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The information contained in this report has been prepared by Nuclear Assurance Corporation based upon
data obtained from sources we consider reliable and/or calaiations consistent with technical principles
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warranty or representation, expressed or implied, with respect to the accuracy, completeness or
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1.0 Executive Summary

Background

Sweden has adopted a once-through, no reprocessing fuel cycle policy for its 12 reactor nuclear

power program. The spent fuel will be allowed to cool for about 40 years in an interim store

(CLAB) before it is disposed of in the final deep repository. The spent fuel will be deposited

in rock about 500 meters underground in sealed steel/copper canisters surrounded by highly

compacted bentonite. The main program for final disposal of spent fuel will start around the

year 2020 when about 90% of the radioactivity and heat generation is expected to have decayed.

In the meantime, a comprehensive research and development program is going on. Its objective

is to provide a broad basis for the final decision on site and method for the repository for spent

fuel. The decision will be made around the turn of century when a specific site application is

scheduled to be made.

The Swedish Nuclear Fuel and Waste Management Co. (SKB) reports annually to the Swedish

Nuclear Power Inspectorate (SKI) a cost calculation which is used by SKI to determine a fee on

the nuclear electricity production. The fee is currently on average 1.9 öre/kWh (1 Swedish

krona = 100 öre) and the total future cost for the waste management program has been

estimated at SKr 48.3 billion in January 1993 prices. The costs will be incurred over a period

of about 60 years.

The Swedish Ministry of Environment and Natural Resources (Miljö- och Naturresursdeparteme-

ntet), has called for a review of costs related to the management of waste from the Swedish

nuclear power program. A committee headed by Mr. Olof Söderberg has been formed to

manage the project. In order to fulfil its assigned task, the committee has contracted expert

assistance with the Nuclear Assurance Corporation (NAC).

NAC's Analysis

NAC has analyzed the following areas:

D

D

O

D

D

The transportation system

Waste Encapsulation Facility

Deep Repository for spent fuel

Decommissioning of nuclear power plants

Overall cost calculations
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Transportation Cost Evaluation Summary

The SKB cost estimates as provided in "Plan 93 Cost for management of radioactive wastes

from nuclear power production, dated June 1993", for the transportation of the spent fuel and

waste from the Swedish reactor facilities to the final repository have been reviewed. SKB

estimated costs are divided into two categories, operational and investment, for three different

operating scenarios. Based on available information, the SKB operational costs appear to be

reasonable. NAC's estimates of the operational costs agree within 4 percent of SKB's estimated

costs for the three scenarios. NAC estimates of the future investment or reinvestment cost under

each alternative are about 140 MSEK (17 percent) higher than SKB's estimates. The major

difference is due to the initial investment costs associated with the licensing and procurement

of the initial cask fleet for the shipment of encapsulated fuel. Also, it appears that SKB's

estimate does not include any investment or reinvestment cost for the rail transportation portion

of the program. Using typical U.S. costs as a basis, NAC estimates that the investment cost

for the rail portion of the transportation could be as high as 510 MSEK, or perhaps more if the

route would pass through mountainous terrain. SKB has separately indicated that rail costs have

been included as part of the initial investment costs of the common facilities of the Deep

Repository (about 1,500 MSEK).

Encapsulation Station Cost Estimate

NAC's analysis suggests that SKB's 1993 estimate for the capital investment cost of the

Encapsulation Station is reasonable overall. This conclusion is based mainly on comparison with

the available information for BNFL's EP2 facility actually constructed at Sellafield. There are

some residual uncertainties however. NAC believes that the EP2 actual cost of about SEK 3,470

would represent a conservative upper estimate of the cost for SKB's envisaged facility. The

estimate prepared by IVO in 1993 and reported in SKI Technical Report 93:26 is judged to be

unrealistically low.

Encapsulation Station operating costs represent about 65 to 75 percent of the total constant

money value estimate for this part of the waste program. Uncertainties in this area consequently

are very important.

NAC has identified the cost of the proposed spent fuel canister as being subject to the most

uncertainty. SKB estimates for this component cost are deduced by NAC to be in the range 600

to 700 kSEK. NAC preliminary estimates suggest that the cost of a fully licensed canister

cleared for disposal in a deep repository could be as high as kSEK 850 to 900. Compared with

SKB's estimate, as derived by NAC, this could add up to about MSEK 50 to annual operating

costs, or MSEK 1,200 to 1,900 over the entire waste program. A cost increase of this order

would equate to about 15 percent of the SKB estimated total cost for the encapsulation program.
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Deep Repository for Spent Fuel

NAC has found SKB's planning for and design of the geologic repository for disposal of

radioactive waste to be thorough and well conceived. SKB is not planning the use of any radical

technology for the repository. Its design is similar to that of several other countries including

Finland, Spain and Canada (deep within massive, homogeneous crystalline rock using bentonite

as a buffer around canisters and bentonite and sand to backfill the deposition tunnels). SKB's

siting parameters reflect thorough knowledge of geologic hazards that could potentially affect

repository performance. A breakdown of SKB's cost estimate is not available. However, it

appears that the cost estimates are in line with those of similar repository designs, and are

conservative, with adequate contingency to cover site specific uncertainties.

Decommissioning of Nuclear Power Plants

This task was carried out in basically two parts

1) Comparisons based on the OECD Co-Operative Program which pooled the experience

in nineteen decommissioning projects over the period 1985 to 1990, the CEC Study on

Decommissioning Costs (1991) and the NEA working group formed 1989.

2) A specific comparison with the Trojan reactor decommissioning project in the state of

Oregon, USA.

In all of the international comparisons, the Swedish estimates are the lowest for both PWR and

BWR. The Swedish average estimate (BWR and PWR) is around 960 MSEK per reactor in 1993

money value and the international average including the Swedish estimate is 1,705 MSEK.

In order to determine whether this is due to under-provisioning by Sweden in respect of its

reactors, or to over-conservatism or different country-specific circumstances in respect of other

reactors, NAC carried out a specific comparison between the SKB estimates, as set out in

Technical Reports 86-18 and 93-28, and data from the Public Utility Commission filing in

respect of the Trojan power station in the state of Oregon, U.S.A.

Trojan was chosen because the station will be dismantled early, in line with SKB's proposed

strategy, and because it is broadly similar in design to the Swedish PWRs. The Trojan estimates

are also specific to the reactor and not based on scaled-up estimates, carried over from previous

studies.

In all areas SKB cost estimates are significantly below the corresponding cost estimates in the

Trojan study.
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Overall Comparison of SKB & Trojan Cost Estimates
(MSEK 1993 M.V.)

Shutdown Operation

Dismantlement of Active Systems and waste disposal

Building demolition & return to green field

Rinehals 2

135 •

660

162

957

Trojan

609

1,807

193

2,609

A more detailed study of SKB and Trojan cost estimates is required to better determine the
adequacy or otherwise of SKB's decommissioning provisions.

Overall Cost Sensitivities

A global financial analysis of the Swedish waste program has been performed, using as a basis
the SKB tables of costs relating to the Finance Act. Total system cost sensitivity to the assumed
real rate of return on investments has been analysed and used to give context to the possible
variations in individual cost estimates identified by NAC.

The main conclusions are:

1) If all reactors operate for 40 years, the current level of financial provisions will
accommodate possible system cost increases, or a lower rate of return on money than
currently assumed by SKB. The 25-year operation alternative, on the other hand, cannot
finance the waste system at the current levy of 1.9 öre/kWh.

2) The adequacy of the levy is highly sensitive to the assumed rate of return on revenues

invested.

3) SKB's nuclear power plant decommissioning cost estimates are up to SEK 20 billion
lower than estimates made by others for comparable reactors. A cost increase of this
order could only be covered if the assumed rate of return on investments increases
and/or reactor lifetimes are longer than assumed in the base case.

A number of areas have been identified which need to be explained or analyzed in more detail,

including:

Station costs divided between four reactors.
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o SKB Contingency factors

o Vulnerability of system cost to possible future variations in currency exchange

rates

o Electricity production estimates

• Institutional costs

These items could have significant impact on the cost estimates.
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2.0 Transportation Cost Evaluation

2.1 Transportation System

SKB is responsible for the safe management and disposal of spent nuclear fuel and radioactive

waste generated from the twelve Swedish nuclear power reactors. Current plans call for the

removal of the fuel and the operating waste from the twelve nuclear reactor facilities to the

interim or final storage locations on a routine basis until the individual reactor facilities are

retired from service. After the individual reactors are shutdown and depending on which

operation alternative is used, it will take an additional two to four years to transfer the

remaining fuel at the individual reactor facilities to the interim storage facility. After the reactor

has shutdown and the dismantling of the reactor facility has started, the reactor facility

decommissioning waste will be shipped to its final storage location. In addition to the fuel and

waste shipments from the twelve reactor facilities, additional fuel and waste will need to be

shipped from the other nuclear facilities and stored in the final repository. The scheme for

handling of the radioactive material is shown in figure 2.1.

Due to the location of the 12 Swedish reactors, the SKB transportation system is based on sea

transport of the spent fuel and waste generated from the reactors to the interim or final storage

locations. This system consists of a ship (M/S Sigyn), transport containers and terminal

equipment. SKB transports the spent fuel by sea from the 4 reactor sites to the Central Interim

Storage Facility for Spent Nuclear Fuel (CLAB) adjacent to the Oskarshamn Power Station. Up

to ten TN17/MK2 spent fuel casks, which have a capacity of either 17 BWR or 7 PWR fuel

assemblies, are used in conjunction with the M/S Sigyn to transport the spent fuel to CLAB.

Through 1992, a total of 1650 tons of spent fuel (550 cask loads) have been shipped to CLAB.

SKB also transports intermediate-level and low-level waste from the Swedish reactors by sea to

the Final Repository for Reactor Waste (SFR) at the Forsmark Power Station. Depending on

the activity of the waste, either radiation shielding containers (ATB SK12) or ISO freight

containers are used in conjunction with the M/S Sigyn to transport the waste to SFR. Through

1992, a total of 11,100 m3 of waste has been transported to SFR.

To perform these shipments of spent fuel and wastes, SKB currently operates 10 TN17/MK2

spent fuel casks, 2 TN17CC casks for core components, 27 ATB SKI2 transport containers, the

M/S Sigyn and 5 terminal vehicles. The M/S Sigyn can make 30 to 40 trips per year based on

an average distance of 750 km between the reactor and the final destination. Since the

transportation program will take about 60 years overall, it is estimated that the transport

equipment including the vessel will be have to be replaced twice during this program. Also,

a new cask design for the transport of the encapsulated fuel will need to be developed for the

movement of the encapsulated fuel from the Encapsulation Station (ES) at CLAB to the Final



Figure 2.1 Scheme for the handling of radioactive waste products in Sweden
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Repository for Reactor Waste (SFR). It is estimated that 10 of these casks will be needed to

support the program. Also, it is anticipated that a new transport container similar to the ATB

SK12 will be required for the shipment of the concrete s for the reactor and core components.

It is anticipated that two of these units will be required.

Three different operating cycles for the Swedish reactors have been examined by SKB. The

base case assumes that all twelve reactors will cease operation at the end of 2010. The other

two alternatives assume that the individual reactor facilities would operate for 25 or 40 years

respectively. As shown in table 2.1, these alternatives will have an effect on the amount of

radioactive waste being produced. This in turn would have an effect on the transportation cost

associated with the movement of this waste.

