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SUMMARY 

The companies that own nuclear power plants in Sweden are responsible for 

adopting such measures as are needed in order to manage and dispose of 

spent nuclear fuel and radioactive waste from the Swedish nuclear power 

reactors in a safe manner. The most important measures are to plan, build 

and operate the facilities and systems that are needed, and to conduct related 

research and development. The power utilities have commissioned SKB to 

carry out this work. 

This report presents a calculation of the costs for implementing all of these 

measures. The cost calculations are based on the plan for management and 

disposal of the radioactive waste products that has been prepared by SKB 

and is described in the report. 

The following facilities and systems are in operation: 

Transportation system for radioactive waste products 

- Central interim storage facility for spent nuclear fuel, CLAB 

Final repository for radioactive operational waste, SFR 1 

Plans also exist for: 

Encapsulation plant for spent nuclear fuel 

Deep repository for spent fuel and other long-lived waste 

- Final repository for decommissioning waste 

The cost calculations also include costs for research, development and 

demonstration, as well as for decommissioning and dismantling the reactor 

plants etc. 

This report is based on the proposed strategy for the activities which is 

presented in SKB RD&D-Programme 95. This strategy is largely the same 

as that on which last year's report is based. SKB proposes that deep 

disposal be implemented in stages. It begins with an initial stage in which 

400 canisters are deposited. This is followed by an evaluation and a 

renewed licensing procedure before the facility is expanded to full scale. 

At the end of 1995, certain amendments were made in the Financing Act 

which influence the calculations presented in this report. The most 

important amendment is that the reactor owners, besides paying a fee or 

charge on nuclear energy production, must also give a guarantee as security 

for remaining costs. In this way the fee can be based on a probable cost for 

waste management. This cost includes uncertainties and variations that are 
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normal for this type of project. Cost increases as a consequence of major 

changes, disruptions etc. can instead be covered via the given guarantees. 

As a basis for determining the fee and the need for guarantees, three types 

of amounts are to be reported: 

fee-determining amount, which is supposed to include all costs for 

managing and disposing of the spent nuclear fuel from 25 years of 

operation of the reactors, and for decommissioning and dismantling the 

reactors and carrying out the necessary research and development. If a 

reactor has been operated for more than 25 years, the costs should include 

fuel etc. that has been used up to and including the year to which the fee 

is supposed to apply (i.e. 1997). In this year's cost calculation, this is the 

case for Oskarsharnn L 

basic amount, which is supposed to include corresponding costs for 

managing and disposing of the fuel which has been used up to and 

including the year when the calculation is performed (i.e. 1996), plus the 

costs for decommissioning and dismantling the reactors. 

contingency allowance which includes reasonable additional costs 

depending on unforeseen events. 

The basic amount and contingency allowance are to be used to determine 

the need for guarantees to cover the loss of fees in the event of premature 

shutdown of the reactors, plus cost increases as a result of future unforeseen 

events. 

The fee-determining amount is derived from a base scenario which 

describes the measures, facilities etc. that are needed to manage and dispose 

of the spent nuclear fuel and to decommission and dismantle the nuclear 

power plants. This _scenario necessarily contains uncertainties. In order to 

take these uncertainties into consideration, a new calculation method has 

been used in this report. The uncertainties have been dealt with by means of 

a statistical weighing-together of their influence on the costs. This method 

differs from last year's, when the uncertainties were dealt with by adding a 

percentage surcharge to the calculated base costs. 

The base scenario thus takes into account normal uncertainties, variations 

and disruptions in a project. Since several variations affect the timetable, the 

costs have been calculated both in constant prices (January 1996) and in 

current money prices with different assumptions regarding real interest rates 

in the future. 

The total future costs are presented as a distribution function, which 

indicates the probability associated with a future total cost estimate. The 

figure which is used is the cost which has, according to the calculation, an 

equal probability of being too great as of being too small. 
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The total future costs, in January 1996 prices, for the Swedish waste system 
from 1997 have been calculated to be SEK 42.2 billion. The total costs 
apply for the waste obtained from 25 years of operation of all Swedish 
reactors. They will fall due over a total period of approximately 50 years up 
to the middle of the 21st century, but the greater part will fall due during the 
next 20 years. Figure 1.1 shows the present value of the costs at different 
real interest rates. 

It is estimated that SEK 10.6 billion in current money terms has been spent 
through 1996. 
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Figure 1.1 
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Present value of the total future costs from 1997, at different 
real discount rates. (Price level January 1996) 

The basic amount, which is the cost for managing and disposing of the 
waste produced up to and including 1996, is about SEK 0.4 billion lower 
than the fee-determining amount. 

The contingency allowance, which is supposed to allow for the risk of 
unforeseen cost increases, has been calculated using the same statistical 
method as the fee-determining amount. Greater variations in concept, siting, 
timetable, cost data and disruptions have been taken into account in 
calculating the contingency allowance than in the base scenario. The result 
is obtained in the form of a statistical distribution of the total costs, which 
indicates the probability associated with a given total cost, i.e. the 
probability that the calculated cost will prove true. 

Aside from the costing calculation discussed above, which is based on 
waste quantities from operation of the reactors for 25 years, examples are 
given of the effect of extended operating times. Accordingly, costs based on 
waste quantities from operation of the reactors for 40 years are also 
reported. 
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ABBREVIATIONS 

BWR Boiling water reactor (ABB-Atom) 

CLAB Central interim storage facility for spent nuclear fuel 

RD&D Research, development and demonstration 

NPP Nuclear power plant 

PWR Pressurized water reactor (Westinghouse) 

SFR I Final repository for radioactive operational waste 

SFR 3 Final repository for decommissioning waste 

SKI Swedish Nuclear Power Inspectorate 

SKB Swedish Nuclear Fuel and Waste Management Co. 
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1 PREMISES 

1.1 GENERAL 

Every year, on behalf of the nuclear power utilities, SKB prepares a 

calculation of the costs for all the measures that are required to manage and 

dispose of spent nuclear fuel and radioactive waste from the Swedish 

nuclear power plants. The cost calculation is submitted to the Swedish 

Nuclear Power Inspectorate (SKI), which recommends to the Government 

both the fee for management and disposal of the radioactive waste products 

of nuclear power that is levied on nuclear-generated electricity and the 

amounts for which the reactor owners have to give guarantees. 

At the end of 1995, certain amendments were made in the Financing Act 

which affect the calculations presented in this report. The most important 

amendment is that the reactor owners must give a guarantee as security for 

remaining costs. In this way the fee can be based on a probable cost for 

waste management. This includes uncertainties and variations that are 

normal for this type of project. Cost increases as a consequence of major 

changes, disruptions etc. can then be covered via the given guarantees. 

As a basis for determining the fee and the need for guarantees, three types 

of amounts shall be reported: 

• fee-determining al)lount, which is supposed to include all costs for 

managing and disposing of the spent nuclear fuel from 25 years of operation 

of the reactors, and for decommissioning and dismantling the reactors and 

carrying out the necessary research and development. If a reactor has been 

operated for more than 25 years, the costs should include fuel etc. that has 

been used up to and including the year for which the fee is to be paid (i.e. 

1997). In this year's calculation, this is the case for Oskarsharnn I. 

• basic amount, which is supposed to include corresponding costs for 

managing and disposing of the fuel which has been used up to and including 

the year when the calculation is performed (i.e. 1996), plus the costs for 

decommissioning and dismantling the reactors. 

• contingency allowance which includes reasonable additional costs 

depending on unforeseen events. 
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The basic amount and contingency allowance are to be used to determine 

the need for guarantees to cover the loss of fees in the event of premature 

shutdown of the reactors, plus cost increases as a result of future unforeseen 

events. 

The fee-determining amount has been based on a base scenario which 

describes the measures, facilities etc. that are needed to manage and dispose 

of the spent nuclear fuel and dismantle the nuclear power plants. The base 

scenario takes into account normal uncertainties, variations and 
disturbances for a project. 

The base scenario has been based on the KBS-3 method (ref. 1), which was 

reviewed in conjunction with the applications for fuelling permits for 

Forsmark 3 and Oskarsharnn 3. KBS-3 has been found to meet high 

standards of safety and radiation protection. Account has also been taken of 

the latest results obtained in SKB's research and development and presented 

in SKB 91 (ref. 2) and in SKB's most recent programme for research, 

development and demonstration, RD&D 95 (ref. 3). The strategy and 

timetable for the continued activities that are given in RD&D 95 also apply 

to the base scenario. 

In order to include the influence of variations and uncertainties in the cost 

calculations a new calculation method has been applied in this report. The 

uncertainties have been dealt with by means of a statistical weighing­

together of their influence on the costs. This method, which is described in 

greater detail in Chapter 3, differs from last year's, when the uncertainties 

were dealt with as a percentage surcharge on calculated base costs. 

