pools (or otherwise increase capacity)

to the Clab facility incrementally is also a cost-conscious

measure, as it defers the capital investment and avoids the risk

of building too much storage capacity and thereby driving up the

unit storage cost.

Furthermore, the Swedish plan to store and cool the spent fuel

for 40 years prior to disposal allows less expensive design

considerations for the final geologic repository.

As Sweden considers the excavation of new caverns in the Clab

facility to increase storage capacity, some of the cost consider-

ations summarized above should be taken into account to under-

stand the available options. One example would be to consider

the prospects for consolidation of spent fuel rods. This
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technology, now being demonstrated in the United States and soon

to be under commercial application, has been shown to reduce

costs for all storage concepts. The recommendation to consider

the cost of various alternatives to the specific elements cf the

KBS-3 plan also applies to other activities in the spent fuel

and high-level waste management areas, including disposal

options. For example, consideration should be given to the

comparative economics of copper and other materials in which

spent fuel could be encapsulated for geologic disposal.

As in Sweden, two of the countries studied have established a

fee systeir; for financing spent fuel and high-level waste

management activities: the United States and the Federal

Republic of Germany. All three systems for collecting advance

payments have been established within the last four years.

Before then, all costs were paid by utilities or government on

an annual basis, with no provision for the future costs of

managing spent fuel which provides current energy benefit. The

Swedish fee system is the most comprehensive of the three,

including reactor decommissioning as well as all spent fuel

management and high-level waste disposal. The US and German

systems do not include decommissioning costs? the German system

also does not include spent fuel management, which is the direct

responsibility of the utility consortium, and only assesses a

fee for repository development activities which are the

responsibility of the Federal government.

Information on how fees are determined in the US and the FRG

should be examined for possible application to Sweden's program.

Two documents on the estimation of life cycle costs and the

evaluation of fee adequacy in the US are provided in Volume III,

Appendix 8 (items 54 and 55). Similarly, close attention should

be paid to the programs of research on spent fuel storage,

transportation, packaging and disposal in other countries. An
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effort should be made to utilize fully the findings of research
in these countries and avoid redundancy of research activities
between countries.

3.4.2 Health and Safety

The health and safety regulations in the eight countries
reviewed have been described in each of the country-specific
reports in Section 2.0 and compared in Section 3.3.1. This
information may be compared with Swedish regulatory requirements
in terms of the stringency of the requirements, the specificity,
etc. One area where substantial regulatory documentation is
beginning to emerge is regulation of high-level waste disposal.
The US, which has the mrst aggressive schedule for beginning the
operation of a high-level waste repository, has already
developed and finalized1 a complete regulatory regime for high-
level waste repositories, including environmental radiation
standards of the Environmental Protection Agency, repository
performance criteria of the Nuclear Regulatory Commission, and
siting guidelines of the Department of Energy (see Sections
2.8.5.2 and 3.3.1). Regulatory documents for high-level waste
disposal have either been issued or are now under development in
Canada, Prance, Switzerland, and the FRG. The regulatory philo-
sophies in each country and the regulatory criteria themselves
may be of interest to Sweden's development of high-level waste
disposal criteria or repository siting guidelines.

In the previous section, it was recommended that alternative
spent fuel storage techniques be evaluated in Sweden, such as
the consolidation of spent fuel rods before transfer to Clab,
and that the potential cost advantages of such measures should
be determined. In addition, analysis of the comparative health
and safety characteristics of these alternatives should be
examined. These issues were addressed in Section 3.1.3. Again,
the availability of regulatory documentation in other countries

3.4-6



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

facilitates such a review, as the requirements can be used as

the basis for determining the adequacy of various storage

concepts and the likely cost of designing and fabricating the

storage systems in conformance with applicable regulatory

criteria. The US has also developed an extensive regulatory

regime, largely based on industry standards, for both wet and

dry storage of spent fuel. These regulations are discussed in

detail in Section 2.8.5.1.

Sweden's regulatory authorities have also to determine their

policy on the retrievability of spent fuel from the permanent

repository. As discussed in detail in Section 3.3.1, regulatory

positions on retrievability have been most clearly defined in

regulations in the US, Canada, and Switzerland. The US and

Canadian regulations require retrievability during some or all

of the pre-closure period but do not require mined areas to be

kept open to preserve the retrieval option. Switzerland's

regulations state that the aim of final disposal is definitive

removal of the waste without the intention of retrieval, and

neither require nor rule out retrievability. In the US at

least, the requirement for retrievability is not viewed as

having any impact upon plans for mined geologic repositories or

upon the timing of an NRC decision to allow backfilling or

closure of the repository. Rather, it is intended to call into

question disposal concepts other than mined geologic disposal

that may not be as reversible, and to preserve NRC's ability to

make a decision on the acceptability of permanent closure.