Table 2.1

Comparison of Waste Quantities for the Calculated Alternatives

Product

Spent fuel

<x -contaminated

waste

Core components

Low- and

intermediate level

waste

Decommissioning

waste

Total quantity

Operation through
2010 Volume in

final repository

(m3)

13,500

1,500

9,700

91,200

111,700

227,600

Operation 25 years
Volume in final

repository

(m3)

10,700

1,500

9,500

76,400

110,100

208,200

Operation 40 years
Volume in final

repository

(m3)

18,000

1,500

11,300

114,000

112,500

257,300

The base case indicates that 7700 tons of spent fuel would have to be removed from the reactors

by 2015, 86,200 m3 of reactor and Studsvik operating waste by 2012, 6,500 m3 of CLAB

operating waste by 2040 and 121,400 m3 of reactor internals and decommissioning waste by

2043. Based on this data, an annual average of 11 spent fuel and 22 waste shipments would

have to be made between 1992 and 2010. About 20 decommissioning waste shipments would

have to be made annually between 2010 and 2045. These numbers of annual shipments are
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based on either 10 loaded casks or 10 loaded ATB SK12 transport containers per shipment and

are well within the bounds of the current transportation system. Based on 40 shipments per year

(15 for fiisl and 25 for waste), the current system could transport up 450 tons of fuel and 5,000

m3 of intermediate level waste per year. For conservatism, the waste to be shipped is

considered by NAC as intermediate waste and not a combination of intermediate and low level

waste as indicated in the SKB report. The effect of low level waste would reduce the number

of shipments since up to 72 ISO containers with individual volumes of 15 to 30 m3 can be

transported in one shipment. It is anticipated that up 55 percent of the operating waste and up

to 75 percent of the plant decommissioning waste will be shipped in ISO containers.

For the 25 year operation alternative, the first reactor would shutdown in 1997 and the last in

2010. Since the vast majority of the reactor facilities would not be operating as long, SKB

estimates that the amount of spent fuel and operating waste from the twelve reactor facilities

would be about 17 percent less as compared to the base case. The wastes from

decommissioning and other sources would be about the same.

In the last alternative, the reactors would operate as designed for 40 years with the first reactor

facility being retired from service in 2012 and the last reactor in 2025. Since all of the reactors

would be operating longer than the base case, SKB estimates that the amount of spent fuel and

operating waste from the twelve reactor facilities would be about 30 percent higher as compared

to the base case. The wastes from decommissioning and other sources would increase slightly.

2.2 Transportation Costs

The transportation costs for SKB's program consist of

• operating costs for the movement of the spent fuel and waste,

• investment costs for the casks, vessel, and support equipment and

• reinvestment costs for the replacement of capital equipment.

Since SKB has been transporting the spent fuel for nine years and the waste for six years, the

operating costs for the sea transport of the fuel and the waste from the reactors are well

established. Based on the projected amount of material to be removed prior to decommissioning

of the reactors, the number of annual trips should not significantly change from year to year.

Since the costs are established and the annual trips are well within the bounds of the current

transportation system, the current annual cost estimate of 19 MSEK (based on January 1993

prices) for the sea transport from the reactors should be representative of costs for the remaining

years of the program. This estimate is also reflective of the last four years of operating cost for

transportation.
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2.2.1 Base Case

During normal operation of the reactor facilities, the sea transportation costs for removal of

spent fuel and operating wastes should continue at the same level through 2008. During the

period 2009 through 2012, 400 encapsulated fuel canisters will be moved from CLAB to SFL

in addition to removal operations at the reactors. This will require about 10 additional

shipments per year and increase the sea transportation costs about 30 percent to 23 MSEK per

year. In addition, these encapsulated canisters will be required to be transported 250 km from

the nearest harbor to the SFL. It is estimated that the annual rail transportation costs will be

at 3 MSEK during this time period and be about 1 MSEK per year while no shipments are being

made to SFL.

During the four year removal process (2012 - 2016) of the reactor cores from the 12 reactors

to CLAB, the transportation costs should return to 18 MSEK per year and should decrease to

14 MSEK per year after the spent fuel has been removed from the reactor sites. However, after

the resumption of the shipment of the encapsulated fuel in 2020, the annual sea transportation

costs return to 18 MSEK with the annual rail transportation cost at 3 MSEK.

Based on these assumptions, the globally estimated overall operational cost for the program of

1,275 MSEK compares favorably with SKB's detailed estimate of 1,229 MSEK. Table 2.2

shows the comparison of NAC estimated operating costs compared to SKB's estimates. NAC's

estimate would be expected to be somewhat higher than the SKB cost since NAC's estimate

takes in consideration the following assumptions:

D All waste shipments are considered as intermediate level waste. (This increases

the number of vessel shipments to the final repository since more low level waste

can be transported in a shipment, 1080 m3 versus 200 m3).

• The cost of the two three man crews for rail shipments plus 1 MSEK for railroad

maintenance are included in the annual transportation cost. (Since the rail system

will be used to carry operational supplies to the final repository such as sand,

bentonite, etc, the cost of the crew and the railway maintenance should be

shared. The precise cost of the rail shipment is unclear and will have to be better

quantified before an accurate evaluation can be made. SKB documentation does

not make it clear if the rail costs were included as part of the transportation

estimate).
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2.2.2 Alternative 1 - 2 5 Years of Operation

The operation costs would be very similar to the base case operation costs with the exception

that the program would end earlier than the base case. Due to the lessor amount of material to

ship from the reactors and the smaller number of fuel assemblies to be encapsulated, both SKB

and NAC assumes that the program will finish earlier. Assuming that the start dates of ES and

SFL and the testing requirements for these facilities do not change, radioactive material

transportation should be concluded by 2040. Also, the annual transportation costs between 2020

and 2039 should be less than the base case (19 versus 21 MSEK). Based on these assumptions,

the estimated operational cost of 1,151 MSEK almost exactly agrees with SKB's estimate of

1,146 MSEK for this alternative.

2.2.3 Alternative 2 - 4 0 Years of Operation

Since all of the reactor facilities will operate longer than the base case and the amount of waste

produced will be 30 percent greater, the operating costs will be higher than the base case. Also,

the completion date for the transfer of all of the radioactive waste will be extended until 2050.

Since the reactor facilities will be shutdown over a period of years from 2012 through 2025, the

mixture of waste shipped will be different and cause higher operating cost for transportation.

Since there will be a longer time period for the transfer of the decommissioning waste from the

reactor facilities, the operating costs after the fuel from the last plant has been removed in 2028

should be slightly lower. NAC estimated operating cost of 1,409 MSEK compares very

favorably with SKB's estimate of 1,375 MSEK for this alternative.

Table 2.2

Operational Cost Comparison

Base Case

25 years of

40 years of

Operation

Operation

NAC Estimate
1,275

1,151

1,409

SKB Estimate
1,229

1,146

1,375

2.2.4 Reinvestments

Since the transportation program will take about 60 years overall, it is estimated that the

transport equipment including the vessel will be have to be replaced during this program. The

precise timing of the equipment replacement is unknown and may be dependent on regulatory

requirements rather then due to wear. Also, the precise equipment that was included in SKB's

future reinvestment number for transportation is not invisible the documentation provided to
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NAC. For this evaluation, it is assumed that the replacement of the M/S Sigyn vessel and the

terminal vehicles will occur after 20 years of operation in 2006 and then in 2026. The spent

fuel casks will be used to transport fuel from 1985 to 2016 or about 31 years. During this time

period the spent fuel casks should be replaced once, in 2005. The casks to transport

encapsulated fuel are scheduled to operate from 2009 to 2042. They will have to be replaced

after about 20 years of operation, in 2030. The ATB SK12 waste transport containers will be

used to transport waste from 1988 to 2042 and may need to be replaced twice, once in 2008 and

again in 2028. Due to the mixture of low-level versus intermediate-level waste from

decommissioning, it should not be necessary to completely replace the ATB SKI2 in 2028.

Based on these assumptions, it is estimated that the future capital cost should be 792 MSEK for

both the base case and for the 25 year operation alternative, with the following breakdown.

Table 2.3

Capital Cost Breakdown

Item
Sea Transport Vessel (2)

Terminal Vehicles (10)

Spent Fuel Casks (10)

Encapsulated Fuel Casks (20)

Waste Transport Casks (40-541)

Total

Investment (MSEK)
-
-
-

200
-

200

Reinvestment (MSEK)
320
32
160
120
160 (2161)

792 (8481)

The NAC projected reinvestment cost estimate is about 64 MSEK lower than what is indicated

by SKB in their 1993 cost projection for the base case and for the 25 year operation alternative.

The difference may be a question of definition. For NAC's evaluation, the initial costs of the

casks are considered to be an investment cost with the replacements casks being considered as

reinvestment cost. NAC's estimate for the initial procurement of ten encapsulated fuel casks

is 160 MSEK plus 40 MSEK for the design and licensing cost for these casks. If the

procurement of these casks were defined as reinvestment, NAC's total would be 792 plus 200

MSEK, about 136 MSEK higher than SKB's reinvestment cost of 856 MSEK. NAC's estimate

does not consider any investment or reinvestment costs associated with rail transport.

For the 40 year operation alternative, NAC's estimate of the total investment cost including

reinvestment is 1,048 MSEK, 96 MSEK higher than SKB's estimate of 952 MSEK. This

number assumes that the only additional cost over the base case is for 14 additional waste

transport casks that would be procured in 2029. It is assumed that the operational life for the

sea vessel and other equipment could be extended from 20 years to 23 years. If this is not the

' For the 40 year operation alternative, it is planned that the full number of waste transport casks of 27
will be replaced rather than 13 during the latter stages of the program.
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case due to regulatory requirements, then the reinvestment costs for this option would increase

significantly. As in the other cases, NAC's estimate does not include any investment or

reinvestment cost associated with rail transport. Table 2.4 summarizes the phasing of

expenditure for NAC's three scenario evaluations and compares them with SKB data.

2.2.5 Rail and Sea Transport Infrastructure

The final repository is now planned to be located inland and will require a combination of sea

and rail transportation to receive the encapsulated fuel and core/reactor internals from CLAB.

For this evaluation, the plant will be located 250 km by rail from the nearest harbor. Existing

rail lines will be used to the maximum extent possible. However, it has been assumed by SKB

that an additional 50 km of railway will have to built to provide a rail link between the nearest

harbor and SFL. Dedicated rail transportation equipment such as locomotives and specially

designed rail cars for the spent fuel casks will need to be procured. Also, the harbor to be used

may require a widened and deeper access channel to allow the M/S Sigyn to utilize the harbor.

Harbor aprons and a roll-on/rcll-off wharf area may need to be built to allow the vessel to dock

and be unloaded. Also, a special rail head loading area may be require to load the spent fuel

casks directly onto the rail cars. In addition, the stores for operating bulk material (such as sand

and bentonite) for SFL will need to built at the harbor. The railway/harbor system will be used

for both the transport of spent fuel and operating material. Investment costs shown in Table 2.5

are only for the equipment that would be required for the handling and transportation of the

spent fuel to SFL. The investment for the handling and transport of the bulk operating material

for SFL is not included in this evaluation. Also, it is assumed that some upgrades will be

necessary to the existing 200 km of railway to support the increase in traffic and the payloads

be used for this program. Since this 200 km will be maintained by the Swedish railroad

companies, no cost for rail maintenance of this distance is included in the operational costs. It

is assumed that the Swedish railroad companies will maintain the 50 km of newly installed

railway at a cost of 2 MSEK to be shared equally between transportation and SFL. The

estimated cost breakdown for the rail equipment is as follows:

Table
Rail Cost

Railway Installation (50 km)

Existing Railway Upgrades (200 km)

Locomotives (2)

Rail Cars for Waste Transport (12)

Harbor Facility

2.5
(MSEK)

120-240

100
40
30
40-100

Total Investment Cost for Rail System 330-510
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2.3 Summary

The SKB cost estimates as providt i in "Plan 93 Cost for management of radioactive wastes
from nuclear power production, dated June 1993", for the transportation of the spent fuel and
waste from the Swedish reactor facilities to the final repository have been reviewed. SKB
estimated costs are divided into two categories, operational and investment, for three different
operating scenarios. Based on available information, the SKB operational costs appear to be
reasonable. NAC's estimates of the operational costs agree within 4 percent of SKB's estimated
costs for the three scenarios. NAC estimates of the future investment or reinvestment cost under
each alternative are about 140 MSEK (17 percent) higher than SKB's estimates. The major
difference is due to the initial investment costs associated with the licensing and procurement
of the initial cask fleet for the shipment of encapsulated fuel. Also, it appears that SKB's
estimate does not include any investment or reinvestment cost for the rail transportation portion
of the program. NAC estimates that the investment cost for the rail portion of the transportation
could be as high as 510 MSEK or even more if the route would pass through mountainous
terrain. SKB has separately indicated that these costs have been included as part of the initial
investment costs of the common facilities of the Deep Repository (about 1,500 MSEK).