Chapter 2 contains a presentation of the base scenario and the variations and 

uncertainties that have been weighed in when calculating the fee­
determining amount. 

The basic amount, which gives the total costs for managing and disposing 

of the waste quantities which arise from reactor operation through 1996 and 

for dismantling the nuclear power plants, has been calculated based on the 

costs for the base scenario. Four calculations have been performed, one for 

each reactor station, assuming a premature shutdown of all units at each 

station. This means that the quantity of waste to be managed and disposed 

of is less and that the shutdown/dismantling is moved forward in relation to 

the base scenario. 

The contingency allowance, which is supposed to allow for the risk of 

unforeseen cost increases, has been calculated using the same statistical 

method as the fee-determining amount. Costs for less probable but not 

unreasonable events that give rise to cost changes are supposed to be 
included in the calculation of the contingency allowance. Large variations 

in, for example, concept, siting, timetable, cost data, as well as disruptions 

of various kinds, are thereby also taken into account. The result is obtained 
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in the form of a statistical distribution of the total costs indicating the 

probability associated with a given total cost, i.e. the probability that the 

calculated cost will prove true. 

The Financing Act only deals with costs that are attributable to management 

and disposal of spent nuclear fuel and to decommissioning and dismantling 

of the reactor plants. SKB's plan for waste management also makes 

provisions for the operational waste from the nuclear power plants and for 

other radioactive waste obtained in Sweden, mainly from Studsvik. The 

latter constitutes only a few percent of the total waste volume. 

1.2 CALCULATION ALTERNATIVES 

In determining the capacity of the final repository and the transportation 

system, certain assumptions must be made regarding the operating 

conditions for the nuclear power units. The quantity of spent fuel and 

radioactive waste to be managed and disposed of is determined by, among 

other things, how long and at what power level the reactors are operated, as 

well as their utilization factors. 

According to the Financing Act, the calculations for the fee-determining 

amount shall be carried out assuming that the reactors are operated for 25 

years, or at least through 1997 (which is the case for Oskarshamn 1). This 

represents what is known as the "earning time" for the build-up of the 

reserve funds. To shed light on how the system is affected by extended 

operating times, a cost calculation for the case that all reactors are operated 

for 40 years is also presented in the report. 

As a basis for the calculation of the basic amounts, it has been assumed that 

all reactor units on a site are shut down at the beginning of the calculation 

period. For this year's report, this means operation through 31 December 

1996. 

Based on the reactors' operating times, calculations are made of waste 

quantities and thereby investments and operating times for the facilities in 

the waste system. Waste quantities for each alternative are presented 

summarily in the following section, and in greater detail in Appendix 1. 

It is assumed in this report that the starting time for encapsulation and 

deposition, as well as the other calculation premises, are the same for the 

different alternatives. This means that the operating time for the 

transportation system, CLAB, the encapsulation plant and the deep 

repository is determined by the total number of canisters to be deposited in 

each alternative. 
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The size of the storage capacity in CLAB is also affected by the quantity of 

fuel in the different alternatives. It is assumed that SFR 1 is operated as long 

as the reactors are in operation. Regarding SFR 3, the waste volumes and 

operating time are not affected by different alternatives; operation is merely 

shifted in time depending on when the reactors are dismantled. 

1.3 ENERGY PRODUCTION AND WASTE QUANTITIES 

Energy production in the Swedish nuclear power plants totalled 67 TWh in 

1995, which corresponds to an average energy utilization factor of 77%. 

The energy utilization factor during 1994 was 80%, and during 1993 it was 

67%. The lower utilization factor in 1993 is due to the fact that a number of 

reactors were shut down for modifications during parts of the year. In 

calculating estimated future energy production, a utilization factor of 80% is 

used for both BWRs and PWRs. This utilization factor corresponds to the 

best estimates of the power utilities and agrees with the figures they report 

to the Energy Commission. It also takes into account expected future 

renovations and possible disruptions in operation. 

The utilization factor is not varied in the base scenario, since such a 

variation would affect both waste quantities and electricity production, i.e. 

both the cost and the revenue side. A separate calculation where the future 

utilization factor has been assumed to be 70% is therefore presented in 

Chapter 4.4. 

Within the base scenario, fuel bumup for future electricity production at 

BWRs is varied between 38 and 50 MWd/kgU. The corresponding figure 

for PWRs is 41 to 55 MWd/kgU. 

With operation of all reactors for 25 years, or at least through 1997, a total 

fuel consumption of between 6,100 and 6,500 tonnes uranium (tU) is 

obtained for the reference case, depending on the assumed future bumup. 

Total electricity production for the base scenario has been calculated to be 

about 1,650 TWh. Electricity production and fuel consumption per reactor 

unit has been compiled in Table 1.1. This Table applies at a future 

utilization factor of 80% for all reactors and a future average burnup of 42 

MWd/kgU for BWRs and 44 MWd/kgU for PWRs. 
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Electricity production (net) and fuel consumption for operation of all 

nuclear power plants for 25 years (Oskarshamn I through 1997) 

Reactor and date Thermal Net EnergJ:: production Fuel consumption 

of commercial capaciy electrical illD 
operation capacity 

Through Annually Total Discharged Total 
(MW) (MW) 1995 from 1996 through 

1995 

Bl 1975-07-01 1,800 600 78.6 4.2 100 309 

B2 1977-07-01 1,800 600 73.2 4.2 100 268 

Rl 1976-01-01 2,500 830 89.0 5.8 120 283 

R2 1975-05-01 2,570 870 92.2 6.1 120 279 

R3 1981-09-09 2,780 920 79.2 6.5 150 223 

R4 1983-11-21 2,780 920 77.0 6.5 160 225 

01 1972-02-06 1,375 440 56.0 3.1 60 238 

02 1974-12-15 1,800 600 81.1 4.2 100 301 

03 1985-08-15 3,300 1,160 84.9 8.1 200 236 

Fl 1980-12-10 2,930 970 101.0 6.8 170 324 

F2 1981-07-07 2,930 970 95.1 6.8 170 298 

F3 1985-08-22 3,300 1,160 85.7 8.1 200 229 

BWR Total 21,735 7,330 744.6 51.4 1,220 2,487 

PWR Total 8,130 2,710 248.4 19.0 430 727 

All NPPs Total 29,865 10,040 993.0 70.4 1,650 3,213 

Most of the spent fuel will be temporarily stored in CLAB and then 

emplaced in a deep repository. Besides the fuel accounted for in Table I.I, 

there will be about 20 tonnes of fuel from Agesta and 23 tonnes of German 

MOX fuel. The latter fuel replaces 57 tonnes of Swedish fuel previously 

shipped to Cogema. In 1989, SKB transferred the right to reprocessing at 

Cogema to eight German companies. 140 tonnes of fuel has also been sent 

to BNFL for reprocessing, from which no waste will be returned. This gives 

- assuming future operating conditions as shown in Table 1.1, i.e. 25 years 

of operation or at least until 1997 - a quantity of about 6,200 tonnes of 

uranium to be disposed of. 

With 40 years of operation, the quantity of fuel to be disposed of increases 

to about 9,500 tonnes of uranium and the total electricity production to 

2,700 TWh. 

Besides spent fuel, the Swedish nuclear power programme gives rise to 

low- and intermediate-level operational waste (LL W and IL W) from the 

nuclear power reactors, CLAB and the encapsulation plant. When the 

450 
430 

500 
430 
500 
540 

350 
440 
720 

660 
650 
710 

4,910 
1,470 

6,380 
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plants are decommissioned and dismantled, decommissioning waste arises. 

Estimated waste quantities are summarized in Table 1.2 assuming all 

reactors are operated for 25 years, or at least through 1997. The waste 

quantities are reported in detail in Appendix 1. The activity content in the 

different waste types varies widely. The handling and disposal requirements 

will therefore be dependent on waste type. 

Table 1.2 Main types of radioactive waste products to be 
disposed of 

Product Principal origin Unit No. of Volume in 
units final 

repository 
3 m 

Spent fuel canisters 3,000 12,800 

Alpha- LLW andILW drums and 2,800 1,700 

contaminated from Studsvik moulds 

waste 

Core components Reactor internals moulds 1,400 9,500 

LLWandILW Operational waste drums 48,100 76,400 

from NPPs and and 
treatment plants moulds 

Decommissioning From mainly 20 8,200 155,300 

waste decommissioning m3 ISO 
ofNPPs and containers 
treatment plants 

Total quantity, 63,500 255,700 

approx. 