Since Sweden appears to be strongly committed to the mined

geologic disposal option, it is probably not necessary to

explicitly require retrievability because it is inherent in the

disposal concept that the spent fuel will be retrievable

throughout the pre-closure period, even if this requires costly

and difficult excavation of areas which have already been

backfilled. However, the authorities should preserve the

ability to make a final licensing decision on the closure of the
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repository. Only when corrective actions or waste removal are

s t i l l possible is this ability preserved.

Apart from regulatory activities, Sweden can benefit by

continuing to pay close attention to research activities in

other countries, particularly in the characterization of sites

for high-level waste repositories and the experimentation in

underground laboratories. This would provide better knowledge

of site characterization and mining techniques as well as

further understanding of the suitability of the various media

for isolating high-level radioactive wastes. The programs that

should be followed include site characterization activities in

the basalt, tuff, and salt media in the US, beginning in 1987;

studies at Canada's Underground Research Laboratory in

crystalline rock; studies at Switzerland's Grimsel Test Site

(crystalline rock); underground investigation of the FRG's

Gorleben salt dome; clay investigations at the Mol, Belgium

site; development of an Underground Site Validation Laboratory

in France; and other activities.

3.4.3 Environmental Impact

Section 3.1.3 addressed the environmental impact of alternative

spent fuel management strategies, with emphasis on the environ-

mental impact of spent fuel storage options. It was concluded

that the differences in environmental impact of alternative

spent fuel storage concepts are not viewed as being large, and

that differences among storage siting options may be more

significant. At-reactor storage (centralized or distributed)

may have advantages in terms of non-radiological land-use impact

over centralized storage away from the reactor sites. Central-

ized storage, either at a reactor site or at a separate site

away from reactors, would have a slightly higher impact than

distributed at-reactor storage because of the risk of transport

accidents. The comparative environmental impact of a cloöed
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fuel cycle and the once-through use of fuel was also addressed,

concluding that there is insufficient evidence of any

substantial differences between the two,

Sweden's spent fuel management scheme features centralized

storage of spent fuel at a facility located adjacent to a

nuclear power plant. All spent fuel is transported from the

reactors to the facility on a specially-designed ship. In light

of the conclusions of Section 3.1.3 summarized above, this

strategy is likely to have a relatively low environmental impact

because of the low risk of high-consequence transport accidents

and because the land area of the storage facility is already

dedicated for nuclear energy purposes.

3.4.4 Public Acceptance

The public acceptance of nuclear power and nuclear waste

repository siting decisions was addressed in detail in each of

the country-specific reports in Section 2.0 and in Section

3.1.4. The lessons from studying public acceptance issues in

other countries are that programs for obtaining public

acceptance need to be carefully planned and well-managed by

individuals who understand the technology and are skilled

communicators. Decision-makers need to be highly visible and

non-secretive about their activities so that fears are not

aroused.

Sweden is in a unique position regarding the public acceptance

of nuclear power. Although public confidence in the competence

of the ut i l i t ies to conduct their activities safely may be among

the highest in the world, the Swedish voters have chosen by

national referendum to phase out the use of nuclear power by

2010. It appears that this decision was based in large part on

concerns over the safety of nuclear waste disposal and over the

potential link between nuclear power and nuclear weapons

proliferation.
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Although each country has unique institutional arrangements and

political considerations, there are certain features of national

programs for public acceptance of nuclear power and nuclear

waste repository siting which could potentially be beneficial if

factored into the Swedish program. Examples are the following:

Efforts should be made to obtain full acceptance by the
government and the technical community of the nuclear
waste disposal concept before the actual siting
investigations begin. This acceptance could provide
greater confidence among local populations in the
vicinity of candidate repository sites. Scientific
bodies, both domestic and foreign, should be consulted
for independent review. Incentives to local communities
to accept a waste disposal facility should only be
addressed after the scientific community has confirmed
the feasibility of safe waste disposal and the government
has accepted the geologic disposal concept.

Open discussions should be held with local communities
before any site designations are made. Information may
be widely disseminated on the exact nature of and need
for the facility.

In addition to employment incentives, various forms of
financial compensation could be offered to communities
hosting waste disposal facilities. These include grants
to local governments, property taxes on the facility, and
compensation for possible upsets in employment patterns
of the area and for psychological anxiety caused by the
facility.

Public visits to nuclear power plants and waste disposal
facilities should be highly encouraged to permit people
to improve their perception of the hazards of nuclear
power and nuclear waste.

