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Foreword

According to the Swedish Financing Act, the nuclear power utilities, in practise the Swedish
Nuclear Fuel and Waste Management Co. (SKB), are obliged to submit annually to the
Swedish Nuclear Power Inspectorate (SKI) a calculation of the costs for disposal of nuclear
fuel and for decommissioning of the nuclear power plants. SKI reviews and evaluates the
cost estimates and submits to the Swedish Government a proposal for the kWh-fee levied
on electricity produced by nuclear power.

SKI contracted NAC International (NAC) in 1994 to review SKB's latest decommissioning
report Technology and costs for decommissioning of Swedish nuclear power plants, which
was issued in September 1994. The previous decommissioning study forming the basis for
the nuclear power fee proposal preparation was issued in 1986.

NAC's assignment was divided into three parts: A pre-study, a main report which was
presented in April 1995 and a detailed study, the final version of which was presented by
NAC in September 1995.

NAC's task was focused on comparing German and US decommissioning studies with
SKB's decommissioning cost estimate for the Swedish nuclear power plants. SKI was
informed, before the project was carried out, that SKB's decommissioning estimates of the
Swedish reactors were lower than the corresponding estimates abroad. The presented reports
have not only confirmed this but also have succeeded in identifying up to 90 percent of the
differences between SKB decommissioning cost estimates and the estimates in the other
countries. Explanations as to why the costs are much lower in Sweden compared to
Germany and the US have been identified. However, certain cost difference items cannot
be explained by institutional or regulatory differences between the countries. Rather, they
may be caused by an assumed cost basis in the Swedish case which is too low or, in some
cases, incorrectly calculated. The overall differences between the cost estimates for the
Swedish PWR- and BWR-reactors and the corresponding German and US decommissioning
costs varies between a factor of 1.4 and 2.9.

In summary, the NAC report demonstrates that the Swedish system for nuclear waste
management is in a more advanced stage of development - both in terms of the licensing
process and the transport system and availability of facilities - than corresponding systems
in the other countries in the comparison. This has a big impact on the decommissioning
costs. It also increases the importance of being able to validate the correctness of the
calculational methods applied by SKB.

The work was carried out in cooperation with the Swedish Radiation Protection Institute
(SSI). The project was ordered and managed by Mårten Eriksson, SKI. A reference group



consisting of Tommy Godas, Ingemar Lund and Magnus Westerlind, SSI, and Margareta
Trolle and Stig Wingefors, SKI, has assisted the project manager with evaluations and
directions for the in-depth studies during the project.

Project manager from NAC was Sven Olof Andersson. NAC's team consisted of Dr. Geoff
Varley, Dr. Rainer Heibel and Chris Rusch.

SKI and NAC wishes to acknowledge the following organizations who have provided
helpful cooperation to NAC during the preparation of this report: The Swedish Nuclear Fuel
and Waste Management Company, ABB Atom AB, OKG AB, Sydkraft AB, The Öresund
Bridge Consortium, NIS Ingenieurgesellschaft mbH, Bundesamt fur Strahlenschutz,
PreussenElektra AG, Portland General Electric, Battelle Pacific Northwest Laboratories and
the US Nuclear Regulatory Commission NRC.

SKI and SSI, November 1995



Förord

Enligt finansieringslagen skall kärnkraftföretagen, i praktiken Svensk Kärabränsle-hantering
AB (SKB), årligen till Statens kärnkraftinspektion (SKI) lämna en beräkning över
kostnaderna för att omhänderta det använda kärnbränslet och för rivningen av
kärnkraftverken. Efter att SKI granskat och värderat kostnadsberäkningarna lämnar SKI ett
förslag till regeringen på avgiften som skall tas ut av kärnkraftföretagen per producerad
enhet elenergi:

SKI uppdrog hösten 1994 åt NAC International (NAC) att låta granska SKBs senaste
rivningsstudie Teknik och kostnader för rivning av svenska kärnkraftverk. SKBs studie
presenterades i september 1994. Den tidigare rivningsstudien som legat till grund för SKIs
framtagning av avgiftsförslag var från 1986.

Uppdraget till NAC har delats in i tre steg nämligen; en inledande förstudie, en huvudstudie
som stod klar i april 1995 och slutligen en detaljstudie som i sin slutliga form presenterades
av NAC i september 1995.

NACs uppdrag inriktades på att jämföra motsvarande rivningsstudier av tyska och amerikan-
ska kärnkraftverk med SKBs framtagna rivningsstudie av de svenska kärnkraftverken. SKI
hade också före projektets genomförande vetskap om att SKBs beräkningar av rivning av
de svenska reaktorerna var lägre än motsvarande utländska kostnadsberäkningar. Den
framlagda rapporten visar detta med all tydlighet, men NAC har därutöver också lyckats
identifiera närmare 90 procent av skillnaderna i rivningskostnader mellan de olika ländernas
rivningsstudier. Det finns alltså förklaringar till varför kostnaderna är så mycket lägre i
Sverige i jämförelse med Tyskland och USA, men vissa skillnader kan inte förklaras utifrån
institutionella och regelmässiga faktorer länderna emellan, utan har förmodligen sin orsak
i att de svenska kostnaderna kan vara för lågt eller i vissa fall felaktigt beräknade.
Skillnaderna mellan svenska tryck- och kokarreaktorer och motsvarande tyska och
amerikanska rivningskostnader uppgår till en faktor som varierar från ca 1,4 till 2,9.

Sammanfattningsvis visar NACs rapport att det svenska systemet för omhändertagande av
kärnavfall är mer utvecklat - både då det gäller licensieringsprocessen, transport-systemen
och tillgången till befintliga anläggningar - än motsvarande system i de jämförda länderna.
Detta har naturligtvis en stor betydelse på kostnaderna för rivning. Desto viktigare är det
då också att SKB tillämpar metoder för beräkning av kostnaderna som klarlägger
beräkningarnas riktighet.

Arbetet har bedrivits i samverkan med Strålskyddsinstitutet (SSI). Beställare och
projektansvarig har varit Mårten Eriksson, SKI. En referensgrupp bestående av Tommy
Godas, Ingemar Lund och Magnus Westerlind, samtliga SSI, samt Margareta Trolle och
Stig Wingefors, de båda senare från SKI, har biträtt projektansvarig med utvärderingar och



val av fördjupningar under projektets gång.

Sammanhållande i uppdraget från NACs sida har varit Sven Olof Andersson. NACs
projektgrupp bestod av Dr. Geoff Varley, Dr. Rainer Heibel och Chris Rusch.