1.4 PRINCIPLES OF THE WASTE MANAGEMENT SYSTEM 

As a basis for the timetable for and the design of the Swedish waste 

management system, it has been assumed in this report that: 

- Short-lived waste will be disposed of in SFR immediately after it is 

obtained. 
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- Spent fuel will be stored in CLAB before being emplaced in a deep 

repository. Heat generation in the deep repository will be limited in this 

way. The interim storage period in the base scenario is about 30 years. 

The influence of a variation of interim storage by about 40 years is also 

being studied. 

- Other long-lived waste will be disposed of in connection with the deep 

repository for spent fuel. 

It is assumed that dismantlement of the NPPs will begin immediately 

after shutdown. 

It is assumed in the base scenario that the encapsulation plant will be 

located at CLAB and the deep repository for spent fuel and other long-lived 

waste will be located in northern Sweden, in the interior or on the coast. It is 

assumed that the waste will be transported by ship to the nearest harbour, 

and from there to the repository (if necessary) by rail. 

In SKB' s most recently submitted programme for research, development 

and demonstration, FUD 95, SKB proposes, as in RD&D 92, that deep 

disposal be carried out in stages, beginning with an initial stage when 400 

canisters are deposited. This will be followed be an evaluation and renewed 

licensing before a decision is taken to expand the facility to full scale. The 

base scenario is based on the strategy proposed in RD&D 95. In connection 

with the calculation of the contingency allowance, the influence of 

retrieving the fuel after the initial stage and disposing of it on another site 

will also be studied. 
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2 FACILITIES AND SYSTEMS IN THE BASE 
SCENARIO 

2.1 GENERAL 

The waste management system on which the calculation of the fee­

determining amount has been based is referred to as the base scenario. It 

takes into account normal uncertainties, variations and disruptions in a 

project. In the calculation of the fee-determining amount, the influence of 

the variations on the costs is weighed together statistically. The base 

scenario is based on the alternative where the reactors are operated for 25 

years, or at least through 1997. 

This chapter provides a general description of the facilities, systems and 

measures included in the base scenario. Their function and design are 

described briefly and the variations that have been studied and have 

influenced the design, personnel requirements and other cost items are dealt 

with briefly. Several of the variations within the base scenario affect several 

facilities within the waste management system. Their influence on each 

facility is also described below. A more detailed description of the 

variations can be found in Chapter 3. 

RD&D 95 presented programmes and plans for activities relating to the 

canister, the encapsulation plant and the deep repository. Based on these 

plans, synoptic timetables for the future plants have been drawn up as a 

basis for the cost calculations. According to these timetables, the 

encapsulation plant and deep repository will be built so that deposition of 

encapsulated fuel can begin in the year 2008. The timetables give the 

earliest possible investment dates, which is conservative from the fee point 

of view. The influence of postponing deposition for 10 years is studied as a 

variation. 

Figure 2.1 shows which facilities are included in the base scenario and how 

waste management is planned to be done, as well as the operating times for 

the selected calculation case (without allowance for variations). Some of the 

facilities are in operation, providing a good basis for the cost calculations. 

The final design of the other facilities has not yet been chosen. However, as 

a basis for the cost calculations, a possible waste management scheme has 

been described and layout drawings and personnel plans have been 

prepared. The variations take into account uncertainties regarding design, 

staffing, cost data, etc. 
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--------------, 
I 

Other wastes 1 
Radioactiw wastes 

from nuclear power plants 
(Studs\oik) 

Figure 2.1 

-------------------, 
I ' . 

Scheme for the management of the waste products from 
nuclear power in Sweden. (Operating times apply for the 
base scenario without disruptions) 

2.2 RESEARCH, DEVELOPMENT AND DEMONSTRATION 

The purpose of SKB 's research, development and demonstration work 
(RD&D) is to gather the necessary information, knowledge and data to 
realize the final disposal of spent nuclear fuel and other long-lived 
radioactive waste. A programme for this work is presented by SKB every 
third year. The latest programme was presented in September 1995 (ref. 3) 
and a review report from SKI was presented in May 1996 (ref. 4). 

During the 1990s, the RD&D work has been focused on the measures that 
are needed to build an encapsulation plant for spent nuclear fuel and a deep 
repository for encapsulated fuel. In addition to the design work and safety 
assessments, relatively extensive supportive R&D will be needed, with an 
emphasis on development of background material for safety assessments. 



10 

An important component of the RD&D activities is the Aspo Hard Rock 

Laboratory. The Aspo HRL is being used to test, verify and demonstrate the 

investigation methods which will later be used for detailed studies of 
candidate sites for the deep repository and to study and verify the function 

of various components in the final repository system. It will also be used to 
develop and test technology for deposition. A schematic drawing of the 
laboratory is shown in Figure 2.2. 

The base scenario assumes that research, development and demonstration, 

including the activities on Aspo, will be pursued until the second stage of 

deposition is begun. The costs are affected by, besides uncertainties in the 

scope of the research activities per se, other variations that affect the 
timetable as well, e.g. delayed deposition. 

Early costs for the deep repository project - i.e. site investigations, design 
and detailed characterization - are presented in this year's cost summary 

under the heading "Deep repository". In the same way, costs for canister 
studies are presented under the heading "Encapsulation plant". 

Figure 2.2 Schematic drawing of Aspo HRL 
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2.3 TRANSPORTATION SYSTEM 

The transportation system is based primarily on sea transport. Its main 

components are a ship, M/S Sigyn, transport casks/containers and other 

transport equipment at nuclear power plants and other facilities. The system 

is designed to accommodate all types of waste. 

MIS Sigyn has a payload capacity of 1,400 tonnes and is designed for roll­

on roll-off handling. Loading by crane is also possible. Operation and 

maintenance of the ship is entrusted to Rederiaktiebolaget Gotland. 

As of year-end 1995, a total of 2,300 tonnes of fuel had been transported 

from the NPPs to CLAB, and about 18,300 m3 tonnes ofLLW and ILW to 

SFR. 

Casks and containers designed to meet stringent requirements on radiation 

shielding and to withstand large external stresses are used for the waste 

shipments. Spent nuclear fuel, core components and reactor internals are 

transported in cylindrical transport casks. One cask holds about 3 tonnes of 

fuel. Radiation-shielding steel containers are used for transporting IL W to 

SFR. They hold about 20 m3 of waste, and the maximum transport weight 

per container is 120 tonnes. Standard freight containers will be used for 

LL W from operation as well as for most of the decommissioning waste. At 

present, the system includes 10 fuel casks, 2 casks for core components and 

27 radiation-shielding containers for IL W. 

During loading and unloading, the casks/containers are transported short 

distances between storage facilities and the ship by special terminal 

vehicles, see Figure 2.3. At present, five vehicles are used. 

Since the site of the deep repository for long-lived waste has not yet been 

decided, it has been assumed in the base scenario that the total distance of 

sea transport from the encapsulation plant at CLAB to a harbour for 

possible further transport by rail to the deep repository will be 

approximately 750 km. The encapsulated fuel will be carried in transport 

casks of a type similar to those used for the fuel today. Other LL Wand 

operational waste from CLAB, the encapsulation plant and Studsvik is 

planned to be transported in specially designed transport containers. 

The costs for the transportation system are based on experience to date and 

are varied to allow for uncertainties in operating costs and future 
reinvestment requirements, such as purchase of transport casks/containers, 

ships etc. The costs of the transportation system are also affected by other 

variations which change the operating time for the entire waste system, 

mainly number of canisters and capacity of the encapsulation plant, plus the 

starting time for encapsulation and deposition. 
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Figure 2.3 Terminal vehicle with fuel transport cask 

2.4 CENTRAL INTERIM STORAGE FACILITY FOR SPENT 
NUCLEAR FUEL, CLAB 

The central interim storage facility for spent nuclear fuel, CLAB, is situated 

adjacent to the Oskarshamn power station. The facility, which started 

operation in 1985, was originally designed to store some 3,000 tonnes of 

fuel (uranium weight) in 4 pools. The introduction of new storage canisters 

has increased the capacity of these pools to about 5,000 tonnes. 

At year-end 1995, the facility contained fuel equivalent to 2,300 tonnes of 

uranium. Core components and reactor internals are also kept in the facility 

prior to ultimate disposal in the deep repository. 

CLAB consists of an above-ground complex for receiving fuel and an 

underground section with the storage pools. The above-ground complex 

also contains equipment for ventilation, water purification and cooling, 

waste handling, electrical systems etc. plus premises for administration and 

operating personnel. Reception of fuel and all handling takes place under 

water in pools. 
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The storage pools are located in a rock cavern and made of concrete with a 

stainless steel lining. One pools contains 300 storage canisters. The fuel will 

mainly be stored in new canisters with either 25 BWR assemblies or 9 PWR 

assemblies. The new canisters have partitions of boron steel to prevent 

criticality with the more dense packing of assemblies. The original canisters 

contain 16 BWR or 5 PWR assemblies. Transfer of assemblies from old to 

new canisters is currently in progress. 