Table 2.4

Comparison of Transportation Cost1

(MSEK)

Through 1993

1994-99

2000-09

2010-19

2020-29

2030-39

2040-49

2050-59

Total

Base

NAC Estimate

530

108

852

199

438

330

84

0

2,521

Cost

SKB2

530

105

352

502

353

186

84

0

2,112

SKB3

530

120

403

573

403

213

96

2,338

25 Years

NAC Estimate

530

108

832

199

418

310

0

2,397

of Operation

SKB2

530

105

352

501

353

186

2

2,029

SKB3

530

121

405

577

406

214

3

2,256

40 Years of

NAC Estimate

530

108

724

319

354

486

190

0

2,711

Operation

SKB2

530

105

352

515

378

239

186

43

2,348

SKB3

530

118

397

582

427

270

210

48

2,582

1 Does not include investment or reinvestment costs associated with rail transportation.

2 SKB incurred costs through 1992, estimated costs for 1993 and future costs under the Financing Act.

3 SKB incurred costs through 1992, estimated costs for 1993 and total future costs.

15



SECTION 3



Section 3 16

3.0 Encapsulation Station

3.1 Introduction

The SKB 1993 plan envisages that an Encapsulation Station (ES) will be constructed in two

phases. Construction of phase 1, taking 7 years, would provide facilities for the containment of

spent fuel assemblies in copper/steel disposal canisters. After about 10 years of operation, a

second phase would be added over about 3 years, providing additional facilities for the cement

encapsulation of reactor core components. The plant would then operate for a further 20 years

or so. Decommissioning is forecast to take place over about 3 years after encapsulation

operations cease.

The operational expectations of the ES are fairly modest in terms of the total volume of

radioactive wastes to be processed over a period of about 35 years, and in terms of average

capacity utilization based on a single shift working regime.

This is not typical of most similar facilities constructed in the nuclear industry. Construction and

operational timescales for waste treatment facilities generally are more condensed and the

generally high capital cost demands that capacity utilization factors must be kept high in order

to achieve acceptable unit service costs.

A detailed bottom-up analysis of the ES design and related investment cost is beyond the scope

of this evaluation. A breakdown of operational costs is not given by SKB. In particular, a fixed

concept and manufacturing basis for the envisaged copper/steel canisters for spent fuel has not

yet been established.

For this study, the main fundamental approach adopted for evaluating the reasonableness of

SKB's estimates of ES costs is one of comparison and contrast, in global terms, with selected

waste conditioning facilities constructed outside Sweden. The 1993 evaluation prepared by IVO

of Finland also is used as a comparative reference.

The number of possible comparator facilities, where the broad scope is relevant and sufficient

cost information is available, is very limited. For Cogema encapsulation facilities at the La

Hague site, for example, cost information is not available. In Germany the so-called POLLUX

concept of placing dismantled fuel assemblies in metal casks for disposal, is about the closest

in scope to the envisaged Swedish system for disposal of spent fuel. However, it is essentially

just a concept and therefore little or no meaningful cost information is available. NAC believes

that in 1990, the cost for a pilot conditioning plant was estimated at about DM 400 million (SEK

1,880 million) but this most likely was not based on a detailed plant design and the precise

scope was not published.
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Facilities actually constructed by BNFL to encapsulate HLW and ILW, located at the Sellafield
reprocessing site in the U.K. are considered by NAC to be state-of-the-art, in terms of the high
design standards that nculear fuel cycle facilities have to address for the future. The facilities
considered for comparison with the ES include

EPl: Magnox swarf cement encapsulation plant

EP2: Cement encapsulation plant for ILW solids and slurries

WVP: Windscale vitrification plant for HLW

WPEP: Cement encapsulation plant for ILW slurries from the Sellafield liquid effluent treatment
complex.

None of these facilities deals with spent fuel assemblies. However, EPl and EP2 both
encapsulate fuel assembly hardware exported from reprocessing plants and both use cement as
the encapsulation material. EP2 also includes a capability to encapsulate ILW slurries. Both
plants include

n facilities for waste receipt and encapsulated product export
Q waste handling/placement in a disposal container
o encapsulation of the waste
• container sealing
o product decontamination
• product quality assurance

The active operations are performed remotely in heavily shielded cells.

WPEP is a much simpler plant than either EPl or EP2 and does not accept solid wastes like fuel
assembly hardware. WVP processes only liquid waste and employs a more complex process
using molten glass.

For this report, the principal comparator plant selected is EP2. The others have been used as
additional benchmarks for crosschecking some specific assumptions.

The following analysis addresses the reasonableness of the SKB 1993 cost estimates for the ES
facility in terms of

• Capital investment costs
n Operating costs
n Decommissioning costs.



Section 3 18

Amongst other things, attention is given to

• Building design

• Building size

• Scope of facilities provided

a Operations to be performed

a Type and volumes of wastes to be treated

• Location of the plant

a Radiological design standards for occupational exposure

a Extent of contingency allowances

• Factors to which the ES project cost might be most vulnerable

a Areas where better definition of costs would be desirable.

3.2 Encapsulation Facility Scope and Capital Investment Cost Comparison

Table 3.1 summarizes the main parameters of interest for this comparative analysis, for three

encapsulation facilities

• SKB 1993 estimate for ES facility

D BNFL Encapsulation Plant (EP2), Sellafield (Actual facility)

D IVO International Ltd. 1993 Encapsulation Station Cost Estimate (based on SKB

1992 plan data), as presented in SKI Technical Report 93.26.

3.2.1 Functional Specification

The SKB plan for developing ES has changed significantly between 1992 and 1993, both in

terms of scope and timing. The main changes are

• Location now assumed at CLAB so receipt and handling of heavy duty transport

casks not required; waste receipt direct from CLAB (via existing adjacent receipt

facility).

D Construction in two stages; earlier construction of a plant for spent fuel only,

with cement encapsulation of core components added later.

• Modified spent fuel canister design (copper/steel instead of all copper).

D Molten lead encapsulation of spent fuel no longer the favored option, but

alternative not fully defined.

D BWR fuel channels will be encapsulated together with spent fuel assemblies,

thereby reducing the quantity of concrete molds produced.
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These changes therefore highlight the main differences between the functional specifications

applying to the SKB (93) estimate and the IVO (92) estimate.

The EP2 Encapsulation Plant at Sellafield is different in detail but has many similarities to the

Swedish ES. In so far as it has to receive solid and liquid (slurry) wastes, requiring in some

cases complex handling and segregation, EP2 is more sophisticated than ES. The category of

wastes treated is exclusively ILW, so the waste product containers are required to meet

different, less exacting, standards compared to the Swedish spent fuel canisters. Otherwise the

main differences appear to be a slightly different building construction design, overall size of

the facility and assumed operational regime leading to higher annual waste volume produced.

3.2.2 Plant Facilities

A summary of plant facilities is given in Table 3.1 for each of the three projects compared. The

differences between the threj are largely self explanatory. One difference which may not be

immediately apparent relates to quality assurance of the encapsulated product. The Swedish

container design proposed for spent fuel is required to provide a much higher degree of long-

term integrity than the stainless steel drums used in EP2, due to the difference in the nature of

the waste encapsulated. The regulatory requirements in this regard are not specified but quite

possibly could lead to more stringent inspection techniques to assure compliance prior to

despatch. The cost impact is unlikely to be great however.

3.2.3 Location

The location of the encapsulation facility is potentially pertinent in terms of both initial capital

investment and ongoing operating costs.

Unit construction costs tend to increase the more remote the location becomes. For example,

NAC estimates that recent construction activities for new facilities at Sellafield have achieved

an average productivity level about 40 percent lower than would be expected for construction

of an equivalent project located closer to an area of major industrialization. For this study, it

is assumed that the CLAB site and the Sellafield site are approximately equivalent in this regard.

The unspecified site in South Finland has unknown characteristics and therefore it is not known

if an adjustment factor would apply, to normalize construction costs with the other two facilities.

Operating costs can be reduced if an established site infrastructure exists. It would appear that

this is the case for the CLAB and Sellafield locations. Support infrastructure at the Finnish

location could be less. As an example, cost savings can occur through avoiding the need for

certain dedicated support facilities that would have high unit service costs due to low capacity

utilization, and through sharing of operating personnel between two or more projects on the

same site. The latter is envisaged to apply at the SKB CLAB ES facility but not at EP2 or the

Finnish facility.
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3.2.4 Building Dimensions/Building Volume

20

The SKB (93) envisaged building is the smallest of the three and EP2 is the biggest. EPSB2 is

the services building directly adjacent to and an integral part of the EP2 facility. The more

relevant parameter worthy of comparison is building volume. For two buildings of similar

general concept and construction design, the building and civil construction costs generally are

approximately in proportion to the respective building volumes.

The outcome of such an analysis for the three designs in Table 3.1 is discussed later, after an

explanation of total capital investment costs and the respective cost breakdown.

3.2.5 Material Content

The gross content of the building construction, in terms of total concrete poured, steel emplaced,

piping and cabling installed, for each facility, would be another useful basis for comparison

against which costs could be normalized. Some data of this nature is available for the EP2

facility, but not for the other two estimates.

3.2.6 Building Construction

The main apparent difference between the building construction methods is that the EP2 building

shell is principally steel frame plus interior blockwork plus exterior metal cladding, whereas the

available information suggests that the other two estimates are based on most of the building

shell being of set-in-place concrete. In general it would be expected that the latter method would

be the more expensive alternative. However, factors such as the extent of seismic qualification

also will be relevant. NAC believes that at Sellafield, the design basis earthquake for facilities

needing seismic qualification is equivalent to a horizontal acceleration of 0.25g. The basis

adopted by SKB and IVO is not known.

3.2.7 Design Target for Occupational Exposure

BNFL's recently constructed facilities have been designed to achieve occupational dose uptake

levels far below what is recommended by ICRP. NAC understands that the possibility of design

modifications to achieve even lower levels was addressed part way through the EP2 project, but

with big margins anyway, it was decided that further design variations would not be merited.

The areas where dose uptake could affect design and cost would be in shielding and

maintenance. Extra concrete shielding would be unlikely io have a big cost impact, but the

maintenance aspect could be important. Most of the plant operations have to be carried out

remotely anyway. To really keep overall operator dose uptake to the minimum, maximum use

of remote maintenance techniques would have to be designed into the facility and this would

have an associated cost penalty. The design targets that NAC believes apply for EP2 are shown
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in table 3.1. Comparative data for SKB (93) and IVO (92) estimates are not available.

3.2.8 Plant Design Life

The main point of interest is that none of the estimates anticipate major refurbishing and
replacement investment during the required operational life of the plant. Any reinvestment will
be in terms of on-going maintenance as and when required.

3.2.9 Construction Timescale

SKB's 1992 plan envisaged construction of ES in one exercise taking about 5 years. This was
therefore the basis adopted also by IVO, and both were broadly comparable with the EP2
project.

SKB's 1993 plan envisages ES construction in two phases, the first over 7 years and the second
over 3 years. The scope has been reduced slightly but the extended construction periods and the
need to set up two projects 10 years apart would be expected to cause cost increases. The SKB
1993 plan indicates a total investment cost for ES about 25 percent lower than the SKB 1992
plan estimate, after adjusting to constant money values. NAC estimates that the reduction in
building size and changes in plant scope would equate to a cost saving of this magnitude. The
less cost effective, split construction schedule could reduce the overall benefit however.

