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Förord

Enligt finansieringslagen skall kärnkraftföretagen, i praktiken Svensk Kärnbränslehantering
AB (SKB AB), årligen till Statens kärnkraftinspektion (SKI) lämna en beräkning över
kostnaderna för att omhänderta det använda kärnbränslet och för rivningen av
kärnkraftverken. Efter att SKI granskat och värderat kostnadsberäkningarna lämnar SKI ett
förslag till regeringen på avgiften som skall tas ut av kärnkraftföretagen per producerad kWh
elenergi. Förutom avgiften skall SKI också lämna förslag på säkerhetsbelopp som skall
omfatta kostnader som inte täcks av redan inbetalda avgifter. Reaktorägarna måste lämna
tillräckliga säkerheter för det fall det visar sig att fonderade avgiftsmedel skulle vara
otillräckliga orsakad av en förtida avställning av reaktorer eller att framtida kostnader för att
omhänderta det använda kärnbränslet och riva reaktorerna visar sig vara underskattade.

De framtida totala kostnaderna som följer av fmansieringslagen är beräknade till omkring 47
miljarder kronor. Kostnaderna för inkapslingen av det använda kärnbränslet i SKB s program
är uppskattade till omkring 7 miljarder kronor och inkluderar då kapseltillverkning samt
investering och drift av inkapslingsanläggningen.

SKI uppdrog i början av 1997 åt NAC International (NAC) att låta granska SKB ABs
inkapslingsprojekt. Uppdraget till NAC har delats in i flera delar nämligen: en förstudie
täckande omfattningen av granskningen (januari 1997), granskning av
inkapslingsanläggningen för använt bränsle (rapport 1, utkast maj 1997), granskning av
kapseln i SKB ABs program (rapport 2, utkast september 1997), och en slutrapport (rapport 3,
december 1997). I anslutning till rapporterna har tre seminarier avhållits och där
representanter för SKI, SSI, SKB AB och NAC diskuterat de rapporter som framlagts. Denna
SKI-rapport utgör, förutom smärre ändringar och förtydliganden, en sammanfattning av
samtliga tre delrapporter som tagits fram i NACs studie.

NACs uppdrag har inriktats på att jämföra SKB ABs planerade inkapslingsanläggning med
dels Sellafields Waste Encapsulation Plant (WEP) i Storbritannien och dels CLAB-
anläggningen i Sverige. Analysen visar att SKB ABs kostnader kan vara underskattade med
ca 400-525 miljoner kronor. Hänsyn har då inte tagits till skillnader i lönekostnader som beror
på valutakurser mellan Storbritannien och Sverige. Endast en begränsad nedbrytning av
kostnaderna för CLAB har gjorts av NAC beroende på tillräcklig information inte har kunnat
erhållas från SKB AB. Resultatet som erhållits ur CLAB-studien motsäger dock inte SKB
ABs kostnadsberäkningar.

NACs slutsatser är också att jämförelsen med CLAB indikerer att personalkostnaderna kunde
vara något högre, ca 50 -100 miljoner kronor, för själva driften av inkapslingsanläggningen.

Behovet av de speciella koppar/stålkapslar för bränsle i SKB ABs program omfattar minst
3 000 enheter och det är få tillverkare i världen som har tillräcklig erfarenhet av tillverkning i
en omfattning av liknande produkter. NACs beräknade genomsnittliga kostnad för en
tillverkning av koppar/stålkapsel är US$224,000 och US$145,000 för en kapseltillverkare i
US A respektive Spanien. SKB ABs kostnadsuppskattning är 1,25 miljoner kronor (kursen 7,8
SEK/USS) och ligger under kostnaden för den USA-tillverkade kapseln medan den spanien-
tillverkade kapseln är något billigare än SKB-kapseln.



NAC har också identifierat och lagt fram de projektrisker som kan fa den största betydelsen
på kostnaderna i SKB ABs inkapslingsprogram. De viktigaste är följande:

Svetsningsprocessen för den slutliga förslutningen av kopparkapseln. Skulle avsevärda
ändringar av inkapslingsanläggningens design bli nödvändiga till följd av svårigheter med
förslutningen, skulle detta lätt kunna medföra kostnadsökningar i storleksordningen
hundratals miljoner kronor för hela projektet.

Tillverkningskostnaden för kapseln. Den unika designen och valet av material begränsar
antalet tillverkare till mycket fa.

Tidsplanen för SKB ABs inkapslingsprojekt är mycket utsträckt vilket kan leda till en
kostsam "ingenjörsmässig överarbetning" av designen.

En annan faktor som måste tas med i beaktande är förloradkompetens. Mer än 15 år har
gått sedan större kärntekniska anläggningar konstruerades och konsulter i branschen är i
stor utsträckning upptagna av andra arbetsuppgifter än den ingenjörskunskap inom
kärnteknikområdet som nu efterfrågas.

Beställare och projektansvarig har varit Mårten Eriksson, SKI. En referensgrupp bestående av
Magnus Westerlind, SSI, samt Sören Norrby, Saida Laarouchi-Engström och Åsa Dahlgren,
SKI, har biträtt projektansvarig med utvärderingar under projektets gång.

Sammanhållande i uppdraget från NACs sida har varit Sven Olof Andersson and Per
Brunzell. NACs projektgrupp bestod också av Dr. Rainer Heibel, John McCarthy, Charles
Pennington, Chris Rusch and Dr. Geoff Varley.

SKI och NAC tackar följande organisationer som har bistått med råd och information under
utredningens gång: Svensk Kärnbränslehantering AB, ABB Atom AB, OKG AB and British
Nuclear Fuels Ltd.

SKI, augusti 1998



Foreword

According to the Swedish Financing Act, the nuclear power utilities, in practise the
Swedish Nuclear Fuel and Waste management Co (SKB AB), are obliged to submit
annually to the Swedish Nuclear Power Inspecptorate (SKI) a calculation of the costs
for disposal of spent nuclear fuel and for decommissioning of the nuclear power
plants. SKI reviews and evaluates the costs estimates and submits to the Swedish
Government a proposal for the kWh-fee levied on the electricity produced by nuclear
power. Besides the fee SKI also had to submit the Government proposals for the
amount of securities for waste-related expenses, which are not covered by the paid-
in fees. The reactor owners must provide adequate securities to be used if the funded
fees in the future should be unsufficient. This could be caused by a premature
shutdown of reactors or if the future expenses for the safe management of spent
nuclear fuel and for the decommissioning the reactors prove to be underestimated.

The future total costs according the Financing Act are expected to about SEK 47
billion. The encapsulation costs of the spent nuclear fuel are estimated to about SEK
7 billion including fabrication of copper canisters, investments and operating an
encapsulation station in the SKB AB programme.

SKI contracted NAC International (NAC) in 1997 to perform a review of the SKB
AB Encapsulation Station (ES) project. NAC's assignment was divided into
following parts: a pre-study report covering the scope of the project, (January 1997),
a review of the ES for spent nuclear fuel (draft version May 1997), a review of
canister in the Swedish programme (draft version in September 1997) and Summary
Report (December 1997). In addition to the reports, three seminar have been
arranged by SKI in which representives for SKI, SSI, SKB AB and NAC have
discussed the work performed. The NAC reports have, with some minor edits and
clarification, been integrated into this SKI Report, which concludes the project.

NAC has focused the review of the SKB AB Encapsulation Plant on two
comparisons. One between the ES and the Sellafield Waste Encapsulation Plant
(WEP) in the UK, and the other between ES and the CLAB interim storage facility in
Sweden. The analysis show that the SKB AB costs may be underestimated by SEK
400-525 million, not taking into account differences between labour rates in the UK
and Sweden. For the CLAB comparision, only a limited cost break-down was made
by NAC since only limited information was provided by SKB AB. Nevertheless the
result obtained from the CLAB do not contradict SKB AB's cost estimate.

NAC's conclusion is also that the comparision with CLAB indicates that the
manpower cost could be somewhat higher, about SEK 50-100 million for operating
the ES.

The production of the special copper/steel canisters in the SKB AB project is planned
to comprise at least 3,000 units. There are few fabricators world-wide having
sufficient experience of fabrication or a corresponding product on this scale. NAC's
average unit cost estimates for fabrication of the copper/steel canister is US$224,000
and US$145,000 for the US fabricator and the Spanish fabricator, respectively. The
SKB AB estimate of SEK 1.250 million (rate 7.8 SEK/US$) falls below for the
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estimates for U.S. manufacturing but is somewhat higher than for the Spanish
manufacturing.

NAC has also identified and performed a list of the project risks that may have the
biggest impact of the cost in the ES project. The most important risks are :

The welding process for finally sealing the copper canisters. Should significant
changes of the plant design be necessary, this could easily imply a cost increase of
several hundred million SEK for the whole project.

The fabrication cost for ther canister. The unique design and material selection
limits the number of fabricators to very few.

The time schedule is a very extended one for the ES project. It can lead to
"overengineered" design that are unnecessarily costly.

Lost competence is another factor that has to be taken into account. More than 15
years have passed since large nuclear facilities were designed and constructed and
vendors' organizations have been to a large extent occupied with other type of
work than plant engineering during the period.

The evaluation project was ordered and managed by Marten Eriksson. A
referensgroup consisting of Magnus Westerlind, SSI, and SorenNorrby, Saida
Laarouchi-Engstrom and Asa Dahlgren, SKI, has assisted the project manager with
evaluations during the project.

Project managers from NAC were Sven Olof Andersson and Per Brunzell. NAC's
team consisted also of Dr. Rainer Heibel, John McCarthy, Charles Pennington, Chris
Rusch and Dr. Geoff Varley.

SKI and NAC wishes to acknowledge the following organisations who have
provided helpful cooperation with NAC during the preparation of this report: The
Swedish Nuclear Fuel and Waste Company, ABB Atom AB, OKG AB and the
British Nuclear Fuels Ltd.

SKI, August 1998
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Introduction

Early 1997, the Swedish Nuclear Inspectorate (SKI) entrusted NAC International to
perform a review of the Encapsulation Station (ES) project. The purpose of the ES plant
is to encapsulate spent fuel stored in the CLAB facility in a copper/steel canister which
will be transported to and deposited in the repository for final disposal of spent nuclear
fuel. This put some very specific requirements on the canisters as well as the ES plant
itself.

The scope of the work was defined in a pre-study that was performed in the end of 1996.
SKI's objective with the review performed by NAC International has been to:

• Get an independent review of cost estimates for the ES that has been generated by
SKB and presented in the "Plan 96" document from SKB.

• Perform a review of the logistics and capacity of the ES plant.

• Generate an overview of important safety aspects for the ES plant.

• Evaluate the basic design of the copper/steel canister.

• Review the manufacturing including costs for the copper/steel canister.

• Review certain issues such as lid welding including quality verification, handling of
canister and casks including transport cask.

• Identify important licensing issues.

• Identify project risks that can have large impact on the total cost for the project

The work has been carried out in close cooperation between SKI and NAC and also
SKB, BNFL and CLAB have contributed with valuable input as well as other industry
sources contacted by NAC.

Reports

The following NAC reports have been generated within the project:



NAC Report C-97005, January 1997

"A Review of the Swedish Encapsulation Station for Spent Nuclear Fuel"
NAC Report C-97013, December 1997

"A Review of the Swedish Canister for Spent Nuclear Fuel"
NAC Report C-97023, December 1997

"Swedish Encapsulation Station, Summary Report"
NAC Report C-97077, December 1997

In addition to the reports, three seminar have been arranged by SKI in which
representatives for SKI, SKB, SSI, and NAC have discussed the work performed.

The NAC reports have, with some minor edits and clarification, been integrated into this
SKI report which concludes the project.



1. Executive Summary of Encapsulation Station
Review

In the Encapsulation Station (ES) Review performed by NAC International, a number of
different areas have been studied.

The main objectives with the review have been to:

• Perform an independent review of the cost estimates for the ES presented in SKB's
document "Plan 1996". This has been made through comparisons between the ES
and BNFL's Waste Encapsulation Plant (WEP) at Sellafield as well as with the
CLAB facility.

• Review the location of the ES (at the CLAB site or at the final repository) and its
interaction with other parts of the Swedish system for spent fuel management.

• Review the logistics and plant capacity of the ES.

• Identify important safety aspects of the ES as a basis for future licensing activities.

• Based on NAC International's experience of casks for transport and storage of spent
fuel, review the basic design of the copper/steel canister and the transport cask.

This review includes design, manufacturing, handling and licensing aspects.

• Perform an overall comparison between the ES project and the CLAB project with
the objective to identify major project risks and discuss their mitigation.

1.1 Cost Comparisons and Location of the ES

The review of the cost estimates for the Encapsulation Plant is based on two
comparisons. One between the ES and the Sellafield Waste Encapsulation Plant (WEP)
in the UK, and the other between the ES and the CLAB interim storage facility in
Sweden.

WEP cost and technical data have been used to project what a facility like the ES would
cost to construct, operate and decommission in Sweden at the CLAB site. The ES
investment cost projection thus derived is different compared with the SKB 1996



estimate. The analysis shows that the SKB costs may be underestimated by MSEK 400-
525, not taking into account differences between labour rates in the U.K. and Sweden.

For the CLAB comparison only very limited cost break-down information was made
available to NAC. The extent of the analyses accordingly is more limited and with
greater associated uncertainty. The results obtained from the CLAB comparison do not
contradict SKB's cost estimate.

The total SKB operating manpower cost estimate is about MSEK 740. The comparison
with CLAB indicates that the manpower cost could be somewhat higher (MSEK50-
100).

NAC has analysed the scope of the ES design and concludes that it can support the
proposed production rate of one cask per day, based on a one shift operation schedule
under normal circumstances. The process appears vulnerable to disturbances in some
process steps, however. At times, this may necessitate a second shift of operations staff.

NAC's analysis supports SKB's estimate that it would be about MSEK 700 more
expensive to locate the ES at the final repository than at CLAB.

1.2 Safety Aspects

The following safety concepts have been identified and should be considered in a design
and licensing review in order to ensure long-term performance and safety of the
canisters.

• Radiological Considerations with respect to pool operations, fuel failures, equipment
malfunctions, maintenance operations

• Spent Fuel Specification including failed fuel categories, drying, burnup distribution
in each canister

• Spent Fuel Conditioning with respect to fuel/air environment, backfilling of the
canisters, welding process

• Handling and Transports including moving fuel from CLAB to the ES, handling and
transport operations within the ES, welding operations, shipment from the EC

• Waste Management in the process and Storage of Encapsulated Fuel



1.3 Summary of Copper/Steel Canister Design

NAC International has reviewed the initial studies and designs of the copper/steel
canister developed by SKB and has concluded that extensive and thorough evaluation
using appropriate analysis methods has already been applied to what many in the public
feel to be an intractable problem. NAC has concluded that, on the whole, the
Encapsulated Spent Fuel (ESF) canister-based system, together with its supporting
facilities and equipment, has been developed on a sound basis.

NAC International has received only general information and data regarding the canister
system. The information is not sufficiently detailed to determine whether various
canister design concepts and alternative approaches have been considered by SKB.
Therefore, the review contains a discussion of a variety of concepts that maybe or
should have been evaluated in arriving at a canister system optimized for its application.

SKB may well have considered the complete range of available design concepts.
However, the information made available to NAC did not always indicate such
consideration; therefore, NAC believes it is prudent to discuss such concepts.

There are three broad observations that would tend to encompass or circumscribe the
areas of discussion upon which NAC has focused.

These are summarized below.

1. The combination of a copper shell with a structural shell material, such as carbon
steel, is a wise and robust engineering concept, especially for this application where
long term mechanical stability and corrosion resistance both dominate the design
requirements.

SKB has made what appears to be a well considered selection of materials to
develop a "defense in depth" design concept. However, it is not clear from the
documents reviewed what process of consideration was utilized to arrive at this
selection. In particular, the functional requirements for the copper shell and carbon
steel are not clearly delineated so that it is not possible to track how and for which
service the current design is optimized. The following safety functions and design
considerations have obviously been combined in some optimization approach to
arrive at the design:



Safety Functions* Design Considerations

1. Containment 1. Size
2. Structural Integrity 2. Weight
3. Confinement 3. Operability
4. Heat Rejection 4. Capacity
5. Shielding 5. Fabricability

6. Cost
* These safety functions must be met for the operating conditions presented by

transport, short term storage, and long term repository residence. The ranking or
importance of each of these functions may change depending on which of these
design operating conditions is being considered.)

Because the ordering and ranking of these factors in the design is not clear, a
number of opportunities is presented to the reviewer for "second guessing" or
questioning of the approach. Some of the remaining observations may result from
this observed and acknowledged lack of understanding of the optimization approach
bySKB.

2. The use of copper in the ESF canister is a sound material selection for the outer shell
if a long term corrosion barrier with excellent thermal properties is desired.
However, the reliance on and defense of the copper shell as the primary containment
boundary for transport or for any long term storage application is a significant
departure from global spent fuel storage and transport experience. Such a decision
would not be taken without significant review and justification but it may well prove
to be the weakest conceptual component in the design, since copper is a low
strength, highly ductile material whose weld integrity under high stresses and high
temperatures may be subject to criticism, especially in off-normal or beyond-design-
basis operating conditions in a repository.

3. The use of carbon steel inner«shell and/or basket structure does offer the structural
support necessary for the copper. However, the carbon steel is not closed with a
weld. This could mean that if the copper shell fails under extreme conditions in the
repository, all corrosion barriers may be short-circuited with ground water having
relatively rapid access to the spent fuel through the bolted closure of the carbon steel
shell.

The selection of carbon steel suggests an emphasis on strength per unit weight, heat
transfer, system size and weight, and/or cost factors. Otherwise, a welded stainless
steel inner shell of greater thickness would seem to offer a more robust engineering
approach for this application. Thermal issues do not appear to be a dominant



consideration, and thick stainless steel with a welded closure offers strength and a
secondary corrosion barrier. It could also serve as the primary containment
boundary. An alternative approach would be to use a welded closure on the carbon
steel shell, if other factors make stainless steel unsuitable.

1.4 Canister Fabrication Cost

Estimated costs of systems and equipment have been developed as shown in the
following table. However, some of these costs have been developed based upon very
simplified assumptions. Fabrication costs for any mechanical system are complex
functions of the design, the supplier, and the requirements for and applications of the
technology. Added complications of fabrication of spent fuel storage and transport
systems include material selection and other fabrication specification requirements,
fabricator experience and availability, schedule requirements and quantity to be
procured. These latter complications are very significant with respect to assessing the
fabrication costs of the copper/steel canisters and transport systems. In particular, the
following specific issues required a number of simplifying assumptions to arrive at a
satisfactory approach to estimate the fabrication cost:

• There are no detailed drawings of the systems available, including no Bills of

Material

• There are no fabrication specifications available

• There is no specific quantity of transport casks or fabrication schedule identified.

• There are few if any fabricators having sufficient experience with nodular cast iron,
large copper canister or large steel casting fabrication to obtain reliable estimates
based on volume production

• There is no direct way to convert a U.S. fabrication estimate to a European
fabrication estimate, owing to the international differences in material, labor and
transport costs. Simple currency conversions may mask these differences.

However, the costs developed are believed to be most representative of what is
achievable. Unless more detailed design information changes some of the basic
assumptions of the estimation process, these costs are viewed to be as accurate as can be
presently achieved.



Component USS

BWR Canister - U.S. Fabrication (average of two 231,500
fabricators estimates)
PWR Canister - U.S. Fabrication (average of two 208,300
fabricators estimates)

BWR Canister - Spanish Fabrication 147,300

PWR Canister - Spanish Fabrication 136,600

Transport Cask Body 305,000 - 350,000

Transport Cask Impact Limiters (per set) 310,000 - 390,000

Transport Cask Lifting Equipment 150,000 - 200,000

Transport Cask Transporter 200,000 - 300,000

Given the number of Swedish BWRs and PWRs and the associated number of canisters
to be manufactured, NAC's average unit cost estimates for fabrication of the
copper/steel canisters are US$224,000 and US$145,000 for the US fabricator and the
Spanish fabricator respectively. The SKB estimate of 1,250,000 SEK (US$160,300 at
7.8 SEK/US$) falls below (about 30 percent) the NAC estimate for U.S. manufacturing
and is somewhat higher than for Spanish manufacturing.

1.5 Project Risks

As a first choice, the ES plant is planned to be co-located with the CLAB facility and a
certain sharing of services between the two plants have been assumed. Since design
work on the ES project has been stopped for more than a year and the design has so far
only reached an early stage it is not meaningful to perform detailed cost evaluation on a
system level and make comparison with CLAB. At this point in time it is more
important to identify potential risks in the project and discuss how they can be
mitigated. In this report a number of such risks are discussed.

The welding process for finally sealing the canisters and the non-destructive testing of
the weld is identified as the single biggest risk. Not only does it constitute a risk for
increased costs in itself, but it also has a big impact on the lay-out and design of the
whole plant. Should significant changes of the plant design be necessary, this could
easily imply a cost increase of several hundred MSEK for the whole project. This risk



can be mitigated by focusing on the development and verification of the welding
process including the testing at an early stage in the project. The planned full scale
welding laboratory in Oskarshamn is a step in this direction. It is important to have a
robust, high yielding process verified before the design of the ES is brought to a higher
level of detail.

The fabrication cost for the canister is also identified as a risk for the whole project.
The unique design and the material selection limits the number of fabricators to very
few. This should be mitigated by considering back-up design solutions for the canister.

The logic applied for the design and construction of the ES is based on a well proven
project execution logic used for the Swedish nuclear power plants and CLAB. It can be
concluded that this is a sound approach since the ES is a similar type of plant. However,
there are some project risks that has to be controlled and mitigated.

The time schedule is a very extended one for the ES project. This will inherently lead to
a lower productivity in the engineering phase of the project. It can also lead to "over-
engineered" designs which are costly. The time schedule is constrained by the siting and
construction of the final repository and it is difficult to quantify the associated costs for
this risk. As an illustration it can be concluded that 50 designers costs around MSEK30
per year.

Lost competence is another factor that has to be taken into account. More than 15 years
have passed since large nuclear facilities were designed and constructed. The vendors'
organizations have been to a large extent occupied with other type of work than plant
engineering during this period. This factor can be estimated to add 10-15 percent in
engineering time when comparisons are made between the ES and CLAB. On the other
hand this is offset by the fact that much more powerful design tools are available today.

It is concluded that a very strict project management is of great importance in mitigating
project risks that can lead to cost increases in the project.
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2. Description of the Encapsulation Station (ES)

This section gives a general presentation of the proposed Swedish Encapsulation Station
(ES) for spent nuclear fuel. The description is based on information that has been made
available to NAC International early 1997.

Cost estimates for the design, construction and operation of the ES as stated by SKB
(Swedish Nuclear Fuel Company) are also presented for reference purposes for the cost
comparisons presented in the following sections of the report.

2.1 Location

The main alternative for the location of the Encapsulation Station (ES) is adjacent to or
integrated with the CLAB interim spent fuel storage facility at Oskarshamn. A second,
less likely alternative, is adjacent to the future final repository for spent fuel.

The location of the final repository has not yet been decided but for this analysis, it is
assumed that it will be located in the far north of Sweden, in one of the counties of
Vasterbotten or Norrbotten. The CLAB facility is located at the Oskarshamn nuclear
power plant site on the Simpevarp peninsula on the Baltic coast in south-eastern
Sweden.

The CLAB spent fuel storage facility, located on the three-reactor site at Oskarshamn,
does have associated with it a number of important services that benefit the design and
contribute to minimisation of incremental costs for the ES.

2.2 Building

The ES building shell is of concrete construction with steel cladding on the outside and
thermal insulation between. The choice of concrete and the wall thicknesses relate to the
need for radiation shielding. About ten percent of the building volume is below ground
level. The building has a somewhat unique content. It includes:

• A wet pool for receipt of spent fuel from the CLAB storage.