The capacity of CLAB will be expanded towards the end of the 1990s so 

that all fuel from the Swedish programme can be stored in CLAB. In this 

report, it is assumed that the expansion of storage capacity will be achieved 

by building a new rock cavern parallel to the existing one. 

The permanent workforce during operation is currently about 50 persons. In 

addition, service personnel are mainly taken from 0KG' s regular base 

organization. On average, the total personnel complement is equivalent to 

about 60 full-time employees. During periods when less fuel is being taken 

in or out of the facility, the workforce can be reduced. 

After all fuel and other waste has been removed from CLAB, the above­

ground parts will be dismantled along with those parts of the storage pools 

that have become active. Radioactive waste will be sent to the deep 

repository. 

The costs for CLAB are based on experience to date and are varied to allow 

for uncertainties in operating costs, mainly personnel requirements, plus 

different design solutions for the expansion of storage capacity. CLAB is 

also influenced by other variations which change the operating time for the 

entire waste system, mainly number of canisters and capacity of the 

encapsulation plant, plus the starting time for encapsulation and deposition. 



Handling of transport 
cask in the receiving 
section 
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Handling of storage 
canister in the storage 
section 

Figure 2.4 CLAB, stage 1 
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2.5 ENCAPSULATION PLANT FOR SPENT FUEL 

Before the spent fuel is emplaced in a deep repository it must be 

encapsulated in a durable canister. Encapsulation is planned to take place in 

a new plant adjacent to CLAB. Other long-lived waste will also be treated 

in the encapsulation plant. An example of such waste is core components. 

It is proposed in RD&D 95 that the canister be made with an insert (inner 

container) of steel, providing mechanical strength, and an outer shell of 

copper, providing corrosion protection, see Figure 2.5. The canister holds 

up to 12 BWR assemblies with boxes or 4 PWR assemblies. The final 

number of assemblies per canister depends on the decay heat output at the 

time of disposal. 

t/>1050 
◄ .. 

i 
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Canister surface (m2 ) 

Estimated weight (kg) 
Copper canister 
Insert 
Fuel assemblies 
Total 

The encapsulation plant will contain the following functions: 

- Encapsulation section for emplacement of fuel in canister, sealing of 

canister and quality verification. 

17.67 

7600 
13900 
3600 

25100 

- Handling and immobilization in concrete moulds of core components and 

reactor internals. 

- Dispatch section for canisters and concrete moulds. Transport will take 

place in radiation-shielded transport casks. 

- Auxiliary systems with cooling and ventilation systems as well as 

electrical and control equipment. 

- Personnel and office premises plus storerooms. 
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The plant is designed for an average annual production capacity of 210 fuel 

canisters (one canister per work day for 10 months). The total operating 

time is, however, calculated at a total production and deposition rate of 200 

canisters per year, in order to take into account possible disruptions in the 

transportation system during the winter. In the cost calculation, however, 

the production and deposition rate is varied with± 50 canisters per year, 

which affects the operating times for the entire waste management system. 

The plant will mainly be operated in the daytime. The calculations take into 

account the coordination advantages that are gained as far as operating 

personnel are concerned by having the encapsulation plant co-sited with 

CLAB. 

Altogether for the chosen calculation case, i.e. 25 years of operation of all 

reactors, approximately 3,000 canisters will be fabricated in the 

encapsulation plant. The number of canisters depends on the quantity of 

fuel and the degree to which the canisters are filled. These factors are 

mainly determined by the future bumup of the fuel and the maximum 

permitted temperature on the canister surface. 

During the initial deposition period, 2008-2011, it is assumed that 400 

canisters will be fabricated for deposition. Fabrication of the remaining 

canisters will begin in 2020 and continue for about 15 years, after which the 

plant will be dismantled. 

Some uncertainties remain before the design of the encapsulation plant and 

the canister can be finalized. In addition to the variations mentioned above, 

the base scenario therefore also includes some variations in the cost of 

building and operating the plant, and in the fabrication cost for empty 

canisters. 

Furthermore, encapsulation is influenced by other variations that are made 

for the deep repository and that affect the number of canisters and thereby 

the operating time, mainly variations of maximum permissible temperature 

on the canister surface. 

The costs for the encapsulation plant also include costs for ongoing 

development of fabrication and sealing technology for the canister, e.g. the 

planned Canister Laboratory in Oskarshamn. 
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Figure 2.6 Encapsulation plant for spent fuel 

2.6 DEEP REPOSITORY FOR LONG-LIVED WASTE 

Off-site facilities and industrial area 

The deep repository for long-lived waste is assumed in the base scenario for 

the cost calculations to be located in northern Sweden, either in the interior 

or on the coast. It is assumed that waste will be transported by ship to an 

existing harbour, and from there to the repository (if necessary) by rail. In 

the cost calculation, the harbour has been provided with a separate quay, a 

widened and deepened entrance channel, harbour aprons and a storage 

building for bentonite. If the deep repository is located inland, it is assumed 

that 20 km of railway has to be laid and rolling stock (locomotives, wagons 

etc.) purchased. Construction of up to 70 km ofrailway is included in the 

variation. All costs for transport from the coast to the deep repository are 

included in the costs for the deep repository's common facilities. 

As described in RD&D 95, the work of siting the deep repository is being 

pursued in stages with feasibility studies, site investigations and detailed 

characterization. The costs of feasibility studies and site investigations are 

reported under the heading "Investments for deep repository, industrial 

area", and the costs for the detailed characterization, including a ramp down 
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to the deep repository level, are reported under "Investment for deep 
repository - fuel". 

The deep repository's industrial area will contain a number of buildings and 
service functions, see Figure 2.7. The scope will be dependent on site­
specific conditions and the final design of certain functions, e.g. transport 
between the ground surface and the repository level, i.e. shaft or ramp. 

Figure 2. 7. Model of the industrial area at the deep repository 

In this report it h as been assumed that the industrial area contains the 
following buildings: 

1. Information building with canteen 

2. Entrance building with offices and workshops 

3. Personnel and storage building 

4. Service buildings for raw water treatment, sanitary sewerage, heating 

plant etc. 

5. Ventilation building 

6. Reception building for transport casks/containers with canisters and 

other waste 

7. Production building for high-pressure compaction of bentonite 
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8. Store for backfill materials 

9. Store for bentonite 

During the operating period, some 200 persons will be occupied at the deep 

repository. 

The deep repository contains four different repository areas: 

Deep repository for spent fuel 

- Deep repository for long-lived LL W and IL W, which will hold 

- operational waste from CLAB (after 2012) and the encapsulation plant, 

and long-lived LL W and IL W from Studsvik 

- decommissioning waste from CLAB and the encapsulation plant 

core components and reactor internals 

An overview of the deep repository's industrial area and repository sections 

is shown in Figure 2.8. 

Deep repository for spent fuel 

The deep repository for spent fuel is planned, according to RD&D 95, to be 

situated at a depth of about 500 metres below the ground surface. The 

repository depth is varied in the cost calculation between 400 and 700 

metres. The repository areas will be reached via hoist shaft or ramp. Which 

access system is the most suitable depends on technical factors, but also on 

local conditions. A combination of shaft and ramp is considered in the 

calculation. 

The layout of the deep repository allows for the fact that the fuel will be 

deposited ( em placed) in stages. 400 canisters will be deposited in the first 

stage. It is assumed that a separate repository section is arranged for them in 

the deep repository. 

In the shaft alternative, the deep repository's central area under ground will 

be located directly below the industrial area, while the ramp alternative 

allows greater flexibility in positioning. The central area is adapted to the 

assumed conditions for transport of canisters and long-lived waste in 

transport casks down to the repository level and to the fact that unloading of 

transport casks will take place there. 
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The positioning of the different deposition areas in the deep repository will 

be dependent on site-specific conditions, but they will consist of two 

separate areas for the two deposition stages. 
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Figure 2.8 Deep repository - overview 

The fuel canisters are placed in vertical holes bored in the bottom of the 

tunnel. The distance between the deposition holes is about 6.0 m, and the 

distance between the tunnels is about 40 m. The copper canisters are 

surrounded in the deposition holes by a 3 5 cm thick layer of compacted 

bentonite. The tunnel and hole spacing has been chosen so that the 

temperature in the bentonite will not exceed 90°C, at an original rock 

temperature of l 5°C. The number of deposition holes is about 3,000, of 

which about 400 in stage I. In order to allow for the existence of certain 

rock formations in which waste should not be emplaced, costs have been 

included for 10% extra tunnel length. 