3.2.10 Design Throughput/Assumed Availability

EP2 is designed for an overall capacity utilization substantially higher than SKB's ES plant. This
may have some impact on initial capital investment cost, in terms of equipment reliability having
to be greater. All the plants compared are designed with a single process line, on the assumption
that annual throughput requirements can be met even if periodic unplanned outages occur. The
EP2 facility will have less margin for such recovery work, so the specification of equipment
may have to be at a higher level.

3.2.11 Operating Staff

The opportunity for SKB to minimize operating staff costs through sharing with other projects
is acknowledged and this will give a reduction in normalized operating costs relative to the other
two projects. Unit labor costs in Sweden over the next several decades of the project are
assumed to be comparable with rates in Finland and the United Kingdom. Estimated current
rates are quite similar.
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3.2.12 Capital Investment

The difference between the highest estimate (EP2) and the lowest estimate (IVO (92)) is more

than a factor four. The SKB (93) estimate lies between; 2.6 times higher than IVO (92) but 40

percent lower than EP2.

NAC's initial view is that the EP2 cost (for an actual facility) is a reasonable upper limit for the

cost of the Swedish ES facility. On balance overall, the functional specification and plant content

of ES appears to be less than for EP2 and the building volume is approximately half of EP2.

A somewhat lower capital cost consequently would be expected.

By how much lower is difficult to say but, as mentioned earlier, a normally useful check of

reasonableness can be made based on (volume) normalized building and civil construction cost.

To make the comparison, NAC has assumed that the SKB building and civil cost would

represent about 45 to 50 percent of the estimated total cost excluding contingency, the same as

is believed to be applicable for EP2. On this basis, the SKB (93) estimate is still lower than for

EP2 but by only about 14 percent. Adding in a proportion of SKB's large contingency allowance

of about 45 percent above the base estimate, the SKB (93) estimate for building and civil cost

would exceed that for EP2, by as much as 25 percent.

Therefore, in the absence of additional details for the SKB (93) design estimate, NAC concludes

that the SKB estimated capital cost agrees quite well with the actual cost for EP2. One

cautionary observation is that the cost impact of constructing the facility in two phases separated

by about 10 years may not have been allowed for in the SKB estimate.

The second comparator estimate, IVO (92), appears to be too low on all counts and the

breakdown of costs does not appear to be representative of what generally applies for this type

of project. The (volume) normalized building and civil construction cost estimate is about a

factor five lower than for SKB (93) or EP2. This is too large a factor to be plausible, especially

given that the EP2 cost is a real cost for a recently constructed facility.

In terms of capital cost breakdown, the IVO (92) estimate appears to be low in percentage terms

for design and engineering of a sophisticated, nuclear qualified facility, low for the building and

civil fraction, but high for plant and equipment. It is possible that these differences from the

EP2 case are in part a question of definition. For example, equipment procurement contracts

generally include some element of design and engineering work. The IVO (92) estimate may

have consolidated this into the equipment supply cost, rather than separating out to be included

in the overall design and engineering estimate.
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3.2.13 Decommissioning

Decommissioning is a developing technology area. Over the last few years, companies involved

in actual programs have increased their levels of hands-on experience enormously and this has

been fed-back into databases which enable more realistic and accurate estimates to be made of

decommissioning costs for future projects.

In the past the general approach was often to make decommissioning provisions based on a

percentage of initial capital investment. This is no longer the case. Decommissioning provisions

for company accounting purposes now generally have to be based on specific engineering

estimates for decommissioning, facility by facility.

For the moment, decommissioning services tend to be supplied domestically. An international

market for decommissioning services is not yet fully developed. Consequently, estimates can

vary enormously depending on the relative experience and expertise of the organization

responsible (see also section 5 which evaluates cost estimates for NPP decommissioning). In

very direct terms, one could say that the cost will depend on the competence level of the

decommissioning team.

BNFL at Sellafield has already accumulated a large experience in decommissioning of a number

of diverse nuclear facilities. Specific financial provisions for the decommissioning of EP2 are

confidential. Informed sources have indicated that the broad range of 20 to 40 percent of initial

capital cost is indicative, but not universal, for many projects. It is by no means clear that EP2

would necessarily fall inside this range.

Given that an encapsulation plant of the SKB (93) design will not involve, for example, highly

active chemical processing or effluent treatment, or the production of a lot of debris from

mechanical operations on radioactive solid wastes, the decommissioning cost is likely to fall at

the lower end of the applicable range. NAC concludes that 20 percent of initial capital

investment would be a prudent ceiling figure. To determine the possible justification for a lower

provision would require a more detailed engineering evaluation to be made.

3.2.14 Overall Conclusion on SKB's Capital Cost Estimate

NAC's analysis suggests that SKB's 1993 estimate for the capital investment cost of the

Encapsulation Station is reasonable overall. This conclusion is based mainly on comparison with

the available information for BNFL's EP2 facility actually constructed at Sellafield. There are

some residual uncertainties however. NAC believes that the estimated EP2 actual cost of about

SEK 3,470 would represent a conservative upper estimate of the cost for SKB's envisaged

facility.
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3.3 Encapsulation Station Operating Costs Evaluation

3.3.1 General

Operating cost estimates by SKB and IVO are overall similar. SKB's 1993 unit marginal cost
is kSEK 708 per MTHM of spent fuel encapsulated (including costs for encapsulation of core
components). This assumes a throughput of about 210 spent fuel canisters per year, equivalent
to about 360 MTHM of spent fuel per year. The total annual operating cost on this basis,
including contingencies, equates to about MSEK 255. The IVO (92) estimate of total annual
operating cost for an equivalent spent fuel throughput, but additional concrete mold
encapsulation, is about MSEK 262 including a 20 percent contingency above the base estimate.

No breakdown is available for the SKB estimate. The IVO estimate does provide a breakdown,
allocating 50 percent of costs to encapsulation materials (canisters, molds, lead, cement
encapsulation mix, etc.). Personnel costs represent about 24 percent of the total cost. Excluding
the contingency, materials represent 60 percent of the base estimate and personnel 29 percent.
These are therefore the two key cost items to evaluate.

Total operating cost over the life of the ES facility is estimated by SKB as follows:

Scenario Total Operation Cost (MSEK)

Reactors S/D 2010
25 year Reactor life
40 year Reactor life

3.3.2 Personnel Costs

SKB's estimate assumes a lower average manning level than the IVO estimate, due to the
possibility of sharing with existing CLAB personnel. The extent of cost saving possible is not
indicated in SKB's published information. As an illustration, a 50 percent saving would equate
to about 12 percent of total operating costs, i.e. about MSEK 30 per year or MSEK 550 *n
MSEK 900 over the operating life, depending on which scenario applies.

3.3.4 Encapsulation Materials Costs

The cost of basic commodities such as lead, copper and concrete are easy to define at any given
time, although the market prices can be volatile, so variations from year to year likely will
occur.

The principal uncertainty will be related to the cost of manufacturing the envisaged copper/steel

5
4
7

,740
,687
,463
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canisters and compliance with all regulatory requirements related to demonstration of canister

design safety and physical integrity at various stages of the backend route. SKB reports that this

is one of the issues against which contingency provisions have been included in the overall

estimate. It is not clear what level of contingency relates specifically to the canisters.

The IVO estimate indicated that for a 100 percent copper canister with walls 100 mm thick, the

cost of manufacture, including the cost of the copper plate, would be about kSEK 500 per

canister for large series production. Of this, NAC estimates that the basic material cost would

be about kSEK 350 to KSEK 400 per canister, leaving a margin of KSEK 100 to 150 per

canister for the fabrication process.

NAC concludes that the SKB estimate for the cost of a fabricated copper/steel canister would

be about 600 kSEK to 700 kSEK per canister as a maximum. This is deduced by subtracting out

an estimated amount for personnel and other operating costs from the SKB 1993 estimate of total

operating cost. The cost of the copper and steel source material is estimated at about 350 to 400

kSEK per canister, leaving a margin of 200 to 350 kSEK per canister for the fabrication

process.

To formulate a view on the reasonableness of these estimates derived from SKB and IVO

published data, NAC has considered the following:

• actual costs for fabrication of other pertinent designs of spent fuel canister

n the possible cost impact of regulatory requirements to demonstrate compliance at

the various operational stages.

3.3.4 Other Canister Designs

The Nuhoms modular concrete spent fuel storage technology includes a spent fuel storage

canister made of stainless steel. Several design variants exist, the smallest having an outside

diameter of 940 mm, only slightly larger than the SKB canister design. This small diameter

Nuhoms canister is different in design however, being of single wall construction with a wall

thickness of only about 12.5 mm, significantly less than the overall 100 mm wall thickness in

the SKB canister. The Nuhoms canister utilizes an engineered internal basket to orientate the

spent fuel assemblies.

NAC has reliable actual information on the supply cost of the larger Nuhoms container designs,

but not on this smaller variant. In the opinion of NAC engineering staff involved in the design,

licensing and procurement of metal storage and transport packages, the small diameter Nuhoms

container and basket could be supplied at a cost of about $ 75,000 (kSEK 600); possibly up to

a maximum of about $ 100,000 (kSEK 800). This is only a preliminary estimate however.

Materials would cost approximately $ 20,000, leaving $ 55,000 as a minimum for fabrication
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(kSEK 440). The internal basket would likely be at least half of the fabrication cost, so the

estimated cost to fabricate the container itself is likely to be about $ 25,000 (kSEK 200).

The SKB canister is double-walled, thicker and utilizes two different materials. As a first

approximation, the fabrication cost would be about double the cost estimated for the Nuhoms

container i.e. about kSEK 400. Welding and inspection is likely to be more complex for the

SKB canister and fitting the two shells together would add work. An additional cost of perhaps

20 percent would apply. The resulting final estimate of 450 to 500 kSEK is significantly higher

than the upper level of fabrication cost derived by NAC from the SKB data.

3.3.5 Regulatory Requirements

Designing and licensing a spent fuel disposal canister that may have to be transported over a

long distance prior to placement in an as yet unspecified geological repository, with periods of

short-term surface storage inbetween, is not a trivial exercise. Such a concept takes a step into

an area of regulatory requirements that noone in the world has yet really tested.

Initial licensing of a new design concept, including its performance in the event of a

transportation accident, is usually challenging. NAC notes that the internal concept for spent fuel

and possible filler material is not yet fixed. The eventual concept will have to satisfy all

requirements in relation to the use of the container effectively as a "basket" itself within a

transport overpack. However, in terms of cost, initial design and licensing will be negligible

when spread over a large program of about 5,000 packages.

Quality assurance procedures will have to be established to demonstrate integrity of the basic

materials, welds etc., both prior to leaving the Encapsulation Station and after transportation to

the repository. Whether or not the cost of all such procedures has been adequately accounted

for in SKB's estimates is not visible. NAC doubts that it would be a major area of concern in

terms of overall cost.

3.3.6 Overall Conclusion on SKB's Operating Cost Estimate

Encapsulation Station operating costs represent about 65 to 75 percent of the total constant

money value estimate for this part of the waste program. Uncertainties in this area consequently

are very important.

NAC has identified the cost of the proposed spent fuel canister as being subject to the most

uncertainty. SKB estimates for this component cost are deduced by NAC to be in the range 600

to 700 kSEK. NAC preliminary estimates suggest that the cost of a fully licensed canister

cleared for disposal in a deep repository could be as high as kSEK 850 to 900 and perhaps

more. Compared with SKB's estimate, as derived by NAC, this could add up to about MSEK

50 to annual operating costs, or MSEK 1,200 to 1,900 over the entire waste program. A cost
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increase of this order would equate to about 15 percent of the SKB estimated total cost for the

encapsulation program.