SKI och NAC tackar följande organisationer som har bistått med råd och information under
utredningens gång: SKB, ABB Atom AB, OKG AB, Sydkraft AB, Öresundsbrokonsortiet,
NIS Ingenieurgesellschaft mbH, Bundesamt fur Strahlenschutz. PreussenElektra AG,
Portland General Electric, Battelle Pacific Northwest Laboratories and the US Nuclear
Regulatory Commission NRC.

SKI och SSI, november 1995



1.0 Executive Summary

Introduction

This Executive Summary summarizes the two NAC reports "Comparisons of Cost Estimates
for Nuclear Power Reactor Decommissioning in Sweden, Germany and the United States",
April 1995 (revised in September 1995) and "Selected Detailed Analyses of Swedish and
German Decommissioning Estimates", September 1995.

The first report compared overall decommissioning cost estimates prepared in Sweden for
PWR and BWR power plants, with estimates prepared in Germany and the United States.
The estimates differed substantially from country to country and reactor to reactor, with no
obvious pattern to explain it. The NAC study and report investigated the breakdown of the
individual estimates, to determine the reasons for the apparent large overall cost estimate
differences. Clear explanations for a majority of the differences were established.

In the course of this work, a number of areas in the Swedish estimates were identified that
gave cause for uncertainty. Specifically, the reasonableness and accuracy of cost estimates
for individual components of the overall programs and the validity and reasonableness of
certain fundamental assumptions underpinning the decommissioning programs, were
identified as being worthy of more in-depth assessment.

The second NAC report addresses selected aspects of the Swedish decommissioning
estimate reports. These more detailed analyses and in-depth comparisons provide further
insight into the reasonableness of the Swedish estimates.

The following sections summarize the main findings and conclusions of the two NAC
reports.

Scope of Decommissioning Programs

Different decommissioning strategies have been studied in all three countries. The
alternatives include immediate dismantling, dismantling after a period of safe enclosure and
an extended period of enclosure (entombment). So as to establish a consistent and
meaningful basis for comparison, NAC analyses addressed the immediate decommissioning
estimates developed in the three countries.

Swedish estimates have been developed for two scenarios; simultaneous shutdown of all
reactors and successive shutdown. For the purpose of NAC's comparisons, the successive
shutdown alternative was selected, since it relates more closely to the individual reactor



studies performed in Germany and the US.

The ultimate goals of the three countries differ slightly. The end goal in Germany is to
return to green-field status, whereby complete removal of all building structures, above and
below surface, is foreseen. In Sweden and the US, a so-called semi-green field approach
was evaluated, whereby some non-contaminated buildings are allowed to remain after
completion of the decommissioning program and building structures below surface are left
more or less intact. In Sweden, "semi-green field" is defined as "... the site shall be able to
be re-used without restriction as an industrial site".

In addition to these basic differences in objective, the individual estimates also differed in
terms of scope specifically attributable to nominally similar phases of the decommissioning
program. Some normalisation was required in order to establish a meaningful basis for
detailed analysis. The main issues where NAC applied adjustments were as follows:

a) The Swedish decommissioning plan excludes planning activities before shut-down
of the reactor.

b) The German decommissioning estimate excludes costs for manpower during the so
called shut-down operation period, during which the fuel is removed from the
reactor site.

c) The Swedish estimates excluded transport and waste management. The Swedish
report mentions a marginal or incremental cost, but the full cost for the transport and
waste facilities is covered separately in the Swedish waste management system.

The respective cost estimates after this normalization by NAC, and the specific reactors on
which they are based, are summarized in table 1.1.

Table 1.1
Reference Reactors and Normalized Cost Estimates

Country Type
Cost

(MSEK) Reactor
Net Power

(MW)
NSSS

Vendor
Star
t-up

Germany

Sweden

United
States

BWR 3225 Brunsbuttel 770
PWR 2631 Biblis-A 1146

BWR 1258 Oskarshamn-3 1160
PWR 902 Ringhals-2 875

BWR 1763 WNP-2 1095
PWR 1425 Trojan 1095

KWU
KWU

ASEA

1975
1977

1985
Westinghouse 1975

GE 1984
Westinghouse 1976

At 1 January 1994 exchange rates of 4.8 SEK/DM and 8.3 SEK/S



General Techniques and Methodologies

All three estimates are based on the assumption that only available technologies will be
used. Dedicated R&D is not foreseen.

There are some differences in decommissioning techniques and methodologies but NAC
evaluations indicate that the differences are not a significant factor in the overall cost
differences.

Timing and Phasing Differences

For all three country estimates, decommissioning project activities can be divided into four
main phases:

Pre-shutdown activities, such as planning, licensing etc.
• Shut-down operation. This is the period during which the fuel is still present

at the reactor and requires full operational capability of the staff.
• Decontamination and dismantling of reactor systems.
• Building demolition and site restoration.

The estimated time periods for these activities are summarized in Table 1.2.

Activity

Pre-shutdown

Shutdown Operations

Decontamination and
Dismantling

Building Demolition
and Site Restoration

Total Post-Shutdown

Table 1.2
Decommissioning Timescales

Sweden

3-4

1.5

3

7.5

Germany

1

6

2

11

(years)

USBWR

2

4.6

1.7

1.5 - 2

7.8 - 8.3

USPWR

2

6.9

1.7

1.5 - 2

10.1 - 10.6

Individual activity times vary substantially - up to a factor four - but there is no systematic
trend. Two major differences stand out; shutdown operations in the US cases and
decontamination and dismantling in the German case.

The six year period for reactor systems dismantling in Germany is principally due to
German waste repository handling limitations on cask size. Dismantling manpower



requirements increase significantly, because dismantled equipment has to be cut into smaller
pieces than in Sweden and the US. Also, subsequent waste handling constraints dictate that
German decontamination efforts have to be significantly more extensive than in Sweden.

The five to seven year shut-down period in the US decommissioning programs results from
the absence of a centralized storage facility to accept spent fuel. The US estimates assume
that utilities must construct a local Away From Reactor (AFR) storage facility during the
shut-down operation period. The plant operator has to keep the operating staff of the reactor
more or less intact during the shut-down operations period without being able to start the
actual dismantling work.

This exception aside, other US program phases take much less time than in Sweden; by up
to a factor two.

Cost differences resulting from these factors are discussed later.

Manpower Requirements

A large portion of the costs to decommission a reactor relates to manpower. In the Swedish
case about 50 percent, in Germany roughly 64 percent and in the U.S. about 70 percent of
the total cost is payroll.