• A semi-accessible process area with several workstations and chambers to which the
canister can be temporarily sealed. This area is designed on the basis that man access
will be possible for remedial action, even if spent fuel is present, due to localised
shielding that moves through the process sequence with the spent fuel container.
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• A buffer store for processed canisters, which is foreseen to be of more or less
identical basic design to the encapsulated product stores at BNFL's Sellafield site.

• A product export area to receive road transporters.

The ES building is expected to be designed to withstand a horizontal acceleration at
ground level of 0.1 g, as is the CLAB facility. Available information on the principal
parameters related to the size and content of the ES facility are summarised in Table 2.1

Item

Building volume under

Building volume above

Total building volume

Building surface

Steel Reinforcement

Concrete

Floors

Walls

Ceiling

Outer walls

Table 2.1

ground

ground

ITS' Principal Parameters

13,250 m3

127,400 m3

140,650 m3

5,770 m3

2,100 tonnes

26,200 m3

25,000 m2

73,000 m2

25,000 m2

8,200 m2

2.3 Wastes Handled and Process Description

The main steps of the ES process are:

• Selecting fuel assemblies and moving them to the encapsulation station.

• Identification and verification measurements

• Drying and emplacement in the steel cask within the copper canister

• Changing of the atmosphere and sealing of the steel cask

• Welding of the copper canister lid

• Finishing work and non destructive testing

• Canister inspection and possible decontamination

• Temporary storage in the buffer store, prior to dispatch to the final repository.
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The encapsulation plant is designed to produce about 200 copper canisters with spent
fuel per year, with an average of one per working day. Importantly it is foreseen that
canisters passing through the facility will spend one day at each of the main process
stations, even though the processing time at several of the stations may be less than the
duration of the single working shift foreseen. Some preparatory operations will be
performed overnight and it is foreseen that CLAB staff will be able to manage these.

Because the ES will be directly linked with CLAB, many of the systems are integrated
and the same requirements on safeguards and safety will apply on both facilities. The
basic lay-out of the encapsulation plant is presented in drawings included as Appendix
1. The process sequence is illustrated schematically in Appendix 2.

2.3.1 Copper Canister with Steel Cask

The copper canister will contain a steel cask insert, with channels for the fuel
assemblies. The steel cask is mounted in the copper shell before the canister is delivered
to the ES.

2.3.2 Transport of Canisters between the Work Stations

A transport vehicle is used for moving the copper canister between the work stations.
The vehicle consists of a remote controlled air-cushion transporter and a load carrying
device with radiation shielding, in which the copper canister is emplaced. The
transporter is moved in under the load carrier which is lifted and then moved to a
workstation. Since the load carrier is equipped with radiation shielding, the transporter
and the carrier are accessible for service even if the canister is loaded with fuel.

2.3.3 Spent Fuel Selection

Spent fuel assemblies with a range of irradiation and residual heat generating
characteristics must be selected to meet limiting criteria on heat generation in the copper
canister, which is a design parameter for the final repository. Based on fuel design data
available at CLAB, suitable storage cassettes are chosen before they are moved from the
storage area to the ES. The existing CLAB fuel elevator is used to move the fuel to the
ES.

Transfer of the storage cassette to the ES handling pool is achieved using facilities and
procedures already employed when moving cassettes from the receiving area to the
storage area at CLAB.
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2.3.4 Handling Pool

After identification, the fuel assembly is lifted out of the cassette and taken to a
measurement station where burn-up and residual power is verified.

2.3.5 Handling Cell

The transport cassette is lifted by a remotely controlled handling machine to the
handling cell and placed in one of two drying stations. There, the fuel is dried with
circulating hot air at a temperature of 120°C. A shielded load-carrier with an empty
copper canister is docked to another part of the cell from below. When the fuel
assemblies are dry, they are taken one at a time over to the docked canister cask insert.
When the canister is full, a lid is placed on the steel cask to provide radiation shielding
and prevent contamination. The canister is then released from the docking mechanism
and moved with the transport trolley to the next station. The empty transport cassette is
moved back to the handling pool along the ramp.

2.3.6 Sealing of the inner cask

The air in the steel cask is evacuated and then replaced by inert argon gas and the cask is
sealed. The lid is then bolted on to the cask. Leak tightness is verified before the canister
is moved to the next station, where the copper lid is welded on.

2.3.7 Welding of the Copper Lid

At the welding station, the canister is docked to a weld chamber which is located in the
station. The welding chamber can be evacuated. When the canister is connected, the
chamber and the space between the insert and the copper shell are evacuated. A pre-
heated copper lid is attached and then welded to the canister using electron beam
welding equipment (yet to be developed). During welding, the canister is rotated while
the welding equipment is fixed. When the weld is finished, the canister is moved to the
next station for finishing work and non-destructive testing.
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2.3.8 Final working and non-destructive testing

A visual inspection of the weld is made before it is machined. Then, non-destructive
testing employing ultra-sonic and X-ray equipment is performed. If the weld is
accepted, the canister is moved to a loading position in the corridor.

2.3.9 Handling of non-compliant canisters

If the weld is not accepted at the non-destructive testing, the canister is returned to the
welding station where it is re-welded. Then a new weld quality inspection is performed.

In a case where the weld cannot be repaired or re-made, the canister is set aside for
remedial recovery at an appropriate time.

2.3.10 Inspection and Decontamination

At the loading position in the transport corridor, the canister is lifted out of the carrier's
radiation shielding and is taken to the station for inspection and decontamination. This
activity is done with a remote controlled handling machine, equipped with radiation
shielding. The copper canister is lowered into the station where smear tests are taken on
the whole of the canister's outside to check for cleanliness. The station is equipped with
high pressure water for decontamination. The surface dose rate is also checked before
the canister is taken to the buffer store.

2.3.11 Buffer Store for Filled Canisters

The buffer store for filled canisters is located under a radiation shielding floor with
openings above the storage positions. Every opening is covered with a plug which also
functions as a radiation shield. The buffer store is air cooled, using only natural
convection, and has a capacity for 50 canisters.

2.3.12 Services

General services, including pool cooling and water treatment already exist at the CLAB
facility. Some additional services will be needed locally within the ES.
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2.4 Costs

The cost for building and operating the ES and developing the canisters is calculated by
SKB to be approximately MSEK 2,860 (investments) of which roughly MSEK 250
have already been spent (through mid 1997).

The cost estimate break-down is summarized in Table 2.2:

Table 2.2 Encapsulation Station Investment Costs
(1996 prices !)

Item

Encapsulation Process (incl. construction)

Service System (incl. construction)

Buildings

Test Operations

Operation

Re-investments

Decommissioning

Total

Cost (MSEK)

1,000

300

550

50

740

60

160

2,860

The operation of the plant including costs for the copper canisters is estimated at
approximately MSEK 3,800 including reinvestments. Of the MSEK 3,800,
approximately MSEK 3,000 will be used for acquiring canisters.

The operating period is 2008-2011 and 2020 to around 2035 in the base case, i.e. 25
years of operation of all reactors. The reason is that the current planning foresees that a
pilot project consisting of roughly 400 canisters will be carried out and evaluated after
10 years in the deep repository.

Some of the main operating characteristics of the ES are summarized in Table 2.3.

1 The SKB Plan 1996 report uses January 1996 prices. The break-down of costs are made in mid 1997
and takes into account the latest position on already spent.
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Table 2.3 Encapsulation Plant Operational Characteristics

Operating
Period

2002-2004

2005-2007

2008-2011

2012-2016

2017-2019

2020-2035

Total

Number of
Canisters

400

2,600

3,000

Production Rate
(canisters)

1 per two working days

1 per working day

Number of
Employees

20

30

30

30

60

60

Man-years

60

90

120

150

180

960

1,560
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3. Encapsulation Station Cost Analyses and
Comparisons

3.1 Comparison with the Sellafield Waste
Encapsulation Plant, WEP

3.1.1 Introduction

The Sellafield Waste Encapsulation Plant, WEP, (formerly EP2 plus EPSB2) was
selected for comparison with the Swedish Encapsulation Station (ES) and information
on the WEP was obtained by NAC in the course of a visit to the Sellafield site in April,
1997. The visit included inspection tours at two operating plants, WEP and the Magnox
Encapsulation Plant (MEP - formerly EP1 plus EPSB1) and at the Sellafield MOX Plant
(SMP) which is close to completion. EPSB1 and EPSB2 are the service buildings
(change-rooms and other support services) respectively associated with the two
encapsulation process plants.

NAC was given access to experienced BNFL engineers involved in the design and/or
operation of these plants, as well as to BNFL staff currently involved with design work
being performed for SKB on the ES.

None of the facilities inspected is a direct parallel of the ES. However, there are
sufficient similarities in terms of basic functions and building construction, to enable a
meaningful cost comparisons with the ES. Indeed, some of the components or systems
proven in the Sellafield plants are directly transferable to the ES. Out of the three plants,
WEP is the most meaningful comparator.

There are however some differences between the WEP and ES plants for which
appropriate adjustments must be considered in making a cost comparison. The most
notable differences are that:

• WEP is a stand alone plant, while ES is an extension to CLAB.

• WEP is a high throughput, high availability plant, probably somewhat more so than
ES.

• WEP has many hydraulic systems which are more expensive to commission than the
mechanical handling machines of the ES plant.

• the remote handling requirements and proportions of caves within WEP are
significantly higher than in the ES.
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In general it would be expected that these factors would mean that the WEP plant is a
more complex and expensive type of plant than the ES.

MEP is a relatively simple plant that was the first of its kind at Sellafield. It was
designed and constructed on a very aggressive time scale - accelerated to five years
compared with a normal seven year schedule - due to strategic and operational reasons.
The design was not optimised, inter alia because the design had to commence before the
encapsulated product development program was completed. The design teams
accordingly did not have all of the necessary information until part way through the
design phase. Furthermore, MEP was designed without the benefit of computer aided
design (CAD) tools and the costs of design contractors probably were higher than usual
due to the severe time constraints imposed.

SMP is a characteristically different plant, with glovebox containment, rather than
heavily shielded process cells. It has more sophisticated process equipment and a
distributed control system. Criticality considerations and radiological considerations
related to plutonium handling also introduce special requirements. SMP has been
constructed on a very aggressive time scale and illustrates what today may be possible
in terms of optimised project management, with all the benefits of previous design and
construction experience. SMP is not yet operational however, so the final conclusions
cannot yet be drawn.

WEP is considered by BNFL to be very representative of today's build standards and
the way in which such a project should be approached.

The remainder of this section therefore concentrates on a comparative analysis of WEP
actual costs and SKB cost estimates for ES. The experiences with MEP also are
pertinent to some extent and, accordingly, reference is made to these as appropriate.

3.1.2 Scope of Comparison

The following analyses addresses the SKB 1996 cost estimates for the ES facility in
terms of:

• Capital investment costs

• Operating costs

• Decommissioning costs
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There are a number of distinct differences between the two facilities. The analyses will
rationalise these differences and, to the extent possible based on available information,
will give attention to the following factors:

• Building size

• Building design and content

• Scope of process equipment contained

• Design standards, especially seismic and radiological standards

• Location of the plant

• Applicable labour rates

• Construction time scale

• Effluents generated and available treatment routes

• Re-investment resources

• Commissioning resources

• Operations resources

• Decommissioning scope

3.1.3 Global Comparison of Project Cost Breakdowns

The SKB estimate of costs for ES has been made available to NAC with a partial
breakdown that is not directly comparable with the way in which BNFL presents project
cost breakdowns. NAC has used BNFL source information for the EP2 project (i.e.
excluding the costs for EPSB2) to create a breakdown in a similar way to that developed
by SKB for the ES. These data are compared in Table 3.1. The figures for EP2 are
approximately equivalent to January 1990 money values. The figures for ES are from
SKB in January 1996 money values. The data presented is prior to any adjustment for
scope and size, different national conditions etc. They represent a starting point for
rationalising the differences, which is one basis for determining the reasonableness of
the SKB estimate for the ES.
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Table

Item

SKB Project
Management2)

Encapsulation
Process

Service Systems3)

Buildings4)

Commissioning

Totals

3.1 Unadjusted Comparison of WEP and ES Costs

SKB
Estimate for
ES (Jan 1996

Money) -
MSEK

240

1,000

300

550

120

2,210

Outturn Cost
for EP2 (Jan
1990 Money)

MGBP

0

159

93

28

2805)

Outturn Cost
for EP2 in

MSEK
equivalent1}

0

1,908

1,116

336

3,360

Difference
before

adjustments:
EP2 - ES
MSEK

-240

608

566

216

1,150

1. Jan 1990 £ converted to MSEK at an exchange rate of 12.0 SEK/£, which is around
the middle of the observed range for the first fifteen weeks of 1997.

2. SKB cost allocations to the ES project may be disproportionately high compared
with the EP2 project, due to the broader, non-project specific activities of SKB. This
item has been retained in the analysis because at least some of these costs are
pertinent.

3. Taken to mean building services, including ventilation, power supplies etc.
4. Taken to mean Building and Civil work, including related design and engineering

(D&E).
5. The total project cost excludes interest charges during construction.

3.1.4 Description of EP2

Location

EP2 is located at the BNFL Sellafield site on the Cumbria coast in the northwest of
England. Sellafield is a rural location but is reasonably well connected by roads to major
centres.

The Sellafield site is an established and large site with a substantial infrastructure
principally relating to BNFL's spent fuel reprocessing activities and to the adjacent
Calder Hall nuclear power station. The availability of existing facilities within this large
infrastructure, meant that the EP2 facility did not need to incorporate all support
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services as would be needed in a stand-alone facility (for example liquid effluent
treatment equipment).

Sellafield has been host to a large number of major construction projects over the last 15
to 20 years. As a result, the whole site is geared-up to accommodating such activities
and external companies serving the site have gained enormous experience pertinent to
nuclear standard fabrication and construction.

EP2 Building

The EP2 building is part of a complex of encapsulation and storage facilities located
adjacent to each other in one sector of the Sellafield site. EP2 has associated with it a
Services Building (EPSB2) and a store for the encapsulated product (EPS1) which is a
shared facility, taking encapsulated product drums from both MEP and EP2.

The building shell is of steel frame construction, with inner and outer steel cladding,
thermal insulation between and a decorative brick wall to a height of about two metres.

EP2 has several working levels but, within the building, the main heavily shielded
process cell extends through more than one level. On each working level there is very
approximately about one third of the area devoted to each of process, process related
activities (handling, receipt and dispatch etc.) and services/control equipment.

There are three heavily shielded reinforced concrete cells, with all the usual associated
features, such as shielding windows, ports for selected penetrations, stainless steel
cladding on the floor and on the walls to a height of about one metre, strippable paint
elsewhere internally. The largest is an L-shaped cell which houses all of the main
process equipment. A second cell accommodates a bank of HEP A filters (High
Efficiency Particulate Air filters) for filtering the process cell ventilation air. A third cell
contains the decontamination equipment used to wash down and swab the filled product
drums, prior to dispatch to the product store.

EP2 was designed to be modular and thereby easy for maintenance and
decommissioning. EP2 benefited substantially from the earlier experience with EP1.
Some equipment design is common to both plants and BNFL had learnt lessons in the
design and construction of EP1.

The EP2 building is designed to withstand a horizontal acceleration at ground level of
0.25g. The principal parameters for the size and content of the EP2 facility are
summarised in Table 3.2.
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Table 3.2 EP2 Principal Parameters

Description

External Dimensions

Total Internal Volume

Concrete

Steelwork

Cladding

Roofing

Pipes - Active

Pipes - Inactive

Cables

Terminations

Loops

Major Plant Items - Mechanical

Major Plant Items - Electrical &
Instrument

Quantity

L88m; W62m; H35m

210,000 m3 approximately

44,000 m3

7,500 tonnes

10,500 m2

5,450 m2

8,000 m

18,000 m

550,000 m (14,000 cables)

180,000

2,700

1,250

3,000

Wastes Handled and Process Description

EP2 receives four different waste streams:

• Hulls and Ends from the shearing and dissolution section of THORP (Thermal Oxide
Reprocessing Plant)

• Scrap (in water) e.g. used shear blades from THORP

• Barium carbonate sludge (alkaline) used for removal of C14 at THORP

• Centrifuge cake (acid) from the spent fuel dissolution section of THORP

Wastes are received in casks. Bolts on the receipt cask are removed manually. The cask
is moved into the process area, the lid removed and placed on a drip tray, the cask is
positioned and sealed against a vertical shaft opening, the waste container is lifted out
and hoisted up the shaft to the beginning of the main process area. After emptying, the
container is lowered back into the cask, which has the lid replaced.
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EP2 has four separate process stations, one for each of the waste product streams. The
plant essentially is a single line plant. Originally it was conceived to have two lines, as a
contingency but ultimately this was deemed to be unnecessary additional investment.
The building shell is the same as originally conceived for two process lines.

All wastes are encapsulated in a standard 500 litre stainless steel drum, which is closed
with a bolted lid. Barium carbonate sludge is pumped to a buffer tank and from there to
the drum filling position. Other wastes are placed directly in the product drums. Hulls
and ends from spent fuel assemblies arrive together and have to be segregated before
drum filling, so as to achieve and acceptable encapsulation matrix and to protect the
drum from damage that otherwise may result from the heavy fuel assembly end pieces.
A significant amount of mechanical equipment exists to achieve this waste segregation.

Drums are filled with one of the waste types, after which some vibro-compaction may
take place. The encapsulation grout is mixed in equipment that resides in a designated
area with open access. The grout mix is a combination of Ordinary Portland Cement and
Blast Furnace Slag.

The grout is poured into the filled product drum, after which it is moved to a temporary
holding position and left to cure for 24 hours. Residual water may have to be removed
from the surface of the solidified grout in some cases. The next stage is to position the
drum at a capping station, where a different grout mixture is poured into the drum, to
provide a cap. This once again is cured for 24 hours prior to bolting on of the drum lid.
All of these activities take place in an air environment within the open space of the
shielded process cell.

The product drum then moves to the decontamination cell, where it is swapped and
decontaminated using high pressure water jets, as appropriate.

Finished drums are placed four together on a so-called stillage, which when fully loaded
is removed from the plant and transferred to the product store. A rail connection is
present under the building, which provides all of the necessary links for receipt and
dispatch of wastes and casks.

EP2 has a single stack for discharge of filtered aerial effluents. The process cells contain
sumps for the collection of liquid effluents. Such effluents are sent to an external
collection facility, not included in the scope of EP2, which then sentences them to the
appropriate effluent treatment plant elsewhere on the Sellafield site.

The plant can produce up to 18 encapsulated product drums per day as a maximum. For
THORP wastes only 10 per day and averaged over all waste types about 16 per day. The
filled drum weight varies between 1,400 and 2,200 kg.
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3.1.5 Outline Comparison of EP2 and ES

The ES is smaller than EP2 - about two thirds on a volumetric basis. The content of the
ES is somewhat different to EP2. In particular, ES has a wet pool and related handling
and spent fuel verification equipment. ES will handle fissile material, with an associated
requirement for validated fuel assembly selection and safeguards procedures.

At the other end of the plant, the ES has a buffer store for the product, whereas EP2
product containers are dispatched immediately to a separate product store.

The typical unit construction costs for wet pools, shielded process cells and buffer
storage generally are different. The differences in this respect between the ES and EP2
therefore would be expected to be reflected in the final construction costs.

In terms of the materials to be handled and processed, EP2 has four considerably
different waste streams and they dictate that all of the processing must take remotely
inside heavily shielded process cells. The fuel assemblies handled at the ES in general
will be relatively benign, other than the external radiation.

The actual encapsulation processes at EP2 are relatively straightforward. At the ES there
are a number of processing stages where evacuation and/or back-filling with argon is
required. The crucial electron beam welding of the copper canister lid is not yet
developed and represents a significant challenge. However, for the purpose of this
analysis, it has to be assumed that a satisfactory welding process will be developed, so
there should be no implication for the capital cost of the ES. Operations costs could be
impacted if the welding process cannot be completed satisfactorily within a single shift.

Both the ES and EP2 make use of support services provided by the existing site
infrastructure.

3.1.6 Detailed Cost Comparison of ES and EP2

Building Size

The estimated building and civil (B&C) cost for the ES, including related design and
engineering (D&E), is MSEK550. The equivalent cost for EP2 was MSEK1.116 in 1990
money values and converted at 12 SEK7£. Escalating the EP2 cost to 1996 money
values must take account of real changes in market costs for design and construction
work, rather than using average price inflation indicators.
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NAC has obtained information on how these costs have changed in respect of BNFL
projects at Sellafield, as follows:

UK Labour Rate Developments

January 1997/January 1990 Ratios

Category Cost Ratio

Building & Civil Construction 1.04

Plant & Equipment 1.22

Design & Engineering 1.20

UK retail prices have inflated over the same period by about 33 percent. Therefore, in
real terms, costs have reduced over the last seven years. D&E work associated with EP2
B&C represented about 15 percent of the total B&C cost of £93 million. The 1996 cost
therefore would be estimated at about £99 million, equivalent to about MSEK1,188.

Buildings of a similar construction method and construction content have unit costs that
are similar on a volume basis. A first order comparison of ES and EP2 B&C costs
therefore can be made on the basis of gross building volume. On this basis and starting
with an escalated EP2 cost of MSEK1,188, the ES B&C cost would be predicted at
about MSEK795. This compares with the SKB 1996 estimate of MSEK550 - a
difference of MSEK245. The MSEK 795 estimate is based on UK labour rates and does
not account for different rates that may apply in Sweden. The concrete construction of
the ES walls will be somewhat more expensive than the steel frame construction of EP2
but the extra cost will be insignificant in relation to the overall B&C cost.

Building Design and Content

There are differences between the ES and EP2 designs that might result in both positive
and negative cost adjustments.

The wet pool in the ES would be more costly to build on a per m3 basis than the EP2
plant average. On the other hand the ES design, which allows man access for
maintenance in the process area, probably means that some standard equipment can be
utilised, rather than the custom procured equipment needed for more remote use, where
reliability is at a premium.

The buffer store in the ES will have a lower unit cost on a volume basis compared with
the remainder of the plant where a lot of process equipment is present. Based on
experience at Sellafield encapsulation and encapsulation store facilities, the unit cost for a
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a store is typically 70 percent of the active process plant cost. The buffer store in the ES
design represents a building volume of about 5,700 m3, or 4 percent of the total building
volume. Including the dispatch hall, this increases to about 15,000 m3, or about 11
percent of the total building volume. Using these figures to make an adjustment, the ES
cost saving compared to the unit cost basis for an EP2 type of plant, or the balance of
the plant in the ES, would be about 1 to 3 percent of the estimate adjusted for all other
factors.

Overall, based on the available information, it is difficult to recommend any adjustment
for this combination of factors. This does not mean there is not a net difference but more
detailed information would be needed to come to a reliable conclusion.

Scope of Process Equipment Contained

The detailed design of the ES is not yet complete. In addition, full information on the
extent of the process equipment included in the ES design has not been made available
for the purpose of this analysis. A detailed comparison of the two plants therefore is not
possible.

The sequence of process activities related to spent fuel encapsulation probably can be
considered to be somewhat more complex and challenging than the cement grouting
process at EP2. On the other hand, EP2 has to have four different routes for the four
different types of waste received, which multiplies the amount of plant and equipment
needed. The ES eventually also will incorporate cement encapsulation of core
components, which to some extent balances the degree of complexity between the two
plants. The pool operations part of the ES also introduces a degree of relative
complexity in the ES.