3.4.5 Licensing Strategies

The licensing procedures for nuclear activities in the countries

studied have been described in each of the country-specific

reports of Section 2.0. In this section, some licensing

considerations regarding activities in Sweden are discussed,

followed by a brief analysis of some features of other national
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programs which could potentially be beneficial if factored into

the Swedish program.

Licensing of a nuclear power plant in Sweden requires first the

approval by the municipality of a site permit under the Building

Act. Municipalities have the authority to determine local

zoning of land and may veto any proposed land use by denying the

site permit. Nuclear power plants and fuel cycle installations

are subject to this as are other types of facilities. If the

site permit is granted by the municipality, the utility then

applies to the Nuclear Power Inspectorate (SKI) for a permit

under the Nuclear Activities Act and applies to the National

Franchise Board for Environmental Protection for a permit under

the Environmental Protection Act. SKI reviews all permits and

forwards them to the central government, which issues the final

decision. If approved, a construction timetable is submitted to

the County Employment Board which issues the building permit.

These procedures are no longer being applied to power plants

because of the Swedish policy to phase out nuclear power by

2010. However, the siting and licensing of waste repositories

will likely involve similar interactions. A major challenge

lies ahead in obtaining public acceptance of the decision on

siting of the SFL deep geologic repository for the highly

radioactive, plutonium-containing spent fuel. Once a site is

designated, four different laws will need to be satisfied: the

Nuclear Activities Act, the Radiation Protection Act, the

Environmental Protection Act, and the Building Act. The

Environmental Protection Act will require formal (and probably

controversial) public hearings, Furthermore, as stated above,

the Building Act gives the local government absolute veto

rights. However, a change in the Building Act to provide a

mechanism for the Government to override a local land-use veto

has been discussed and will be addressed by the Parliament

shortly. The question is not directly coupled to nuclear waste
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management but is being discussed in general terms. If the law

is going to be changed, it will probably be changed long before

any decision on a nuclear waste repository is taken.

In spite of these formidable hurdlec, it is felt by those most

involved that if the technical basis is established for the

selection and the siting decision is well documented and

supported, the Parliament will be able to withstand the antici-

pated controversy and find it politically feasible to approve

the recommended site. To facilitate progress in gaining the

necessary approvals, it will be advantageous to consult exten-

sively with local authorities over siting plans, as is the

practice in several other countries. Although the requirement

to first obtain a siting permit from the local government seems

to be a potential source of delay, it may be advantageous as it

allows the local public to participate and have some influence

on the specifics of the project, including employment, taxation,

community development, etc. If this participation of the local

authorities did not occur until after SKI's review of the

construction permit application, the local population would have

little influence on the project definition and the veto option

would more likely be exercised.

Concerning the safety review of the SFL repository to be

conducted by SKI, some licensing procedures for a high-level

waste repository have been adopted in other countries studied,

particularly the U.S., and should be reviewed to assess whether

or not such practices are desirable in Sweden.
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AEB

AECB

AECL

AFR

Ahaus

AGR

ANDRA

AR

Asse

AV M

BMI

BNFL

BWR

CEA

CEGB

Cogema

CRIEPI

CSSN

DBE

Attachment I

Glossary of Acronyms and Special Terms

Atomic Energy Board (Japan)

Atomic Energy Control Board (Canada)

Atomic Energy of Canada, Limited

Away From Reactor

AFR Spent Fuel Storage Facility in the FRG

Advanced Gas-Cooled Reactor

Agence National pour la Gestion des Déchets
Radioactifs (National Radioactive Waste Management
Agency of France)

At Reactor

Former salt mine in the FRG now used for R&D on
waste disposal

Atelier de Vitrification a Marcoule (French
high-level waste vitrification plant at Marcoule)

Bundesminister des Innern (Ministry of the Interior
of the FRG)

British Nuclear Fuels p.I.e.

Boiling Water Reactor

Commissariat a 1'Energy Atomique (Atomic Energy
Commission of France)

Central Electricity Generating Board (UK)

Compagnie Generale des Matières Nucléaires (France)

Central Research Institute of the Electric Power
Industry (Japan)

Conseil Supérieur de Surete Nucléaire (Supreme
Council for Nuclear Safety of France)

Deutsche Gesellschaft zum Bau und Betrieb von
Endlagern fur Abfallstoffe mbH (German Company for
the Construction and Operation of Disposal
Facilities)
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DI/OPH

Dry storage

Drywell

DWK

EdF

EMR

Entsorgung

EPA

EVED

FBR

FRG

GCR

Gorleben

HWR

JAERI

JNFS

La Hague

Magnox

Marcoule

MIR

MITI

MPH

Federal Office of Public Health within the
Department of the Interior (Switzerland)