Estimated Swedish manpower requirements are about 40 percent lower than in Germany
but about 40 to 60 percent higher than in the US. These large differences can be explained
in part by methodologies, shutdown period duration and assumed worker productivity
levels.

The Swedish decommissioning report almost exclusively is based on an effective worker
productivity of only 40 percent, compared with 80 percent in Germany. The US
decommissioning report assumptions on productivity are not stated. All other things being
equal, Swedish manpower requirements therefore would be double the German level. In
practise, however, the differences in approach to decontamination, dismantling and waste
packaging in Germany, and the existence of centralized spent fuel storage and low-level
waste disposal facilities in Sweden, have a major impact that brings Swedish manpower
requirements below that in Germany.

The US estimates have only preliminary status and are out for review and comment. NAC
considers it likely that the manpower requirements currently estimated will be revised
upwards as the reports are refined. However, currently there is no available basis for NAC
to project such revised numbers.

In terms of the overall picture, it would appear that the relative level of the Swedish
manpower estimate is not unreasonable. Indeed, SKB's 40 percent productivity assumption
is conservative compared with the actual experience of OKG in recent refurbishment work
at Oskarsham-1, where the utility estimates a range from about 40 to 60 percent is
applicable.



However, the results of detailed analyses and comparisons for individual system dismantling
estimates - for example the reactor pressure vessel (RPV) - indicate that some residual
discrepancies may be present. NAC analysed three individual systems and compared the
Swedish report estimates with OKG estimates. The data was normalized to eliminate effects
like worker productivity. In the case of the RPV dismantling estimates, the Swedish report
assumes 80 percent productivity and, in NAC's estimation, misinterprets how Siemens'
study of this activity for Sweden should be applied; for example, which costs are one time
only costs and which are recurring costs ibr each reactor.

Labor Rates

Labor rates assumed in the estimates for different personnel categories vary significantly.

Estimated Swedish rates, on a weighted average basis, were found to be about 17 percent
lower than in the US studies and 35 percent lower than in the German studies. Possible
explanations are

Real differences between national wage rates.

• Differences in the definition and application of overhead factors.

• Assumed rates being unrepresentative of actual fully loaded rates.

• Currency exchange variations.

In-depth analyses show that the assumed Swedish labor rates are not representative for the
Swedish market. A higher level, similar to that used in the US estimates is more correct.

Amongst other things, this was substantiated by Swedish utility data for staff and
contractors, which indicates that actual average rates are approximately 20 to 25 percent
higher than assumed in the Swedish decommissioning estimates.

Waste Management
to*

The availability of an efficient, low-cost waste management system for decommissioning
waste has a significant impact on estimated total decommissioning cost. The Swedish,
German and US estimates for this activity differ by large degrees, with Sv/eden the lowest
and Germany the highest.

Sweden has a centralized final repository for low-level wastes which ;:as been in operation
since the mid-eighties (SFR). It is a proven, and comparatively low cost solution.
Furthermore, standard ISO containers can be used for the transport and storage of most
decommissioning wastes. In exceptional cases where transport activity restrictions so
require, re-useable overpacks provide the extra shielding needed.



Germany has well advanced plans for waste disposal facilities but the costs are much
higher. Amongst other things, standard ISO-type containers are not allowed to be used for
radioactive wastes in Germany and licensing is more complex and expensive. In addition,
man}' more casks are needed in Germany for a given volume of waste, due to handling
restrictions in the Konrad low and intermediate level waste facility. The impact on German
decommissioning costs are threefold:

• A large number of expensive casks has to acquired.

• In order to minimize the number of casks, dismantled parts have to be reduced to
smaller pieces, which increases manpower requirements.

Decontamination, melting and other methods to reduce the activity of dismantled
material is required to reduce the amount of waste that goes into the waste facility,
with a corresponding increase in manpower required.

US estimates for the unit cost of waste management, including transports, are closer to the
Swedish estimates than German estimates are. NAC believes that the institutional
environment in the US will be more complex, time consuming and costly than in Sweden
but this will be mitigated to some extent by other factors. Above all, the much larger scale
of the US program (more than ten times the quantity of spent fuel) will help to reduce the
component of fixed costs. For the two specific US estimates analysed in this report (WNP-2
and Trojan) the transport costs are low, because both are located close to the assumed waste
repository.

Overall, waste volumes and masses in the Swedish, German and US estimates are similar.
The differences are within a reasonable span.

In Sweden, all transports of spent fuel and radioactive wastes are based on use of the SKB
ship M/S Sigyn. NAC analyses indicate that for the scenario of successive
decommissioning, the M/S Sigyn should be able to handle average annual demands, barring
any unforseen circumstances. For simultaneous reactor shutdown and decommissioning,
M/S Sigyn probably would have insufficient capability. Subcontracting to other shipping
lines, or program delays, would translate into extra costs.

More importantly, M/S Sigyn represents a critical path element. The overall system
capability is vulnerable to any disturbance of sea transports.

Currency Exchange Rates

Exchange rate assumptions are an unavoidable complication in making international
comparisons. The comparisons in this report use exchange rates as of January 1, 1994. This
coincides with a period of rapid fluctuations on the currency markets. The Swedish Kxona
for instance, fell from SEK 3.6 per Deutschmark in mid 1992 to about SEK 4.8 in early
1994, and even lower subsequently.

10



Over the same period, Sweden had only modest inflation, so costs, when compared with
Germany have gone down in real terms. Longer term trend curves for exchange rates,
which accurately reflect differential inflation rates, are a more meaningful basis for
comparison. On this basis, historical data indicates that the Krona at its January 1. 1994
level was undervalued approximately 15 percent against the Deutschmark and the US dollar.

Contingenciesto*

The Swedish, German and US estimates all include a contingency of similar order in
absolute terms, but incorporated in different ways.

The Swedish estimate included 25 percent contingency for building demolition and 20
percent for all other activities. In absolute terms, this equated to a total of about MSEK
150-200 per reactor.

In the US reports, 25 percent was added to all base estimates for individual parts of the
decommissioning program, for a total of about MSEK 280-350 equivalent per reactor.

The German cost estimate does not specifically define contingency levels. However, NAC
has determined that the German manpower cost estimates effectively include approximately
15 percent contingency, which translates to about 10 percent on the total estimate, or about
MSEK 240-290 equivalent per reactor. Other parts of the German estimate include little or
no contingency.

In absolute terms, therefore, the contingency allowances in Germany and the US are very
similar, with Sweden only about 30 percent lower.