3.4 Project Overview and Other Considerations

NAC's evaluations have concluded that SKB's capital cost estimate for the Encapsulation Station

is in the reasonable range. A better definition could be made if more detailed information were

available.

Operational costs may be underestimated, the main variation being related to the cost for spent

fuel storage canisters. For the existing basic conceptual canister design it is clear that significant

further work will be needed to confirm the feasibility and cost of developing a licensable final

design. More importantly, the related manufacturing costs and inspection requirements will have

to be investigated in more depth.

NAC believes that it would be worthwhile for SKB to consider if a spent fuel canister with

higher payload would be a practical alternative. SKB's Technical Report 93-04 shows some

drawings of larger payload canisters, but without any commentary to explain their status.

Ultimately there will be handling and possibly other limitations in the transport and disposal

environments, but some increase in size may be possible. The attraction of doing so is that the

fabrication component of canister manufacturing cost will not be very sensitive to diameter.

Significant overall cost savings could be made.



Table 3.1
Comparison of Encapsulation Plant Cost Estimates

Parameter SKB Estimate For ES (93) Sellafield EP2 (Actual) Finnish Estimate For ES (92)

Functional Specification

Plant Facilities

• Waste cask receipt,
handling and return

Waste transfer container
handling

ILW slurry storage

Waste segregation and
metering

Receive spent LWR fuel assemblies
and reactor core components, from
CLAB via existing receipt facility.
Seal spent fuel in copper/steel
canisters.
Cement encapsulation of reactor core
components in concrete moulds.
Product QA and export to repository.

Spent fuel and reactor core
components via below ground pool.
Transfer from CLAB via adjacent
existing receipt building.

ReceI.e spent fuel hardware
from THORP and ILW
slurries from THORP and
other source plants at
Sellafield, in transfer casks.
Vibro-grout cement
encapsulation of hardware in
500 1 stainless steel drums.
Cement encapsulation of ILW
slurries by in-drum mixing.
Product QA and export to
store or repository.

Dedicated receipt and despatch
facility for waste transfer
casks.

Internal waste container
handling for hardware and
ILW slurries

Separate buffer storage for
acid and alkaline slurries

For hardware and for slurries

Receive spent LWR fuel
assemblies and reactor core
components in heavy duty casks
via dedicated receipt bay.
Encapsulate spent fuel
assemblies in copper canisters
using molten lead as
encapsulation material. Cement
encapsulation of reactor core
components in concrete
moulds. Product Q A and export
to repository.

Dedicated cask receipt and
despatch facility. Heavy duty
cranage and air cushion
transport system.

Direct from heavy duty cask.
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Parameter SKB Estimate For ES (93) Sellafield EP2 (Actual) Finnish Estimate For ES (92)

Waste encapsulation

• Product curing

• Product container closure
and inspection

• Product decontamination

• Product export facility

• Plant services

• General services

Location

Building Dimensions
(meters: L x W x H)

Dry filler for spent fuel container;
cement encapsulation of reactor core
components. Separate process areas.

For cement encapsulated core
components

Electron beam welding of spent fuel
container copper lid

Yes

Yes

Part of main building

Part of main building; some external
shared facilities.

Oskarshamn/CLAB: existing site in
semi-remote general location

Overall 80 x 59 x 32 above ground.
Principal length about 68. Average
height about 24.

Cement encapsulation for all
wastes; vibro-grout for
hardware; in-drum mixing for
ILW slurries. Single process
line.

For all wastes.

Bolt-on stainless steel lid

Yes

Yes

Dedicated services building

Dedicated services building;
some support from other
Sellafield facilities

Sellafield, W. Cumbria;
existing site with
comprehensive infrastructure
but in semi-remote general
location

Lead melt oven/canister heating
oven for lead encapsulation of
spent fuel. Cement
encapsulation of reactor core
components. Separate process
areas.

For lead encapsulated and
cement encapsulated waste

Electron beam welding of spent
fuel container copper lid.

Yes

Yes

Part of main building

Part of main building

South Finland; unspecified.

EP2:
EPSB2:

88
61

X
X

62
19

X
X

35
29

116 x 107x35
Irregular shape
height about 25

overall.
and average
in
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Parameter SKB Estimate For ES (93) Sellafield EP2 (Actual) Finnish Estimate For ES (92)

Building Volume (m3)

Materials Content

Building Construction

Design Target For
Occupational Exposure

Plant Design Life

Construction Timescale

Design Throughput

Above ground:
Below ground:

Total:

Not available

96,000 (est.)
12,000 (est.)

108,000

EP2:
EPSB2:

Total:

Concrete:
Steel:
Piping:
Cables:

191,000
34,000

225,000

44,000 m3

14,5000 MT
26,000 m
14,500

184,000

Not available

Building shell design not clear;
probably mainly cast in place
concrete. Internal handling and
process areas of steel reinforced
concrete
Full stainless steel lining in hot cells.

Not available

20 to 35 years or more

Could be in two phases for a total of
about 8 to 10 years.

1 spent fuel canister per day plus 1
concrete mould every 3 days

Building shell of steel frame
with blockwork interior and
external metal cladding.
Localised concrete work and
some blockwork seismically
qualified.
Process areas in a series of
five interconnected, steel
reinforced concrete cells
typically with 1.6 thick walls.
Partial stainless steel cell
linings.

Individual max: 15 mSv/yr
Average: not more than
5mSv/yr

30 years

4 years on-site work

Average of 18 x 500
per day

drums

Building construction claimed
to be based on SKB 1992 plan
specifications and drawings.

Not Available

25 years

"Implementation Phase" 5 years

1 spent fuel canister per day
plus about 1 concrete mould
every 2 days.
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Parameter vSKB Estimate For ES (93) Sellafield EP2 (Actual) Finnish Estimate For ES (92)

Assumed Availability

Operating Staff

Assumed Average
Operating Staff Cost
(1,500 hrs worked)

• SEK per year

Actual/Estimated Capital
Cost
(Constant 1993 money
values)

Estimated Cost Breakdown

• Design and Engineering
• Building and Civil

Construction
• Plant and Equipment
• Contingency

Normalized B&C Cost
KSEK/m3

Decommissioning

18% (210 days, single shift) 65% (240 days, 3 shifts)

Probably less than 100 effective due to 170
sharing possibilities with CLAB

400,000-450,000

MSEK 2,104

Not Available

it

it

31%

7.0-9.7 est. l

MSEK 157 (7.5%)

-400,000

18% (210 days, single shift)

116

484,000

£ 295 million or
MSEK 3,470

25-30%
45-50%

25%

7.0-7.8

Est. MSEK 700-1,400
(20 to 40%)

FIM 563 million or
MSEK 810

11%
30%

42%
17%

1.6 2

MSEK UO (13%)

1 Assumes B&C 36-50% of capital cost including contingency.
2 Including proportion of contingency.
3 Exchange rates applied are: 1 SEK = 0.695 FIM; 1 SEK = £ 0.085
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4.0 Deep Repository for Spent Fuel

4.1 Comparison with other Repositories

A 1993 OECD publication (The Cost of High-Level Waste Disposal in Geological Repositories:

1993; Nuclear Energy Agency, Organization for Economic Cooperation and Development)

serves as the basis for comparing the SKB repository costs to those of other countries. Only

repositories in geologic settings similar to the Swedish setting are used in this comparison (i.e.,

granite or crystalline rock). Also, only those repositories designed for disposal of spent fuel

(versus reprocessing waste) are compared. Only costs for spent fuel disposal are provided in the

OECD study, whereas the SKB program involves disposal of LLW, ILW and HLW.

Based on the OECD publication, the SKB repository-related unit costs are comparable to those

projected for other programs.

Ratio (%) of Cost of
Underground Cost Excavation Contingency
to Total Cost ($/m3) (%)

Sweden1

Canada

341

46

Finland

Spain

39

42

1,400 Up to 50 %; appl ied on an object-by-
object basis; 27% average + 15 to
20% extra allowance.

560 17%; in addition, uncertainty
expressed as a "confidence level"
which ranges from 15% too high to
40% too low.

1,200 19% average; 15 to 20% range.
Contingency added to "conservative"
cost estimates.

1,400 N/A

Contingencies used by other countries participating in the OECD study are listed below for

comparison, though their designs or geologic settings do not directly compare with those of

SKB:

' Estimates from the OECD publication used for this comparison. The SKB Plan 93 cost estimate
assumes a higher cost spiral ramp rather than elevator access as assumed in the OECD study. This
would increase the percentage of underground cost to total cost.
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1) France - Estimated 30%

2) Germany - Up to 50%

3) Netherlands - 15%

4) United Kingdom - basic contingency 25% overall; in addition, certain elements of the

program are considered to be subject to additional risk, of order 33

percent.

5) Switzerland - Implicitly included in conservative cost estimating, but not quantified.

6) United States - 26%

SKB's contingency additions rank among the top for the countries participating in the OECD

study. They are comparable to those of Germany and the U.K. (if a 33 percent risk margin is

added to the U.K. contingency. The SKB contingency by its description i-.lready includes risk

margin.) SKB applies contingencies on an "object-by-object" basis throughout its design.

Therefore, without details as to how contingencies are applied, it is difficult to make a direct

evaluation or comparison with other projects beyond that made from information released in the

OECD publication.

4.2 Cost Analysis

Plan 93 lists three alternative reactor operation scenarios to be considered in repository design:

Base Case - Operation of all reactors through 2010 (average 30 year reactor life).

25 year Case - Operate all reactors for 25 years.

40 year Case - Operate all reactors for 40 years

Corresponding quantities of waste to be disposed of under the three alternatives are as follows:

Base Case - 227,600 m3

25 year Case - 208,200

40 year Case - 257,300

Repository-related costs for the three alternatives and unit disposal costs, as estimated by SKB,

are summarized as follows:
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Total Repository-Related Costs'

Base Case 14,509

25 year Case 13,113

40 year Case 17,167

Cost/m3 Waste2

63,748

62,983

66,720

The total repository-related cost would be expected to increase with the added volume of waste.

Therefore the total costs in column one above seem to bear the proper relationship (more waste-

higher cost). However, it is not apparent from the available information why the unit costs

would also increase, as shown in column two. Disposal of the incremental waste in the Base

case and 40-Year case would add costs resulting from such activities as moving excavated rock

from, and waste to, more remote parts of the repository (longer tunnel distances, greater haulage

distances to base of ramp). However, these costs should be offset by economies of scale related

to fixed costs such as ramp construction, which should be nearly the same regardless of the

volume of waste to be stored. Sufficient detail is not available to fully analyze this apparent

disparity in unit costs. Further review appears to be warranted.

SKB has been very conservative in estimating costs. The Plan 93 costs are based on the most

expensive repository design, that of access via a spiral ramp rather than a vertical elevator shaft.

However, until final siting is completed there is no assurance as to which of the alternatives is

the more likely to be used. Contingency costs of as much as 47 percent have been assessed

against activities which have not been previously routinely performed. General construction of

the repository will utilize known methods and presumably have not been heavily burdened by

contingencies. Nevertheless, a contingency of sorts has been built into the cost estimates of

even fairly routine construction activities by the inclusion in the design of an extra 10 percent

of tunnelling to cover the assumption that waste deposition will not be feasible in some

excavated areas of the repository.

In contrast to construction, repository operation remains untested and should carry higher

contingency weighting. Uncertainties surrounding repository operation are partly covered by

the plan to implement final disposal in stages. The first stage or demonstration stage will

involve placement of 400 spent fuel canisters, or about 10 percent of the projected total. An

evaluation of the performance of the repository system will be completed and a new license will

be acquired prior to expanding to full scale operation. The extra allowance or supplemental

contingency provides for a take back of the deposited canisters and selection of an alternate site.