Storage of spent fuel in a gaseous medium without
the use of water as a coolant, usually with passive
cooling primarily by natural convection

Below-surface caisson for dry storage of spent fuel
with passive cooling

Deutsche Gesellschaft für Wiederaufarbeitung von
Kernbrennstoffen mbH (German Fuel Reprocessing
Company)

Electricité de France

Ministry of Energy, Mines, and Resources (Canada)

German term for the back end of the nuclear fuel
cycle

Environmental Protection Agency (US)

Federal Department of Transport, Communication and
Energy (Switzerland)

Fast Breeder Reactor

Federal Republic of Germany

Gas Cooled Reactor

Site under investigation in salt dome in the FRG for
HLW disposal, and AFR spent fuel storage facility
location

Heavy Water Reactor

Japan Atomic Energy Research Institute

Japan Nuclear Fuel Services

French LWR oxide fuel reprocessing plant

Magnesiuo-clad natural-uranium metal fuel or the
reactor in which it is used (UK)

French GCR metal fuel reprocessing plant

Ministry of Industry and Research (France)

Ministry of International Trade and Industry (Japan)

Ministry of Public Health (Belgium)

-2-



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
a
i

MRS

NAG RA

Nil

NIRAS/ONDRAF

NIREX

NRC

NSB

OECD/NE7

PAMELA

PNC

PTB

PWR

Reracking

Rod consol-
lidation

Rokkashomura

SCK/CEN

SCSIN

Sellafield

Monitored Retrievable Storage (Proposed facility in
US for centralized packaging and storage of spent
fuel)

National Cooperative for the Storage of Radioactive
Waste (Switzerland)

Nuclear Installations Inspectorate (UK)

National C ,anization for Radioactive Waste and
Fissile '• erials (Belgium)

.̂r- . industry Radioactive Waste Executive (UK)

VL, nuclear Regulatory Commission

•uclear Safety Bureau (Japan)

Organization for Economic Cooperation and
Development/Nuclear Energy Agency

Pilotanlage Mol zur Erzeugung Lagerfahiger Abfalle
(Joint Belgian/German Pilot Vitrification Plant at
Hoi, Belgium)

Power Reactor and Nuclear Fuel Development
Corporation (Japan)

Physikalisch-Technische Bundesanstalt (German
Physical-Technical Institute)

Pressurized Water Reactor

Procedure to replace spent fuel storage racks in wet
storage pools with new racks which allow higher
density storage

Procedure to disassemble fuel bundles and
consolidate fuel rods to allow higher density
storage

Site of future Japanese reprocessing plant

Nuclear Energy Research Center (Belgium)

Service Central de Surete des Installations
Nucleaires (French Central Service for the Safety of
Nuclear Installations)

Site of metal fuel reprocessing plant in UK (and
site of future THORP)
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Sealed Steel cask enclosed in concrete gamma/neutron
Storage Cask shield for dry storage of spent fuel with passive

cooling

Silo

STA

Concrete cylinder for dry storage of spent fuel with
passive cooling

Science and Technology Agency (Japan)

Stipulation Requirement that spent fuel and/or waste management
plans must be demonstrated in order to receive a
license to operate a nuclear power plant

OECD R&D project on disposal in crystalline rock,
conducted at former iron ore mine at Stripa, Sweden

Belgian fuel cycle company

Thermal Oxide Reprocessing Plant (future plant in
the UK)

Japanese reprocessing plant

UK Atomic Energy Authority

UK Department of Environment

Underground Research Laboratory (Canada)

US Department of Energy

Underground Site Validation Laboratory (France)

Concrete structure for dry storage of a large number
of spent fuel assemblies, with either passive or
forced cooling and designs which emphasize either
conduction or convection

Vitrification Process for solidifying high-level waste into glass
cylinders

Wackersdorf Site of future German reprocessing plant

WAK German pilot reprocessing plant

West Valley Commercial reprocessing plant operated in the US
from 1966 to 1972

Wet Storage The use of a water pool for storage, cooling, and
shielding of spent fuel

Stripa

Synatom

THORP

Tokai Hura

UKAEA

UK DOE

URL

US DOE

USVL

Vault
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WINDSCALE Name previously used for reprocessing s i t e in UK
(now Se i l a f i e ld )

I WIPP Waste I so l a t ion P i lo t Plant , US f a c i l i t y for
disposal of defense t r ansuran ic waste and for R&D on

• defense h igh- level waste disposal

WNRE Whiteshell Nuclear Research Establishment (Canada)
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