This qualitative discussion does not form a sound basis for quantifying expected cost
differences. For the purpose of this initial analysis, no account is taken for possible cost
impacts as a result of plant and equipment differences. This assumption might be found
to be conservative if more detailed information were made available and analysed.

For EP2, the equipment cost in 1996 equivalent values is about £90 million. This
includes procurement and installation of process equipment and services. Adding D&E
costs associated with this would increase the value to about £160 million.
(Approximately 83 percent of all D&E work related to plant and equipment and only 17
percent to B&C work.) Taking a ratio on the basis of overall building volumes, with no
adjustment for content (which might be conservative), the projected cost for the ES
would be about £107 million, or MSEK1.280.
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The SKB estimate includes MSEKl,000 for the process and MSEK300 for the services
- a total of MSEK1,3OO to compare with the projection of MSEK1,28O, Within the
uncertainty of the calculation method, effectively no difference.

Design Standards, Especially Seismic and Radiological Standards

Seismic design standards can impact design and construction costs. In particular, at 0.1 g
horizontal acceleration at ground level the situation is not too onerous. At 0.25g there is
a considerable difference. It is estimated that designing and building to 0.1 g compared
with 0.25g would save about 10 percent on the combined D&E and B&C costs. If EP2
had been built to 0.1 g standards, the estimated cost saving would have been about
MSEK119 lower at 1996 escalated values.

Radiological standards applicable at ES and EP2 are estimated to not make any
difference to the cost of construction. Occupational dose uptake at EP2 is very low and
will be very low at the ES. The level of radiation shielding and active area ventilation
provided for in the respective designs would not be significantly different for feasible
variations in radiological standards.

Location of the Plant

The location at CLAB is similar in general nature to the Sellafield site, but is relatively
close to an industrial centre, Oskarshamn. The Sellafield site has been established longer
than the Oskarshamn/CLAB site and has seen major new developments over the last ten
to fifteen years. The Sellafield area therefore may be slightly more geared-up for
supporting a new nuclear construction project than is the Oskarshamn site. For this
analysis, there is no meaningful basis on which to make a quantitative estimate of
whether or not this is significant. Accordingly no account is taken of it in the cost
comparison.

Applicable Labour Rates

NAC estimates that the following labour rate differences apply between the UK and
Sweden as of the end of 1996.
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Category

Construction

D&E

P&E

UK Rate
SEK/hr

300

336

270

Swedish Rate
SEK/hr

418

472 - 650

418

Ratio
Sweden/UK

1.40

1.40-1.93

1.55

In NAC's report prepared for SKI in 1995, entitled "An Evaluation of Cost Estimates of
Nuclear Power Reactor Decommissioning in Sweden, Germany and the United States",
early 1995 labour costs for construction workers at the Oresund bridge project were
used as a reference for the applicable market values in Sweden. To determine an
applicable value for 1997 rates in Sweden, it is considered appropriate to escalate those
earlier rates by the general inflation index in Sweden during 1995 and 1996 - 2.9 percent
in 1995 and 0.8 percent in 1996.

This means SEK 640,000 per year inflated to SEK665,000 in January 1997. With an
assumed working year of 1590 hours, this translates to SEK 418 per hour. The same
rates are considered to be applicable to plant and equipment fabrication in factories.

For design engineers, NAC estimates that internal rates at a company like ABB will be
about SEK650,000-750,000 per year. For 1590 working hours per year this equates to
up to SEK472 per hour. External rates generally applicable in the design services market
are estimated to be charged out at about SEK650 per hour. For SKB, the rate charged
may be neither of these but somewhere in the range.

For the EP2 project, the breakdown of resources was as follows:

Category Percentage of Total Project Cost

Design & Engineering 33

Factory Fabrication 22

On-Site Construction & Installation 45

If approximately the same percentages apply for the design and construction portions of
the ES project, in terms of man hours content, the impact of Swedish higher labour rates
would be approximately 43 to 61 percent on top of UK design and construction costs for
an equivalent facility, if all work were performed in Sweden. In practice it is possible
that all of the process D&E might be performed in the UK. If so, the overall impact of
Swedish higher rates would be reduced to approximately 35 to 41 percent.
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Labour rate comparisons are of course sensitive to the assumed currency exchange rate.
During the 1990s, the SEK/£ rate has varied from 10.29 to 12.98 - respectively 14
percent lower and 8 percent higher than the 12 SEK/£ used in these analyses.

In addition, productivity differences may apply between Sweden and the United
Kingdom. There may or may not be differences in productive work achieved per hour of
work expended and this may vary by specific activity. Such detailed analysis has not
been pursued for the current study.

The application of these percentages to determine the estimated additional cost in
absolute money terms is performed at the end of this section, where a summary
comparison and best estimate projection of the ES cost is presented.

Construction Time Scale

A programme summary for the EP2 project is presented in Table 3.3. Some of the
individual program items were overlapping, resulting in an overall project duration of
about 8.5 years through active commissioning. Detail design overlapped with B&C
Construction and inactive commissioning will have started before completion of all
M,E&I Installation.

Table 3.3 EP2 Achieved Program Summary

Program Phase

Front End Design

Detail Design

B & C Construction - Excavation

B & C Construction - Main Structure

Mechanical, Electrical and
Instrument Installation

Inactive Commissioning

Active Commissioning

Total Project Duration

Duration - Years

2.5

3.0

1.5

2.5

2.25

1.25

0.5

8.5

Some abortive time was expended during the front end design phase, due to the revision
from a two line plant concept to a one line plant. Up to about 1.25 years could be
attributed to this unnecessary effort. In principal some allowance (deduction) could be
taken for this in deriving an equivalent D&E cost for the ES. On the other hand, it
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cannot be assured that the ES design effort will not result in some abortive effort. On
balance, for this analysis, no adjustment is made for this effect.

The project could have been completed more quickly but there was no operational or
other need to be very aggressive with the program.

It is foreseen that the ES will be designed and constructed according to the program
outlined in Table 3.4.

Table 3.4 Swedish Encapsulation Station Programme Summary

Program Phase

Front End Design

Detailed Design

Site Excavation

Main Construction

Complete Installation

System Testing

Start Inactive Commissioning

Operational

Total Project Duration

Timing

1993 -1997

1998 - 2004

Early 2000

Mid 2000 - Mid 2004

Early 2005

2005 - 2006

2007

Mid 2008

-

Duration -
Years

4

6 - 7

0.5

4

-

2

1.5

-

15

The overall project time scale is very long compared with a typical modern project
constructed at BNFL's Sellafield site. The standard time for a plant like EP2 would be
about seven years, from front end design through active commissioning and the actual
was only 8.5 years.

The SKB program from site excavation through to the start of system testing is about
five years, which is comparable with the EP2 programme.

The major differences are in the design stage and in the system testing and
commissioning stage. SKB assumes six years for detailed design compared with three
years for EP2. For testing and commissioning SKB assumes 3.5 years compared with
not more than two years for EP2.

The schedule of the ES project is dependent on the schedule of other parts of the
Swedish back-end programme. The ES project is subject to the completion of the final
repository and cannot start operation before the final repository can receive spent fuel.
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If, for whatever reason, a longer time scale applies to the ES, this is likely to be reflected
in relatively higher costs.

However, for this analysis no overall adjustment has been made.

Effluents Generated and Available Treatment Routes

Effluent treatment does not have much significance in the EP2/ES comparison. As
stated, EP2 discharges any liquid effluents to an external collection facility from whence
they are sentenced for treatment at other existing Sellafield site waste treatment
facilities. An operations charge will be allocated back to EP2 from the treatment facility
concerned.

At the ES, the programme assumption is that CLAB will provide the required effluent
treatment support, using existing facilities. The main requirements will be in respect of
the pool water and cleanup systems. Some decontaniination wash water also may be
collected from the main process plant.

EP2 has a dedicated stack for the aerial discharge of filtered ventilation air. The ES
design also is foreseen to include its own stack to discharge aerial effluents that have
first been passed through HEPA filters.

With the exception of the dedicated stacks, both facilities therefore are supported by
existing infrastructure, so a cost adjustment is not warranted.

Re-investment Resources

At EP2 there has not been any significant re-investment expenditure to date. EP2
benefited greatly from the lessons learnt at EP1. In the longer term some re-investment
may be needed, depending on the operational life of the plant. Motors and valves etc.,
will need replacement at some time. The control systems also may need to be replaced,
if for no other reason than that they may become obsolete/without manufacturer support.

At EP1, which was a first of a kind for BNFL - much the same as ES will be for SKB -
some re-investment was needed quite early in its operational life. The main rework
packages added after start-up included:

• Grout mixing plant revised (was automatic and did not work properly) - £2 million

• Caustic dosing system added for Magnox swarf- £1 million
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• Problematic operations areas identified as a result of operator experience - about 70
different jobs - at a cost of about £3.5 million.

The total of about £6.5 million represented about 4 percent of the capital cost.

On this basis, it would be prudent for SKB to assume about five percent of the estimated
base capital cost as an allowance for near-term re-investment.

For the longer-term, there are two main reasons identified where the ES may require re-
investment. One relates to the electron beam welding station. Copper deposition is
expected to occur throughout the welding chamber. Protections will be designed into the
chamber but, inevitably, these will not be 100 percent effective and eventually
equipment can be expected to require replacement. A quantification of this likely re-
investment cost cannot be made in the absence of cost estimates for the specific
equipment in the welding station, which has not yet been fully designed.

The second identified need for re-investment related to the planned period of care and
maintenance for the ES. Well-planned care and maintenance programs would have to be
in place to facilitate a significant hiatus in operations and then return to full operation.
Some replacement of equipment would be necessary thereafter, for example seals and
quite likely the control equipment which might become obsolete and with no backup
support from the original supplier. With the development of modern digital technology,
this is expected to become less of a problem in the future. Equipment would have to be
operated periodically to sustain it in working order but this is an operational cost rather
than a re-investment cost. Once again, in the absence of detailed information on the
equipment and associated costs, an estimate of the likely re-investment costs for these
identified requirements cannot be made.

Commissioning Resources

It is estimated by BNFL that the typical commissioning effort needed for a modern
construction project with a scope like EP2 would cost the equivalent of about 10 to 15
percent of the capital cost (excluding D&E cost), which typically would equate to
between 7 and 10 percent of total cost (including D&E). This means between £17
million and £25 million. At EP2 BNFL claims to have had a very strong contract labour
team for commissioning activities.

At EP1 the commissioning activities involved a mixed discipline team of about 80
people for about 12 months, working approximately 12 hour days, seven days per week.
With an average manhour cost of up to about £50 per hour, this would amount to £17.5
million. The capital cost for EP1 is not known exactly but it is believed to have been
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about £160 million. The pre-hand over testing and commissioning cost for MEP in total
has been confirmed as just over £19 million, which corresponds to about 8 percent of
total cost and about 11 percent of construction capital. Commissioning of the services
building and store probably was relatively cheaper than for the EP1 process plant itself.
These data therefore appear to be consistent with the range of 10 to 15 percent of capital
cost a typical commissioning cost.

For the ES, SKB's 1996 estimate includes a commissioning cost allowance of MSEK
120, which represents about 6.5 percent of the capital cost, including D&E. The SKB
estimate at first sight therefore looks to be at or below the low end of the typical range,
based on BNFL experience with the Sellafield encapsulation facilities. However, there
are two main factors that may explain the difference. First, NAC believes that
differences in work practises between Sweden and the UK in this area will explain a
portion of this apparent difference. Secondly, the EP2 facility includes several hydraulic
systems that generally are more time consuming than mechanical systems in the
commissioning phase.

Operations Resources

a) EP2 Operating Staff

EP2 has a complement of about 115 to 120 staff in total. They have five shift teams to
sustain three working shifts per day, seven days per week and 52 weeks per year. Each
shift team has about 19 members, including:

• 9 operators

• 3 mechanical fitters

• 4 E&I fitters

• 2 Shift team leaders -1 operations, 1 engineering

• 1 overall shift manager

Day staff, usually involved with maintenance work comprise

• 4 mechanical fitters plus a team leader

• 1 E&I fitter plus a team leader

Others, include engineering support, operations support, administration, change room
attendant and plant manager. The average effective working time achieved for the
operations staff is about 4.5 hours per shift.

34



The total number of staff may reduce in the future if the management is successful in
negotiating revised, more flexible work practices. During the start-up phase the number
of operators required generally is higher - up to double the equilibrium level. Stable
operating teams are found to be very important in relation to smooth operation of the
facility and in assisting the identification and implementation of plant revisions and
upgrades.

b) ES Operating Staff

The number of operating staff expected to be required at the ES is as shown in Table
3.5. The increase from 2017 is partly related to an assumed reduction in the number of
CLAB operating staff, which will reduce the extent to which sharing of work can take
place. It is therefore not clear exactly what the assumed ES staff number should be for
comparison with EP2.

Years

2002-2004

2005-2016

2017-2035

Table 3.5 ES Operating Staff

Staff (No. Of Persons)

20

30

60

The comparison should be as though the ES were a stand-alone plant, without the
benefit of CLAB operations staff to provide support. On this basis, it would appear that
the minimum would be 60 ES staff plus an allowance of some sharing of staff at CLAB
and/or elsewhere at the Oskarshamn site. NAC does not have available any precise,
quantified information on which to base a judgement about this. For the purpose of this
analysis, an additional 10 operating staff is assumed, for a total stand-alone requirement
of 70 staff. InNAC's 1995 Decommissioning Cost Comparison report prepared for SKI,
the typical effective working time per eight hour shift was estimated at 4.25 hours. For
the ES, it is possible that a slightly higher value will be achievable, taking into account
the more centralised operations control system.

c) ES/EP2 Staff Requirements Comparison

As stated, EP2 (and EP1) at Sellafield has about 115 to 120 staff in total. This includes
five shift teams of about 19 per shift, to man three actual operating shifts per day, 365
days per year. The balance of staff needed totals about 21. Say 20 to 25 for the purpose
of this comparison.

35



Using EP2 as a reference, ES to run one shift plus overnight surveillance, stand-alone,
would need an estimated 70 staff in total, based on SKB data. This is based on the
following logic. To sustain one operating shift five days per week for 52 weeks per year
would need an estimated 20 percent more staff than the actual shift manning level i.e.
1.2 x 19 = 23 shift operations staff. In addition there would be about 20 to 25 general
staff, for a subtotal of 43 to 48. In addition some overnight surveillance and
miscellaneous extras might be needed, for example dedicated Health Physics and Safety
staff (EP2 tends to use such staff on-call from the general site staff at Sellafield). For a
total of 70, these extras would constitute about 20 to 25 staff. This is plausible within
the uncertainties imposed on this analysis by the level of available information on ES
operations.

d) Operating Costs

The SKB 1996 estimate quotes a total of MSEK3,800 to cover operations costs and re-
investment. Of this, about 3,000 canisters at a unit cost of MSEK1 is assumed. This
implies that the operations plus re-investment cost would be about MSEK800.

As stated, NAC recommends a prudent provision of not less than 5 percent of the initial
capital cost as a provision for re-investment. To first order, using SKB cost estimates for
the ES, this would mean not less than about MSEK60. With this amount for re-
investment, the residual amount to cover operations costs would be MSEK740.

SKB's plan implies a total of 1,560 man-years at the ES itself (excluding support from
CLAB staff for example, so not more than 60 staff). The average annual salary for
CLAB operating personnel in 1996 has been reported as SEK408,000, including social
charges (40 percent), overtime compensation and travel time compensation. The salary
cost for the 1,560 man-years can consequently be estimated to MSEK636. The
difference of about MSEK100 compared to the estimated MSEK740 in operational cost
could be explained by costs for supplies and maintenance of the plant during its
operation and/or some difference in the SKB assumed average total labour rate. On this
basis the SKB estimate for operations costs appears to be reasonable.

Decommissioning Scope

There are differences between EP2 and the ES that might reflect in somewhat different
constraints, approaches and techniques in decommissioning. For example, if all of the
spent fuel processed at the ES were free from significant failures, the extent of airborne
contamination in the main process areas would be minimal. In contrast, the interiors of
the EP2 process cells, at least in some parts, unavoidably will be contaminated with
airborne alpha wastes. EP2 also probably has significantly greater surface areas
potentially to be contaminated, compared with the ES. On a general point, the volumes
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and types of wastes generated in decommissioning can vary enormously from plant to
plant.

BNFL has advised an estimated decommissioning cost for EP2 of about £60 million, of
which about £8 million is the cost associated with waste disposal. This overall cost is
about twice the estimated cost for decommissioning EP1 and EPS1 combined. EP1 is a
smaller plant but it also handles different wastes and has somewhat different internal
construction. EPS 1 is not involved with any processing and can be expected to be
relatively clean. It is projected that EP1 and EPS1 will generate in decommissioning
considerably different volumes of waste in the various categories defined, compared
with EP2.

The uncertainties on an estimate of ultimate decommissioning cost can be quite large,
for any plant. Costs have been changing as more decommissioning experience is gained
and as acceptable practices for waste packaging and disposal, for example, have
developed. BNFL actual provisions for decommissioning of any individual plant are
estimated based on a unique program of activities related to the projected condition of
the plant at shutdown.

For this study, NAC has included an adjustment based on the ES decommissioning cost
being within the range of estimated decommissioning costs for EP1/EPS1 and EP2,
scaled according to overall building volume (although this is not necessarily an accurate
guide) and taking into account a cost advantage for the ES in respect of waste disposal
costs, which are assumed to be fully funded under other parts of the SKB waste
management program.

The data summarised in Table 3.6 forms the basis of NAC's projection for the
decommissioning cost of the ES.

Facility

EP1 +
EPS1

EP2

ES

Table 3.6 Decommissioning Cost Estimates

Total
D&D Cost

~£30M

~£60M

Not
Applicable

D&D Cost
Excluding

Waste Disposal

~£25M

~£52M

£25 M to £35 M

MSEK300 to
MSEK420

Building
Gross Volume

(m3)

136,500

210,000

140,000

Approximate Unit
D&D Cost Excluding

Waste Disposal

~£180/m3

~£250/m3

£180 to £250/m3
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The SKB 1996 estimate for ES decommissioning is MSEK160. On the basis of the data
in Table 3.6, a conservative approach would be to increase the SKB allowance by up to
MSEK260. In practice the actual cost is likely to be less than indicated by the Sellafield
source data, unless off-normal events at the ES result in significant disposal of active
materials. The best estimate in this analysis errs on the side of prudence and includes the
higher cost figures. Decommissioning of the CLAB and ES facilities simultaneously
probably would result in some cost savings.

Contingencies

Contingencies are a difficult issue to analyse, because it depends on risk assessments
and the philosophy adopted in regard to investment risks.

Modern practices in the commercial world often do not include any contingency.
Rather, the estimate submitted for investment approval has associated with it a risk
assessment, defining the estimated probabilities of exceeding or falling below the best
estimate cost. The investment decision is taken on the basis of these risk factors but a
specific contingency is not authorised.

SKB is in a somewhat different position, having to accrue fees mostly well in advance
of the expenditure, against a program that has several significant uncertainties. In
addition, some of the expenditure by SKB on the ES will be in foreign currency, thereby
exposing SKB to exchange rate variations.

A judgement on what is a prudent contingency provision must address such factors but
is outside the scope of this analysis.

3.1.7 Summary Comparison and Best Estimate Projection of ES Cost

EP2 cost and technical data has been used to estimate what a facility like the ES would
cost to construct, operate and decommission in Sweden at the CLAB site. These
estimates indicate that the actual cost may be higher than the SKB 1996 estimate. Table
3.7 summarises the areas where significant differences may exist. The projected ES
costs in Table 3.7 are based on United Kingdom labour rates.

On this basis, the projection for the cost of construction (Process plus Buildings plus
Services), including commissioning and reinvestment, is MSEK2,235 - approximately
13 percent higher than the SKB estimate for an equivalent scope.
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The comparison however does not include any allowances for the possible differences in
labour rates and productivity between the UK and Sweden. Assuming an exchange rate
of 12 SEK/£ and assuming that productivity levels in the two countries are the same,
then the effect of assessed Swedish labour rates would be to increase the projected ES
construction cost by between 43 and 61 percent, if all work were performed in Sweden.
On the same basis, if all of the process D&E work were performed in the UK, the range
reduces to between 35 and 41 percent.
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Table 3.7 Differences

Description

Building and Civil

Seismic 0.1 g

Commissioning

Decommissioning

Re-investment

Totals

Between SKB

SKB
Estimate

550

-

120

160

60

-

Estimate and Projected ES Cost Based on Comparison with EP2 at UK Labour Rates - MSEK

Projection

795

-80

190

300 to 420

90

-

Difference
Projection-

SKB

245

-80

70

140 to 260

30

405 to 525

Remarks

This could be a real difference but the estimate is uncertain and
the difference could be less. Detailed analysis of factors such as
construction worker productivity would have to be investigated in
order to refine the comparison.

10 percent reduction on B&C cost estimate for a plant designed
and constructed to 0.25g horizontal acceleration standard.

Projected MSEK 190 cost uses SKB level of only 6.5 percent of
total capital cost. Actual cost will be subject to the specific
approach in Sweden, which may result in cost savings compared
to the BNFL approach.

Projection probably on the high side, but includes an allowance to
cover the impact of potential off-normal events during the
operational life of the ES plant.

Assumes re-investment at 5 percent of SKB estimate for design
and construction capital (MSEK 1,850)
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Nominally therefore, additional costs of up to approximately MSEK 1,000 to
MSEKl,500 above the SKB construction cost estimate could apply. As a percentage of
the total ES project cost (including operations and canister procurement but excluding
decommissioning), these figures represent a cost increment of approximately 15 to 25
percent.

However, possible differences in work practices and productivity between the UK and
Sweden would have to be investigated in detail, for all categories of work, in order to
refine the comparison further. Such detailed analysis would be most meaningful if
performed in the context of a full, bottom-up cost calculation, taking into account the
specific design features of the ES and plant used in a comparison.

3.2 Cost Comparisons CLAB

3.2.1 Investments

The CLAB facility is a spent fuel interim storage facility which will store the spent fuel
arising from the Swedish nuclear programme. The plant consists of several main parts:
the receiving area, an electrical building, a service systems building and the
underground storage area. CLAB was taken into operation in 1985.

The original investment costs for CLAB in 1985 money were MSEK 1,750 which
corresponds to approximately (using a 76 percent aggregate inflation 1985-97) MSEK
3,080 in 1997 money. SKB has mentioned to NAC that the underground part is
approximately 25 percent of the total, which corresponds to MEK 770 in 1997 money.
Thus, the investment cost for the above ground part of CLAB is roughly MEK 2,300.

Of this, SKB has reported the following breakdown to NAC:

Item

Project Management &
Engineering

Buildings

Main and Service Systems
Others
Total

1985
(MSEK)

- CLAB

500

700

500
50

1,750

1997
(MSEK)

Total --

880

1,232

880
88

3,080

1997
(MSEK)
Above

Ground
660

924

660
66

2,310
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The cost for building the ES excluding canister development is calculated to be
approximately MSEK 2,210. In Table 3.8, a comparison between CLAB and the ES is
summarized.

Table 3.8 CLAB ES

Item

Building volumes above ground

Building volumes under ground (rock vaults)

Steel Reinforcement,
of which above ground:

Concrete
of which above ground:

Costs

Design, Engineering & Project Management

Buildings

Equipment

Others

Total (MSEK)

Comparison

CLAB

220,000 m3

64,000 m3

7,000 tonnes
5,000 tonnes

60,000 m3

42,000 m3

MSEK

660

924

660

66

2,310

ES

140,650 m3

2,100 tonnes

26,200 m3

MSEK

7932

550

867

2,210

On a building volume basis, the CLAB facility is about 60 percent larger than the ES
which correlates well with the estimated cost for buildings. The relative difference
between the amounts of concrete also supports this.