Contingency allowances cover two basic types of uncertainty; possible inadvertent
miscalculation of costs for specific parts of the decommissioning excercise; and the risk of
unplanned or unforeseen events - for example, severe interruption of the sea transportation
route due to accident or other factors.

The magnitude of the Swedish contingency, at MSEK 150-200 per reactor, is considerably
more than, for example, the 70 MSEK per reactor that NAC analyses indicate may have
been underestimated for RPV dismantling in the Swedish decommissiong report. Adequacy
of the contingency in relation to risks, such as transport infrastructure disruption and/or
decommissiong program delays for other reasons, is less obvious, however, and would
require more detailed risk analyses.

Summary of Cost Estimate Differences

The Swedish estimates, using January 1, 1994 exchange rates, are lower than the German
and US estimates, for both BWR and PWR. The normalized cost estimates shown in table
1 translate to differences as shown in table 1.3.

11



Table 1.3
Decommissioning Cost Estimate Differences (MSEK)

BWR PWR

German - Swedish 1967 1729

US - Swedish 505 523

The phasing of the expenditures varies from case to case and overall timescales also are
different. Despite these differences, the discounted total costs for Sweden, Germany and the
US (using a 2.5 percent discount factor) remain in more or less the same ratios as the
undiscounted estimates. Phasing therefore is not a major factor in determining cost estimate
differences, if SKB's standard discount factor is applied.

Swedish - German Comparison

Higher labor rates combined with higher manpower requirements account for 59 percent
of the BWR difference and 57 percent of the PWR difference. Waste management accounts
for a further 28 percent of the BWR difference and 22 percent of the PWR difference.
Allowances for insurance account for 3 and 4 percent respectively for BWR and PWR.

These three factors consequently explain 90 percent of the BWR difference and 83 percent
of the PWR difference. The residual amount falls within the range of what can be explained
by exchange rate aberrations, as explained earlier.

Swedish - U.S. Comparison

The Swedish - US comparison exhibits a combination of positive and negative difference
for individual components of the overall estimate. The combination of lower estimated US
manpower requirements and higher US labor rates results in net lower US costs, equivalent
to MSEK 206 for BWR and MSEK 111 for PWR. These are more than cancelled out
however by other factors. Building demolition and waste management are significantly more
expensive in the US - MSEK 179 and MSEK 302 respectively for BWR; MSEK 201 and
MSEK 161 respectively for PWR. Nuclear insurances add about MSEK 80 in both cases.

These factors combined account for 69 percent of the BWR overall difference and 63
percent of the PWR difference. Exchange rate abberations can more than explain the
residual BWR difference and all but 10 percent of the PWR difference.

Conclusions

Nominal base decommissioning cost estimates in Sweden, Germany and the US differ by
large amounts. Even after adjustments to normalize the work scopes, significant cost
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differences remain.

Variations in national cost structures, achievable productivity, the extent of preexisting
infrastructure and institutional factors all contribute to make up the differences. Exchange
rate aberrations are a complication for which appropriate adjustments have to be made in
order to achieve a meaningful comparison.

NAC analyses demonstrate that virtually all of the differences between the Swedish,
German and US estimates can be explained by these factors.

In terms of the overall reasonableness of the Swedish estimate as a basis for making
financial provisions, there remain some issues that may warrant further investigation. One
is the potential for and financial consequences of a serious interruption to the proposed sea
transportation system. Secondly, the limited number of individual system analyses
performed by NAC indicated some significant potential underestimates. For example, RPV
dismantling costs appear to be underestimated by up to MSEK 70 per reactor, or up to
MSEK 900 for the whole Swedish program of 12 reactors.

Overall, the Swedish estimates appear to be built-up in a logical and reasonable way. NAC
analyses indicate that some internal inconsistencies exist and that some specific input data
assumptions are not valid. In summary, the credibility of the estimates would benefit from
further refinement of the scenarios and assumptions.

13



1.0 Sammanfattning

Introduktion

Denna sammanfattning summerar de bägge NAC-rapportema "Comparisons of Cost
Estimates for Nuclear Power Reactor Decommissioning in Sweden, Germany and the
United States" {Jämförelse av kostnadsuppskattningar för rivning av karnh'aftverk i Sverige,
USA och Tyskland) , april 1995 (reviderad i september 1995) och "Selected Detailed
Analyses of Swedish and German Decommissioning Estimates" (Utvalda detaljanalyser av
svenska och tyska rivningsuppskattningar), september 1995.

Den första rapporten jämförde övergripande kostnadsuppskattningar framtagna i Sverige för
PWR och BWR reaktorer med uppskattningar framtagna i Tyskland och USA.
Uppskattningarna skiljer sig väsentligt från land till land och mellan reaktorer, utan att
uppvisa något tydligt mönster som förklaring. NACs studie och rapport undersökte
detaljerade kostnader för individuella uppskattningar, för att bestämma orsakerna till de till
synes stora skillnaderna i uppskattad kostnad.

Under loppet av detta arbete identifierades att antal områden i den svenska uppskattningen
som gav upphov till osäkerhet. I synnerhet rimligheten och noggrannheten i
kostnadsuppskattningarna av enskilda komponenter i de övergripande programmen och
giltigheten och rimligheten i vissa fundamentala antaganden som ligger till grund för
rivningsprogrammen identifierades som områden som behöver en fördjupad utvärdering.

NACs andra rapport tog upp vissa utvalda aspekter på den svenska rivningsrapporten.
Dessa mer detaljerade och fördjupade jämförelser gav en vidgad insikt i rimligheten i den
svenska kostnadsuppskattningen.

De följande avsnitten sammanfattar de viktigaste resultaten och slutsatserna i de båda NAC-
rapporterna.

Omfattning av rivningsprogrammen.

Olika strategier för rivning har studerats i alla de tre länderna. Alternativen inkluderar
omedelbar rivning, rivning efter en period av säker förslutning och en utökad
förslutningsperiod (entombment). För att etablera en konsekvent och meningsfull bas för
jämförelsen omfattar NACs analyser kostnadsuppskattningar för omedelbar rivning
framtagna i de tre länderna.