In the cost calculation, the maximum permissible temperature on the 

canister surface is varied between 80 and 100°C, and the thermal parameters 

for bentonite and rock are varied. This influences the quantity of fuel which 

can be accepted per canister and thereby the number of canisters and 

deposition holes, as well as the distances between deposition holes and 
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between tunnels. Further, the extra tunnel length provided to allow for 

variations in rock conditions is also varied. 

The copper canisters are transported from the encapsulation plant at CLAB 

to the deep repository in special transport casks. The transport casks are 

brought down to the repository level and transported to the deposition 

tunnel in question. There the horizontal canister is transferred to the 

deposition machine. 

The deposition of the canister is preceded by the emplacement of the 

bentonite slab and the rings of bentonite in the deposition hole by separate 

handling equipment. 

When the deposition machine is situated over the deposition hole, the 

canister is raised to a vertical position and lowered into the hole, after which 

the remaining compacted bentonite rings and bentonite blocks are stacked 

on top of the canister with the aid of the same handling equipment. The 

influence of other deposition methods, for example deposition of canister 

together with bentonite package, are studied as a variation. 

The deposition tunnels are backfilled with a mixture consisting of 15% 

bentonite and 85% crushed rock. A bentonite/sand mixture and only 

crushed rock are used in the variation calculations. 

Excavation of new deposition tunnels is carried out simultaneously with 

deposition of canisters and backfilling of deposition tunnels. The rock 

excavation activities will be separated from the deposition work. 

Deposition of copper canisters is planned to proceed in an initial stage 

during the period 2008-2011. This will be followed by an evaluation before 

further tunnel excavation and deposition. It is assumed that deposition of 

the remaining canisters will begin in 2020 and continue for about 15 years. 

After final closure and sealing of the remaining deposition tunnels, transport 

tunnels and shafts will be backfilled. 

Some uncertainties remain before the design of the final repository can be 

finalized. In addition to the variations mentioned above, the base scenario 

therefore also includes some variations in the cost of building and operating 

the plant, and in the cost of sealing and closure. 

The operating time of the deep repository is also influenced by other 

variations which affect the timetable for the entire waste management 

system, for example changed encapsulation capacity and delayed start of 

encapsulation and deposition. 
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Deep repository for long-lived low- and intermediate-level waste 

The deep repository for long-lived LL Wand IL W, which has been assumed 

to lie at the same level as the fuel repository, is reached via the central area 

for the spent fuel. The repository is situated roughly one kilometre from the 

fuel repository. The tunnel connecting them will be sealed in the same 

manner as the deposition tunnels with a mixture of bentonite and crushed 

rock. Temperature effects do not have to be taken into consideration when 

designing this repository section, since the heat output of the waste is 

insignificant. 

The repository for low- and intermediate-level operational waste and for 

waste from Studsvik consists of a 70 m long rock vault. Operational waste 

from CLAB (after 2012) and the encapsulation plant, plus long-lived LLW 

and IL W from Studsvik, is deposited in this repository. The waste is stacked 

in concrete cells 2.5 m square, after which the remaining empty space in the 

cells if filled with concrete. All handling is done by remote- controlled 

overhead crane. The space between the concrete cells and the rock is filled 

with a mixture of bentonite and crushed rock in conjunction with sealing 

and closure of the repository. 

The repository for decommissioning waste consists of the tunnel system 

that must be built for the other repositories. Low-level decommissioning 

waste from CLAB and the encapsulation plant, transport casks etc., which 

have to be disposed of at a late stage, are emplaced in this repository before 

closure of the facility. 

The repository for core components and reactor parts consists of three 

approx. 130 m long tunnels in which the long concrete moulds for core 

components etc. are placed. The moulds are brought in by remote-controlled 

overhead crane and stacked five high across the tunnel. The moulds are 

placed in concrete troughs holding 50 moulds each. When a trough is full, it 

is sealed with prefabricated concrete planks. 

2.7 FINAL REPOSITORY FOR REACTOR WASTE, SFR 

A final repository for operational waste from the nuclear power plants, SFR 

1, has been in operation since 1988 at the Forsmark nuclear power station. 

The facility is situated underneath the Baltic Sea with a rock cover of about 

60 m. From the harbour at Forsmark, two 1 km long access tunnels lead out 

to the repository area. A final repository for the decommissioning waste 

from the NPPs, SFR 3, is also planned in connection with SFR 1. It is 

assumed in this report that SFR 2, which was intended for core components 

etc., will not be realized, but will instead be replaced by a repository 

connected to the deep repository. 
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Radioactive waste from CLAB and similar radioactive waste from non­

electricity-producing activities, including Studsvik, will also be disposed of 

in SFR. 

SFRl 

SFR 1 consists of four 160 m long rock vaults plus a 70 m tall cylindrical 

rock cavern containing a concrete silo. The waste containing most of the 

radioactive substances will be placed in the silo. Figure 2.9 shows a 

drawing of SFR 1 and pictures from the different repository chambers. 

In the selected calculation case, 25 years of operation of all reactors, SFR 1 

will hold a maximum of 60,000 m3 of waste. An expansion of SFR 1 is thus 

not considered for this calculation case. 

The concrete silo stands on a bed of sand and bentonite. Internally it is 

divided into vertical shafts, where the waste is deposited and surrounded 

with concrete. The space between the silo and the rock has been filled 

with bentonite. When the silo is full, the space above the silo will be filled 

with a sand-bentonite mixture. 



View of the above-ground complex 

View of top of silo 

Figure 2.9 SFR 1 
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View of the rock vault for 
intermediate-level waste 

Terminal vehicle with 
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IL W, which is emplaced in rock vaults, is also embedded in concrete. The 

LL W is not embedded in concrete. 

IL W packages are handled in the silo repository and in one of the rock 

vaults by remote control, while LL W packages in the other rock vaults are 

handled by forklift truck. 

It is assumed in the base scenario that the facility will be sealed and closed 

in the early 201 0s. A workforce of about 15 persons is required during 

operation. Additional support services are provided from the Forsmark 

station's regular base organization. 

Approximately 18,300 m3 of waste had been deposited in SFR by year-end 

1995. 

SFR3 

The decommissioning waste from the NPPs and Studsvik will be deposited 

in SFR 3, which is planned to consist of 5 rock vaults of a type similar to 

those in SFR 1. Most of the decommissioning waste can be transported in 

standard freight containers, which are placed in rock vaults without being 

emptied. A total of about 140,000 m3 of decommissioning waste will be 

disposed of in SFR 3. 

SFR 3 will be in operation while the NPPs are being dismantled and will 

have a workforce roughly equivalent to that in SFR 1. 

SFR 1 and SFR 3 are only subject to minor variations in costs for operation, 

sealing and decommissioning. SFR 3 is also varied with respect to waste 

volumes from decommissioning. 

2.8 DECOMMISSIONING OF NUCLEAR POWER PLANTS 

The measures required for managing and disposing of the radioactive waste 

products from nuclear power also include decommissioning of the facilities 

after they have been taken out of operation (ref. 5). 

The timetable for decommissioning of the NPPs is influenced by a number 

of different factors. Dismantling can be carried out safely a short time after 

shutdown, but there may be certain technical advantages with deferred 

dismantling. Here it is assumed that the plants are dismantled early, 

however. 

With regard to resource utilization and the receiving capacity of CLAB and 

SFR, it is desirable to stagger the start of dismantling of different units. 
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Here the time between the start of dismantling of units at the same station is 

assumed to be two years. 

The period between when the unit is taken out of operation and the start of 

dismantlement is occupied by removal of fuel, decontamination and 

preparations for dismantlement. This operating period is called shutdown 

operation. During this period the workforce can gradually be reduced. The 

actual dismantling work is expected to take five years per unit and employ 

an average of a couple of hundred persons. 

The radioactive waste from decommissioning is all LL W and IL W. 

However, the activity level varies considerably between different parts. The 

waste with the highest activity, the reactor internals, is assumed to be stored 

in CLAB for about 20-30 years before being emplaced in the deep 

repository for long-lived LL Wand IL W. Other radioactive 

decommissioning waste will be transported directly to SFR 3 and deposited 

there. A large quantity of the decommissioning waste can be released for 

unrestricted use, when necessary after decontamination. 

To taken into account uncertainties in the cost for shutdown operation and 

direct dismantling costs, these are varied by up to 40% in the cost 

calculation, which leads to a changed personnel requirement during 

shutdown operation and greater complications during the actual 

dismantlement. Experience from comparisons with international studies has 

hereby been drawn on. 
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3 CALCULATION METHOD 

3.1 OVERVIEW 

For calculation of the fee-determining amount, a statistical calculation 

method is employed which takes into account the variations and 

uncertainties that naturally enter into an appraisal of the cost of a project, 

particularly at an early stage. The method is based on a calculation principle 

termed "Progressive convergence calculation" (ref. 6), which was 

developed specially as a tool for handling uncertainties of this type in a 

project. 