1 Future costs in MSEK

2 SEK
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As noted previously, application of contingency is on a case-by-case basis, the details of which

are not available to NAC. However, the general impression conveyed throughout the reports

is one of conservatism befitting a project with the long term consequences of radioactive waste

disposal.

4.3 Technical Assessment

The programs established to evaluate conditions that could potentially be encountered in the

repository environment are thorough and wall conceived. Sweden ranks among the world's

leaders in hard rock mining and tunnel construction. In addition information is available from

construction and operation of SFR-1, the operational waste repository. Therefore, extensive

first hand information is available to SKB to develop accurate unit cost projections for ramp and

tunnel excavation and construction and other quantity-calculated costs. SKB's unit costs are

comparable to those projected for repositories in similar geologic settings in Finland and Spain.

Information gained from construction of the Aspo Hard Rock Laboratory will enable SKB to

further evaluate the uncertain cost impact of such activities as use of drilling techniques that

minimize bore hole or tunnel wall damage. Techniques developed ät Aspo will not be limited

by site-specific constraints, but will have broad application in geologic settings similar to that

at Aspo. Similarly, predictive technology such as use of radar and seismic methods to predict

rock character ahead of runnel advance, will have clear application at the final repository. Both

the technical benefits and cost impact of running such surveys as part of tunnel construction can

be assessed.

SKB has done an excellent job of identifying potential problems resulting from long-term storage

of radioactive waste and has designed programs at Aspo to begin to address those problems.

As is the case with the construction programs, programs designed to evaluate groundwater

movement, radionuclide migration in different rock environments, and drilling, testing and

construction in fractured environments will have application in the final repository site. Site

specific variations from the Aspo-based models and techniques are seemingly well covered by

the contingency provisions.
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5.0 Decommissioning of Nuclear Power Plants

In this study, NAC has examined a number of major international collaborative programs on

decommissioning in order to put the Swedish cost estimates into an international context. The

results of three such programs are summarized below. In order to allow a more detailed

analysis of costs and scope of work, a one to one comparison has also been carried out in

respect of the Ringhals 2 reactor and a commercial PWR decommissioning project in the USA,

based on Public Utility Commission filings submitted by the operating utility.

5.1 OECD Co-operative Program

The OECD Co-operative Program has pooled the experience gained in nineteen

decommissioning projects over the period 1985 to 1990. The program is now in its second

phase, covering the period up to 1995.

However the range of project types, currencies, inflation and interest rates, the different

conditions attaching to each project, the varying deg : of experimental content of the work

carried out and the different timings applicable all mean that direct comparisons can be

misleading. What the OECD work does demonstrate is the wide range of expected costs in each

of the main stages in the decommissioning process. This degree of uncertainty is not

unexpected, as it reflects the divergence of costs seen elsewhere in the nuclear industry - for

example in reactor construction and operating costs - and the fact that commercial nuclear

decommissioning is still in its infancy.

Of the nineteen projects included in the OECD study, thirteen relate to power reactors.

However none of the reactors in this study are directly comparable with the Swedish LWRs, the

nearest in size of the OECD projects being the German 256 MWe BWR at Lingen, which

underwent stage 1 decommissioning between 1985 and 1988 but for which no cost estimate is

available.

Cost information is available on ten of the reactor decommissioning projects in this study. Of

these ten projects, only five projects are currently being decommissioned all the way through

to stage 3. The other five are at currently being taken to stage 1 or 2 or (in respect of the

Canadian Gentilly-1 and NPD reactors) to a static state between the first two stages. (This is

indicated by 1+ in table 5.1).
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For the purposes of this analysis the following terms are used:

Stage 1: Shutdown operation, including cost of removing final core from the reactors and

dispatch of the fuel from the site for storage, disposal or reprocessing;

Stage 2: Dismantling of all active and non-active plant outside the biological shields of the

reactor, packaging and disposal of active wastes off site and sealing of the reactor

within its biological shield.

Stage 3: Final clearance of site to "green field" status and disposal of all radioactive material

off site.

In addition there may be a period of surveillance between stages 2 and 3.

Cost estimates for the reactor decommissioning projects in the OECD program are summarized

in table 5.1.

Despite the wide variations in costs illustrated in table 5.1, a number of conclusions can be

drawn. Firstly, reactor size is not the major factor in determining costs. Different

decommissioning strategies and regulcfory backgrounds in different countries appear to have a

greater effect on costs and cost structures. On top of this, the variations in designs and materials

used in different reactor types markedly affects decommissioning costs even within the same

country. Finally there are inconsistencies in the way that costs are calculated and what costs are

included in different countries, that blurs the cost picture given above.

The current projected cost for reactor decommissioning in Sweden of SEK 12,224 million (i.e.

averaging out at around SEK 1,020 million per reactor) falls comfortably within the wide range

of costs quoted for stage 3 decommissioning in the OECD program of SEK 680 million to SEK

1,680 million. However, the reactors in this program are not representative of commercial

reactors in general or of the reactors in Sweden in particular. Moreover, costs in this study

have not been normalized to a common money value, which makes any direct comparison

potentially misleading. While there is some comfort in the fact that the Swedish cost estimates

are not inconsistent with the results from the co-operative program, this cannot be taken as

conclusive support for the Swedish cost estimates.

5.2 CEC Studies on Decommissioning Costs

An evaluation of decommissioning cost estimates for LWRs in Germany was commissioned in

1976 and published in 1978. An update was commissioned in June 1991 and presented in

October 1991 at an OECD seminar on decommissioning policies.



Table 5.1
Reactor Decommissioning Projects in OECD Co-operative Program

Reactor

Garigliano
(Italy)

Gentilly-1
(Canada)

NPD
(Canada)

G2, Macoule
(France)

Rapsodie
(France)

JPDR
(Japan)

KKN
(Germany)

Shippingport
(USA)

WAGR
(United Kingdom)

MZFR
(Germany)

Type

BWR

BWR
(D2O Moderated)

CANDU
Prototype

GCR

FBR

BWR

HWGC

PWR

AGR

PHWR

Size

160 MWe

250 MWe

25 MWe

250 MWe

20 MWe

90 MWe

100 MWe

72 MWe

33 MWe

50 MWe

Stage

1

1 +

1 +

2

2

3

3

3

3

3

Cost Estimate '

Lire 65 billion

C$ 25 million

C$ 25 million

FF 150 million

FF 132 million

Yen 22.5 billion

DEM 190 million

US$91.3 million

GB£ 58 million

DEM 370 million

SEK 300 million

SEK 150 million

SEK 150 million 2

SEK 200 million

SEK 175 million

SEK 1,660 millior

SEK 860 million

SEK 730 million

SEK 680 million

SEK 1,680 millior

1 Currency converted to Swedish Kronor at February 1994 exchange rates.
2 Includes long term dry storage of spent fuel.
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The initial study related to PWRs and BWRs in Germany. The cost estimates in that study were

updated using a computer model owned by the German utility association, Vereinigung

Deutscher Elektrizitätswerke.

Final storage of radioactive waste from decommissioning of the German reactors is assumed to

be by means of thick shielded cast iron casks at the planned Konrad facility in Lower Saxony.

As a cost-saving measure, the possible re-use of low level radioactive steel (derived from

decommissioning) in the waste casks is postulated for the German reactors.

These results are summarized in table 5.2.

Table 5.2

CEC Study on Decommissioning Costs (1991)

-Estimates of Alternative Strategies-

Immediate dismantling Dismantling after safe enclosure

Nuclear
Power
Plants

Reference
Plant PWR
(Biblis A)

Reference
Plant BWR
(Brunsbiittel)

SNR-300-
approximate
calculation

THTR-300 -
approximate
calculation

VVER-70 -
approximate
calculation

VVER-440 -
approximate
calculation

With recycling Without With recycling Without
of radioactive recycling of of radioactive recycling of
steel radioactive steel steel radioactive steel

MDM MSEK MDM MSEK MDM MSEK MDM MSEK

426 1935 435 1977 437 1986 445 2023

555 2253 579 2632 524 2382 547 2486

480 2182

400 1818 416 1890

410 1864 425 1932

640 2910 660 3000 720 3273 750 3410
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The estimates in table 5.2 show considerably higher costs for the German reactors than is

assumed for Sweden or, indeed, as indicated from the OECD study data in table 5.1.

5.3 International Comparability

In order to address the problem of differences in decommissioning estimates that are due to

different country circumstances, an NEA working group was established in late 1989 to review

the reasons for these discrepancies.

The focus of the working group was on the future decommissioning of commercial reactors.

Estimates prepared during the previous five years were collated and costs normalized to January

1990 money values, expressed in U.S. dollars. Swedish cost estimates were included in this

study.

To render comparisons more meaningful an attempt was made to standardize the scope of work

included for each country:

• A modified cost was derived based on decommissioning limited to radioactive parts only:

i.e. not including return to green field conditions. Defuelling costs were also excluded

but waste management costs were included. Project estimates which included a return

to green field conditions were scaled down by 20%. This figure was based on the SKB

1986 estimate that demolition of buildings, together with site restoration was estimated

to account for between 15 and 20% of the total decommissioning cost. Application of

an across-the-board discount in this way is clearly only a crude estimate. Indeed the

working group report recognises that costs in other countries vary considerably.

• Japanese estimates were found not to include waste disposal costs, because of uncertainty

about the regulatory conditions that would have to be met. A preliminary review

indicated that these could add some 20% to the Japanese decommissioning level,

depending on the applicable exemption level for slightly radioactive wastes. For the

purpose of this comparison, 20% was added to the Japanese cost estimates.

Even after recognizing this partial standardisation of costs and scope, it should be noted that no

attempt has been made to account for different regulatory environments or country/site specific

costs, such as waste disposal, labour and materials.

The results for LWRs are summarized in table 5.3. In this table the 1990 base cost estimates

have been escalated to January 1993 money values and converted to SEK.

The overall average LWR decommissioning cost, including the Swedish estimates for BWR and
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PWR, comes to MSEK 1,705 (excluding the German estimate for delayed decommissioning,

which is less compatible with the timescale for the Swedish program).

Table 5.3

International Comparison of Commercial Reactor Decommissioning Costs

Country

a) PWR

Finland

Germany

Germany1

Japan

Sweden

United
Kingdom

United States

b)BWR

Finland

Japan

Sweden

Modified Cost Estimate
MUSS (1990)

237

174

164

216

104

334

120

198

225

122

Escalated Cost
MUSS (1993)

263

193

182

239

115

370

133

220

250

135

Escalated Cosi
MSEK (1993)

2104

1544

1456

1912

920

2960

1064

1760

2000

1080

In these comparisons the Swedish estimates are the lowest for both PWR and BWR and are

around 40% below the overall average. In order to determine whether this is due to under-

provisioning by Sweden in respect of its reactors or to over-conservatism or different country-

specific circumstances in respect of other reactors, NAC carried out its own comparison between

the estimates, as set out in Technical Reports 86-18 and 93-28, and data from the Public Utility

Commission filing in respect of the Trojan power station in the state of Oregon, U.S.A.

5.4 Individual Project Comparisons; Trojan

5.4.1 Background and Definition

Trojan was chosen because the station will be dismantled early, in line with SKB's proposed

strategy, and because it is broadly similar in design to the Swedish PWRs. The Trojan estimates

30 year delay before stage 3 decommissioning
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are also specific to the reactor and not based on scaled-up estimates, carried over from previous

studies.

Trojan is a 1,095 MWe Westinghouse design PWR operated by Portland General Electric

Company (PGE). It commenced commercial operation in May 1976 and was shut down in

November 1992. An initial study (UE-79) indicated likely decommissioning costs at around $

220 million (discounted) in 1989 money values. PGE then commissioned TLG Services, Inc.

(TLG) to carry out a site-specific cost estimate for the plant under two basic decommissioning

options: Prompt DECON and SAFSTOR (defined below). This work was completed in late July

1993.