De svenska uppskattningarna har baserats på två scenarier: Samtidig avställning av alla
reaktorer och successiv avställning. NACs jämförelser har för ändamålet använt alternativet
med successiv avställning eftersom den bättre knyter an till de tyska och amerikanska
reaktorspecifika studierna.
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Slutmålet i de tre länderna skiljer något. I Tyskland är målet att återvända till s.k. green-
field (grönområde), vilket innebär ett fullständigt avlägsnande av alla byggnader, ovanför
såväl som under jord. I Sverige och USA har antagits att slutmålet är semi green-field
(delvis grönområde) innebärande att vissa icke-kontaminerade byggnader tillåts vara kvar
efter rivningsprojektets genomförande och att byggnadsdelar under jord lämnas mer eller
mindre intakta. I Sverige definieras "semi green-field" som "... platsen ska kunna
återanvändas utan restriktioner för industriellt bruk."

Förutom dessa grundläggande skillnader i målsättning och omfattning återfinns också
skillnader i omfattning i direkt jämförbara områden av rivningsprojekten. Viss normalisering
har behövts for att etablera en meningsfull bas för en detaljerad analys. De viktigaste
exemplen på sådan normalisering är:

a) Den svenska rivningsplanen omfattade inte planeringsinsatser innan reaktorn ställs
av.

b) Den tyska rivningsanalysen omfattade inte kostnader för mantid under
avställningsdrift. Avställningsdrift definieras som den period under vilken bränslet
transporteras iväg från reaktorn.

c) Den svenska analysen omfattade inte transport och omhändertagande av avfall. Den
svenska rapporten nämner en marginalkostnad men den fulla kostnaden täcks separat
inom andra delar av det svenska systemet för hantering av radioaktiva restprodukter.

De respektive kostnadsuppskattningarna efter NACs normalisering och de reaktorer som
kostnadsuppskattningarna har baserats på summeras i tabell 1.1.

Tabell 1.1
Referensreaktorer och normaliserade kostnadsuppskattningar

Land Typ

BWR
PWR

BWR
PWR

BWR
PWR

Kostnad
(MSEK)

3225
2631

1258
902

1763
1425

Reaktor

Brunsbuttel
Biblis-A

Oskarshamn-3
Ringhals-2

WNP-2
Trojan

Netto
Effekt
(MW)

770
1146

1160
875

1095
1095

NSSS
Leverantor

KWU
KWU

ASEA
Westinghouse

GE
Westinghouse

Star
t-up

1975
1977

1985
1975

1984
1976

Tyskland

Sverige

USA

Växelkurser per 1 januari 1994: 4.8 SEK/DM and 8.3 SEK/USD
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Allmänna metoder och teknik

Alla tre analyserna baseras på antagandet att endast tillgänglig teknik kommer att användas.
Specifikt utvecklingsarbete förutses ej.

Vissa skillnader i rivningsteknik och metodik föreligger men NACs utvärderingar tyder på
att dessa skillnader inte utgör en signifikant faktor i den totala utvärderingen av
kostnadsskillnader.

Skillnader i tidplaner

I alla de tre länderna har rivningsaktiviteterna delats in i fyra huvudskeden:

Aktiviteter innan reaktorn ställs av, t ex planering, licensiering etc.
• Avställningsdrift. Detta är den period under vilken bränslet fortfarande är

kvar vid reaktorn och full driftkapacitet erfordras av personalen.
Dekontaminering och rivning av reaktorsystem.
Byggnadsrivning och återställande av plats.

Uppskattade tidplaner för dessa aktiviteter summeras i tabell 1.2.

Aktivitet

Före avställning

Avställningsdrift

Dekontaminering och
rivning

Byggnadsrivning och
återställande av plats

Total efter
avställning

Tabell 1.2
Tidsåtgång för rivning (år)

Sverige

3-4

1.5

3

3

7.5

Tyskland

1

3

6

2

11

US BWR

2

4.6

1.7

1.5 - 2

7.8 - 8.3

USPWR

2

6.9

1.7

1.5 - 2

10.1 - 10.6

Tidsåtgången för individuella aktiviteter kan skilja betydligt, upp till en faktor fyra, men en
systematisk trend föreligger inte. Två skillnader är särskilt tydliga: Avställningsdrift i det
amerikanska fallet och dekontaminering och rivning i det tyska.

Den sex år långa perioden för systemrivning i Tyskland beror i huvudsak på de
begränsningar i avfallsbehållarstorlek som föreligger på grund av de hanteringskrav som
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ställs vid det tyska avfallslagret. Den personalinsats som åtgår for rivning av reaktorsystem
ökar då kraftigt eftersom nedmonterade delar måste sönderdelas i mindre bitar än i Sverige
och USA. Påföljande avfallshanteringkrav medför också att de tyska
dekontamineringsinsatserna blir betydligt mer omfattande än i Sverige.

Den fem till sju år långa avställningsdriftsperioden i de amerikanska rivningsprogrammen
beror på att centralt lager för utbränt bränsle saknas. De amerikanska uppskattningarna
förutsätter att ett interimsförvar byggs vid reaktorstationen under avställningsdriftperioden.
Driftorganisationen måste hållas mer eller mindre intakt under hela avställningsdriftperioden
utan att man för den skull kan påbörja själva rivningsarbetet.

Bortsett från detta undantag tar andra delar av de amerikanska rivningsprojekten betydligt
kortare tid än i Sverige; upp till en faktor två kortare.

De kostnadsskillnader som sammanhänger med dessa faktorer tas upp senare i detta avsnitt.

Personalbehov

En stor del av kostnaderna för att riva en reaktor hänför sig till personalinsatser. I det
svenska fallet är ca 50 procent av den totala kostnaden lönekostnad, i Tyskland ungefär 64
procent och i USA omkring 70 procent.

Det uppskattade personalbehovet i Sverige är ca 40procent lägre än i Tyskland men ca 40
till 60 procent högre än i USA. Dessa stora skillnader kan delvis förklaras av metodik,
avställningsdriftperiodens längd och antagen effektivitetsnivå för personal.

Den svenska rivningsstudien baseras så gott som uteslutande på en arbetskraftsproduktivitet
om 40 procent, jämfört med 80 procent i Tyskland. De amerikanska rapporterna anger inte
specifikt vilka antaganden om produktivitet som använts. Med alla andra faktorer lika skulle
de svenska personalbehoven därmed vara dubbelt så stora som de tyska. I praktiken medför
skillnader i dekontaminering, systemrivning och avfallshantering i Tyskland, och existensen
av ett centralt lager för utbränt bränsle och ett avfallslager för lågaktivt avfall i Sverige att
det svenska personalbehovet blir lägre än det tyska.