The method employs established statistical principles. Each cost item or 

variation is regarded as a variable which can assume different values with 

varying degrees of probability. A suitable distribution function is chosen for 

each cost item and variation. 

The total cost is then obtained by adding up all the cost items according to 

the rules that apply to addition of stochastic variables. The outcome is 

obtained as the result of a large number of calculation cycles, where each 

cycle arrives at a calculated total cost for a certain outfall of the component 

cost items and variations. The result is then presented as a distribution 

function indicating the probability associated with a given total cost, i.e. the 

probability that the calculated cost will prove true. A probability of 50%, 

for example, means that there is an equal likelihood that the value will be 

too large as that it will be too small. The probability level chosen for 

presentation of the results is dependent on the purpose of the calculation. 

The 50% level is used for the fee-determining amount, which is supposed to 

reflect a probable cost outcome. 

The method also provides indications of where the major uncertainties are. 

They can then be broken down and studied in greater detail, after which the 

calculation is repeated, leading to reduced uncertainty. This progressive 

convergence towards an increasingly accurate result has given the method 

its name. 

The application of the method in the present calculation is illustrated 

schematically in Figure 3.1 below. The numbers in the following 

description refer to the figure. 
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The input values in the calculation are obtained from so-called "reference 

costs" for each calculation object and for the total (1). The reference costs 

are calculated by means of a conventional method, similar to previous 

years' calculations and without variations, see section 3.2. The subdivision 

into calculation objects corresponds in principle to the different cost 

categories for each different facility, i.e. investment, operation, sealing etc. 

The next step is to determine what variations and uncertainties are to be 

included in the cost calculation. They may be of the type that affect 

calculation objects in several parts of the waste system (3), e.g. changed 

timetable or changed number of canisters, or they may only affect one 

calculation object (2), e.g. uncertainty in workforce or canister cost. Each 

variation is defined in terms of scope and an assessment is made of which 

calculation objects are affected by the variation. In specifying the scope, a 

range of values is given which has an 80% probability of encompassing the 

actual value. The variations are described in greater detail in section 3.3. 

Subsequently, the cost influence of the variations chosen to be included in 

the base scenario on different calculation objects is evaluated. Since both 

the calculation objects and the variations have been defined not only with 
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their reference costs but also with a range of values (lowest to highest cost) 

related to a given probability, the component cost items can be described as 

stochastic variables with associated distribution functions. The functions are 

chosen so that the probability distribution fits the nature of the variation as 

closely as possible. Thus, special properties are taken into account, such as 

a pronounced skewed distribution of the outcome or an either-or value. 

Finally, a statistical summation of the costs is done by calculating the total 

cost for a statistically selected outcome of the component cost items and 

variations. This calculation is repeated in a sufficient number of cycles 

(about 2,000) to ensure that the final result is associated with an acceptably 

low margin of error. 

The result gives, for each object as well as for the system as a whole, a 

mean value of the cost and the standard deviation of the cost, which 

together define a distribution function (5) from which the cost can be 

obtained for the chosen probability. In addition, partial results (6) are 

obtained during the course of the calculation procedure which enable the 

uncertainties in the analysis to be evaluated and ranked (7). 

Since several of the variations included in the calculations greatly influence 

the timetable, the final result is dependent upon the real interest rate that is 

used. The calculations are therefore carried out in the form of a number of 

present-value calculations with differing assumptions regarding the real 

interest rate used for discounting (i.e. the discount rate). 

The relatively lengthy process described above is done for the alternative 

with operation of the reactors for 25 years (or at least through 1997). The 

costs for the two alternatives - operation for 40 years and operation through 

1996 - which yield figures for the basic amount, are obtained by means of 

relatively simple marginal cost calculations based on the previous 

calculation. The calculation of the influence of the chosen utilization factor 

has also been done in this way. 

The amount used as a basis for determining the contingency allowance is 

calculated in the same manner as the fee-determining amount, but it also 

includes major system and timetable-related variations. 

3.2 CALCULATION OF REFERENCE COST 

The reference cost is calculated by means of a conventional costing 

calculation, based on functional descriptions of each facility, resulting in 

layout drawings, equipment lists, personnel forecasts etc. This material is 

very detailed for facilities and systems already in operation, while the 

degree of detail is lower for future facilities. 
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For each cost item a base cost is calculated, including: 

- quantity-related costs 

non-quantity-related costs 

- secondary costs 

Quantity-related costs are costs that can be calculated directly with the aid 

of design specifications and with knowledge of unit prices, e.g. for concrete 

casting, rock blasting and operating personnel. Experience gained in the 

construction of the nuclear power plants, CLAB and SFR has been drawn 

on in estimating both quantities and unit prices. 

All details are not included in the drawings. These non-quantity-specified 

costs can be estimated with good accuracy based on experience from other 

similar projects. 

The final item included in the base costs is secondary costs. These include 

costs for administration, design, procurement and inspection as well as the 

costs for temporary buildings, machines, housing, offices and the like. 

These costs are also relatively well known and have been calculated based 

on the estimated service requirement during the construction phase. 

3.3 VARIATIONS IN THE BASE SCENARIO 

The method for handling uncertainties in the calculation is based on a 

systematic identification and evaluation of events which can significantly 

affect the cost outcome. The events, which may be of both an internal and 

an external nature, in tum give rise to technical, economic or administrative 

variations in the reference concept. These variations are quantified with a 

range from the "lowest" to the "highest" outcome, related to a given 

probability. 

Certain variations can be said to be normal within the construction and civil 

engineering sector. They are accommodated within the base scenario and 

thus do not change the overall concept or timetable strategy. All variations 

within the base scenario are included in the calculation of the fee­

determining amount. 

Other variations which influence the overall concept or timetable strategy, 

or are otherwise deemed to be less likely, are included only in the amount 

used for determining the contingency allowance, which also includes the 

variations within the base scenario. These are described in section 5. 
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Two types of variations are distinguished: those that only affect one 

calculation object, and those that affect several objects, so-called external 

variations. The former include e.g. uncertainties in the design of a facility 

and in its workforce, as well as cost uncertainties per se. Following is an 

overview of the external variations for the base scenario, which have been 

divided into the following groups: 

operating conditions for the NPPs 
- management and disposal concept 
- technology 

siting 
timetable dependencies 

- general calculation premises 

Variations included in the calculation of the fee-determining amount 

Operating conditions for NPPs 

- The future burnup is varied between 38 and 50 MWd/tU for BWRs and 

between 41 and 55 MWd/tU for PWRs. This affects the decay heat and the 

number of canisters and thereby the operating time for the waste 

management system. 

Technology 

The permissible temperature on the canister surface in the deep repository is 

varied between 80 and 100°C. This affects the permissible decay heat and 

thereby the number of canisters and the operating time for the waste system, 

as well as the distances between deposition holes and tunnels. 

The thermal parameters for bentonite and rock are varied between wet and 

dry bentonite and different rock conditions. This affects the distances 

between deposition holes and tunnels. 
The capacity of the encapsulation plant is varied between 150 and 250 

canisters per year. This primarily affects the operating time for the waste 

system, but also the tunnel distances in the deep repository, since the age of 

the fuel at deposition is affected and thereby the decay heat. 

The depth of the deep repository is varied between 400 and 700 m and the 

length of the deposition tunnels is changed to allow for different rock 

conditions. This affects the costs of building and sealing the deep 

repository. 
- The deposition method is varied, e.g. by assuming deposition of the canister 

as a package with bentonite. 
- Materials and method for sealing the deep repository are varied between 

crushed rock alone and a sand/bentonite mixture. This affects the sealing 

costs for several repository sections. 
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Siting 

The siting of the deep repository is varied between a coastal location, 

without any need for long overland transport, and an inland location, 

requiring construction ofup to 70 km of railway. 

Timetable dependencies 

Postponement of start of encapsulation and deposition by up to 10 years. 

This affects virtually all cost items, since the time for research, as well as 

for operation of CLAB and the transportation system, is prolonged and the 

operation of other facilities is postponed. 

General calculation premises 

Technological progress is taken into account by means of an optimistic and 

a pessimistic variation. Affects all future facilities. 
The general economic situation when the major construction contracts are 

procured is taken into account by means of a variation of these construction 

costs. 
Realism in cost estimates is taken into account by means of an optimistic 

and a pessimistic variation. 
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4 COST ACCOUNTING 

4.1 GENERAL 

An account of all costs for management and disposal of the radioactive 

waste products described in Chapter 1.3 is given in this chapter. The cost 

calculations have been based on SKB' s plan for facilities, systems etc. as 

described in Chapter 2. 