The Design, Engineering and Project Management and Equipment parts do not follow
any simple volumetric relationship and are actually higher for the ES in total
(MSEK1.390 for CLAB and MSEKl,850 for the ES). Without a detailed break-down of
the CLAB and ES costs, it is impossible to judge whether this is reasonable or not.

The main processes of the ES are more complicated and expensive to develop and build,
and proportionally more of the plant will be process related, with less service systems
than at CLAB. On a per unit volume cost basis, the ES equipment costs therefore would
be higher.

2 Based on Project Management 240M, commissioning 120M, and 1/3 of l,300M for process
developments and equipment.
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3.2.2 Operations

Labour Rates

The costs for labour at the ES will be the same as for CLAB today which has been
specified as follows:

Operating personnel: SEK 408.000/year including social insurance fee (40 percent).
Overhead: SEK 200.000 (office facilities and services etc.)
Total salary cost: SEK 600.000

SKB's operations cost estimate of CLAB comprises MSEK 70 per year + MSEK 30 per
year for buying the storage cassettes. The CLAB manpower requirement is
approximately 100 manyears per year. The total average cost on this basis is SEK
700,000 per manyear. (The difference from the SEK 600,000 above, relates to the higher
rates for contracted maintenance personnel.

In conclusion, the fully loaded cost for CLAB staff is SEK 600-700,000 per manyear
depending on the level of contractor personnel used in the operations of CLAB.

Manpower Requirements '

NAC has discussed manpower requirements with representatives for the CLAB
operations staff and discussed future staffing at the ES. Although CLAB staff has been
directly involved in developing the staff levels of the ES, some possible weaknesses
were identified by NAC.

• The need for technical development/process improvement during the operation of the
ES could require a somewhat larger staff than what SKB has proposed, maybe an
additional two staff members in addition to the one to two already foreseen.

• As discussed later in this report, NAC believes that as a maximum, a second shift of
eight people could be required under some circumstances.

The potentially required staff increases equal about 150 manyears assuming that the
increased staff level would be needed only during the main operation period.

ES Operating Cost

The ES operating costs are summarized in Table 3.9
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Table

Nominal (SKB)
manyears

Additional manyears

Total

3.9 Encapsulation Station Operating Costs

Manyears

1,560

150

1,710

Manyear Labour Rate
(SEK)

600-700,000

600-700,000

Cost (MSEK)

936-1,092

90-105

1,026-1,197

As mentioned in section 3.1.6, the total SKB operating manpower cost estimate is about
MSEK 740. This comparison indicates that the manpower cost could be up to about
MSEK300 higher. Even without the additional hours in Table 3.9, the cost would be
about MSEK 200 higher.

However, the above analysis does not take into account the fact that the operation of the
ES can be looked upon as a marginal addition to the current operation of CLAB. This
fact will tend to reduce the assumed overhead significantly (SEK 200,000 per person and
year). A 50 percent reduction of the overhead will reduce the operating cost to close to
the MSEK 740 discussed in Section 3.1.6.
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4. Interaction with other Parts of the Spent Fuel
System

This section describes the impact of the encapsulation station (ES) on other parts of the
Swedish spent fuel management system under various scenarios.

Depending on the location, the ES will interact differently with the spent fuel interim
store (CLAB), the deep repository, the nuclear power plants and the transport system.

4.1 Location at CLAB

The current plans are that the ES will be co-located with the CLAB facility on the
Simpevarp peninsula at Oskarshamn. In this case, it will be possible for the ES to use
some of the facilities and staff at CLAB.

a) Existing CLAB and OKG infrastructure, such as access roads, water supply, security,
and electricity and telephone connections will be used for the ES and only marginal
costs will be added.

b) Operating staff can be shared with CLAB. This is particularly important in the period
when the Swedish nuclear power programme is coming to its end and the flow of
spent fuel to CLAB is slowing down. The lower personnel requirement at CLAB will
then be compensated by the increased requirements at the ES.

c) It will be possible to co-ordinate maintenance support functions with CLAB and
OKG which enables an optimisation of staff levels, both for the ES and CLAB.

The main benefit of co-locating the ES with the CLAB is that a special reception area
will not be needed; the fuel will be brought up from the storage pools directly into the
ES. If the ES is co-located with the final repository instead, there would have to be a dry
handling receiving station at the ES.

4.2 Location at Final Repository

The ES interacts with the final repository for spent fuel in that it determines how and in
which form the spent fuel canisters are delivered to the repository.

If located at the final repository, the ES will, similar to a location at CLAB, share
common facilities with the repository, access roads, electricity, water supply etc.
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If the ES is co-located with the final repository, the fuel will have to be loaded into a
transport cask at CLAB and moved to the final repository where the fuel would be
received. An additional facility for the receipt of casks and fuel assemblies would have
to be built, adding significantly to the ES cost. This would be balanced to some extent
by a somewhat less complicated handling in the ES; the fuel would probably be handled
dry all the way through the ES. However, the net result would be a significant cost
increase. A receiving area corresponding to the receiving area of a dry interim storage
facility plus a relatively small buffer store for at least ten cask loads of spent fuel
assemblies (170 FA's) would have to be built.

A pertinent comparison is with the MVDS (Modular Vault Dry Store) facility in
Hungary, which has exactly the same functionality as what would be required for a dry
receiving area for the ES. It unloads casks with spent fuel and puts them in dry store for
long-term storage. NAC has visited the MVDS facility recently and obtained some cost
information. The cost for building the MVDS were about US$ 40 million in 1996
money for the first part with a capacity of 1,350 fuel assemblies. The MVDS is a larger
facility than what would be needed for the receiving part of the ES however, and a cost
comparison would have to be scaled to provide meaningful results. Also, the seismic
standards of the MVDS are higher, 0.35g which according to MVDS staff led to 25-30
percent higher costs than designing the station to 0.25g. Assuming that the receiving
part of the ES would be about two thirds of the MVDS, based on the smaller number of
assemblies to be handled, would as an indication give an additional cost of about MSEK
150 after reduction for the higher seismic requirements. However, the Hungarian utility
has mentioned to NAC that a significant part of the costs, possibly as much as 70-80
percent, for the MVDS were incurred in local currency, at much lower costs and labour
rates than what is possible in Sweden. Labour rate statistics from the Union Bank of
Switzerland indicates that Hungarian labour rates are 10-20 percent of the Swedish, the
total additional cost for this facility then increases to about MSEK 600. NAC expects
that the worker efficiency is higher in Sweden than in Hungary, however, possibly by a
factor of up to two. On this basis the cost for building a dry receiving facility would be
about MSEK 300.

The existing Fort St. Vrain (US) and the proposed Scottish Nuclear dry storage facilities
both have cost estimates in the order of $40 million (MSEK 312) which further supports
this analysis.

The extra costs for the receiving part should be reduced by the saving for not building
entrance pools at the ES, which are not needed if the ES is co-located with the
repository. NAC estimates that this part makes up approximately 10 percent of the ES
and the building costs and costs for equipment and design would be reduced
accordingly, i.e. 10 percent of MSEK 550+970 = MSEK150.
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Drying would be required in either case in order to ensure dryness. In CLAB before
leaving the facility or as a first step in the encapsulation plant.

The current plan for the ES anticipates a significant sharing of service systems, cooling
and clean-up systems, ventilation etc. This would not be possible to the same extent at
the repository site and would cause additional cost. NAC estimates that the costs for
service systems would increase by about 50 percent or MSEK 150.

The export of encapsulated fuel from the ES would be only marginally less complicated;
a simple transport cask or over-pack in any event most likely would be required anyway
for the transport into the final repository. The buffer store most likely could be reduced
somewhat.

There would be a need for at least 12 extra personnel, (four off-hours shifts of say 3
people). This would give an extra cost for the operation during the first period (until
2017 when the ES includes these extra shifts in all cases) of twelve years at 144
manyears at SEK 600,000 = MSEK 86. The loading/unloading operations at CLAB and
the ES would also require some additional staff, possibly 10 people over 15 years which
adds another MSEK 90 to the operating costs. Overhead functions would be shared with
the final repository in a similar fashion to the CLAB site.

4.3 The Transport System

As described later, the transport system is a key element in performing the ultimate goal
of transporting the spent fuel to the final repository for storage.

In the case the ES is located at CLAB, the fuel will be transported using a re-useable
transport overpack. In the case the ES would be located at the final repository, the
number of transports by m/s Sigyn from the Oskarshamn site to the final repository site
would be approximately 30 percent less. The TN-17 cask now used for shipments of
spent fuel assemblies has a higher capacity than the copper/steel canister (17 BWR
assemblies compared to 12). This would reduce the number of shipments for m/s Sigyn.
Most likely, however, a second fleet often TN-17 casks (or similar) would have to be
acquired, the reason being that Sigyn does not have time to wait for the unloading of the
casks at the repository before returning to CLAB.

NAC estimates that a TN-17 cask costs about US$ 1.2 million (MSEK 9.4 at today's
exchange rate of US$/SEK = 7.80) excluding impact limiters, overpacks etc. The total
extra cost for ten casks would then be in the order of MSEK 100.

47



The savings of the lower number of shipments are second order in this context as they
would entail only the operating cost for the m/s Sigyn.

4.4 The Nuclear Power Plants

The duration of the operation period of the ES is dependent on the operation of the
Swedish nuclear power programme. The ES must as a minimum remain in operation
until the last reactor of the programme has been phased out plus a minimum cooling
time. Under the base scenario (25 years of operation of all reactors), the last reactor(s) to
come offline would do so in 2010. The ES is estimated to operate through 2035 which
leaves 25 years for cooling.

It is not known exactly what the requirements on fuel assembly cooling time are but in
the assumed base case, only if the minimum cooling time is more than 25 years would
there be a problem extending the proposed operating time.

4.5 Summary

The ES will interact with and impact other parts of the Swedish waste management
system in different ways. Obviously CLAB plays the most important role and has the
largest impact on the design of the ES. There will be significant changes to the design of
the ES as well as the performance of the transport system if the ES is located adjacent to
the final repository instead of at CLAB.

SKB has indicated that it would be MSEK 700 more expensive to locate the ES at the
final repository than at CLAB. In section 5, Table 5.6, NAC estimates are summarised
to about MSEK 610 for this.

The detailed cost implications of locating the ES at the final repository are discussed in
Section 5 of this report.
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5. Location of the ES Plant

There are two basic alternatives for the location of the Encapsulation Station (ES):

1. Adjacent to or integrated with the interim spent fuel storage facility, CLAB at
Oskarshamn.

2. Adjacent to the final repository for spent fuel.

In this section, cost structures and their impact on the overall cost of building and
operating the ES are discussed. In section 5.1, the basic cost structures, such as
differences in property value and tax are discussed, and in section 5.2, differences in
labour costs are analysed. In section 5.3 the total cost implications of different sites for
the ES are discussed.

The CLAB facility is located at the Oskarshamn nuclear power plant site on the
Simpevarp peninsula on the Baltic coast in south-eastern Sweden. The location of the
final repository has not yet been decided but for this analysis, it is assumed that it will
be located in the far north of Sweden, in one of the counties of Vasterbotten or
Norrbotten (Norrland).

5.1 Basic Cost Structures

NAC has not been able to identify any significant differences in basic cost structures
between a location of the ES at CLAB or at the final repository. Construction costs are
similar in different parts of Sweden and real estate taxes, being a state tax, is the same
all over Sweden. It is also likely that the ES will qualify as a waste facility and is
therefore exempt from all real estate taxes.

The land required for the ES is already available at the CLAB site (SKB's own land),
but would add only insignificant costs, if any, if the plant is to be located in the inner
parts of Norrland.

5.2 Labour Rate Differences

The following analyses are based on information from the Swedish National Bureau of
Statistics, SCB, "Lonestatistisk drsbok 1994". The labour rate statistics published is
divided into seven different categories relating to the level of education.
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For the purpose of this analysis, NAC has chosen three of the seven categories to
represent three levels of employees at the ES, workers, technicians and engineers
(categories 2,4 and 6 in the Swedish statistics).

5.2.1 Oskarshamn, South-Eastern Sweden

The salaries for the different categories in South-Eastern Sweden are shown in Table 5.1
(weighted to represent 20 percent female staff members). The numbers indicated are
salaries only, without any social insurance fees or overheads.

Category

Workers

Technicians

Engineers and

Table 5.1 Labour Rates

Management

in South-Eastern Sweden

Salary (SEK/month)

13

15

22

,961

195

197

5.2.2 Norrland

The salaries for the different categories in northern Sweden are shown in Table 5.2
(weighted to represent 20 percent female staff members).

Category

Workers

Technicians

Engineers and

Table 5.2 Labour Rates

management

in Northern Sweden

Salary (SEK/month)

14,798

15,864

20,202

5.2.3 Impact on the Cost of Operation of the Encapsulation Station

SKB has proposed a staff level for the ES of about 60 persons when the facility is in full
operation. This is based on the assumption that the ES will be co-located with CLAB.
There will be differences in work-scope depending on the location. Some of the
functions of the ES can be shared with CLAB if both facilities are at the same location.
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However, in respect of the overall programme, the cost implications of the differences
between locating the ES at CLAB or at the final repository will be minimal as the
differences will result in a transfer of functions and responsibilities between the ES and
CLAB. Therefore, in this study only the cost implications referring to differences in cost
structures are analysed, based on the same scope for the ES, irrespective of location.

The total amount of staff foreseen at the ES is shown in Table 5.3

Year

2002-2004

2005-2016

2017-2035

Total

Table 5.3 Encapsulation Plant

Staff (No. Of Persons)

20

30

60

Staff Level

Manyears

60

360

1,140

1,560

The distribution of different worker categories (educational level) has been estimated by
CLAB personnel Table 5.4. Numbers within brackets refer to number of full time
employees.

Table 5.4 Encapsulation Plant

Year

2002-2004

Manyears

2005-2016

Manyears

2017-2035

Manyears

Total, Manyears

Unskilled
Workers

(4)

12

(5)

60

(10)

190

262

Manpower Requirements for Different Staff
Categories

Technicians

(8)

24

(10)

120

(25)

475

619

Engineers and
. Management

(8)

24

(15)

180

(25)

475

679

Total

(20)

60

(30)

360

(60)

1,140

1,560

Applied on the labour rate levels described in Table 5.1 and Table 5.2 above, the total
manpower cost for the operation of the ES will be as shown in Table 5.5.
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Region

South-Eastern

Sweden

Norrland

Table 5.5 Manpower Costs:

Labour Rate
(SEK/Year)

13,961x12 = 167,500

15,195x12 = 182,300

22,197x12 = 266,400

Total

14,798x12 = 177,600

15,864x12 = 190,400

20,202 x 12 = 242,400

Total

Regional Differences

Manpower
(manyears)

262

619

679

262

619

679

Manpower
Costs

43,885,000

112,844,000

180,886,000

337,615,000

46,531,000

117,858,000

164,590,000

328,979,000

The labour rate differences are within three percent of the total. Based on the operating
cost calculations in Section 3, locating the ES to Norrland could add MSEK 30 to the
overall operating cost.

5.3 Overall Cost Implications

The differences in cost of localising the ES to CLAB or to a northern Sweden final
repository site is summarized in Table 5.6.

Table 5.6 Plant Siting;

Item

(See section 4 and 5)

Reception area for spent fuel transport casks
(TN-17)
Additional personnel
Labour cost (based on nominal 1,560
manyears)
Additional transport casks
Wet handling pools at front-end side of ES
Sharing of Service Systems
Total

Cost Implications
Cost Difference

Repository Site (Norrland) -

CLAB Site (Oskarshamn)
(MSEK)

300
180

30
100

-150
150
610
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6. Logistics and Plant Capacity

The encapsulation process comprises eight main stages and for each of these stages
there are separate working areas in the plant and during the whole process the canisters
with the spent fuel are moved through the plant. Plant facilities are arranged such that
there are almost no crossovers in the process flow. Only when transferring the final
transport cask out of the building for shipment to the repository it moves through the
handling and maintenance area for empty fuel canisters and transport casks.

Under normal operation with no malfunctioning of equipment, the plant design and
capacity seems to be adequate to achieve the anticipated throughput of one cask per
working day. On the basis of a single shift operation it appears that the total process
time from transfer of spent fuel assemblies from CLAB to the encapsulation plant until
placement of the final transport cask in the buffer storage takes as a maximum six
working days based on a process time of one working day for each main step of the
process.

6.1 Receiving Area

This area comprises the transfer pool, the handling pool and the connection pool and the
ramp to the drying station. This process stage involves multiple loading and unloading
of the individual fuel assemblies from canisters. For identification and verifying
measurements the fuel assemblies are lifted out of the storage canister and then
transferred in the ramp trolley. Interruption of the process flow could occur if during
handling a fuel assembly is damaged and needs repair. NAC assumes that only full
baskets are transferred to the drying station. This means that in the case of a fuel
assembly being damaged either the repair has to be awaited or a different fuel assembly
with similar properties has to be identified from the fuel in the other storage canisters
kept in the handling pool.

From the information provided to NAC it appears that in the handling area there is only
one crane. This crane does not only do all handling of the spent fuel during
measurements and transfer into the transport trolley basket, but it is also needed to
remove empty storage canisters from the handling area.

The process description is not clear with respect to the removal of the storage canisters.
One possible route would be the return to the CLAB facility via the transfer channel.
SKB has advised that storage canisters will be lifted into the handling hall and proceed
into the active workshop area for decontamination. Available information does not
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explain exactly how this is going to be done and how the further processing of spent
fuel cassettes will be done; i.e. decontamination and export out of the facility.

6.2 Drying

Drying of the fuel assemblies forms an essential part of the encapsulation process. The
current design for the encapsulation plant foresees two drying positions, each of which
can hold a total of 12 BWR fuel assemblies or 4 PWR assemblies. The fuel assemblies
are transferred while in the trolley transport basket to one of the drying stations. At the
end of the drying process the fuel assemblies are lifted individually into the canister
docking station.

Exact process parameters, especially drying duration, are not known to NAC but are
essential for a detailed evaluation. BNFL estimates suggest that 16 hours should be
sufficient to achieve acceptable dryness. However, with no final drying specification
available, NAC has chosen the conservative assumption that the drying period is in
excess of one full day (24 hours) but does not exceed 36 hours in order to test the
robustness of the system. BNFL estimates that it will take a full day to load the drying
station and a further full day to unload after completing the drying process. In this case,
the maximum drying time is about 16 hours.

With the assumed limits in drying duration, the anticipated throughput of one transport
canister load can be achieved with the two drying stations. However, these drying
stations need to have an availability of almost 100 percent in order to ensure the design
throughput. Only little time seems to be available for maintenance and repair work
outside the scheduled maintenance periods. A longer non-foreseen outage period of one
of the two drying stations could affect the plant throughput.

Handling of individual fuel assemblies after the drying can cause problems. The fuel
assemblies, which have been stored for a very long time in water, are then heated up and
dried. The material characteristics (tensile strength, brittleness) as well as the
geometrical stability (bowing and twisting) of the fuel assemblies are by no means
guaranteed. NAC believes that a typical incident during the handling operations would
be a damage to a spacer grid. This would require remedial action in the form of
supporting the failed spacer, for instance with a clamp. Although relatively minor in
itself, an incident like this would disrupt the flow of fuel assemblies and the process
would have to wait until either the fuel assembly is repaired or replaced which would
take a full drying cycle.

A buffer store for dried fuel assemblies would be one way of assuring optimal usage of
the encapsulation process.
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6.3 Main Process Line

In the main process, the spent fuel is moved from the docking station to various other
stations (inerting and lidding station, welding station and NDT and machining station)
in the transport canister.

The drawings do not show any cell manipulators at the inerting and lidding and the
welding stations. It is not clear from the available information what provisions are made
in the design to cater for remedial action, should a problem occur. It appears from
drawings and process description that faults would only be detected at the last station
(NDT and machining station). The transport casks then has to be returned to the relevant
working station.

Welding must be considered as the most vulnerable activities in the main process. If a
weld fault is detected there are two possibilities, the cask is either taken out of the
process flow and parked and repair is done later or the overall process is interrupted and
the welding station is made available again for the cask which needs repair (assuming
that the problem is identified before the next cask moves into the welding cell). Even
when assuming that each of the main process steps is allowed to take one full shift, the
repair of faulty casks will pose a logistics/material flow problem. The reason is that
weld deficiencies will be detected only the next day during NDT and welding of the
next cask will then already be under way and repair and reweld work would have to be
delayed until for instance the weekend (requiring an extra shift).

Interim parking of a cask which needs to be returned "upstream" in the process seems
only to be possible in the active workshop. There, the three positions for moulds and
casks can be used for faulty casks.

6.4 Buffer Store

In the final stage of the process, casks are decontaminated if needed and placed in the
buffer store. The capacity is 50 positions which corresponds to ten weeks of operation
or five loads for the m/s Sigyn. However, regular shipments of site are required in order
to avoid filling up the buffer which will be required in case there is an unforeseen
disturbance in the transport system. Receipt of new casks and transferring of the finally
loaded casks is performed in one single area.. There is most likely going to be
significant QA related receiving inspections and a physical separation of cask receipt
and cask despatch might be worthwhile considering in order to avoid disturbances.
Delivery of fresh casks may arrive in batches requiring significant handling capacity on
arrival.
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6.5 Transports to the Final Repository

The transport system relies on the availability of a ship, the m/s Sigyn. As pointed out in
the report on decommissioning prepared for SKI (An evaluation of Cost Estimates of
Nuclear Power Reactor Decommissioning in Sweden, Germany and the United States,
SKI 95:65), Sigyn is heavily loaded with different types of transports to and from the
Swedish Nuclear Power Stations, CLAB, SFR (final repository for low and intermediate
level waste), SFL (final repository for spent fuel). The capacity of Sigyn was
determined to be sufficient, albeit with small or no margins under the assumption that
about 16 shiploads of fuel would be required annually.

The scenario in the decommissioning report analysis was based on an annual throughput
rate of 160 canisters. SKB's current plans call for a higher production rate, about 200
canisters per year which at the nominal capacity of Sigyn (10 casks per shipment) which
means that 20 trips would have to be done. Assuming that the ES will produce canisters
at a steady pace from, say, February through June and August through December
(20+20 weeks with two maintenance intermissions), Sigyn will have to pick up fuel at
the ES every two weeks during the operating season. Depending on the exact location of
final repository, the shipment itself has a turn-around time of about six days. Thus, the
transports of spent fuel to the final repository will require at least 50 percent of the
Sigyn's capacity.

6.6 Plant Capacity

The ES is equipped with a single process line and is planned to process approximately
one canister per working day throughout its operating lifetime.

SKB officials have indicated to NAC that little is known about processing times and
capacities. A better understanding will be obtained after the test runs in the Oskarshamn
laboratory now under construction, have been performed. BNFL has stated that its
capacity assumption is based on a one day residence time at each of the main steps on
the basis of five day shifts per week, forty weeks per year.

For the purpose of this review, the process has been divided into the following main
steps:

6.6.1 Receiving Area (Including Measurements):

In the receiving area the fuel assemblies are moved from the storage pools, taken out of
the storage cassette and moved to a measurement station. After completion of the
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measurements, the fuel assemblies are transferred into a transport basket on a ramp
trolley which moves the fuel to the handling cells.

A simple method for measuring the heat generation in the fuel assemblies has not been
identified yet. SKB is currently evaluating a proposed method in which a correlation
between gamma scanning measurements and calorimetric measurements is sought.

NAC understands that this is a concern to SKB at the moment because of the short
cooling time some of the fuel will have. There may be periods when it will be difficult
to find enough long-time cooled fuel to match with "hotter" fuel assemblies. Although
NAC agrees that it should be possible to find a suitable method, there could also be a
need for performing more time consuming measurements, calorimetrics for instance,
which then could turn the measurement part of this handling into a bottleneck.