De amerikanska kostnadsuppskattningarna är preliminära och är för närvarande på remiss.
NAC bedömer det som sannolikt att de uppskattade personalbehoven kommer att revideras
uppåt när rapporterna förfinats. För närvarande finns det emellertid inget underlag som
möjliggör för NAC att kvantifiera vad en sådan revision skulle meföra.

Sammantaget förefaller det som om den relativa nivån på den svenska uppskattningen av
personalbehov inte är orimlig. Till yttermera visso är SKB's 40-procentiga
effektivitetsantagande konservativt jämfört med faktisk erfarenhet från OKG i samband med
den nyligen genomförda renoveringen av Oskarshamn 1, där kraftbolaget uppskattar att ett
spann från 40 till 60 procent kan tillämpas.

Resultaten av de detaljerade analyser och jämförelser av individuella reaktorsystem - till
exempel reaktortanken - som utförts tyder på att vissa kvarvarande avvikelser kan föreligga.
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NAC har analyserat tre individuella system och jämfört kostnadsuppskattningar i den
svenska rivningsrapporten med uppskattningar utförda av OKG. Data normaliserades för att
eliminera sådana skillnader som produktivitet. I fallet med reaktortanksdemontering antar
SKB 80 procent produktivitet vilket NAC anser utgöra en felaktig tillämpning av den
Siemensstudie som ligger till grund för den svenska studien. Andra exempel på detta är
vilka kostnader som uppträder endast en gång och vilka kostnader som återkommer för
varje reaktor.

Lönekostnader

De antaganden om lönekostnader för olika personalgrupper som gjorts i de olika rapporterna
skiljer sig åt betydligt.

Ett viktat genomsnitt av de svenska lönekostnaderna är i genomsnitt 17 procent lägre än i
den amerikanska studien och 35 procent lägre än i den tyska studien. Möjliga förklaringar
är:

• Verkliga skillnader i lönekostnadslage mellan länderna.

• Skillnader i definition och tillämpning av overhead-faktorer.

Antagna lönekostnader representerar inte kostnader med fullt overhead-p åslag.

• Variationer i valutakurser.

Fördjupade analyser har visat att de antagna lönekostnaderna inte korrekt representerar den
svenska arbetsmarknaden. En högre nivå, nära den som använts i de amerikanska
uppskattningarna är mer korrekt.

Detta har bekräftats av data från ett svenskt kraftbolag vilka har antytt att faktiska,
genomsnittliga lönekostnader är ungefär 20 till 25 procent högre än vad som antagits i den
svenska rivningskostnadsuppskattningen.

Avfallshantering

Tillgång till ett väl fungerande, Iågkostnadsssytem för hanterande av rivningsavfall har en
mycket stor inverkan på den totala uppskattningen av rivningskostnader. De svenska, tyska
och amerikanska uppskattningarna skiljer sig avsevärt i detta avseende med Sverige
uppvisande de lägsta kostnaderna och Tyskland de högsta.

Sverige har ett centralt slutförvar for låg- och medel aktivt avfall som har varit i drift sedan
mitten på åttiotalet (SFR). Det är en beprövad lösning med jämförelsevis låga kostnader.
Dessutom kan standard ISO-containrar användas för transport och fövaring av
rivningsavfallet. I speciella fall där aktivitetsrestriktioner för transport så erfordrar, kan ett
återanvändningsbart yttre skal, s k overpack, ombesörja det erforderliga extra strålskyddet.
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Tyskland har väl utvecklade planer för avfallshantering men kostnaderna är mycket högre.
Bland annat tillåts inte standard ISO-containrar för radioakthi avfall i Tyskland och
licensieringsfdrfarandet är mer komplicerat och dyrare. Dessutom behövs många fler
behållare för en given avfallsvolym, beroende på hanteringsrestriktioner i Konrad-
anläggningen för låg och medelaktivt avfall. Inverkan på rivningskostnaderna består i
följande tre punkter:

• Ett stort antal kostsamma behållare måste införskaffas.

• För att minimera antalet behållare måste demonterade delar sönderdelas i mindre
bitar, vilket ökar de erforderliga insatserna av arbetskraft.

Dekontaminering, smältning och andra metoder som kan reducera aktiviteten
erfordras för att reducera den mängd avfall som skickas till avfallslagret, vilket i sin
tur ökar arbetskraftbehovet.

De amerikanska uppskattningarna för avfallshanteringskostnad per enhet, inkluderande
transporter ligger närmare de svenska kostnadsuppskattningarna än vad de tyska gör. NAC
menar att den institutionella omgivningen i USA kommer att vara mer komplex,
långsammare och dyrare än i Sverige. Detta uppvägs till viss del av andra faktorer. Framför
allt, den mycket stora omfattningen av det amerikanska programmet (mer än tio gånger så
mycket bränsle) kommer att hjälpa till att hålla nere de fasta kostnaderna. För båda de
amerikanska uppskattningar (WNP-2, Trojan) som analyserats i denna rapport är
transportkostnaderna låga beroende på att bägge reaktorerna ligger geografiskt nära det
antagna slutförvaret för avfall.

•*O*'

Sammantaget är avfallsvolymer och -massor ungefär lika i de svenska, tyska och
amerikanska uppskattningarna. Skillnaderna ligger inom ett rimligt spann.

I Sverige används SKB's fartyg, m/s Sigyn, för alla transporter av utbränt bränsle och
radioaktivt avfall. NACs analyser antyder att för det successiva rivningsscenariot kommer
Sigyn att kunna hantera de genomsnittliga årliga transportbehoven såvida inte oförutsedda
händelser sätter hinder i vägen. För alternativet med samtidig avställning och rivning är det
möjligt att m/s Sigyn har otillräcklig kapacitet. Andra fartyg kan hyras in men, liksom
förseningar i tidplanerna, kommer att generera extra kostnader.

En viktig iakktagelse är att m/s Sigyn utgör en kritisk del av systemet. Den totala
transportkapaciteten är sårbar för varje störning i sjötransporterna.

Valutakurser

Antaganden om valutakurser utgör en oundviklig komplikation vid internationella
jämförelser. Jämförelserna i denna rapport bygger på växelkurser per den 1 januari, 1994.
Denna tidpunkt sammanfaller i tiden med en period av snabba förändringar på
valutamarknaderna. Som exempel föll den svenska kronan från SEK 3.60 per DM vid
mitten av 1992 till ungefär SEK 4.80 i början av 1994 och har sedan dess fallit ytterligare.
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Under samma period har inflationen i Sverige varit låg och kostnadsläget jämfört med
Tyskland har sjunkit realt. Utifrån detta resonemang och historiska data över
valutakursutvecklingen var den svenska kronan undervärderad med ungefär 15 procent mot
D-marken och US-dollarn den 1 januari, 1994.