Costs incurred through 1996 and future costs are distinguished in the 

account. The future costs are calculated in January 1996 prices. Previously 

incurred costs are given in current money terms. 

With respect to the above-ground facilities at the deep repository, a 

distinction is made in the report between off-site facilities - which refers to 

roads, railway, harbour, housing, etc. - and the industrial area, i.e. the 

fenced-in worksite immediately surrounding the deep repository. 

The costs are presented in detail in a computerized compilation program. 

The program permits present value calculations and variation analyses, as 

well as distribution of the costs among different NPPs etc. 

The costs for different facilities are reported here in the following items: 

investment, operation and reinvestment, plus decommissioning and sealing. 

The investment costs normally only include those costs which arise before a 

facility or facility section is put into operation. In the deep repository, 

however, where construction of the deposition tunnels will take place 

progressively during the deposition phase, the costs for this work have also 

been included in the investment costs. 

Costs which do not fall under the Financing Act are also presented in the 

report ( operational waste from the NPPs, Agesta fuel and waste from 

Studsvik). 

4.2 FEE-DETERMINING AMOUNT - BASE SCENARIO 

The fee-determining amount has been calculated for the case where all 

reactors are operated for 25 years or at least through 1997. The calculations 

have been carried out with a statistical weighing-together described in 

Chapter 3. The result of the calculations is obtained in the form of a 
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distribution function which gives the probability associated with the total 

cost, i.e. the probability that the calculated cost will prove true. For the fee­

determining amount, which is supposed to be the probable cost, the value is 

used which has an equal likelihood of being too great as of being too small. 

Table 4.1 shows the future costs for the waste management system 

according to the base scenario. The costs are broken down by object and 

cost category. The total future costs through 1997 amount to SEK 42.2 

billion. 

The table separates costs covered by the Financing Act, i.e. the total cost 

less costs for LL W and IL W, and waste from Studsvik and Agesta. The 

future costs under the Financing Act from 1997 amount to SEK 41.1 billion. 

Figure 4.1 shows the future costs according to the Financing Act distributed 

over time. The costs will be incurred over a period of about 50 years, the 

greater part during the next 20 years. 

The breakdown of the total costs for the different facility sections is shown 

in Figure 4.2 



Table 4.1 

Object 

SKB- adm. + 
RD&D 

Transport 

Decom. NPPs 

CLAB 

Encapsulation plant 

Deep repository -
off-site facilities 

Deep repository -
industrial area 

Deep repository -
fuel 

Deep repository -
other 

SFR 1 

SFR3 

Reprocessing 2l 

Total 
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Future costs (MSEK) from 1997. Operation of all reactors 

for 25 years or at least through 1997. January 1996 prices. 

Cost category Total future Sum of future Future costs 
costs costs per under Financing 

object Act 1l 

2,200 2,200 2,200 

reinvestment 1,000 
operation 790 1,800* 1,500 

shutdown operation 2,300 
dismantling 10,300 12,600 12,600 

investment 900 
reinvestment 700 
operation 3,600 
decommissioning 400 5,600* 5,500 

investment 2,300 
operation+ 3,800 
reinvestment 160 6,200* 6,000 

decommissioning 

investment 1,600 
operation+ - 350 1,300* 1,300 

reinvestment 

investment 2,700 
operation+ 1,700 
reinvestment 100 4,500* 4,500 

decommissioning 

investment 3,100 
operation+ 1,200 
reinvestment 1,600 6,000* 5,900 

decom. + sealing 

investment 340 
operation 70 
decom. + sealing 140 550* 360 

operation + 480 
reinvestment 110 590* 20 

decom. + sealing 

investment 480 
operation+ 300 
reinvestment 60 850* 820 

decom. + sealing 
430 430 430 

42,200 41,100 

* Also includes costs outside of the Financing Act 

1) Future costs less costs for Studsvik waste etc. and other LL W and IL W 

2) Costs of reprocessing including costs at BNFL 
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Annual future costs according to the Financing Act. 
Operation of all reactors for 25 years or at least through 
1997. January 1996 prices. 

Deep rep. 
21% 

Encap. 
plant 
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SKB 

9% 
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18% 

Decom 
NPPs 
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Transport 
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Breakdown of the total cost (incurred and future) for 
operation of all reactors for 25 years or at least through 
1997. January 1996 prices. 
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Since several variations affect the timetable for the waste system, the 

present values of the costs have also been calculated with different 

assumptions concerning the discount rate. To show the importance of the 

discount rate, the total future costs under the Financing Act as a function of 

the real interest rate chosen for the purposes of the cost calculation are 

shown in Figure 4.3. 
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Total future costs under the Financing Act as a function of 

the real discount rate. Operation of all reactors for 25 years 

or at least through 1997. January 1996 prices. 

4.3 DETERMINATION OF BASIC AMOUNT 

As a basis for determining what guarantees is needed to cover the loss of 

fees in the event of a premature shutdown, a basic amount has been 

calculated separately for each power company for the case that all reactors 

on a site are shut down on 31 Dec. 1996. In the event of an early shutdown, 

the quantity of spent fuel decreases and thereby the costs for disposing of it. 

At the same time, the average time between shutdown and start of 

dismantlement increases, which increases the costs of shutdown operation. 

Taken together, this means that the cost decrease is small in relation to the 

fee-determining amount, about SEK 400 million, which means SEK 41.8 

billion total. The greatest decrease is obtained for Forsmark, SEK 270 

million. 
If dismantlement is done earlier than in the base scenario, the calculated 

present value of the cost increases. 
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4.4 VARIATIONS IN OPERATING CONDITIONS 

To shed light on the influence of different operating conditions on waste 

quantities and thereby costs, two calculation cases are presented here: 

operation of all reactors for 40 years and a change of the utilization factors 

to 70% with 25 years of operation of all reactors. The variations have been 

calculated as marginal costs in relation to the base scenario. 

40 years of operation of all reactors 

With 40 years of operation of all reactors, a total fuel consumption of about 

9,500 tU is obtained, 7,200 tonnes of which is from BWRs and 2,300 

tonnes from PWRs. In this case, the total energy production would be about 

2,700 TWh. 

Future costs per object are shown in Table 4.2. The total future 

costs from 1997 amount to SEK 48 .2 billion. A cost comparison is also 

made in the table with 25 years of operation of all reactors. 

Table 4.2 Total future costs (MSEK) from 1997. Operation of all 

reactors for 40 years. January 1996 prices. Comparison with 

25 years of operation. 

Object 25 years of 40 years of 
operation operation 

SKB - adm. + RD&D 2,200 2,200 

Transport 1,800 2,100 

Decommissioning NPPs 12,600 12,600 

CLAB 5,600 6,500 

Encapsulation plant 6,200 8,200 

Deep repository - off-site 1,300 1,300 

facilities 

Deep repository - industrial 4,500 5,200 

area 

Deep repository - fuel 6,000 7,500 

Deep repository - other 550 690 

waste 

SFR 1 590 1,350 

SFR3 850 850 

Reprocessing 430 430 

Total 42,200 48,200 
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70% utilization factor 

In the event of a change in the future utilization factor from 80% to 70%, 

total fuel consumption will decrease by about 240 tU. Futur~ energy 

production will also decrease, by about 80 TWh with operation for 25 years. 

The total future costs from 1997 amount to SEK 41.9 billion. 

PREVIOUSLY INCURRED COSTS 

Table 4.3 shows costs incurred through 1995 in current money terms, 

excluding interest, and the costs budged for 1996. 

Table 4.3 Incurred and estimated costs through 1996 
MSEK, current money terms 

Object Cost Costs incurred Estimated Total through 

category through 1995 costs 1996 1996 

SKB 2,140 160 2,300 

(RD&D, info, 
adm.) 

Transport Investment 260 10 270 

Operation 310 20 330 

CLAB Investment 1,750 1,750 

Operation 1,090 120 1,210 

SFR 1 Investment 740 740 

Operation 210 30 240 

Reprocessing 3,280 3,280 

Encaps. plant Investment 100 90 190 

Deep repository Investment 140 110 250 

Total 10,020 540 10,560 
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5 DETERMINATION OF CONTINGENCY 
ALLOWANCE 

The contingency allowance should be used as a basis to determine the need 

for guarantees as security for additional costs resulting from unforeseen 

events. The same calculation method has been employed for calculating the 

amount used in determining the contingency allowance as for the fee­

determining amount (see Chapter 3). However, the variations that have been 

applied are considerably more far-reaching and concern the deep repository 

concept, siting, timetable, cost data and different types of disruptions. The 

special variations included in the calculation of the contingency allowance 

are discussed below. The variations included in calculation of the fee­

determining amount are also discussed (see Chapter 3.3). 