NAC believes that the handling of a fuel assembly from the 16 assembly transport
cassette to the drying position will take a significant portion of the time available in a
day. If eight full hours are available in a day to perform the handling operations for 12
fuel assemblies, there is 40 minutes available to each fuel assembly to perform the
movements as outlined in Table 6.1.

Table 6.1 Handling of FA in the Handling Pool

Event

1. Reading the cassette and FA identity and checking

2. Moving the handling machine into position and grappling the
FA

3. Lifting the FA out of the cassette

4. Moving the FA to the measuring station

5. Positioning it over the measuring station

6. Lowering FA into the measuring station

7. Measuring the FA

8. Evaluating the results, decision go/no go

9. Lifting the FA out of the measuring station

10.Moving the FA to the transport basket

11 .Positioning the FA over the transport basket

12.Lowering it into the transport basket

13.Returning the handling machine to the next fuel assembly
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These activities come after the cassette has been moved into position which could take
up to one hour. In addition, the empty cassettes have to be removed which also could
take up to, say, one hour for one cassette and the ramp trolley has to be emptied,
returned and be prepared to receive more fuel which also probably will take one hour or
more. It is not clear to NAC how much of these activities can be performed in parallel
(if any). Based on the conservative assumption that all handling will be performed with
one handling machine, one eight hour shift does not seem to be enough to perform all
activities even under normal circumstances.

NAC's experience of handling spent fuel in pool environment is that every operation
taking fuel assemblies in and out of racks and other types of equipment can be difficult
and could add time to the total operation period in the area and there are several realistic
scenarios under which this work will take substantially more time. For instance:

• BWR fuel assemblies have to be de-channelled before measurements after which
channels are put back on. This could add more than 30 minutes per assembly.

• Measurements create inconsistent results which require remedial action.

• The measuring process is one that takes more than only a few minutes per assembly.

6.6.2 Drying Facility

In the drying facility, the fuel assemblies are dried, the purpose being to remove all
water in the fuel assemblies to avoid formation of nitric acid in the canister.

The drying process has two drying positions with a capacity of 12 assemblies each. In
principle, two drying stations are enough to support the main process with 12
assemblies per day if the drying time is less than 16 or 36 hours depending on the time
for loading/unloading of the drying station.

SKB has not yet specified the maximum permissible amount of water allowed in the
fuel assemblies. It is therefore not possible to judge if the drying capacity is enough.
BNFL on the other hand, has mentioned to NAC that a drying period of about 16 hours
should be sufficient, in which case a fuel batch delivered to the drying station at 16:00
day n would be finished 8:00 day n+1. If this is the case, the drying station capacity will
support the process even if one of the drying machines are out of operation for a while.

If the drying time is more than 16 hours, the process is vulnerable to handling failures of
the fuel assemblies as discussed in Section 6.2.
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6.6.3 Main Process Line

The main process line handling is performed in a series of three main steps (lidding and
atmosphere change, welding and testing), each of which is allowed one day of
processing time. The lidding and testing operations appear to be trivial to perform in an
eight hour shift.

The welding process, being the most complicated and time consuming of the three,
requires more attention. TWI has outlined a proposed welding process in SKB report
96-01 which contains 41 different steps, some of which will be very time consuming
(pre-welding inspections, cleaning of weld surfaces, vacuum pumping of weld chamber,
pre-heating of beam gun etc.). The vacuum pumping of the weld chamber alone is
estimated by BNFL to take up to four hours and the heating of the beam gun is said to
take about 40 minutes. This means that most likely will there be a need for preparatory
activities during the night (starting vacuum pumping for instance). This is foreseen in
BNFL's designs, however.

If testing of the welding has to be performed before the next cask is welded (in order to
avoid unnecessary waste of material), a problem in the welding process would interrupt
the material flow. A second weld station would then be needed.

6.6.4 Buffer Store

The buffer store is projected to hold 50 casks awaiting transport to the final repository.
In the buffer store, the cask is moved from the decontamination position into an
available storage position, the shield plug is removed, the cask is lowered in the position
and the plug is put back on again.

The time for doing these operations is estimated by NAC to be less than 30 minutes
which is sufficient to support the production rate.

6.6.5 Transport Cask Loading

When transporting the spent fuel cask away, the copper/steel cask is put into a specially
designed, re-usable transport cask which provides the necessary shielding.

The cask is lifted out of the buffer store (after removal of the plug) and put into the
transport cask and a lid is mounted. The transport cask is then lowered onto a load
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carrier, a vehicle is driven in under the carrier which is then lifted from the ground and
moved out of the ES for further transport to the final repository.

This operation is estimated by NAC to take about two hours which is sufficient to
support the proposed production rate.

6.6.6 Plant Capacity Conclusions

The ES has a capacity which can support the proposed production rate of one cask per
day based on a one shift operation schedule under normal circumstances. The limiting
process steps are:

1. The handling area, where fuel assemblies are taken out of the storage cassettes and
put into the drying positions, is the part which raises the most concerns. It is not
difficult to imagine problems or difficulties which would require more than one eight
hour shift for completing the processing of twelve fuel assemblies. NAC believes that
for this process step, the process line should either be doubled or a second eight-hour
shift should be included in the planning in order to guarantee projected overall
performance.

2. The drying process. The fuel assembly drying process has not yet been demonstrated
and increased capacity in this area may be required as discussed in section Drying 6.2

3. The loading of the cask after drying which is the only one of the main process steps
which is a batch job. NAC's concern here is that it may be more difficult to
load/unload fuel assemblies after drying than expected. The fuel assemblies may
experience temperature ramps which could cause bowing, expansion and other
phenomena which change the geometries of the fuel assemblies and make them more
difficult to handle. This potential problem would most likely go away with the
installation of a second empty cask loading position and/or a buffer store for dried
fuel assemblies.

The process appears vulnerable to even limited problems in the above mentioned
process steps. At times, this will necessitate a second shift of operations staff. It is not
possible to quantify exactly the cost implications of this before the estimated
performance of the ES process steps, including handling is known.

A second alternative would be to increase the capacity by doubling the capacity in
certain areas. No provisions have been made for this alternative.

A permanent second shift of operations staff during the main operations period would
increase the staff by about 8 persons over 15 years. This would correspond to a cost
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increase of about MSEK 72 which under any circumstance marks an upper limit to the
extra costs of the operations.
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7. Safety Aspects of the Encapsulation Station

Based on the general information and data available regarding the Encapsulation
Station, NAC has made a review of the different safety aspects of the ES. This section
describes a number of safety concepts that should be considered in a design and
licensing review of the ES in order to ensure long-term performance and safety of the
canisters.

SKB may well have considered the complete range of necessary safety concepts.
However, information made available to NAC does not indicate such consideration, and
NAC, therefore, feels it is prudent to inform SKI of these concepts.

7.1 Radiological Considerations

Connection Pool Operations

The radiological precautions considered when the storage cassette breaks the water
surface during fuel transfer from the connection pool to the handling cell/drying station
should be analysed. What contamination levels are allowed in the pool waters and can
the drying station serve as a significant contaminated source for spreading
contamination from station to station? Are appropriate control systems in place?

Small Fuel Failures

CL AB representatives have indicated that no special attention will be provided for fuel
with small failures. The possibility of the escape of fission gases and water with
particulate fission fragments from failed fuel during the vacuum drying process1 should
be analyzed?

During vacuum drying, the pressure differential between the interior and exterior of a
fuel rod could cause fission gases and particulate fragments to be withdrawn from a
failed rod. Such a pressure differential could provide the force for such escape and
should be evaluated.

1 SKB has mentioned to NAC that the hot air drying process has been abandoned in favour of vacuum
drying. BNFL representatives on the other hand do not rule out the use of hot air drying in order to avoid
airborne contamination.
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Vacuum drying could definitely cause airborne contamination even if the fuel is sound.
Airborne activity or surface contamination is possible during the drying process from
evaporation of the handling and connection pool water.

Water-Lock Formed by Transfer Pool

The transfer, connection, handling and maintenance pools can be emptied
independently. The transfer pool provides a water lock between the air in the CLAB
elevator shaft and the ES handling hall. The water lock provides an important separation
between CLAB and the ES. Precautions which prevent that pools are emptied or water
level lowered which would break the water lock must be in place and the consequences
should be assessed.

Transport Vehicle Service

The information states that "Since the load carrier is equipped with radiation shielding,
the transporter and the carrier are accessible for service even if the canister is loaded
with fuel." ALARA procedures need to be implemented for such services and should be
reviewed.

Copper Canister Protection Device

Regarding the protection device which is inserted to avoid damage to the canister
surface, how is it inserted and removed and are there ALARA concerns with these
activities?

If personnel must enter the cell to insert the device or confirm that the device was
correctly inserted via remote operations, there will definitely be a potential for personnel
exposure.

Steel Cask Lid Placement

When the canister is full, a lid is placed on the steel cask to provide radiation shielding
and prevent contamination. Have radiation streaming paths and scatter doses been
considered, especially if the canister is hot and the lid cold?

This lid is inserted temporarily and will be removed at the next station for backfilling
the steel cask with argon. Since the lid is inserted temporarily without bolting, there
needs to be a method to ensure that it provides the shielding needed to ensure streaming
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paths and scatter doses are not an issue. This would be particularly important if access
by personnel was required to service the trolley. In addition, how much does the lid cool
while it is removed?

Argon Backfilling

As air is displaced before argon backfilling, the provisions/equipment in place to handle
airborne activity need to be reviewed.

As argon displaces the air, there is a potential for airborne activity to escape the steel
cask and equipment must be in place to handle the situation.

Steel Cask Lid Surface Maintenance

If the steel cask is not leak-tight following lid installation with bolts and the cast cask
surfaces require machining, proper radiation shielding during the corrective
maintenance is required.

The information indicates that the load carrier portion of the heavy-lift trolley is
equipped with shielding and is therefore accessible for maintenance. Machining the
surfaces of the steel cask would require detailed procedures because of the fuel
inventory and the need to machine surfaces near the top of the fuel assemblies.

7.2 Spent Fuel Specification

Failed Fuel Categories

CLAB representatives have indicated that the failed fuel handling is based on three
failed fuel definitions:

1. Fuel with small failures (not noticed at the nuclear station) will be given no special
attention.

2. Fuel with medium sized failures will be inserted in a special container.

3. Fuel with large failures will be encapsulated at Studsvik hot cells.

The size of the fuel failures is not defined. The special container and encapsulation
container for medium and large fuel failures must be designed to allow thermal
expansion when inserted into the steel cask. Will failed fuel be "canned" in CLAB
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before being introduced to the multi-function encapsulation process so that gaseous or
other fission products do not become airborne in any of the handling stations and
particulate fission products are contained?

Handling Pool

A method for determining fuel failure or damage during identification and inspection of
fuel in CLAB before transfer to the ES should be established. If failed fuel is allowed in
the final repository (see design basis comment above), how much failure is allowed and
how is it verified in the CLAB/ES pools?

Has the use of the vacuum drying system been considered for expanded service as a
failed fuel classification system? An initial phase of vacuum drying could be used to
measure the degree of fuel failure present in the canister. Perhaps this could be done, at
the burnup and residual power verification station.

Fuel Drying

When the fuel assemblies are considered dry, what is the dryness specification, what
process is used to measure dryness and what is the accuracy of the measurements?

Dry fuel may be a criterion for long-term disposal and these three issues need to be
addressed so that there is appropriate controls on the drying process.

(Note: NAC understands that SKB considers to replace the hot-air drying process
which was initially planned for the ES and which is preferred by BNFL, with a vacuum
drying process. If this is not the case, then there is at least one potential problem with
hot-air drying with respect to water-logged fuel which is fuel rods that are failed and
may have filled with water while in the CLAB facility.)

Burnup Distribution in Each Canister

The number of canisters eventually buried will depend on fuel burnup and maximum
canister surface temperature. What administrative controls at CLAB will result in the
selection and mixing of relatively low-burnup, old fuel with high-burnup, hot fuel in
order to maximize canister capacity and yet meet the temperature constraints?

The fuel assemblies in CLAB are stored in original cassettes (16 BWR or 5 PWR
assemblies) or new cassettes (25 BWR or 9 PWR assemblies), see "Plan 96: Costs for
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Management of the Radioactive Waste from Nuclear Power Production" dated June
1996. Therefore, the fuel will have to be selected from these storage cassettes based on
burnup and heat generation profiles and moved in the correct sequence to the steel cask.
Presumably, this movement begins in the handling pool but this information is not
provided.

Administrative controls regarding burnup records and storage locations will be essential
to ensure that the heat generation rate in a canister is within tolerances.

7.3 Spent Fuel Conditioning

Fuel/Air Environment

What is the period of time that the fuel is kept in air? Is there some potential for
oxidation with failed fuel?

The steel cask is exposed to air after the vacuum drying and before being backfilled
with Argon. During this time, oxidation of failed fuel which has not been encapsulated
(small or medium failures) could occur and the time that such fuel is exposed to air
should be evaluated.

Argon Backfilling

When backfilling with argon, will the cask be flushed with argon to ensure a very high
purity? The requirements for the argon backfilling need to be established.

When the lid is bolted in place, how is the seal between the steel cask and the lid
checked for leak tightness?

The information does not provide the specification of the argon concentration that
would be acceptable. The capability to measure the argon concentration and determine
leak tightness must be operating requirements of the ES.

Welding Process

The weld is critical in order to assure 100 percent containment of the spent fuel for the
prescribed time in a repository and achieve the long-term performance criteria. U.S.
manufacturers are experiencing difficulty with welding procedures on dry cask storage
canisters and this experience indicates that welding processes and procedures must be
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selected carefully. In particular, welding induced stresses, material impurities, material
flaw sizes, crack initiation and crack propagation for the specified material must be
understood so that requirements can be included in material specifications and welding
procedures.

7.4 Handling and Transports

Moving Fuel to the ES

A storage cassette is moved from the CLAB storage area to a water-filled elevator
basket. Does the water provide cooling, shielding or both? What provisions will be in
place to respond to a loss of water inventory in the basket either inadvertently or due to
accident?

It appears that the fuel will be water-cooled as it is moved from CLAB to the ES. If the
fuel will soon be stored dry, why is the process relying on water cooling? If water is
used for shielding, then analysis is necessary for the eventuality of the loss of water.

A common pond cooling and cleanup system between CLAB and ES presents issues of
reliability, coordination and communication. A review of the need for an
emergency/back-up cooling system at ES is recommended.

Transport Cassette Lifting

What analysis has been performed and what are the recovery procedures associated with
a lift accident during which the transport cassette falls from the lifting ramp?

The transport cassette will be lifted via a remote controlled lifting ramp to the handling
cell from the base of the connection pool. A cassette fall accident should be analyzed
and procedures developed to recover from this event.

Canister Transport

Based on SKB Layout Drawing 124-14-004A, the canisters will experience several
moves in the vertical position. Precautions implemented to prevent a canister tip event
need to be reviewed.
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The canister weight is about 25 tonnes and since the canister is moved via a heavy lift
vehicle or trolley. Therefore, the eventuality of a canister falling due to earthquake or
other inducement should be evaluated.

The ES seismic design bases are quite low. Would a successful analysis of more
threatening seismic events be supportive of improving public perception of safety?

Transport of Canisters between Work Stations

To minimize the handling and transport of each canister, could the drying, canister
loading, inerting and lidding, welding and NDT and machining functions be performed
in fewer cells?

Figure 2.6 of "Plan 96: Costs for Management of the Radioactive Waste from Nuclear
Power Production" dated June 1996 and SKB Drawings 124-14-004A and -006A
indicate a number of moves during the encapsulation process. The risk of an event with
the cask could be reduced if the number of moves were reduced.

Canister Loading Seal

How is the connection between the canister and handling cell sealed and how is leak-
tightness measured?

The connection between the handling cell and canister is sealed to prevent
contamination of the outer canister surface and airborne activity leaking from the
handling cell. If total leak-tightness (e.g. 10"7cm3/s at normal temperature and pressure2)

is the standard, procedures need to be developed to ensure that the sealing device(s)
provide the desired seal. Other handling stations have the same sealing device.

Transport Vehicle

The air-cushion transporter which moves the canister in the encapsulation building is
remote controlled. What additional risk of a canister mishap is incurred because the
transporter is operated remotely? Could its failure cause a tip over or drop event?

! Leak tight criterion according to US Standards Institute
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Typically, there is reduced control if an operator is moving an object from a remote
location and so the issue is based on operator control of the move. The increased risk
should be evaluated.

Lid Removal (Inerting Station)

Regarding removal of the inner lid, a lid-drop accident needs to be analyzed. Procedures
for recovery from a lid-drop accident needs to be developed.

The lid is temporarily placed on the steel cask in the handling ceil and is removed at the
next station. Based on the information provided, there is no indication that a lid-drop
accident has been evaluated.

Bolt Handling

Have bolt-drop accidents and bolt-failure during insertion been analyzed during the
installation of the lid to the steel cask? Recovery procedures for bolt accidents or failure
to pass the leak test after lid installation should be developed and analysed.

During bolt installation, a bolt could be dropped or may fail. Procedures to deal with
these eventualities must be considered. Bolt inspection after a leak-test failure must also
be considered.

Welding of the Copper Lid

The canister and steel cask will be heated from the fuel inventory. During the docking
evolution, the fit-up procedure will consider thermal expansion of the canister and
differential expansion between the steel cask and copper canister. Also, the copper lid
will most likely require preheating for proper fit with the canister. How is this to be
done efficiently, especially with fuel heat rates that vary widely causing large variations
in canister temperature?

The dimensions of the steel cask and copper canister will change due to thermal
expansion caused by the fuel inventory. Since the space between the steel cask and the
copper canister is evacuated, the weld chamber must have a leak-tight fit to the canister
and so the docking station design would have to take into consideration thermal
expansion of the canister.
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Canister Lifting

Has a canister drop accident been analyzed and have associated procedures been
developed to recover from this event? Could the ES be designed so that the canister
inspection station and storage vault are on the same level as the other stations thus
precluding two lifts and one lowering of the canister?

The canister is lifted from the heavy-lift trolley up one level where the canister
inspection and decontamination are performed. The canister is lowered and then lifted
from the inspection station. A canister drop with associated recovery procedures needs
to be considered for lifting and lowering the canister.

Canister/Fuel Cooldown

In the event of problems that cause the fuel to be removed from a flawed canister, are
there design provisions for a proper, slow cooldown of fuel (and canister, if required)
prior to placing the fuel back into the handling pool?

The information describes the procedure if a canister must be emptied due to the
inability to repair a failed weld. Cooldown of the fuel and possibly the canister must be
considered in the recovery procedures from a failed weld to prevent thermal shock,
inappropriate quenching and undesirable steam formation.

Shipment of Canisters

It is assumed that the procedures and safety precautions for the shipments of
encapsulated spent fuel to the final repository are similar to those applied to the
shipments of spent fuel to the CLAB facility. Given this assumption, further review of
the shipment function is not required.

7.5 Waste Management

Waste Water from Canister Inspection

How is waste water from the decontamination stand treated and handled?

High pressure water is used to decontaminate the external canister surface and must be
treated as low level radioactive waste.
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7.6 Spent Fuel Storage

Vault Air Circulation

Figure 2.6 of "Plan 96: Costs for Management of the Radioactive Waste from Nuclear
Power Production" dated June 1996 and SKB Drawing 124-14-005A indicate that, after
encapsulation, the canisters are placed in a storage vault. The information indicates that
the vault is air cooled.

Information made available to NAC indicates that the store is cooled by convection.
What monitoring controls are in place to ensure that vault temperature is within limits?
In addition, administrative controls are needed to ensure that vent inlets and outlets are
free from debris.
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8. Basic Canister Design

8.1 Introduction

The review and evaluation of the canister design was based on the reports listed in the
reference list at the end of this report. Based on the general information and data
available regarding the canister design, NAC has made a review of the different safety
aspects and cost of the canister design.

SKB may well have considered the complete range of necessary canister design
concepts. However, the information in the references made available to NAC did not
always indicate such consideration; therefore, NAC believes it is prudent to inform SKI
of these concepts.

The canister proposed to be used for direct disposal of spent nuclear fuel in the Swedish
waste management system consists of an outer corrosion barrier of copper, and an inner
steel structure (cask) providing mechanical strength. The canister holds up to 12 BWR
assemblies with channels, or 4 PWR assemblies.

The base data for the canister is summarized in Table 8.1.

Overall Length

Outer Diameter

Copper Canister

Insert Weight

Fuel Assemblies

Total

Table 8.1: Canister Base Data

Weight

' Weight

4833 mm

1050 mm

7600 kg

13900 kg

3600 kg

25100 kg

The canister will be loaded with fuel assemblies at the Encapsulation Station (ES) at
CLAB. After loading, an inner lid will be mounted onto the steel cask and a copper lid
will be electron beam welded to the outer copper canister. The copper/steel canister will
be put into a reusable transport cask which will allow the package to be transported to
the final repository where the copper/steel canister will be put into a deep geological
repository.
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8.2 Safety Aspects

Based on NAC's cask design experience, there are a number of considerations
associated with canister design including structural; dryness specification; poison
loading, neutron absorber and criticality control; shielding; thermal and material
considerations. Each of these considerations is discussed in turn with a preface
regarding the canister as a system.

8.2.1 General Aspects of Canister Design

The design bases for the canister were not clearly identified in the referenced reports;
however, they are vital for evaluation and should be clearly stated. Two key examples
are the confinement and containment systems.

The confinement system is the assembly of components which is intended to preserve
criticality safety. The assemblies, sub-assemblies, components, and parts that comprise
the confinement system should be specifically identified.

The containment system is the assembly of components that is intended to retain the
radioactive contents. The assemblies, sub-assemblies, components, and parts that
comprise the containment system should be specifically identified.

8.2.2 Structural

Structural Criteria

The referenced reports reviewed by NAC International did not contain a description of
the structural criteria that apply to the encapsulated spent fuel (ESF) canister nor did
they contain a description of the structural analyses performed. Therefore, NAC
International only reviewed the description of the ESF canister and transport cask and
the discussion of the thermal and shielding analyses performed for these components.
Based upon this review, NAC International has provided a discussion of issues
pertaining to the structural design that NAC believes are important, and must be
addressed, to ensure an adequate design and the safe transport of the ESF canister.
These issues may have been addressed in other reports that NAC International did not
review. Our comments are included to ensure completeness of the independent review.

All cask/canister components should be identified and their function clearly described.
Identifying the function of the component is a prerequisite to ensuring that the design
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criteria specified are appropriate for the component. In addition, such identification is
necessary to ensure that the appropriate design criteria are applied to the critical
components. For example, the structural design criteria imposed for the containment
boundary are more stringent than the structural design criteria imposed on the criticality
control components. The allowable stress criteria for the containment components are
lower than the allowable stress criteria for the criticality control components.

External Loads

All loads that are imposed upon the ESF canister should be identified. These loads
include, but are not limited to, normal operating condition drops, accident drops,
increased external pressure, puncture and vibration. Table 8.2 identifies the guidelines
that the transport package must satisfy, but does not specifically list the criteria for the
ESF canister.

For design purposes, the loads imposed on the ESF canister will be imposed in various
combinations. The specific combination of loads is dependent upon whether the
scenario being considered is a normal condition of storage or transport or a hypothetical
accident. Specific guidance (USNRC Regulatory Guide 7.8, Load Combinations for the
Structural Analysis of Shipping Casks for Radioactive Material) has been and is used in
NAC International cask designs to combine appropriate loads. The load combinations
for designing the ESF canister should be identified.