Osäkerhetspaslag

De svenska, tyska och amerikanska uppskattningarna innehåller alla osäkerhetspaslag av
samma storleksordning i absoluta tal men fördelade i beräkningarna på olika sätt.

Den svenska kostnadsuppskattningen innehåller 25 procents osäkerhetspaslag för
byggnadsrivning och 20 procent för alla andra aktiviteter. Detta svarar mot cirka 150-200
MSEK per reaktor i absoluta tal.

I de amerikanska rapporterna lades 25 procent på på alla basuppskattningar för individuella
delar av rivningsprogrammen, motsvarande 280-350 MSEK per reaktor.

De tyska kostnadsuppskattningarna har inte specifikt definierat osäkerhetspaslag. NAC har
däremot kunnat sluta sig till att de tyska uppskattningarna för arbetskraftinsatser inkluderar
ungefär 15 procents osäkerhetspaslag vilket motsvarar 10 procent på den totala
kostnadsuppskattningen, ca 240-290 MSEK per reaktor.

I absoluta termer är sålunda osäkerhetspå slagen i Sverige, Tyskland och USA mycket
likartade. De svenska påslagen ligger endast ca 30 procent lägre.

Osäkerhetspaslag ska täcka i huvudsak två typer av osäkerhet; tänkbara oavsiktliga
felräkning av kostnader för specifika delar av rivningen; och oplanerade eller oförutsedda
händelser - till exempel en allvarlig störning i sjötransporterna på grund av en olycka eller
andra faktorer.

Storleksordningen på det svenska osäkerhetspåslaget, ca 150-200 MSEK per reaktor, är
mycket större än de 70 MSEK per reaktor som NACs analyser har visat vara en möjlig
underskattning av kostnaderna för rivning av reaktortank i den svenska rivningsrapporten.
Om storleken på osäkerhetspåslagen är tillräckliga i relation till andra risker som till
exempel störningar i transportsystemet och/eller förseningar i tidplanerna för
rivningsprojektet av andra skäl, är emellertid svårare att bedöma och skulle kräva mer
detaljerade riskanalyser.

Sammanställning av skillnader i kostnadsuppskattningar

De svenska uppskattningarn, med valutakurser per 1 januari 1994, är lägre än de tyska och
amerikanska uppskattningarna, för såväl BWR som PWR. De normaliserade
kostnadsskillnaderna i tabell 1 motsvarar skillnader som framgår av tabell 1.3.
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Skillnader

Tyskland - Sverige

USA - Sverige

Tabell
i uppskattningar av

BWR

1967

505

1.3
rivningskostnader

PWR

1729

523

(MSEK)

Periodisering av utgifterna varierar från fall till fall och den totala tidsåtgången är också
annorlunda. Trots dessa skillnader är förhållandena mellan den diskonterade kostnaden (med
en realränta om 2.5%) i Sverige, Tyskland och USA ungefär desamma som kostnaderna i
löpande penningvärde. Olikheter i tidplaner har därför ingen större inverkan på
kostnadsskillnaderna baserat på SKB's realränteantagande.

Jämförelse Sverige - Tyskland

Högre lönekostnader i kombination med ett större uttag av mantid svarar för 59 procent av
skillnaden i BWR-fallet och 57 procent i PWR-fallet. Avfallshantering svarar för ytterligare
28 procent av skillnaden mellan BWR-analyserna och 22 procent av PWR. Försäkringar
svarar för 3 och 4 procent i BWR- respektive PWR-fallen.

Dessa tre faktorer förklarar 90 procent av BWR-skillnaden och 83 procent av PWR-
skillnaden. Resten faller inom ramarna för vad som kan förklaras med valutakursavvikelser,
som beskrivits i tidigare avsnitt.

Jämförelse Sverige - USA

Jämförelsen mellan Sverige och USA uppvisar en kombination av positiva och negativa
skillnader mellan olika komponenter i den totala uppskattningen. Kombinationen av lägre
mantidsinsatser och högre lönekostnader i USA resulterar i en lägre kostnad för dessa
komponenter i USA, motsvarande 206 MSEK för BWR och 111 MSEK för PWR. Denna
lägre kostnad vägs emellertid upp av andra faktorer. Byggnadsrivning och avfallshantering
är mycket dyrare i USA, 179 MSEK respektive 302 MSEK för BWR; 201 MSEK
respektive 161 MSEK för PWR. Försäkringar bidrar med 80 MSEK i bägge fallen.

Sammantagna representerar dessa faktorer 69 procent av den totala skillnaden i BWR-fallet
och 63 procent i PWR-fallet. Avvikelser i valutakurs kan mer än väl förklara den
återstående BWR-skillnaden och hela skillnaden utom möjligen 10 procent i PWR-fallet.

Slutsater

De nominella rivningskostnadsuppskattningarna i Sverige, Tyskland och USA uppvisar stora
skillnader. Även efter att omfattningen av rivningsprojekten har justerats och normaliserats,
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återstår signifikanta skillnader.

Variationer i nationella kostnadsstrukturer, produktivitet, omfattning av existerande
infrastruktur och institutionella faktorer bidrar till skillnaderna. Osäkerheter i valutakurs
utgör en komplikation som måste kompenseras för att möjliggöra en meningsfull jämförelse.

NACs analyser har visat att nästan hela skillnaden mellan de svenska, tyska och
amerikanska uppskattningarna kan förklaras av dessa faktorer.

Vad avser den sammantagna rimligheten av den svenska kostnadsuppskattningen som grund
för de finansiella åtagandena, återstår några frågor som kan kräva ytterligare undersökning.
Sannolikheten för och de finansiella konsekvenserna av en allvarlig störning i
sjötransportsystemet är en sådan fråga. För det andra, det begränsade antal individuella
systemanalyser som utförts av NAC pekar på signifikanta underskattningar i en del fall. Till
exempel, kostnaderna för demontering och omhändertagande av reaktortank förefaller vara
underskattad med upp till 70 MSEK per reaktor eller upp till 900 MSEK för hela det
svenska kärnkraftsprogrammet med 12 reaktorer.

Sammantaget förefaller den svenska kostnadsuppskattningen vara uppbyggd på ett logiskt
och rimligt sätt. NACs analyser pekar på att det föreligger vissa motsägelser och att vissa
specifika antaganden inte är giltiga. Sammanfattningsvis skulle trovärdigheten i
kostnadsuppskattningen tjäna på att scenarier och antaganden utvecklades ytterligare.