Special variations included in the calculation of the contingency 

allowance 

Operating conditions for NPPs 

Fuel damages of considerable scope in a reactor, making it necessary for 

a large part of a reactor core to be disposed of in a special manner. This 

affects the operation of the encapsulation plant 

Management and disposal concept 

- Other final disposal concept for fuel than KBS-3, deposition in very deep 

boreholes, but with about 20 year delay. Affects encapsulation and deep 

repository, plus timetable for other activities. 
- Variation of final repository concept for other long-lived waste, with 

more qualified encapsulation prior to deposition. 

SFR 1 needs to be expanded with a second stage due to increased waste 

quantities. 

Technology 

- Canister type and size are varied, so that both larger and smaller canisters 

are studied. Affects the encapsulation plant, the number of canisters and 

deposition holes, and the operating time for the entire waste management 

system. 
- Utilization of available canister volume. As a variation, a case is studied 

where only 80% of the canister volume can be utilized, which increases 

the number of canisters and thereby the operating time for the entire 

waste management system. 
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- The capacity of the encapsulation plant is less than expected, which is 

compensated for with extra shift personnel. Greatly increased capacity is 

studied as an alternative. 

Siting 

The encapsulation plant is co-sited with the deep repository, which 

affects the costs for the repository as well as the transport costs. 

The deep repository is sited in connection with the encapsulation plant at 

CLAB. 
- The deep repository for other long-lived waste is sited separately from 

other facilities. 

Timetable dependencies 

- The overall timetable strategy is changed so that stage 2 directly follows 

stage 1, or alternatively so that the start of deposition is postponed and 

the deposition process is speeded up so that deposition is completed on 

time. This affects the timetable and the operating time for all facilities, as 

well as the decay heat and thereby the distances between deposition holes 

and tunnels in the deep repository. 
- Prolonged operating disruptions (interruption for 5 years) in the 

encapsulation plant, which also affects the deep repository. 

Retrieval of canisters after Stage 1 and deposition of all fuel on a new site 

after a renewed siting process. Affects the timetable for all facilities, and 

necessitates the construction of an interim store for retrieved canisters. 

Supervision of the deep repository for about 70 years after deposition is 

required, after which it is sealed and closed. 

- Dismantling of the NPPs is postponed by up to 25 years. 

General calculation premises 

Large changes in currency exchange rates. 

Sabotage, damage, theft etc. 
Changed regulatory requirements. 

The result of the of the cost calculation is obtained in the form of a 

probability distribution for the total costs, which indicates the probability 

associated with a given cost, i.e. the probability that the calculated cost will 

prove true. 

In determining the need for guarantees, it is desirable to choose a cost level 

that has a high probability associated with it. If 90% probability is used, the 

total amount used to determine the contingency allowance is an 

undiscounted SEK 63 billion. 

The contingency allowance is highly dependent on the chosen discount rate. 

Figure 5 .1 shows how the present value of the amount used to determine the 
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contingency allowance and the fee-determining amount vary as a function 

of the assumed future real interest rate. 

70000-,---------,-------~-----------------~ 

Fee-determining amount 
20000 

Amount for determining 
contingency allowance 

10000+---------,-------------+--------r------------i 

OJ...._------------'--------+--------------~ 
0,0 

Figure 5.1 

1,0 2,0 3,0 4,0 

Discount rate % 

Amount used to determine the contingency allowance as a 
function of the real discount rate. Operation of all reactors 
for 25 years or at least through 1997. January 1996 prices. 

5,0 
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Appendix 1 
Page 1 (2) 

Spent fuel and radioactive waste arising in Sweden from 25 years of operation 

(or at least through 1997) of all NPPs 

Waste category Dimensions of Number of Number of Volume in Final 

waste units in m, packages transport final destination 

d = diameter units ( casks/ repository 

(Dimensions before containers) m3 

encapsulation for 

final disposal) 

Spent BWR fuel 0.14*0.14 *4.383 26,600 2,220 

Spent PWR fuel 0.21 *0.21 *4. 103 3,200 800 12,800 SFL2 

Other spent fuel Various 641 35 

(MOX, A.gesta, Studsvik) 

Core components 1.2*1.2*4.8 600 600 

9,500 SFL5 

Reactor internals 1.2*1.2*4.8 770 770 

Operational waste from 1.2*1.2*1.2 900 80 1,600 SFR 1 

CLAB to silo 1,700 425 2,900 SFL 3 

Operational waste from 1.2*1.2*1.2 230 20 400 SFR 1 

from CLAB to rock vault 

Waste from Studsvik d=0.6 L=0.9 3,750 50 1,200 SFR 1 

to silo*) 1.2*1.2*1.2 690 60 1,200 SFR 1 

d=0.6 L=0.9 2,250 140 700 SFL3 

1.2*1.2*1.2 550 140 1,000 SFL3 

Waste from Studsvik d=0.6 L=0.9 8,750 150 2,800 SFR 1 

to rock vault *) 1.2*1.2*1.2 690 60 1,200 SFR 1 

ISO container 200 200 7,600 SFR I 

Operational waste from 1.2*1.2*1.2 250 60 400 SFL3 

encapsulation plant to silo 

Operational waste from d=0.6 L=0.9 2,730 40 900 SFR 1 

NPPs to silo 1.2*1.2*1.2 6,990 580 12,100 SFR 1 

Operational waste from d=0.6 L=0.9 14,710 280 4,800 SFR 1 

NPPs to rock vault 1.2*1.2*1.2 4,660 390 8,100 SFR 1 

ISO container 610 610 23,000 SFR 1 

3.3*1.3*2.15 890 300 8,200 SFR 1 

Decommissioning waste ISO container etc. 6,000 6,000 144,000 SFR3 

from NPPs to rock cavern 

Decommissioning waste ISO container 100 100 3,800 SFR3 

from Studsvik to rock cavern 

Decommissioning waste 2.4*2.4*2.4 140 140 2,000 SFL4 

from CLAB and Storage canisters 1,900 210 5,300 SFL4 

encapsulation plant 

to rock cavern 

Transport casks/containers 37 37 200 SFL4 

Total, approx. 91,000 14,500 255,700 

*) Inc!. total of about 3,500 m3 of waste within NPP sphere of responsibility 



Spent fuel and radioactive waste arising in Sweden from 40 years of operation of all NPPs 

Waste category Dimensions of Number of Number of Volume in 

waste units in m, packages transport final 

d = diameter units ( casks/ repository 

(Dimensions before containers) ml 

encapsulation for 

final disposal) 

Spent BWR fuel 0.14*0.14 *4.383 39,300 3,280 

Spent PWR fuel 0.21 *0.21 *4.103 5,000 1,250 19,100 

Other spent fuel Various 641 35 

(MOX, Agesta, Studsvik) 

Core components 1.2*1.2*4.8 850 850 

11,200 

Reactor internals 1.2*1.2*4.8 770 770 

Operational waste from 1.2*1.2*1.2 1,500 130 2,600 

CLABtosilo 2,400 600 4,100 

Operational waste from 1.2*1.2*1.2 380 30 660 

from CLAB to rock vault 

Waste from Studsvik d=0.6 L=0.9 3,750 50 1,200 

to silo*) 1.2*1.2*1.2 690 60 1,200 

d=0.6 L=0.9 2,250 140 700 

1.2*1.2*1.2 550 140 1,000 

Waste from Studsvik d=0.6 L=0.9 8,750 150 2,800 

to rock vault *) 1.2*1.2*1.2 690 60 1,200 

ISO container 200 200 7,600 

Operational waste from 1.2*1.2*1.2 400 100 680 

encapsulation plant to silo 

Operational waste from d=0.6 L=0.9 4,420 60 1,400 

NPPs to silo 1.2*1.2*1.2 11,320 940 19,600 

Operational waste from d=0.6 L=0.9 23,830 460 7,720 

NPPs to rock vault 1.2*1.2*1.2 7,550 630 13,050 

ISO container 980 980 37,310 

3.3*1.3*2.15 1,440 480 13,280 

Decommissioning waste ISO container etc. 6,000 6,000 144,000 

from NPPs to rock cavern 

Decommissioning waste ISO container 100 100 3,800 

from Studsvik to rock cavern 

Decommissioning waste 2.4*2.4*2.4 180 180 2,400 

from CLAB and Storage canisters 2,600 290 7,300 

encapsulation plant 

to rock cavern 

Transport casks/containers 37 37 200 

Total, approx. 127,000 18,000 304,100 

*) Incl. total of about 3,500 m3 of waste within NPP sphere of responsibility 
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