Codes and Standards

National codes and standards, such as the American Society of Mechanical Engineers
Boiler and Pressure Vessel Code, provide criteria for design and fabrication. These
codes include criteria such as the type of stresses to be evaluated, the methodology for
calculating these stresses, the methodology for combining of the stresses, the allowable
stress levels for the various combinations of these stresses, and the allowable stress
levels for the various operating conditions (e.g., normal conditions, off-normal
conditions, and accident conditions). The codes and standards used to design the ESF
canister should be referenced in the design reports so that compliance can be assured. If
such codes are required by Swedish national regulations, the appropriate regulation
should be listed. If specific codes and standards are not referenced, the source of the
design criteria should be specified in the design reports.

74



Table 8.2: List of Regulations

Requirements

Water Penetration Test for Package
Design Loaded with Nuclides

Testing conditions

Values for Insulation

Horizontal flat surfaces

Non-horizontal flat surfaces

Spherical surfaces

Surface Temperature

On the easily accessible outer surface

Ambient Temperatures for Heat
Testing

Before

During

After

Activity Limits Relevant Nuclides (A-2
Values)

H-3

Co-60

Kr-85

1-129

Cs-134

Cs-137

Limit Values Definition for Activity
Release

Under normal transport conditions

During transportation accidents

GGVS -1990, Annex Section to
BGB1, part 1 dated June 6,1990, with
reference to IAEA recommendations
1985

Rn 3739 -> No. 550 or/and 630

> 200 m; > lhour

Rn 3738 -> Table XII

800 W/m2 for 12 hours per day

200 W/m2 for 12 hours per day

400 W/m2 for 12 hours per day

Rn 3739 -> No. 555

< 8 5 ° C

Rn 3738 -> No. 628

38 °C

800 ° C, duration 30 minutes

No artificial cooling; Tu = 38 ° C;
effect of the insulation must be taken
into account

Rn 3700, Table 1

4.0E13Bq

4.0EllBq

1.0E13Bq

Unlimited

5.0EllBq

5.0EllBq

Rn3738->No.548

<A2*lE-6 per hour

< 10 A2 per week for Kr-85 and/or
<A2 per week for all other nuclides
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Weight and Center of Gravity

The weight and center of gravity of the canister are critical characteristics for accurate
structural analysis of the canister. The cask designer should ensure that the weight and
center of gravity are accurately calculated and documented.

Containment Considerations

The copper shell is a barrier for corrosion and the carbon steel cask provides structural
adequacy. The current design provides for a bolted carbon steel lid. To improve the
containment features of the canister, a welded lid design should be considered. Welding
the carbon steel lid would prevent leakage into the fuel assembly cavities in the event
the copper shell is breached. The components that provide containment for storage on
NAC International-designed storage and transport canisters are welded and are
structurally adequate to withstand the design loads. In addition, welding carbon steel
and ultrasonically examining carbon steel does not introduce the difficulties presented
with welding and examining copper. (Refer to Section 11., Lid Welding and Weld
Quality Verification for a more detailed discussion). Furthermore, copper has not been
previously used as a containment boundary for transport of radioactive material,
whereas carbon and ferritic steels have a long history of effective and proven use as a
containment boundary for radioactive transportation systems. A summary of the
pertinent characteristics of the carbon steel and copper with respect to providing
containment are summarized in Table 8.3 below.

Table 8.3: Containment Characteristics

Issue

Proven Seal Welding

Proven Weld Inspection

Good Structural Properties

Low-cost Welding/Inspection

Corrosion Resistance

Copper

Maybe

Maybe

No

No

Excellent

Proven Radioactive Material Containment Maybe

Resistance to Drop Accident Breach

Resistance to Fire Accident Breach

Poor

Good

Carbon Steel

Yes

Yes

Yes

Yes

Good

Yes

Excellent

Excellent
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A welded carbon steel lid will increase lid closure time and cost because of the remote
welding equipment required. A minor decrease in cost and time is incurred due to less
machining, i.e. threaded bolt holes no longer required.

Structural Concerns in Canister Handling

Lifting and handling the ESF canister are not described. Structural concerns regarding
handling include the following:

1. If the copper lid is used for lifting the ESF canister, the lid must be evaluated to
ensure that it has adequate strength for the lifting loads imposed. As a soft ductile
material, copper is not typically used to impart structural strength to lifting
components.

2. If threaded holes are used to allow attachment of lifting devices to the copper lid and
the carbon steel lid, the potential for damage to the threads should be evaluated.
Repair plans or remedial actions should be developed to ensure that damage to the
threads used for lifting does not stop operations. The use of threaded inserts should
be considered. This will permit repair of damaged threads by replacing the inserts,
thereby limiting the impact on operations.

When lifting a load, a magnification of the load is created by the undamped dynamic
response of the load to the applied force. This magnification of the load is transient in
nature as shown in Figure 8.1. A static load does not impose a dynamic effect; again see
Figure 8.1. Therefore, when performing static analyses, a dynamic load factor is used to
account for the peak stresses associated with these transient dynamic loads. A dynamic
load factor should be considered when evaluating the canister for lifting loads.
Justification for the dynamic load factor used should be provided.

Bolted Lid Design

The lid for the steel cask is to be bolted to the insert. With the bolted design, several
concerns regarding leak tightness should be considered.

1. Accomplishing a very long term leak-tight seal with a bolted design.
2. Listing the components relied upon to achieve a leak-tight seal.
3. The use of non-metallic components, such as a polymeric gasket, to achieve a leak-

tight seal and associated qualification of such seals for the design life of the ESF
canister.

4. In the event that the bolted-lid design does not provide a leak-tight seal, evaluation
of the structural effects of leakage into the ESF canister.
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Figure 8.1 Static and Dynamic Loads

Static Load Case

Load

100%

Time

Dynamic Load Case

Load

100%

Time
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Component Classification

It is NAC International's experience that canister components are classified in
accordance with their importance to safety. The quality assurance requirements imposed
on the components are then based upon the classification of the item. This graded
approach to quality assurance has three categories: Category A identifies those items
that are critical to safe operation, Category B identifies those items with a major impact
on safety, and Category C identifies those items with a minor impact on safety. The
requirements for the design, analysis, fabrication, inspection, and testing of components
within the different categories is commensurate with the classification. To ensure that
the proper criteria are set for the design, analysis, fabrication, inspection, and testing of
canister components, a graded approach to quality should be considered or
implemented. The categories and criteria associated with a graded approach should be
defined.

A graded approach to quality assurance results in savings in material and fabrication
costs. For Category C items, the material is not as robust as for Category A or B items
and the non-destructive examination procedures are less costly, liquid penetrant versus
radiography

8.2.3 Dryness Specification

Typically, design analyses assume no water is in the canister, i.e., it is completely dry.
Vacuum drying is a technique that can completely remove all water because under
reduced pressure, all water should evaporate. NAC International's experience is that
most canisters are vacuum dried for a period of time, purged with dry inert gas and the
cycle repeated. The duration of vacuum drying ensures that no moisture remains in the
canister.

There are instances where instrumentation is used to directly determine the moisture
content of the canister. NAC has been involved with shipping RBMK fuel, and the
drying process uses humidity instrumentation to obtain a direct measurement of
moisture content.

At some point in the vacuum drying process, the canister cavity is considered to be dry
prior to sealing. The level of dryness (specification) should be defined along with
measuring process/instrumentation and the associated measurement accuracy.
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8.2.4 Poison Loading, Neutron Absorber, Criticality Control

Criticality control was not discussed in the referenced reports. The drawings did not
identify any neutron absorbers, "poisons". It appears that criticality is controlled by
providing adequate spacing between spent fuel assemblies. A description of the method
used to calculate criticality should be provided along with a description of the source
terms, energy groups, and neutron cross sections used. The basis for the methodology
used and assumptions should be provided. The method used must be benchmarked using
known experiments with similar configurations

A breach of the copper shell will allow groundwater to enter the annular region between
the copper shell and the steel cask. Since the steel cask does not have a welded lid,
water in-leakage inside the steel cask may be possible. (Refer to comments in Section
11). The effect of water leakage inside the steel cask with respect to neutron moderation,
multiplication, and criticality control should be considered.

Inventory data for the cask design basis (i.e. the fuel inventory to be placed in the ESF
canister) are provided in the reference SKB reports. The available information indicates
that the burn-up for the fuel assemblies is 55 GWd/t. This is an extremely high burn-up
on which to base criticality control. The opposite assumptions are used in NAC
International cask designs where no credit for burn-up is permitted for criticality control
and designs are based on fresh fuel. The referenced reports do not address criticality
control. However, SKB has separately made available to NAC a 1995 ABB Atom report
in which a criticality analysis has been performed. The reference fuel used in that
analysis is fresh BWR fuel with no burnable absorber. It is not clear which criticality
analyses were used as a basis for the design. In any case, the most reactive combination
of fuel assemblies should be used in the criticality calculations because:

1. In the event that spent fuel does not quite reach the burnup assumed for criticality,
the canister design must accommodate the fuel assemblies with greater reactivity
(i.e., less burn-up).

2. It is likely that the second-to-last and final cores of each plant will shutdown with
discharge burn-ups well below the burnup achieved under near-equilibrium
conditions.

8.2.5 Shielding

The computer code used for neutron shielding calculations is ANISN which is an older
computer code that calculates doses using a one dimensional finite slab/cylinder
calculation. Computer codes that use one dimensional models have been used to
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successfully license casks in the past; however, NAC currently uses computer codes that
use three dimensional models. These computer codes more accurately predict dose rates.

Computer codes that perform shielding analyses with one dimensional models must use
a Buckling factor. The Buckling factor is a correction factor used to account for leakage
in the transverse direction for one dimensional analyses. Leakage is the loss of neutrons
that are not absorbed and therefore escape the geometry/component being evaluated.
One dimensional models cannot account for leakage in the transverse direction and
therefore the Buckling factor is used. The Buckling factor used is critical in determining
whether or not the results are accurate. The Buckling factor is specified by the user, and
as such, it is prudent to justify the Buckling factors used. The neutron shielding
calculations should indicate the Buckling factor and associated justification.

The ANISN code models the source and shielding material as a mesh and the QAD-
CGGP code (also used by SKB) models the source as a mesh. The results of analysis
that use these computer codes are sensitive to the mesh size selected. The shielding
calculations should specify the mesh size selected and justification for the selection.

One reference indicates that for the gamma radial shielding analysis, the fuel in the
interior of the basket is not modeled for the shielding geometry based on a self shielding
argument. Still, approximately 30 percent of the gamma dose rate on the cask surface
comes from interior assemblies. NAC agrees that this approach may have some value
for approximations; however, NAC and other cask designers model all fuel because it is
required to demonstrate conservatism and accuracy. The gamma shielding analysis
should be accurate and conservative so that shielding margin is maintained. The self-
shielding assumption may cause a public perception problem regarding the adequacy of
the calculations.

This reference also indicates that the shielding analysis has been performed with no
axial neutron peaking factor. This adds to the perception of non-conservatism of the
shielding analysis. NAC performs shielding analysis with consideration for axial
peaking so that the calculation results are bounded. If a maximum expected axial
peaking factor can not be determined, then a peaking factor that provides an operational
limit for the fuel loaded into a ESF canister should be established.

8.2.6 Thermal Considerations

The carbon steel cask is surrounded by a copper shell. When fabricating the ESF
canister, the copper shell can either be welded into place around the cask, or the steel
cask can be inserted into the copper cylinder. If the latter approach is selected, the
copper shell should be heated to facilitate insertion and the effect on grain size and
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material properties should be evaluated. If the copper shell is welded into place around
the canister, the effect on material properties of localized heating of the steel cask due
to welding should be evaluated. Whichever fabrication technique is selected, the effect
of heating the materials should be considered.

A gap between the steel cask and the copper shell may exist by design or due to the
fabrication technique selected. This gap may contract or expand depending on the
temperature due to the different thermal expansion coefficients of copper and carbon
steel. The appropriate dimension (maximum gap or minimum gap) between the steel
cask and copper shell should be considered in the thermal calculations.

8.2.7 Material Considerations

In order to accurately evaluate selected materials, the materials should be specified by
material specification (such as UNS designation) or chemical composition, and not just
general terms such as HSLA (high strength low alloy) steel. This is particularly
important with metals for which small variations in a metal alloy (such as material grade
which will slightly alter the chemical composition or heat treatment) can vary the
mechanical properties or chemical compatibility of the material.

The guidelines of IAEA Safety Series No. 6 stipulate that the materials shall not be
adversely affected by irradiation over their lifetime. NAC assumes that the design of the
ESF canister has evaluated the materials selected for the effect of irradiation and has
accounted for any material property changes due to radiation.

The guidelines of IAEA Safety Series No. 6 stipulate that materials used shall be
chemically compatible (e.g., no galvanic effects), taking into account possible water in-
leakage. The effects on the copper shell of corrosion on the steel cask resulting from a
breach of the copper shell was evaluated in one of the references studied. The
production of nitric acid due to radiolysis and the effect of the nitric acid on the steel
cask was evaluated in the reference material. If the ESF canister design is based upon a
cast steel insert in lieu of a cast carbon steel insert around the insert, the corrosion rate
of the steel cask and effects of the nitric acid on this insert are assumed to be the same
as for the cast carbon steel insert.

The copper shell provides a corrosion barrier and the steel cask provides the structural
strength for the ESF canister. As stated above, the effect on the copper shell of the
corrosion of the steel cask has been evaluated. However, the effect of corrosion of the
steel cask caused by a breach of the copper shell should also be evaluated. The potential
reduction in wall thickness due to corrosion of the steel cask should be addressed in the
structural calculations.
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With respect to water in-leakage, a breach of the copper shell will allow groundwater to
enter the annular region between the copper shell and the steel cask. Since the steel cask
does not have a welded lid, water in-leakage inside the steel cask may be possible (refer
to comments in Section 11). The design features that are provided to prevent water in-
leakage inside the steel cask should be listed. The production of nitric acid from this
potential in-leakage should be evaluated.

Materials used for nuclear components, including transport casks and storage canisters,
in NAC International-designed casks are typically produced to the requirements of the
ASME Boiler and Pressure Vessel Code. This code stipulates requirements for material
testing, examination, conditioning, and weld repair among other requirements.
Documentation such as Certified Material Test Reports (CMTR's) and weld repair
reports are provided by the supplier with a code certified quality assurance program.
The purpose of these requirements is to ensure the pedigree of the material used (i.e.
that the material assumed in the safety evaluation is the material being used).

Material with CMTR's can cost 25 to 50 percent more than uncertified material. In the
U.S., material purchased from an ASME certified supplier can cost three to four times
as much as uncertified material. Such suppliers are required to have ASME code
certified welding and quality assurance programs which causes the increase in cost.

The pedigree of the materials used for the ESF canister should be controlled and
documented in accordance with national standards or other criteria similar to the ASME
Boiler and Pressure Vessel Code. Such standards or criteria should specify material
examination, repair, and testing requirements. Certification, similar to CMTR's, should
be used to document that the materials meet the requirements.

Note that CMTR's document the chemical and physical properties of the material.
CMTR's do not ensure that weld repairs are performed in accordance with approved
procedures or that the weld repairs are documented. Undocumented weld repairs of
plates used for the fabrication of a canister shell in the United States have recently been
identified as a contributing factor to cracking in the region of the canister lid to shell
weld.

It appears that decontamination of the ESF canisters will be performed prior to loading
the ESF canister into the transport cask. Based on NAC International experience,
stainless steels with a fine surface finish are typically specified for components that
must be decontaminated. The material selection should consider decontamination
requirements and a surface finish that facilitates decontamination should be selected.
Exposures and dose rate estimates should include decontamination.
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8.2.8 Basic Canister Design

Existing spent fuel storage and transport designs rely on components that are
structurally adequate to withstand design loads. While the use of copper as a corrosion
barrier in this application is prudent, the use of a soft, ductile material such as copper to
ensure containment is a departure from existing conventions. Consideration of
designating, and subsequently designing, the steel cask as the primary containment
boundary should be considered. A welded steel cask lid could provide leak tight
integrity and the robust design could be evaluated for corrosion deterioration. Whether
the copper shell or steel cask is designated as the containment boundary, the loads, load
combinations, and the design criteria that the canister must satisfy should be clearly
identified. A graded quality approach, similar to the approach implemented in the
Untied States, should be considered to cost effectively design and fabricate the canister.
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9. Manufacturing

9.1 Manufacturing Costs

The cost of manufacturing 3,000 canisters was investigated by NAC International. NAC
contacted four fabricators in the United States that have manufactured casks, canisters,
and ancillary equipment for the nuclear transportation and storage industry, and
requested cost estimates from these fabricators. Because of a lack of experience in
fabricating large copper and cast steel components and because any future work scope
was speculative with respect to their current capabilities, most fabricators would not
provide estimates in the time frame available to respond. Therefore, NAC only received
pricing information from two fabricators. Two other fabricators indicated that they were
not capable of fabricating the canisters because of the size limitations of their
equipment.

NAC has estimated the cost of canister fabrication using the two cost estimates received
and adjusting these estimates based on quotations for similar canister and cask
fabrication for other applications.

Two alternative designs are considered in the cost estimate:

• The steel cask fabrication process starts with a casting operation and is followed by a
machining operation to the final dimensions of the steel cask

• The steel cask fabrication starts with prefabrication of a welded multi-channel steel
component (similar to the CLAB cassettes) the final steel cask is formed in a casting
process around this component. No machining is foreseen to be needed which
eliminates a big cost component in the manufacturing process.

9.1.1 Casting Followed by Machining

This alternative has been the base case in performing the fabrication cost estimates.

US Fabricator with Limited Nuclear Experience

The first estimate of the cost of fabricating the canister is $247,500 for the BWR
canister and $187,500 for the PWR based on 3,000 canisters being manufactured. This
cost (US dollars) is broken down as follows:
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Table 9.1

Copper Material

Copper shell fabrication

Steel insert material, cast

Steel insert, machining

Quality Assurance Program

TOTAL COST

Fabricator 1 Cost Estimate, US$

BWR

68,000

20,000

50,000

100,000

9,500

247,500

PWR

68,000

20,000

50,000

40,000

9,500

187,500

The copper material price was estimated based on $8.82 per kg ($4.00 per pound) for
7,710 kg. This weight was based on a 50 mm thick, 4833 mm tall, 1050 mm diameter
copper shell and a copper density of 8.941 g/cm3. Raw copper is currently being sold at
US$ 2.1-2.2 per kilogram. The price of raw copper has typically varied over the last
several years between US$ 1.9-2.6 per kg. Therefore, a price of $2.21 per kg ($1.00 per
pound) is used for raw copper. The copper used for the canister is an oxygen free copper
with additional restrictions on some elements (O, H and S) combined with an addition
of P (50 ppm). This increases the price by about 30 percent. In addition, the material
(after extrusion or forging/rolling) must have a grain size of less than 250 microns
which also will have an impact on the cost. Lastly, the ingot that must be used to
produce the canister will be approximately a 10.5 ton piece which is a much greater size
than normally used, and with a thickness which is much larger than what is common in
the industry. NAC expects the cost of the finished copper product to be about four times
the price of the copper raw material, $8.82 per kg ($4.00 per pound).

The Quality Assurance Program cost was added by NAC because the fabricator
providing the above estimate has not performed nuclear safety related work in
accordance with the Untied States Code of Federal Regulations quality assurance
requirements. The cost of implementing such a stringent quality assurance program was
based on a nine person effort at $100,000 per year per person. This effort includes three
employees for materials, parts, and weld rod inventory control; three quality assurance
employees to maintain quality assurance procedures, weld procedures qualification
records, welder qualifications, and non-destructive examination procedures,
qualifications, and records; and three employees for implementing and documenting
process controls such as heat treatment, machining procedures, and process travelers. At
a production rate of 200 canisters per year, the quality assurance labor contribution to
cost is US$4,500 per canister. The Quality Assurance Program cost also includes
US$5,000 per canister for performing inspections and tests on each individual canister.
The total quality assurance cost is estimated at US$9,500 per canister.

86



Fabricator with Extensive Nuclear Experience

The second estimate of the cost of fabricating the canister was US$295,400, based on a
total of 3,000 canisters being manufactured. This cost estimate was developed as
described below. The fabricator did not provide a breakdown of the cost estimate by
materials and labor. However, this information was developed by NAC based on other
quotations from this fabricator.

The estimate was US$395,000 for the PWR canister and US$455,000 for the BWR
canister. However, the fabricator has consistently provided estimates that range from
111 to 172 percent of the average estimate from other suppliers for canisters and casks
developed by NAC. Based on NAC's records, the estimates from this fabricator average
140 percent greater than the average of all other fabricators. Therefore, the estimates
provided were reduced to the average level by dividing by 140 percent. This reduction
resulted in a cost estimate US$282,000 for the PWR canister and US$325,000 for the
BWR canister.

In addition, the fabricator indicated that its estimate was based on subcontracting the
cast insert and rolled copper plate. NAC's experience with this fabricator is that a
standard markup for subcontracted services of «10 percent is applicable. Therefore, the
material services part of the estimate is reduced by 10 percent. Based on a review of
previous quotations to NAC, the materials typically comprise 60 percent of the cost and
the labor 40 percent. The results of the this analysis are shown in the table below.

PWR
Canister
BWR
Canister

Cost

282,000

325,000

Table 9.2 Fabricator 2 Cost Estimate, US$

Labor Cost
(40% of Cost)

112,800

130,000

Material Cost
(60% of Cost)

169,200

195,000

Material Markup
(10% of

Material Cost)

16,900

19,500

Adjusted
Material

Cost

152,300

175,500

Adjusted
Cost

Estimate

265,100

305,500

Given the number of Swedish BWRs and PWRs and the associated number of canisters
to be manufactured, the average price of the ESF canisters is estimated to be
US$295,400 for a US fabricator with experience in developing nuclear safety related
casks and components.

European Fabrication Estimate

An estimate for fabricating the ESF canisters was developed from numerous recent
quotes from a Spanish fabricator. The Spanish quotes were compared to the quotes from
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the US fabricators for the canisters designed by NAC. The Spanish quotes were, on
average, 67 percent of United States fabricator quotes. NAC estimates that the cost of
building the ESF canister in Spain is presented in Table 9.3 below.

Table 9.3 Comparison US/Spanish Manufacturing Spanish versus U.S.
Canister Estimates (VS$)

U.S. PWR Estimate
U.S. BWR Estimate

U.S. Quote
226,300
276,500

Spanish Equivalent
151,600
185,300

The comparison in Table 9.3 above was based on NAC's experience with other types of
casks. The cost relationship may be different when comparing the cost for manufacturing
the ESF canister. Cost indications may also be distorted due to rapid variations in
currency exchange rates.

9.1.2 Prefabricated Component followed by Casting

Excluding the cost for machining and adding the cost of the channel component,
US$45,000 for the BWR canister and US$18,000 for the PWR canister can be taken out
from the US fabricators estimate. The corresponding numbers for the Spanish fabricator
are US$38,000 and US$15,000. Applying these corrections to the earlier cost estimates
one arrives to the estimates presented in Table 9.4 below.

Table 9.4 Corrected Comparison US/Spanish Manufacturing Spanish versus U.S.
Canister Estimates (US$)

Spanish Equivalent

136,600
147,300

Given the number of Swedish BWRs and PWRs and the associated number of canisters
to be manufactured, the average canister cost is estimated to US$224,000 and
US$145,000 for the US fabricator and the Spanish fabricator respectively.

The comparison in Table 9.4 above was based on NAC's experience with other types of
casks. The cost relationship may be different when comparing the cost for manufacturing
the ESF canister. Cost indications may also be distorted due to rapid variations in
currency exchange rates.
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The SKB cost estimate of SEK 1,250,000 per canister falls below the NAC
estimates for U.S. manufacturing and is somewhat higher than for Spanish
manufacturing. It is significant that the Swedish estimate is about 30 percent of the
estimate for the U.S. fabricator with extensive nuclear experience. With the limited
number of manufacturing facilities worldwide and the strong potential for industry
consolidation, it may be difficult to manufacture canisters at the Swedish estimate in
the future.