Prompt DECON assumed decommissioning is carried out over the period 1998 to 2002 and

included the construction of a temporary dry store for spent fuel. The study also assumed that

spent fuel would be transferred from the dry store to USDOE for final storage/disposal over a

20 year period from 1998, which is when USDOE is currently scheduled to have a spent fuel

facility constructed and licensed for use. Prompt DECON assumptions are summarized in

Appendix A.

SAFSTOR assumed delaying decommissioning until either 2011 (Alternative 1) or to 2018

(Alternatives 2 and 3). Alternatives 1 and 2 envisaged dry storage of spent fuel until shipment

of spent fuel to USDOE whereas Alternative 3 envisaged wet storage.

TLG found that Prompt DECON had the lowest revenue requirement and, because work would

be completed earlier than under SAFSTOR, had the lowest risk of future escalation. This also

means that the cost is less sensitive to changing assumptions about return on investment or tax

rates. TLG estimated the total cost of Prompt DECON at $ 325 million (SEK 2,600 million) in

discounted 1993 money values. This cost estimate is significantly higher in real terms than the

modified cost estimate for US PWRs given in table 4.4 above, reflecting increases in

decommissioning costs over the rate of general inflation since the mid 1980s, when the US

estimate in that table was originally put together.

The Trojan estimates include the expected cost of removal and disposal of irradiated material

off site but not the cost of disposal of spent fuel, which is provided for separately through the

USDOE fee of 0.1 C/kWh generated by the plant. The estimates include non-radioactive building

demolition and removal of hazardous materials but not the cost of returning the site to a green

field condition, which is estimated by PGE to cost another $ 20 million (SEK 160 million) in

1993 money values. Transition costs, covering operations and corporate overheads associated

with plant closure, planning of decommissioning and fuel management prior to the start of

radioactive decontamination are also included. While not of direct relevance to the Swedish

decommissioning program, the Trojan estimates also encompass costs associated with interim

dry storage costs for spent fuel.
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Total cost outlay under the DECON option comes to $ 401 million, which expenditure is spread
over the years 1995 to 2018. Application of expected after-tax real rates of return for
investments in the U.S. (see Appendix B) enables this figure to be discounted to the $ 325
million referred to above.

NAC has carried out a step-by-step comparison of the estimated decommissioning costs of the
Trojan PWR and the Ringhals 2 PWR, which is one of the two reference reactors in the SKB
study.

5.4.2 Shutdown Operation

This is defined in the SKB technical report 86-18 as:

"Tlie costs of measures that have to be adopted from the time the plant is taken out of operation
until the actual work of dismantling commences have been estimated for the Oskarshamn station.
The point of departure has thereby been the estimated personnel requirement for the three units
and for shared facilities, services etc, as well as an estimate of costs for materials and services".

This appears to correspond to the definition of "transition costs" for the Trojan plant:

"The operations and corporate overhead associated with closing Trojan, decommissioning
planning and fuel management prior to the start of radioactive decontamination".

SKB Cost Estimate (Adjusted for Ringhals)

MSEK (1986 M.V.) MSEK (1993 M.V.)

Shutdown Operation1 310 540

Trojan Cost Estimate

Transition Costs

MUSS (1993 M.V.) MSEK (1993 M.V.)

76.1 609

Cost for whole Ringhals site
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The transition costs for Trojan are higher than the cost of shutdown operation for the whole of

the four reactor Ringhals site. Part of the difference between the two estimates may be due to

the treatment of corporate overheads in each case but this is not expected to be sufficient to

account for all of the difference . More analysis is necessary in order to consider other factors

such as manning levels and unit labour costs at each site.

5.4.3 Dismantlement of Active Systems and Transport and Final Disposal of
Waste

Dismantlement of Active Systems is defined in SKB technical report 86-18 as:

"The resource requirement for dismantling of active systems, reactor vessel and internals".

The cost of transport and final disposal of waste for the Swedish program is estimated in the

SKB technical report 86-12 and an update estimate is included in SKB technical report 93-28.

The corresponding category to these two cost areas in the Trojan study is "NRC Required",

which includes:

"the costs of removal and burial of irradiated equipment and facilities as required by the NRC,

with some incremental planning costs".

SKB Cost Estimate (Ringhals 2)

Dismantling of reactor vessel & internals

Project Management & other costs1

Dismantling of Systems2

Demolition of Active building components

Waste Containers

Transport & final disposal of waste3

Total

MSEK (1993 M.V.)

73

181

300

16

11

79

660

1 Includes service operation, insurances, taxes and fees

2 Includes non-active systems

3 One-quarter of total estimate for the Ringhals site
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Trojan Cost Estimate

NRC Required
- Burial
- Other

Total

MUSS (1993 M.V.) MSEK (1993 M.V.)

29.9
196.0

225.9

239
1,568

1,807

The SKB estimate is substantially below the estimate for the Trojan reactor. Burial costs are site
specific but, even if these are taken out of the two estimates, there remains a significant
discrepancy.

MSEK

SKB estimate (excluding waste transport & disposal) 581

Trojan estimate (excluding burial) 1,568

It is recommended that further work be carried out to evaluate and account for this discrepancy.

5.4.4 Building Demolition

This is defined in the SKB technical report 86-18 as:

"The costs of demolishing the building sections has similarly been calculated assuming that the
work is contracted out. The cost data is based on the experience of contractors contacted and
questioned and is expressed as unit prices. These prices include not only labor costs, but also
costs for rental of equipment and machines and removal of demolition material (inactive)".

Non-radioactive building demolition and removal of other environmentally hazardous (inactive)
materials is defined as a single category in the Trojan cost estimate. However this does not
include restoration to green field status. The cost estimates assumes preparation of the site for
industrial use, leaving office buildings, ware-houses, maintenance shops and other re-useable
buildings.

SKB Cost Estimate (Ringhals 2)

MSEK (1993 M.V.)

Demolition of inactive 162
building components
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Trojan Cost Estimate

MUSS (1993 M.V.) MSEK (1993 M.V.)

Building demolition and
non-radiological site 24.1
remediation

193

The two basic estimates for demolition of inactive buildings are broadly in line with each other.
Some cost benefits may also accrue to SKB in respect of cost sharing at the Ringhals site.

5.4.5 Other Costs

The Trojan estimate includes costs of construction and operation of an interim dry store (US$
31.9 million and US$ 43.24 million respectively). These costs are not relevant to the Swedish
program and can therefore be excluded.

SKB claims that a residual value of SEK 350 million can be achieved from the sale of surplus
material, equipment and spare parts from the Ringhals site - with an assumed net benefit of SEK
87.5 million accruing to each reactor. NAC has not verified this estimate in this initial study.
No separate estimate is available in respect of residual value from the decommissioning of the
Trojan reactor.

5.5 Summary

In all areas SKB cost estimates are significantly below the corresponding cost estimates in the

Trojan study.

Overall Comparison of SKB & Trojan Cost Estimates
(MSEK 1993 M.V.)

Shutdown Operation

Dismantlement of Active Systems and waste disposal

Building demolition & return to green field

Rinehals 2
135'

660

162

957

Troian
609

1,807

193

2,609

Station costs divided between four reactors.
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In addition SKB's cost estimates appear very low when compared against estimates prepared by
other utilities for decommissioning commercial LWRs, although the SKB estimates are not
inconsistent with results so far obtained under the OECD Cooperative Program on
Decommissioning Projects.

A more detailed study of the discrepancy between the SKB and Trojan cost estimates is required
in order to verify that appropriate provision is being made against future costs. It is
recommended that any further study should concentrate on three core areas:

D More detailed analysis of the differences between the Trojan and Ringhals projects;

a Possible extension of the one-to-one comparison to other projects; and

o Analysis of possible cost increases specific to decommissioning in Sweden since
publication of TR 86-18.



SECTION 6
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6.0 Overall Evaluation

This section addresses SKB's overall approach to developing a system cost estimate. Possible
vulnerability to specific aspects is considered. The possible cost increases identified by NAC,
in the preceding sections of this report, are set in perspective against other financial factors.
Issues worthy of further investigation are identified.

6.1 Overview

6.1.1 Contingency Factors

The contingency factors used for the various parts of the Swedish Waste System are not
specified in SKB's documentation. In SKI's proposal for the 1994 fee, there is a diagram
showing the contingency factors (reproduced as Appendix C). The contingency factors are split
up in terms of:

D Regular or ordinary additions to the base calculated cost
D Extra additions to the calculated cost

The extra addition factor or contingency allowance is said to represent uncertainties in the choice
of canister, location of the different facilities and the exact design of the deep repository.

For the different parts of the system the factors are:

Table 6.1

Item
Administration, R&D

Transport

Decommissioning

CLAB

CLAB phase II

Encapsulation Plant

Deep Repository

Deep Repository Fuel

Deep Repository others

SFR1

SFR 2

Average

Standard Contingency
Factor (%)

0

5

20

8

26

30

29

19

27

10

10

18

Extra Contingency
Factor (%)

17

0

0

0

9

14

19

15

15

0

0

9

Total
17

5

20

8

35

44

48

34

42

10

10

27
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The available documentation does not explain in detail the basis for the various contingency

factors chosen. For some of the major parts of the system, the contingency factors are very

high, 30-50 %. This may be justified in some cases, for instance the deep repository, whereas

in the case of CLAB II, one would have expected that the experiences of the existing CLAB

facility would make a more precise estimate possible, unless the storage technology to be

deployed would be very different from CLAB I.

One way of getting more accurate cost estimates for parts of the program would be to solicit

commercial proposals from qualified companies.

6.1.2 Institutional Costs

Institutional costs are costs related to licensing, public acceptance, legal scrutiny etc. It is

NAC's belief and experience that these costs can be both difficult to estimate and can make up

a very significant portion of a project like the Swedish waste management program. In SKB's

documentation, there is little information on how institutional costs are dealt with. The two

aspects of the Swedish program where NAC believes institutional costs warrant careful

consideration, are repository development and the transport system.

The final repository is a major project and will be affected by a number of institutional issues,

such as public hearings, political decision making difficulties and maybe even legal processing.

SKB in its planning must ensure that adequate provisions are made for these institutional

requirements.

Experiences in other countries suggest that transport of radioactive waste can stimulate

opposition which can result in the need for extensive institutional proceedings.

6.2 Overall Cost Sensitivities

6.2.1 Foreign Currency Exchange Rates

SKB published material does not address sensitivity to currency exchange rates. For example,

a devaluation of the Swedish Krona at a time when all of the money has been collected but

before some of the major investments are made could undermine the program if parts of the

costs will have to be paid in foreign currencies.

Raw materials such as copper for the canisters and the bentonite for the final repository would

have to be purchased on the world markets.

With Sweden already a member of the EES and possibly a future member of the EU, foreign
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service and supply companies will become more active in the Swedish market and therefore it
is likely that the foreign currency percentage of the program will increase.

NAC recommends that a sensitivity study is carried out.

6.2.2 MW Program Variations

The average total annual production up until 1992 as mentioned in the "Plan 93" report was
64.9 TWh (see table 6.2). The forecast future annual production is 67.2 TWh. Over the years,
the Swedish nuclear power program has shown very good operating results and very few
incidents or accidents of significance occurred before 1992. The justification for the forecast that
the Swedish reactors will perform better in the second half of their operating life-times than in
their first appears to be missing. Power updrages have been implemented relatively recently, but
recent events have shown that the Swedish reactors could be facing some age related problems.
A more conservative approach on future generation performance may be appropriate.

SKI has addressed this problem as reported in Förslag till avgifter för år 1994 but ultimately
decided to accept the SKB proposed generation forecasts. From NAC's perspective, it would
be prudent to reconsider this assumption. It appears that, to some extent, optimistic assumptions
on generation may have been considered acceptable due to counterbalancing by conservatisms
in overall program duration. NAC would recommend a more rigorous approach to such scenario
analysis.