9.1.3 Comments Regarding Fabrication

During NAC's inquiries to fabricators, NAC was made aware of the relatively limited
number of companies that can supply 50 mm thick copper plate and that can produce a
cast insert of the size required for the ESF canister.

In the time frame available, NAC could only identify one large scale supplier of 50 mm
thick copper plate. Other smaller scale suppliers may exist but could not be located for
this effort. The one supplier identified is a supplier of materials for the marine industry
and while this supplier is capable of producing 50 mm thick copper plate, it could not
confirm that it could produce 50 mm thick plate with a grain size of 250 microns or less.

The second concern pertains to the fabrication of the cast steel cask. One of the
fabricators that provided a cost estimate could only identify two companies in the United
States that could cast a metal piece the size of the canister insert. The second fabricator
that provided a quote was relying on a European company to provide the cast insert
because it felt the quantity of inserts was beyond the capability of any US company.

An important point is that the number of manufacturers that produce 50 mm thick
copper plate or that cast the ESF canister insert is extremely limited. With a limited
number of manufacturers, the competitive influence of the pricing is very weak which
may tend to inflate the required costs of fabricating the canisters.

In addition, with only a few manufacturers currently capable of producing the copper
plate or cast insert, there is some concern regarding the availability of these
manufacturers in twenty years during the full scale production of the canisters. Further
declines in worldwide manufacturing may result in a reduction of the number of
companies with the required capability. SKB should consider the potential for this
scenario and develop contingency plans to ensure that the capability to produce these
two components is maintained.
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9.1.4 Conclusion

Table 9.5 compares the NAC estimates with the SKB estimate of 1.25 million
kronor. The SKB estimate falls below the NAC estimates for U.S. manufacturing
and in the low end of the range for Spanish manufacturing. It is significant that the
Swedish estimate is 30-50 percent of the estimate for the U.S. fabricator with
extensive nuclear experience. With the limited number of manufacturing facilities
worldwide and the strong potential for industry consolidation, it may be difficult to
manufacture canisters at the Swedish estimate in the future.

Table 9.5 Canister Fabrication Cost Comparison, US$

Component

BWR Canister - U.S. Fabrication
(fabricator with limited nuclear experience)
PWR Canister - U.S. Fabrication
(fabricator with limited nuclear experience)
BWR Canister - U.S. Fabrication
(fabricator with extensive nuclear experience)
PWR Canister - U.S. Fabrication
(fabricator with extensive nuclear experience)

BWR Canister - Spanish Fabrication
PWR Canister - Spanish Fabrication

Swedish Estimate
(1.25 million Swedish kronor @ 7.8 kronor / US$)
Case 1: Casting and Machining (c.f. Section 9.1.1)
Case 2: Prefabrication and Casting (c.f. Section 9.1.2)

Casel

247,500

187,500

305,500

265,100

185,300
151,600

Case 2

202,500

169,500

260,500

247,100

147,300
136,600

160,300

9.2 Manufacturing Process, Welding and Weld
Inspection

9.2.1 General

The manufacturing, including welding and inspection of the copper canister, represents
a unique process which makes it difficult to make comparisons and to rely on
experience from similar processes. The process can be characterized as a serial
production, extending over a long period of time, of heavy components with very high
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requirements on the finished product. Since the product is going to be used for final
storage of spent nuclear fuel, an additional dimension is added. On top of the normal
design criteria and state of the art technology, public acceptance of the chosen design
and manufacturing routes must also be considered. This can add to the cost since it can
lead to "over-engineering" of the design.

The fabricated stainless steel canister can be considered to be a more conventional
product, which can rely on experience from transport and storage casks already in use
for spent nuclear fuel. Codes and standards which can, to a large extent, be applied in
the design and licensing process are established for this product. Manufacturing is
performed using a conventional material from which manufacturers have gained
extensive experience.

If a cast and machined steel cask is chosen, this alternative would represent a more
complex product from a fabrication point of view. The choice of steel for the cast
component is a compromise between requirements of strength and ductility of the
product and the castability of the steel. Casting as a manufacturing process also leads to
increased requirements on quality control of the product, which can be cumbersome for
the manufacturing process, when considering the size of the product.

9.2.2 Analysis of Requirements on the Manufacturing Process

The planned Encapsulation Station is designed to typically produce one canister of
encapsulated spent fuel per working day. During the period 2008-2011, a total of 400
canisters will be produced in a pilot project which will be evaluated. The manufacturing
experience gained during the pilot project can be used, if needed, to modify and /or
optimize the manufacturing process before the large scale production starts in 2020.
During the period 2020 through 2035 (15 years) a total of 2,600 canisters will be
produced.

There is a need for 2,600 spent fuel canisters approved for placement in the final
repository during a period of 15 years which calls for, on average, about 200 such
canisters per year. Assuming a process yield of 90 percent (i.e. 110 percent needs to be
manufactured in order to have the correct number of approved canisters placed in the
final repository), this would imply a required production rate of one copper canister per
working day. Taking into account the time needed for the investments to be made and
the time it takes to obtain a stable serial production, the manufacturing process
consequently must be designed for a production rate of at least one canister per day.

The above requirement implies that the copper canister manufacturing process has to be
handled as an investment in dedicated plant and equipment for this production only.
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Accordingly, the capital cost has to be totally depreciated on the 3,000 produced
canisters. The following table illustrates an assumed cost break-down per finished
canister, including the steel cask, in which the following assumptions have been made
(Table 9.6):

Table 9.6 Canister Cost Break-Down

Total cost per canister as stated in the report made
available to NAC:

Copper weight:

Cost of Copper:

Exchange rate SEK/US$

Number of Man-days/Canister

Hourly labor costs

Total cost per approved canister, SEK

Copper material cost, SEK

Other materials cost, SEK

Labor cost, SEK

Consumable, SEK

Net contribution, SEK

SEK 1,250,000

7,500 kg

US$ 8,800/ton

7.8

30

SEK 300/hour

1,250,000

515,000

390,000

72,000

25,000

248,000

The net contribution from each canister to cover the investment for production
development and equipment, based on the above, is estimated to be about SEK 250,000.
For a total of 3,000 this amounts to about MSEK 750. Considering the fact that the
production is going to take place over a 4+15 year period, it is realistic to calculate with
significant replacement investments in the production equipment. A conservative
approach is to assume one total reinvestment of the total production facility to include
for major equipment breakdowns and accidents. Based on experience with similar
industrial facilities, NAC does not believe that MSEK 750 will be sufficient to support
the necessary investments.

An important factor to consider is safe supply. If a production rate of one approved
canister per day must be warranted at a very high confidence level, redundant
production equipment must be considered. Since the process is dependent on very large
equipment, lead times for manufacturing spare units, and replacement equipment is very
long (several months to a year). An equipment break-down consequently can have a
large impact on the deliveries causing interruptions in the encapsulation process and
burial in the final repository.
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In its review, NAC International has not seen any requirements on supply safety and the
corresponding consequences on the manufacturing process. It is recommended that this
issue is further investigated since it has a large impact on the capital expenditure for the
manufacturing process.

Considering the above, it is concluded that the capital of MSEK 750 available for
investments in the manufacturing process most likely is not sufficient.

Copper Canister

The base material for the copper canister is an oxygen free copper with an addition of 50
ppm phosphorus. In the reports reviewed it is stated that several copper producers can
meet this specification and two are specifically identified. Considering the long period
of time, it is of vital importance that ingot availability is guaranteed. Therefore,
sufficient margins must be included in the cost calculations for maintaining material
suppliers and qualifying of new ones, if needed. The heavy component manufacturing
business has during the last decades undergone dramatic restructuring and this is likely
to continue. Apart from additional costs for securing material to the specified quality,
cost increases can also be expected due to longer transports (such as transoceanic
shipments) and increased fabrication stocks.

The most sensitive option is the extrusion process, where at present only one supplier
has been identified. If this option is chosen, actions must be taken to guarantee long
term delivery security.

For the more conventional manufacturing route starting from forging the ingot material
and rolling it to sheets which are bent to tubular halves, several suppliers are identified.
This route can also be considered as a more diversified manufacturing thereby
increasing the delivery security.

From a technical and quality point of view, both the above fabrication routes can be
accepted. However, a qualification of both these routes would then have to be
considered in order to have a high degree of safety in supply. The cost for this must of
course be traded off against long term security in supply.

A special requirement for the manufacturing of the copper canister is the stringent
requirement on defect free surfaces. Pieces in any large component manufacturing are
exposed to risks for defects during handling and transport. In this specific case very
tough specifications are imposed in order to assure the corrosion resistance of the
canister in the final repository. This will imply increased costs for re-work and scrap.
Procedures for re-work and acceptance must be developed and qualified. It is advisable
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to assume a fair amount of full scale copper canisters (on the order often) to be
fabricated in order to reach a stable and reproducible manufacturing process.

As a conclusion, it is recommended that the issues of security in material supply and
manufacturing routes need to be carefully investigated.

Steel Cask

For the fabrication of the steel cask, the manufacturing uncertainties with respect to
number of available suppliers, established processes and quality control are much less.
This is specifically true for the prefabricated plus welded cask. The cast plus machining
alternative however presents a big challenge in the casting process which increases the
uncertainties of the cost estimates for this alternative.

9.2.3 Analysis of the Welding Process

The welding of the copper canister represents a big technological and manufacturing
challenge. Electron-beam welding as such is a well proven technology within the
nuclear industry. However, the application in heavy component manufacturing and
especially in copper represents an unproved area.

The weld of the lid to the canister represents an especially significant challenge since it
is going to be performed remotely in a hot-cell.

It must be assumed that extensive process qualification has to be performed in order to
verify that an acceptable welding quality can be assured. This qualification will include
a number of full scale canisters to be procured and used in destructive testing.

It is not the purpose of this report to review the technical details and difficulties in
developing the welding process. However, the welding process represents the most
uncertain area of the whole project.

It is very difficult to estimate the costs for developing the welding process. Considering,
however, that this process represents the biggest uncertainty (i.e. risk) in the fabrication
process development, several tens of MSEK is a realistic assumption.
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9.2.4 Welding Inspection

In order to assure the quality of the welds on the copper canister, 100 percent non-
destructive testing has to be performed on each of the welds. It is not known to NAC if a
specification of acceptable defects has been developed. In light of the probable public
acceptance focus on the seal welding of the copper canister, it is prudent to assume that
the defect level is governed by a "no defect - no discussion" point of view rather than
good technical engineering judgments.

Inspection methods must be developed for surface defects as well as for volumetric
defects. Due to the fact that the final weld takes place in a hot-cell environment,
advanced mechanized methods must be used, including ultrasonic for the volumetric
defects and eddy-current for surface defects.

It is a well known fact that copper represents a difficult material for ultrasonic testing. It
is NAC's impression from the material reviewed that substantial work remains to be
done before an ultrasonic test method is verified. Due to the significance of this process
step, it is of utmost importance that sufficient resources are allocated for this
development.

A recommended approach would be to implement a qualification process for of the
welding operation to assure the weld integrity and to demonstrate the non-destructive
testing as an independent inspection.

Based on the material reviewed, it is very difficult to estimate what the development
costs for an acceptable ultrasonic test process are. However, it seems realistic to assume
several of tens of MSEK before a verified method is developed. One difficulty in this
process is probably the production of test blocks needed for the development work as
well as for the formal qualification of the methods according to SKI's qualification
procedures. It is NAC's recommendation that much more focus be put on the non-
destructive testing since this process, together with the welding process, is the one
which can jeopardize the whole time scale of the project.

9.2.5 Summary of Cost Impacts

The discussions in the above sections are summarized in the table below. Only a
qualitative impact is stated with the objective to identify issues that have to be addressed
in a detailed analysis and of illustrating their relative importance. The numbers in the
table have the following qualitative meaning:
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3 = ;'Very large impact"

2 = 'Large impact"

'Small impact"

Manufacturing process, copper canister

Manufacturing process, steel canister

Redundancy requirements, delivery security

Base material supply, copper

Base material supply, steel and others

Handling and transport, surface requirements

Welding process, copper canister

Welding inspection, copper canister

3

1

2

2

1

1

3

2
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10. Handling

10.1 Air Transporter / Transfer Cask

As discussed earlier in this report, movement of the ESF canister within the
encapsulation station will be accomplished using a shielded, remotely-controlled air
transporter. The ESF canister will be lifted from the handling stations level to the
interim storage access level and lifted into and out of the decontamination and storage
locations from that level. During lifting, the air transporter, remote handling machine
(on the interim storage access level) and floor must provide one continuous shield. In
the event of a mechanical failure during lifting operations, remedial actions would be
difficult because of streaming radiation from the machine-floor interfaces.

The use of a shielded transfer cask, or any other method of shielding during handling
could also be considered. A shielded transfer cask would maintain low dose rates until
the ESF canister is placed into the transport cask. Increasing the thickness of the steel
cask lid would provide shielding in the upward direction until the transport cask lid is
installed. This would allow remedial actions in the event of a failure of a lifting device.

10.2 Canister Handling

A redundant-load-path hoisting system (or dual-load-path hoisting system) provides two
distinct paths of support from the crane through the lifting device(s) (such as the wire
rope, hook, slings) to the canister. Each path is capable of supporting the canister in
such a manner that no uncontrolled movement of the canister will result from the failure
or malfunction of a single part. Designing the ESF canister lifting devices for a
redundant load path will enable the canister to be lowered in a controlled manner if a
lifting device in one of the paths fails. The lifting features for the ESF canister should
provide the capability for a redundant load path. Note should also be taken of earlier
comments about the design of lifting fixture attachment to a copper canister.

10.3 Cask Handling

Based on documents made available to NAC, the cask appears to have four trunnions
for lifting, two at the bottom and two at the top. The location of these trunnions may not
allow a stable dual load path configuration. NAC International experience is that dual
load path is a safety issue and should be considered.
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Either installing four trunnions at the top or using dual slings for each trunnion would
provide redundant load paths, provided the trunnions are designed with appropriate
safety factors. Dual load paths or increased safety factors are typical for lifting devices
for movement of heavy loads (>5,000 kg) at U.S. nuclear power plants.

If one of the four lift points is lost, the design should allow controlled lowering without
damage to the cask, its contents, or proximate safety systems.

10.4 Handling Conclusions

The primary objective with handling the ESF canister and handling the transport cask is
to ensure that damage to the canister, the cask, and the adjacent equipment does not
occur which may lead to increased radiation doses or release of contaminants.
Therefore, all handling operations should be designed such that redundant load path
capabilities exist so that a single failure of lifting equipment will not cause damage to
the components or surrounding equipment.
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11. Lid Welding and Weld Quality Verification

The ESF canister is the containment boundary for storage applications. Therefore, the
canister lid-to-shell weld, which is a corner joint weld, is part of the containment
boundary. The ASME Boiler and Pressure Vessel Code defines acceptable weld joint
configurations and non-destructive examination requirements for corner joints in
nuclear components. These welds are full penetration welds and typically require
reinforcing fillet welds on the inside corner. Radiographic examination as well as liquid
penetrant examination are typically the non-destructive examinations required. The
canister lid-to-shell weld cannot comply with these configuration requirements, nor can
the radiographic non-destructive examination requirements be met. The USNRC has
recognized this situation and has accepted the use of alternative designs that provide
redundant seal welds to ensure the containment boundary is maintained.

11.1 Redundant Lid Welds

The ESF canister has a copper shell which encases a steel cask. The copper shell is a
barrier for corrosion and the steel cask provides structural adequacy. The lid for the steel
cask is bolted into the liner, and the lid for the copper shell is welded to the copper shell.
The leak-tight containment of the fuel assemblies is provided by the seal welded
canister. Therefore, it appears that the seal welded copper shell is the containment
boundary.

Copper does not have the structural strength of carbon steel. Therefore, the copper
shell's ability to withstand transport and long term storage loads is not as good as the
steel cask's ability to withstand these loads. This is recognized in the design and is the
reason that the steel cask is provided for structural adequacy as stated above. In order to
ensure containment is not breached, NAC International designs canisters such that the
components that provide long term containment for disposal are welded and are
structurally adequate to withstand the design loads. Bolted joints with gaskets or o-rings
have been used to provide containment for transport packaging. This configuration
provides adequate sealing for transportation purposes but will not necessarily provide
adequate sealing for long term disposal.

Since the carbon steel is providing the structural integrity of the canister, welding the lid
of the steel cask, instead of bolting the lid, should be considered. This provides the
following benefits:

• Welding the carbon steel lid provides a leak-tight joint for the structural member of
the canister containment. In the event of a breach of the non-structural copper shell,
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the welded carbon steel lid will provide a better barrier against leakage into the
canister than the bolted lid.

• Welding carbon steel is a proven, economical process which does not present the
difficulties of electron beam welding of copper in sub-atmospheric conditions.

• Volumetric examination of carbon steel welds by ultrasonic testing is a proven
method of examination. Therefore, a defect-free weld is currently more readily
verified for carbon steel using ultrasonic methods than it is for the copper weld joint.

• Welding the carbon steel lid, in addition to welding the copper lid, will provide a
redundant seal weld for long term containment under repository conditions.

11.2 Lid Weld Examination

The use of surface examination for the copper lid should be evaluated. Since the copper
shell provides a corrosion barrier and does not provide structural integrity for
containment, even in a non-flawed condition, the need for a volumetric examination
may not be necessary. Surface examination by liquid penetrant testing of the copper lid
weld joint could detect flaws that would allow the initiation of corrosion.

Surface examination is less costly than volumetric examination; however, surface
examination is only recommended if a volumetric examination is performed on a welded
carbon steel lid.

For canisters designed by NAC International and other U.S. cask designers, volumetric
examination of the lid-to-shell weld joint is not performed. Two lids are welded to the
canister shell. Surface examination of both seal welds by liquid penetrant testing, in lieu
of volumetric examination, has been approved by the USNRC for these canisters.

11.3 Contributing Factors to Recent Lid Weld Failures
in the United States

The welding of the lids should be performed in a moisture free environment. A lid weld
defect in the United States has recently been attributed to the presence of moisture
during the welding process causing porosity and cracking in the seal weld for a carbon
steel lid. The moisture was introduced during canister loading operations, was not
detected, and was not evaporated during drying operations. Additionally, the hydrogen
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content in the weld wire was found to be a major contributor. This needs to be
controlled by specification requirements on weld wire procurement.

The gap between the lid and the shell should be minimized. Wide gaps for the lid-to-
shell weld have recently been identified as a contributing factor for cracking of this weld
in a canister in the United States. The large gap results in high residual stresses
developing upon cooling of the weld zone. Minimizing the gap is particularly important
for electron beam welding in order to achieve complete fusion of the material due to the
localized heat intensity. Procedures or equipment should be instituted to ensure that
weld gaps at the design values are maintained.

11.4 Lid Welding and Weld Quality Verification

The ESF canister has an exterior copper shell with welded lid and a steel cask with
bolted lid. NAC believes that welding the cast steel lid should be considered. This
approach would provide a redundant leak tight barrier which the current bolted cast steel
joint cannot guarantee. In addition, welding and nondestructively examining the carbon
steel parts is easier than it is for the copper parts. Therefore, weld integrity is more cost
effectively achieved and controlled and more readily verified.
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12. Transport Cask

12.1 Design, Licensing and Fabrication Costs for the
Transport Cask System

12.1.1 Cost for Development, Licensing, and Procurement

Tlie costs for development and licensing of transport casks are complex functions of the
design, designer experience, national competent authority requirements and perceived
hazard of the waste form. Based onNAC International experience as well as our
perception of the interaction of the factors above, the costs for design, testing, and
licensing of a transport cask are estimated as follows (Table 12.1):

Task

Design

Testing

Licensing

Table 12.1

Person

Transport Cask Engineering Costs USS

Hours Required

20,000

5,000

10,000

Total Cost

3 million

1.5 million

1.5 million (including competent
authority fees for review)

12.1.2 Fabrication Cost Background

Fabrication costs for any mechanical system are complex functions of the design, the
supplier, and the requirements for and applications of the technology. Added
complications of fabrication of spent fuel casks include material selection and other
fabrication specification requirements, fabricator experience and availability, schedule
requirements and quantity to be procured. These latter complications are very significant
with respect to assessing the fabrication costs of the transport cask for the ESF canisters.
In particular, the following specific issues required a number of simplifying
assumptions to arrive at a satisfactory approach to estimate the fabrication cost:

• There are no detailed drawings of the system available, including no Bills of
Material.

• There is no fabrication specification available.

• There is no specific quantity of casks or fabrication schedule identified.
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• There are no U.S. fabricators having sufficient experience with nodular cast iron
fabrication to obtain reliable estimates.

• There is no easy way to convert a U.S. fabrication estimate to a European fabrication
estimate, owing to the international differences in material, labor and transport costs.

12.1.3 Fabrication Cost Assumptions

Based upon these constraints, the following assumptions were developed to simplify the
cost estimation approach.

• The cask materials and fabrication process of the GNS CASTOR series of storage
casks are assumed to be representative of the materials and fabrication process for the
ESF transport cask.

• The impact limiter system, described as a steel plate construction with several layers
of wood as the crush medium, is assumed to be very similar to the steel shell with
balsa wood and redwood type impact limiters designed and fabricated by NAC
International.

• The price paid by U.S. utilities for the CASTOR series of storage casks, when
adjusted for transport and duty costs, is estimated to be comprised of about 35
percent material cost and 65 percent labor cost, assuming European labor and
material costs as the bases.

• Based upon U.S. utility feedback, the nodular cast iron in the CASTOR cask body
has a cost of about $2.20 per kg to $2.65 per kg in the as-cast but unfinished
condition for large volume procurements.

• Labor, machining, and finishing costs do not scale directly with cask size or weight.
It is assumed that about 25 percent of the labor, machining, and finishing cost of a
large cask remains constant for smaller casks, as well. These costs are associated
with fixed process steps that are independent of cask weight and size.

• The ESF transport cask design requires less labor and machining cost than the
CASTOR type casks because it uses only one lid, has no (apparently) or at least
fewer lid bolts, and has no mechanical seal system, constituted by elastomeric or
metallic o-rings, on the lid; it is assumed that this results in a 20 percent reduction in
labor and machining costs, based on NAC's experience.
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The volume of transport casks to be procured is in the range of 30 to 40 over a five
year period. The volume of impact limiter systems is assumed to be at least 20 sets
over the same period of time. Volume procurements of materials for this quantity of
casks and impact limiters is assumed. If this is not the case, a 5 to 10 percent increase
in material costs would be appropriate.

12.1.4 Transport Cask Body Estimated Cost

With the foregoing assumptions developed, pricing for CASTOR storage cask systems
was discussed with various utility and industry contacts within the U.S. Based upon the
range of price estimates received and the evaluated transportation and duty costs
included in the pricing, the following range of fabrication costs for the transport cask
body has been developed:

Table 12.2 Transport Cask Body

Cask Body Material, As Cast but Unfinished

Labor, Machining, and Finishing Services:

Allocated Project, QA and Fabrication -
Follow Costs:

Total Estimated Fabrication Cost per Cask Body:

Cost, US$

90,000 to

200,000 to

15,000 to

305,000 to

105,000

215,000

30,000

350,000

12.1.5 Impact Limiter System Estimated Cost

Impact limiter cost estimates have been developed based upon NAC International's
experience with fabricating this type of system. Such systems, because the wood energy
absorbing (crush) material installation is very labor intensive, have a high labor cost
percentage, despite the fact that the wood material costs are also high (because the wood
must meet very defined parameteric requirements under full quality controls) on a dollar
per kg basis.