Table 6.2

Reactor

Bl
B2

Rl
R2
R3
R4

01
02
03

Fl
F2
F3

Commercial Oper.
start-up date

1975-07
1977-01

1976-01
1975-05
1981-09
1983-11

1972-02
1974-12
1985-08

1980-12
1981-07
1985-08

Energy Production
- 1992 (total)

67.2
62.8

74.0
77.2
60.8
58.2

56.0
69.9
59.2

79.3
73.5
59.0

Annual
-1992

3.9
4.2

4.6
4.5
5.5
6.5

2.7
. 3.9

8.1

6.6
6.4
7.9

Averages
1993 -

4.1
4.1

5.5
5.6
5.9
5.9

3.0
4.1
7.9

6.6
6.6
7.9

Totals 64.9 67.2
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6.2.3 Overall Analysis

The Plan 93 report has introduced variations to the program. For instance:

• three alternative cases for the power production:

Alt 1 All reactors operate until 2010

Alt 2 All reactors operate for 25 years

Alt 3 All reactors operate for 40 years

a a new spent fuel canister design concept which may result in cost changes.

n a two-step approach to spent fuel encapsulation and emplacement in a deep repository

(10% pilot program first).

NAC considers that the range of uncertainties could he dealt with in a more structured and

comprehensive way, probably in the form of a multi-parameter sensitivity analysis. Today, the

results are presented for three different reactor program scenarios, but without adequately

combining these with variations in other parameters.

It is NAC's belief that establishing an overall system cost envelope with all variables included

would give more meaningful results.

6.3 Cost Estimates

6.3.1 Variations in Cost cf Money

A global financial analysis of the Swedish waste program has been performed, using as a basis

the SKB tables of costs relating to the Finance Act. Total system cost sensitivity to the assumed

real rate of return on investments has been analysed and used to give context to the possible

variations in individual cost estimates identified by NAC.

All three cases of the SKB Plan 93 report were included (2010, 25 years, 40 years). Because

of the relatively inexact nature of the numbers given in the SKB tables, the calculations should

be used for comparisons only. In the SKI report "Förslag till avgifter för år 1994", a similar

calculation has been carried out with two major differences to NAC's. SKI uses the total future

costs, whereas NAC uses costs according to the Financing Act. It is absolutely correct to use

the total cost when preparing the proposal for the utility fee and the only reason why NAC

chose the Financing Act numbers is that they were available as a function of time. The other

difference is that SKI has chosen to express the costs in 1994 money value and NAC in 1993.

See table 6.3 and figure 6.1.
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In NAC's evaluations, the real rate of return on money has been varied between 1.5% and
3.5%. NAC does not believe that it is realistic to expect a higher net return on money over a
very long time span.

The annual fee used for determining the revenue has been set at 1.9 öre/Kwh over the whole

period.

Table 6.3

Rate Item (Net Present Value)

1.5% Total revenue
Total cost
Difference

2.0% Total revenue
Total cost
Difference

2.5% Total revenue
Total cost
Difference

3.0% Total revenue
Total cost
Difference

3.5% Total revenue
Total cost
Difference

2010

32157
33371
-1214

31307
30088
1219

30503
27244
3258

29743
24772
4971

29023
22611
6411

(MSEK)
25 vears

26561
32580
-6019

26059
29570
-3511

25578
26936
-1358

25119
24624
495

24680
22585
2094

40 vears

41756
34990
6766

39864
30725
9140

38140
27167
10973

36565
24183
12382

35122
21665
13457
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Figure 6.1
Overall Cost Comparison

Difference between NPV's of revenues and costs

NPV (Revenue-Cost)/billion SEK

— 2010-alternative

~+~ 25-year alternative

-*- 40-year alternative

1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5

Return rate on capital invested (%)
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6.3.2 Program Variations

If the section 5 comparison data on decommissioning costs are fed into the financial analysis
model described above, the results will be changed according to table 6.4 and figure 6.2.

The changes made are:

1. Decommissioning costs have been increased to a level which corresponds to an
international average as described in table 5.3. The Swedish average estimate is (9 x 920
+ 3 x 1080)/12 = 960 MSEK. The international average (including the Swedish but
excluding the second German) is 1,705 MSEK. The difference (12x(1705 -960)) is 8,940
MSEK and is evenly distributed over the respective decommissioning periods for the
different scenarios.

2. Decommissioning cost estimates have been changed according to the Trojan estimates.
Each reactor then costs 2,609 MSEK to decommission compared with SKB's Ringhals
2 estimate of 957 MSEK, adding a total of 19,824 MSEK to the project.

Rate of return is 2.5%.

Item (Net Present Value)

0. Base case Total revenue
Total cost
Difference

1. Decomm. Total revenue
Total cost
Difference

2. Decomm. 2 Total revenue
Total cost
Difference

Table 6.4

2010

30503
27244
3258

30503
32412
-1909

30503
37927
-7424

(MSEK)
25 vears

25578
26936
-1358

25578
30563
-4984

25578
38698
-13120

40 vears

38140
27167
10973

38140
33329
4811

38140
35103
3037

The higher decommissioning costs that NAC evaluations suggest may be applicable, are big
enough to seriously undermine the financial provisions of the Swedish waste management system
in the 2010 and 25-years operation scenarios. Even with NAC's highest assumed real rate of



Figure 6.2
Overall Cost Comparison

Difference between NPV's of revenues and costs

NPV (Revenue-Cost)/billion SEK

Base Case NEA Trojan

§32O1O-alternative

Th 25-year alternative

40-year alternative

Different decommissioning alternatives
2.5% return rate
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return, there would be a need for a significant increase in the kWh-fee if the costs are to be
covered fully.

The 40-years operation case is much more robust to changes. The reasons are:

n As the program gets bigger, the reactors are kept on-line longer, revenue collection
can go on longer and changes make up a relatively smaller part of the overall cost.

o The costs are delayed much more compared to the revenues. The relative impact of
changes late in the project are relatively small compared to the other (2010, 25-year)
cases.

6.3.3 Conclusions

The main conclusions are:

1) If all reactors operate for 40 years, the current level of financial provisions will
accommodate possible system cost increases, or a lower rate of return on money than
currently assumed by SKB. The 25-year operation alternative, on the other hand, cannot
finance the waste system at the current levy of 1.9 öre/kWh.

2) The adequacy of the levy is highly sensitive to the assumed rate of return on revenues
invested.

3) SKB's nuclear power plant decommissioning cost estimates are up to SEK 20 billion
lower than estimates made by others for comparable reactors. A cost increase of this
order could only be covered if the assumed rate of return on investments increases
and/or reactor lifetimes are longer than assumed in the base case.
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Appendix A

Appendix A

Major assumptions for Prompt DECON in TLG cost estimates

1) Begin Decommissioning in 1998. The last shipment of spent fuel is sent to a U.S.

Department of Energy (USDOE) facility in 2018, assuming USDOE meets the current

schedule to construct and license a facility by 1998.

2) Release site for industrial use, leaving office buildings, warehouses, maintenance shop

and other reusable buildings. Demolished buildings and structures will be to grade level.

3) Segmented removal of reactor vessel.

4) One piece steam generator removal.

5) Decontamination and burial of secondary system components is not required.

• Main Turbine/Generator

• Main Condenser

• Reheat and Moisture Separators

• Feed water Heaters, Feedwater and Condensate System

6) No Chemical decontamination of Reactor Coolant System.

7) Provide the estimated decommissioning costs in 1993 dollars with annual costs reported

in the year of expenditure.

8) Transfer spent fuel to dry storage for the Prompt DECON and Dry SAFSTOR options

with transfer completed by 1998.
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Appendix B

Trojan Decommissioning - Investment Return Assumptions
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11

12

13
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.9
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t

UE- / PGE / 900
ALEXANDERSON - CROSS - MAROLD / 52

What NDT investment assumptions are yon using and how do they compare to the '

assumptions in UE-79?

We created two portfolios, long-term and intermediate-term, for each portion of the

trust. We assume the trust will use the long-term ponfolio if the trust balance can

cover anticipated cash needs for the next ten years. Otherwise, we assume the trust

uses the intermediate portfolio. The table below shows the types and amounts of

securities in each. We forecast that the equity investments will return 8o percent

pre-tax, the municipal bonds 5.3 percent, and the corporate bonds 6.75 percent

. '% -'SECtJlUHES»Sr-££

Qualified

Municipal Bonds

Corporate Bonds

Equicy

NonQualificd

Municipal Bonds

Corporate Bonds

Equicy

Percent

50

50

0

Percent

95

5

0

Percent

25

30

*5

Percint

50

0

50

As noted above, the IRS lifted investment restrictions on qualified trusts in

January 1993, allowing the trusts to invest more aggressively for higher returns. In

UE-79, we assumed investment of 35 percent of the qualified and nonqualified funds

in tax exempt bonds earning 6.45 percent, 15 percent of the qualified fund in treasury

bonds earning S percent and 15 percent of the nonqualified fund in corporate bonds

earning 9.25 percent PGE Exhibit 914 shows the investment return assumptions in

1S9S/96 RATE CASE TESTIMONY • DIRECT TESTIMONY
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Q.

A.

14

t
16 Q.

XJE- / PGE / 900
ALEXANDERSON • CROSS - MAROLD / 53

greater detafl. " * •

What are your tax assumptions?

We use the same tax assumptions as in UE-79 for the qualified portion of the trust,

except that the tax rate on earnings has fallen to 20 percent. With respect to the

nonqualified portion, we assumed in UE-79 that the trust was a separate taxpayer

from PGE. We now know that the IRS considers the trusts part of PGE and that

PGE will pay current taxes on customer contributions to the nonqualified trust. To

establish the test period revenue requirement, we assume that current customers

making trust contributions receive the benefit of the future tax deduction for

decommissioning activity. We offset this current benefit to customers by a deferred

tax asset in rate base.

What are the trustee fees or manager fees for the trust?

We forecast annual trustee fees at 0.1 percent of the portfolio value. Annual

manager fees are an additional 0.5 percent for the equity account, and 025 percent

for the municipal and corporate bonds accounts. .

Were any other assumptions necessary to calculate the annual contribution?

Yes. Because we are assuming Prompt DECON, the NDT will not have sufficient

funds to pay all decommissioning expenses in the early years. Accordingly, we

assumed that PGE rvill finance these amounts, which the trust would repay with

interest as funds become available in the trust. We forecast the cost of financing at

6 J percent, with total interest cost estimated at 524.3 million over a period of twelve

1595/9* RATE CASE TESTIMONY - DIRECT TESTIMONY
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In addition, we assumed that PGE would draw on the nonqualified fund to the

required balance before using the qualified fond so that we can maximize

the tax benefits associated with decommissioning.

Q. What Is the minimum required balance of the NDT?

A. The NRC requires a utility to maintain sufficient funds in the NDT for returning the

plant to a SAFSTOR condition in the event that decommissioning cannot continue.

We assumed a minimum balance of S5 million in the nonaualified funds to meet *m'<

requirement

Q. Is PGE's proposed annual contribution based on all of the above and how does it

compare to UE-79?

A. Yes and the contribution is nearly identical to that in UE-79. Based on the

assumptions discussed above, the NDT contribution should increase to S15,113,000

per year in 1995. Because this is a nominal leveiized amount, we must convert the

UE-79 partial "block" real levelized schedule to a similar basis for comparison

purposes. Using the UE-79 assumptions for the cost estimate, NDT earnings rates,

and taxes, the nominal leveiized annual amount would have been S13.9 million, had

we started on this basis in 1991. Because PGE only collected and contributed SI 122

million annually from 1991 to 1994, the amount becomes 315.06 million for the

period 1995 to 2011 to achieve the same total collection. This is virtually the same

as our proposed contribution.

1395/96 RATE CASE TESTIMONY • DIRECT TESTIMONY
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Appendix C

Genomsnittliga påslag för osäkerhet för olika anläggningar i SKB PLAN 93.
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