Based upon fabrication costs and price quotations for impact limiters of roughly
comparable size at U.S. fabricators, the following range of fabrication costs for an
impact limiter set (2) has been developed. The range is based upon the actual costs and
price quotations which NAC International has in its pricing database.
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Table 12.3 Impact Limiter Cost,

Impact Limiter Materials

Manufacturing and Assembly Labor

Allocated Project, QA, and Fabrication-
Follow Costs:

Total Estimated Cost per Impact Limiter Set:

USS

130,000 to 170,000

170,000 to 200,000

10,000 to 20,000

310,000 to 390,000

12.1.6 Auxiliary Systems Estimated Fabrication Costs

No information has been provided on other systems necessary to support the use of the
ESF transport cask system. However, such systems are required, and the following
fabrication cost estimates have been developed based upon U.S. experience with such
support systems. The enclosed figures (Appendix A - D) show similar systems
developed by NAC International and are representative of such systems needed for the
ESF transport cask.

Transport Cask System Lifting Equipment

Such equipment is required to lift and position the transport cask and to install the
impact limiters. It is assumed that several (5 to 10) such systems would be required and
that the equipment would be designed such that, at rated load capacity, the lift
equipment load path would have a design safety factor of 6 on material yield strength
and 10 on material ultimate strength. The system is also presumed to include hydraulic
actuators on the load arms to permit remote pendant-controlled operation by a local
operator. The system would be fabricated of high strength carbon steel.

Based upon these assumptions, the cost of such a system should fall in the range of
$150,000 to $200,000.

For installing the impact limiters on the ends of the transport cask once it is positioned
on the transporter, a set of high strength, multi-wire-wrapped cable systems, assembled
with proper attachment and release mechanisms, should amount to no more than $1,000
- $3,000 per set.
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Transport Cask Transporter

The transport cask transporter is assumed to be a large, multi-axle and multi-wheel
trailer system. The motive force for the transporter is provided by a large diesel or
gasoline powered over-the-road tractor or truck.

The transporter is assumed to have a transport cask frame built into the trailer bed to
secure and anchor the cask during transport. The transporter is also assumed to have a
personnel barrier which surrounds the cask on the transport frame to restrict access to
the cask by unauthorized persons.

Based upon these assumptions, and extrapolating the cost of such a system from NAC
International's experience with its own transport cask fleet, the cost of such a transporter
should fall in the range of $200,000 to $300,000.

12.2 Cost for Handling

Handling costs, including ESF canister loading into the cask, cask closure, and
positioning on the transport vehicle, should be fairly standard. Assuming a handling
operations group of 8 people, the total person hours should be approximately 200. Total
loading cost, including consumables, should be in the range of $10,000 to $15,000 per
cask loading.

12.3 Safety Aspects of Design and Handling

The referenced reports indicate that the canister fulfills the requirements of IAEA
guidelines for the safe transport of radioactive material. The report states that the
canister must ensure safe handling in the ES, during transport and in the deep
repository.

The IAEA regulations ensure the safe transport of radioactive material by requiring:
1) containment of the radioactive material, 2) control of external radiation levels,
3) prevention of criticality, and 4) prevention of damage caused by heat. These stated
criteria are consistent with the design criteria imposed by the USNRC under Title 10 of
the Code of Federal Regulations Part 71 (10 CFR 71), Packaging and Transportation of
Radioactive Material.

In the United States, for transport of spent fuel, the containment of the radioactive
material and the control of the external radiation levels is typically provided by the
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transport cask. The prevention of criticality is typically provided by the fuel basket
geometry and materials (such as the moderators and poisons). The prevention of damage
caused by heat is achieved by the thermal conductivity properties of the transport cask
and its shielding materials, the impact limiters, and fuel basket in conjunction with each
other.

12.3.1 Transport Cask Function

The referenced reports state that the transport cask mainly serves as a shielding
overpack. It is also indicated that the ESF canister provides leak tight containment of the
fuel assemblies.

Based on NAC International experience, the containment for transport of radioactive
materials is typically provided by the transport cask. For canister-based dual purpose
designs, the containment for storage is typically provided by the canister. The
mechanical loads imposed on the package for transport are greater than the loads
imposed on the package for storage. Therefore, the package design for transport must be
more robust than the package for storage. Using the transport cask as the containment
for transport reduces the size, or robustness, of the canister since it is only required to be
the containment boundary for storage. In addition, if the canister containment boundary
is damaged, the transport cask can be used to ship the canister to a facility for remedial
action since the transport cask is licensed as a containment boundary.

Based on the long-term storage loads imposed on the ESF canister in the repository,
»15 MPa, the canister is a robust component. It is not likely that designing the transport
cask as a containment boundary would reduce the robustness of the ESF canister
because of the significant long-term storage loads. However, if the transport cask is not
designed as a containment boundary and the ESF canister is damaged in transit to, or
during handling at, the deep repository, the damaged canister would have to remain at
the deep repository. If the containment boundary were breached at the deep repository
and the transport cask is not designed as containment, there would be no remedial
actions available unless the deep repository is equipped to repair and weld ESF
canisters. NAC believes that it is prudent to design the transport cask to provide the
containment function so that transport of potentially damaged ESF canisters to other
facilities for remedial actions is possible. If the transport cask does not provide the
containment function, remedial actions that will be implemented in the event of a
breached canister containment must be evaluated.
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12.3.2 Transport Cask Structural Design Criteria and Fabrication
Standards

The guidelines that the transport package must fulfill are identified in the referenced
reports. However, they do not identify the 9 meter free drop nor the puncture (package
drop onto a 15cm § bar) requirements that the package must meet as stipulated in IAEA
Safety Series No. 6. A 9 meter drop test is a basis for licensing the ductile cast iron cask
material. The 9 meter drop and puncture hypothetical accident conditions are required
design bases to demonstrate that containment is maintained, post accident. Therefore,
the ESF canister inside the cask must be required to meet the design stress criteria for
these conditions.

National codes and standards, such as ASME Boiler and Pressure Vessel Code and the
American Welding Society - Structural Welding Code, provide criteria for design and
fabrication. The design codes include criteria such as the type of stresses to be
evaluated, the methodology for calculating these stresses, the methodology for
combining the stresses, the allowable stress levels for the various combinations of these
stresses, and the allowable stress levels for the various operating conditions (e.g.,
normal conditions, off-normal conditions, and accident conditions). The fabrication
codes provide criteria for the acceptable welding configurations, welding processes, and
forming techniques. The codes and standards used to design the transport cask should be
referenced in the design reports so that compliance can be assured. If such codes are
required by Swedish national regulations, the appropriate regulation should be listed. If
specific codes and standards are not referenced, the source of the design criteria should
be specified in the design reports.

An increase in material and fabrication costs is incurred if the transport cask provides
the containment function because of more stringent design criteria.

12.3.3 Transport Cask Lid

There is a risk that the lid threads will be damaged or deteriorate over time by wearing
or galling. Deterioration of the bayonet type lid is also possible due to wear and should
be evaluated for normal and accident conditions (loads on the ESF canister). The design
should specify the actions necessary to preclude thread damage and deterioration of the
bayonet lid. A bolted flange configuration with a stud and two nuts or with bolts into
threaded flange holes should be considered. Bolts and studs can be replaced if stripped
or galled. If the threaded lid approach is maintained, the use of threaded inserts would
allow repair of damaged threads.
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If the transport cask continues to function as the containment boundary (see Transport
Cask Function), a leak-tight seal must be provided. It does not appear that the threaded
cask lid or bayonet lid can provide a leak-tight seal. If a bolted flange configuration is
used, a gasket can be installed to provide a leak-tight barrier.

12.3.4 Transport Cask Lid Installation

The type of turning machine to be used to rotate the cask lid into position should be
identified. Several important aspects regarding lid installation include the procedures:

• To ensure proper lid alignment.

• For preventing galling of the threads.

• For precluding damage to the cask while removing a misaligned lid.

12.3.5 Transport Cask Lid Handling

It is stated that the lid handling connections are imbedded into the top of the lid. The
stresses in this area will be higher due to decreased material thickness and stress
concentration factors. Evaluation of the stresses in these local areas should account for
these factors.

12.3.6 Transport Cask Lifting

The transport cask appears to have four trunnions for lifting, two at the bottom of the
cask and two at the top of the cask. The safety factors incorporated into the design of the
cask lifting devices should be specified. NAC International's experience is that nuclear
lifting devices are minimally designed such that the device can lift three times the
weight of the package without generating stresses in excess of the yield stress and can
lift five times the weight without exceeding the ultimate tensile stress of the materials.
These minimal requirements, however, are exactly half of what is required to meet
single-failure-proof lifting requirements.
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12.3.7 Transport Cask Tie Down

The transport cask may be shipped by rail or road. The design criteria for vertical, lateral
and longitudinal loads are different for rail transportation and road transportation in the
United States. The design criteria for the (1) transport frame and (2) tie down devices
for the frame and the cask, should be specified along with any associated national
standards for rail and road transportation.

It is indicated that a support structure can be used to secure the cask to a railway wagon.
This support structure is bolted to the cask body. This support structure and the
connections to the cask (i.e., the bolts) should be designed to the same criteria as the
transport frame and the tie down devices associated with the transport frame.

12.3.8 Transport Cask Physical Requirements

IAEA and U.S. regulations require a tamper-indicating device to be provided on the
containers for transport of nuclear materials. The intent of this seal is to demonstrate
that the package has not been opened by unauthorized persons while in transit. The type
of tamper indicating device for use with the transport cask should be listed.

12.4 Radiation Shielding and Protection Specification

12.4.1 Radiation Streaming

When an opening or a through-wall crack or crevice exists in shielding material,
radiation can pass directly through without attenuation. This phenomenon is known as
radiation streaming. If the ductile iron transport cask material fails (for instance a crack
develops) from impact of a puncture or drop, radiation streaming through the crack may
occur. The radiation shielding calculation should address the potential for cracking and
quantify the effect of streaming through a crack.

This potential for radiation streaming is one reason why conservative shielding analyses
are important. The dose rate for the package should meet the IAEA transport post-
accident dose rates considering streaming through a crack.
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12.4.2 Transport Cask Moderator

It is indicated that the ductile iron transport cask is cast in one piece, and then axial bore
holes are drilled in the cask wall which are filled with polyethylene rods for neutron
moderation. Casting the transport cask with an annular gap for the neutron moderator
would eliminate the need to drill axial bore holes and thereby reduce fabrication costs.
This approach could be considered in conjunction with casting the top of the cask in a
flanged configuration for the mounting the cask lid, see Transport Cask Lid comments
(Section 12.3.3).

12.5 Measures Taken to Avoid Detrimental
Interference with Copper/Steel Canister

The copper shell of the ESF canister provides a corrosion barrier for the steel cask.
Damage to the copper shell should be avoided to ensure that the copper shell boundary
is not breached. The methods, procedures, alignment techniques or handling features
instituted to prevent damage, such as abrasion or puncture of the copper shell during
loading/unloading of the cask, should be specified.

12.6 Transport Cask Conclusion

NAC believes that strong consideration should be given to designing the transport cask
as a containment packaging as well as a shielding packaging. This approach will allow
the transport of the ESF canisters without relying on the canister's shell as the
containment. The benefit of this approach is that damaged canisters can be returned to
the ES facility without the use of another transport cask and no canister repair facilities
are required at the repository.
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13. Licensing

13.1 Transport Cask Licensing

The reference reports indicate that the licensing of the transportation system is a
separate activity covered by its own safety assessment. The interrelationship of the
transportation system with other components and facilities is not discussed. The
transportation cask provides the shielding of the ESF canister during transportation
while the ESF canister provides containment. Therefore, the transportation cask must be
licensed in conjunction with the ESF canister in order to comply with IAEA regulations
with respect to shielding, containment, and confinement. The transportation cask is the
mechanism for transferring ESF canisters from the ES to the deep repository and is
independent of the operation at these facilities. Therefore, NAC believes that licensing
the transportation cask can be independent of licensing the ES and can possibly be
independent of licensing the deep repository. NAC believes that the ESF canister must
be licensed for long term storage applications with the deep repository. However, the
ESF canister can possibly be licensed with the transportation cask for transport,
independent of the repository, provided the ESF canister source strength and shielding
characteristics are not altered to meet repository licensing requirements.

13.2 Encapsulation Station (ES) Licensing

SKI has indicated that the licensing of the ES for active test operation should be
coordinated with licensing under the Act on Nuclear Activities for the operation of
Stage 1 of the deep repository. SKI should consider licensing the ES independently
from the deep repository. This approach will ensure that the canisters are not loaded
until they can be stored in a licensed long-term facility. However, contingency actions
are available if the ES is licensed before Stage 1 of the deep repository and the
repository license is delayed indefinitely. If the canisters can be maintained in an
environment that provides adequate shielding and cooling at the ES, the fact that fuel is
stored in the canisters as opposed to storage pools should be irrelevant. Furthermore, if
required, the canisters can be opened and the fuel removed using procedures that must
be developed for remedial action in the event defective canisters are detected after
sealing. Therefore, the licensing of the ES independently from the deep repository is
technically feasible. The licensed ES could be incorporated, by reference, in the
repository license later. This licensing approach should be evaluated by comparing the
benefits of the technical feasibility against the economic impact and societal concerns.
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14. Comparison between the Encapsulation Plant
(ES) and the CLAB Projects

14.1 Introduction

The central storage for spent fuel (CLAB) has been in operation for about 15 years. It
was designed and constructed based on the experiences from the Swedish nuclear power
plant program. Several contractors were involved in the design phase as well as the
erection phase of the plant and the coordination work between the contractors were
performed by SKB. The design work was made in accordance with a well established
procedure in which the design of the various systems and equipment was refined and
detailed in well defined steps. Especially important in designing the whole plant and the
buildings is to have well established procedures for verifying the design, specifying
components with long lead times, and to have all interfaces between the various systems
under strict control.

14.2 The Encapsulation Plant (ES)

The ES plant is, like CLAB, an integrated plant that comprises buildings, mechanical
systems, process systems, electrical systems, instrumentation and control systems, and
service systems such as ventilation, cooling and process supplies.

The grade of complexity of the plant and its integration between various systems is
comparable to the CLAB plant or certain parts of a nuclear power plant such as e.g. the
waste treatment building. The logic that was used for designing and producing
documents for the construction and erection of the nuclear power plants and CLAB is
therefore relevant and applicable for the ES. It is NAC's understanding that SKB is
strictly following this established project logic in the ES-project thus minimizing the
project risks.

Since the design and construction of CLAB (as well as the power plants), the design
tools have undergone a dramatic development. Today, 3-D plant CAD tools are
available and have been in use extensively. They are especially helpful in verification of
any design changes made in a late stage of the design work and erection work The
mechanical design is performed with 2-D CAD tools which have shown to give a
dramatic increase in engineering productivity and also significantly reduced the risk for
mistakes. The design tools are communicating with data bases in which the plant is
gradually "growing" in refinements and details. These data bases serve as powerful
tools for project activities such as purchasing, contracting, scheduling, identification of
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components, and expediting as well as generating "as built" documentation for the
plant.

In summary, the design methods and project management tools available today all tends
to minimize the risks (financial, time schedule etc.) as well as to reduced the number of
engineering hours.

14.2.1 Project Risks

As stated above, the ES plant is comparable to the CLAB facility and the nuclear power
plants and should not, with the exception of the welding of the copper shell and related
welding inspection processes, imply any new unknown project risks.

The handling of CLAB cassettes, transferring of casks and fuel between the different
stations in the process, all service systems (electrical, I&C, ventilation, waste treatment)
can to a very large extent rely on the experience gained over more than thirty years of
nuclear operation in Sweden. The biggest single unknown factor that can imply a big
impact on the project is the welding of the copper canister and the non-destructive
testing of the welds. Apart from uncertainties with the welding method and NDT
methods themselves, the finally chosen processes may have a great impact on the layout
of the plant as well as on the requirements on the service systems.

The impact of Welding Process and NDT on the plant lay-out is important to have
under control. If at a final stage in the project it turns out that areas allocated for these
process steps need to be extended or modified it will have a big financial impact on the
whole project. If a doubling of the area (two parallel lines) is needed the volume of the
plant will be significantly increased implying a cost increase of several hundred MSEK.

In order to minimize this risk it is of greatest importance that the full scale welding tests
planned for in Oskarshamn are given a big attention. A robust and acceptable welding
and NDT process must be developed and verified before the design of the ES plant is
"frozen".

The Time Schedule of the project is very long. The nominal time schedule stated starts
with design work in 1993 and ends with start of operation in 2008. Totally 15 years,
which is a very long time. Corresponding time schedules for a nuclear power plants are
between five and six years. The ES time schedule is however governed by the siting and
construction of the final repository for spent fuel. The plant will not be taken into
operation until the repository is ready to receive the encapsulated spent fuel. The
stretched time table will have a large impact on the engineering and design of the plant.
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It is a well known fact from building of the nuclear power plants in Sweden that if the
commissioning date is postponed (e.g. due to political reasons), the engineering costs
will increase rather significantly. It is very difficult to stop an engineering organization
from "further optimizing and refine" the plant when the time for this is available. If a
design team of 50 engineers are involved in the project, this will typically cost about 30
MSEK per year of delay.

To mitigate the impact from time schedule uncertainties it is very important that the
project progress is very well defined in logical steps and that each step is very well
documented in order to avoid loosing time in restarts of the project. It is NAC's
understanding that SKB is executing the project in this way. A well established logic is
followed and the project is in principle up for new bids after each step. Following this
logic, it is of great importance that SKB has very tight specifications on how each step
shall be documented and in which format it shall be done and what design tools various
contractors must have access to.

If there are long periods of very low activities within the project it is unavoidable to be
exposed to increased costs. The difficulty is to keep the cost increase under control and
this can only be made by implementing a very strict work logic up front in the project
and a very disciplined project management. It is very difficult to quantify such cost
increases but 50-100 MSEK can easily be spent in a project like ES if not kept under
strict control.

Another concern can be Lost Competence due to the fact that about fifteen years have
passed since a large nuclear facility project was designed and constructed in Sweden.
The CLAB facility was built in the time period when the Swedish reactor program was
at the end of its design and construction stage. The CLAB project thereby could benefit
from a vendor's organization that was fully up to speed with respect to design,
construction, erection and commissioning of nuclear facilities. Many of the most
experienced designers and project administration people have either left the nuclear
industry or retired. The vendors' organizations has during this period been more focused
on service and maintenance work and has also become more of specialists of various
systems, analysis and components. This competence is naturally also of importance in a
project like the ES but equally important is the knowledge of over all plant and process
engineering by which is meant the knowledge of how various systems interact and
interface and how they must be integrated in order to obtain a robust, safe and
economical plant.

The last years experience from large refurbishing and modernization projects in the
power plants has shown that the vendor's organizations are not fully up to speed. There
has been a trend to rather look upon the plant in bits and pieces rather than as a process
system. This view has created difficulties in keeping time schedules and costs under
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control but has however not created any safety related problems. The implication of this
fact is that it today may take more engineering time than earlier to design a large
integrated nuclear facility. In making direct comparisons with accrued costs and time
efforts with CLAB, one has to keep this in mind. It is NAC's opinion that this factor
could contribute with an additional 10-15 % in engineering time when comparisons are
made between CLAB and ES. On the other hand this is off-set by the more powerful
design tools available today. A significant part of the design work for a process plant
constitute handling and verification of design changes. The whole art of plant
engineering can be looked upon as an iterative process in which the gradual refinement
of the design calls for design changes or rather design modifications. All such changes
and modifications have to be verified and confirmed in the design phase since it is
extremely costly to make changes during the construction and erection phase. The 3-D
CAD plant tools available today are extremely powerful in handling changes and
modifications.

One can assume that much of the integrated plant knowledge today is to find within the
utilities operational staff. It is recommended that experienced utility personnel are
involved in the design reviews of the project.

14.2.2 Synergism between CLAB and ES

The current plans are that the ES will be co-located with the CLAB facility on the
Simpevarp peninsula at Oskarshamn. In this case, it will be possible for the ES to use
some of the facilities and staff at CLAB.

• Existing CLAB and OKG infrastructure, such as access roads, water supply, security,
and electricity and telephone connections will be used for the ES and only marginal
costs will be added.

• Operating staff can be shared with CLAB. This is particularly important in the period
when the Swedish nuclear power program is coming to its end and the flow of spent
fuel to CLAB is slowing down. The lower personnel requirement at CLAB will then
be compensated by the increased requirements at the ES.

• It will be possible to co-ordinate maintenance support functions with CLAB and
OKG which enables an optimization of staff levels, both for the ES and CLAB.

The main benefit of co-locating the ES with the CLAB is that a special reception area
will not be needed; the fuel will be brought up from the storage pools in CLAB directly
into the ES. If the ES is co-located with the final repository instead, there would have to
be a dry handling receiving station at the ES.
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Even if the ES is co-located with CLAB, the two plants serve different purposes and
their respective processes are governed by different constraints. The process in the ES
plant is governed by the activities in the final repository and the transport system from
the ES to the repository while CLAB is governed by the transport of spent fuel from the
power plants and the transport system supporting this activity. In order not to make the
operation of one of the plant dependent on the other, they must not be too integrated in
terms of sharing important operational systems. If for instance CLAB is "down" for
maintenance, rebuilding or some other reason and this outage also would imply a stop of
the ES plant this would imply a stop also at the final repository which would imply
increased costs for the whole program.

It is therefore recommended that only such systems and services are shared that do not
have an impact on the availability of any of the plant. Any up front savings in utilizing
existing over capacity or up-grading of CLAB systems to also serve the ES could turn
out to be costly in the future. At the end of the Swedish nuclear program when all fuel
has been transferred to CLAB and the operation of the ES plant continues for many
years, certain parts of the CLAB facility may also be decommissioned. The schedule for
this decommissioning should not be dependent on requirements set by the operation of
the ES plant.

In considering the above, the earlier estimated cost saving of 150 MSEK for sharing
service systems between CLAB and the ES may be over-estimated.

The co-location of ES to CLAB has been stated to imply a cost saving of 600-700
MSEK in comparison to a location at the final repository. The main contributions to this
saving are the need for a reception area of transport casks, additional transport casks,
additional labour costs if located at the repository. The on-going activities at the
repository (receiving and depositing of copper casks, under ground expansion work of
the repository and processing and transporting of excavated rock) are very different
from the ones in the ES. It must be a cost saving to concentrate all handling of spent fuel
before encapsulation to one site where such activities have been performed over a
number of years. If fuel handling activities are to be performed at the repository, the
whole process will be more vulnerable since it is depending on having very specific
competence at two locations. It is not possible to quantify this saving but it always pays
off to minimize the risk for trouble to the largest extent possible.

14.3 Summary of Comparison CLAB/ES

In previous sections various project risks with respect to the costs of the project have
been discussed as well as the co-location of the ES and CLAB. A detailed cost
comparison at a system level is not possible to perform at this stage since the design of
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the ES has not reached a level of detail where this can be performed. The design work
has now effectively been stopped for more than a year and meanwhile part of the work
is being reviewed by a third party.

This review is understood to be an active action to mitigate the risks in the project. It is
NAC's opinion that the biggest cost uncertainties in the project are the welding process
including NDT of the welds and the unit cost for the copper/steel casks. From a cost
optimization point of view it is correct to focus on the welding process at this point in
time since. If finally the selected welding operation will deviate significantly from what
is now assumed this could have a dramatic influence on the total cost of the plant. All
other cost uncertainties are second order effects in comparison to this.

It is further concluded that for the rest of the ES plant, cost estimates based on
experiences from CLAB are relevant.
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