2.0 International Comparison

2.1 Overall Scope of Decommissioning Programs

Schedule

The plan used for estimating the cost for decommissioning of nuclear reactors in Sweden
is based on all reactors being shut down simultaneously in 2010 with dismantling work
commencing as soon as possible thereafter, followed by building demolition and site
restoration. The decommissioning cost estimate is based on the Oskarshamn 3 (BWR) and
Ringhals 2 (PWR) reactors.

The overall scope of decommissioning is divided into the following items:

— Licensing, planning and project management

— Shutdown operation

— Service operation

— Dismantling of RPV internals

Dismantling of RPV

— Dismantling of systems

— Building demolition

— Transports and disposal of active waste

— Transports and disposal of inactive waste

— Site restoration

The total time span for the decommissioning of PWRs and BWRs in Sweden is about seven
years from final termination of electricity production.

Planning of the decommissioning project is estimated to begin three to four years prior to
final termination of electricity production. A project group will be formed to coordinate and
manage the decommissioning activities.

Spent fuel is assumed to be removed from the reactor site as soon as possible after final
reactor shutdown. SKB estimates that one year cooling of the last fuel discharge is needed
before shipment to CLAB, the intermediate spent fuel storage facility, can commence.
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Dismantling work will take place immediately after fuel and other core components have
been removed, approximately 1.5 years after termination of electricity production. The issue
of whether the reactors are to be shut down simultaneously or successively is important for
the end cost estimate and schedule. It has been identified in SKB's decommissioning report
that simultaneous shut down is more expensive. If several units undergo decommissioning
at the same time, the demand for special equipment and qualified work-force resources, etc.
would increase, potentially leading to higher unit costs. Furthermore, the Swedish power
stations are multiple-unit sites, and the start of dismantling work on different units at the
same site is judged only to be possible in two year intervals. The scenario of a simultaneous
shutdown therefore would lead to longer periods of shutdown operation for some units, with
correspondingly higher costs.

In any event, the capacity of the transport system would limit the rate of emptying the
power plants of spent fuel ifall reactors are shut down at the same time, once again causing
longer periods of shutdown operation and extending the total decommissioning period.

Basic Principles and Techniques Applied

The Swedish plans for decommissioning nuclear power plants aim at returning the site to
"semi Green Field", which is defined as: "...the site shall be able to be re-used without
restriction as an industrial site.".

Estimated radioactivity inventories are based on 40 years of accident free reactor operation.
Decontamination of reactor systems will take place before dismantling. The highest
permitted activity concentration for free release of recovered materials is 0.1 Bq/g.

Known and proven technology will be used in the dismantling work. It is recognized that
technology and method studies will be needed, however. These studies are foreseen to be
carried out about five years prior to final shutdown.

Two alternatives for removal of the RPV have been analyzed; segmentation or,
alternatively, intact lift-out and removal. In SKB's decommissioning cost estimates, the
more expensive segmentation alternative has been used.

Active core components will temporarily be stored at CLAB and eventually encapsulated
and shipped to a planned deep repository.

Zero residual value of reactor components is assumed.

Planning and Licensing

SKB envisages a project group to be set up 3-4 years before the electricity production stops.
The costs of the project group are only partially included in the SKB decommissioning cost
estimate. They are included in the shutdown and service operation costs after the reactor
is shutdown but are assumed to be included in the routine operating cost of the plant before
shutdown. To enable a meaningful comparison with the German and US estimates, an
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adjustment for this omission is necessary. Based on a project group for the planning and
project management work prior to shutdown of, on average, 25 persons per year over four
years, and using SEK 450,000 per manyear, (as specified by SKB) the cost adjustment
would be about SEK 45 million.

Four major license application reports will be needed:

- A Shutdown Report, to describe the conditions for shutdown and service
operation.

- An Environmental Report, to describe "conditions and problems as set forth
in the Environment protection Act and the Worker's Protection Act".

- A Safety Report, to describe how safety functions relating to handling of
fissile and active material can be simplified with time.

- A Decommissioning Report, to describe methods, equipment and planning
to be applied to guarantee safe decommissioning.

In addition, reports detailing the procedures for workforce reduction will be needed.

The extent to which licensing costs are included in the Swedish estimates is not clearly
defined. The estimates for shutdown operation are declared to include provisions for
licensing. Pre-shutdown licensing efforts also would be necessary and would be handled by
the pre-shutdown project group. SKB believes that the licensing environment in Sweden is
procedurally less complex and characterized by a greater degree of cooperation than in
Germany. The licensing process for reactor decommissioning in Sweden consequently is
expected to be cheaper.

2.1.1 Germany

Schedule

The cost estimates for decommissioning nuclear reactors in Germany are based on the
Brunsbuttel (BWR) and Biblis-A (PWR) plants. Two basic decommissioning strategies have
been analyzed:

removal after an interim period of safe enclosure

immediate removal.

For the purpose of making comparisons with the Swedish estimates, the "immediate
removal" alternative has been used.

The German and Swedish decommissioning program scopes are very similar, but the
German program extends over a significantly longer time period; approximately eleven
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years from shutdown to completed green -field site restoration.

Decommissioning is divided up into nine so called working packages as follows:

1. Overall planning and project management
2. Licensing procedure
3. Operation, including retrofitting and structural alteration work
4. Decontamination
5. Dismantling
6. Waste Treatment
7. Radiological protection
8. Demolition of buildings, earthwork
9. Research and development

Table 2.1 contains a comparison between the scope of the Swedish and German
decommissioning programs.

Basic Principles and Techniques Applied

The decommissioning of nuclear reactors in Germany aim at "Green Field"1 restoration of
the plant site.

The decommissioning is assumed to take place after the plant has been retired after normal,
accident-free operation. There is no information on after how many years of operation the
decommissioning starts though.

Equipment and methodologies used are assumed to be "available and proven", so the
estimates do no include any costs for R&D.

1 In the German case, Green-Field is understood to mean full removal of building structures and
returning the site to its natural appearance. In the Swedish report, some non-active buildings may be
retained. In both cases, non-active concrete is used as landfill.
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Table 2.1

Comparisons of Scope of Decommissioning Sweden/Germany

Sweden

Licensing,
Planning, etc.

Shut-down &
Service
Operation

Dismantling of
RPV internals

Dismantling of
RPV

Dismantling of
Systems

Transports and
Disposal of
Waste

Building
Demolition
Site Restoration

No planning before shut-
down included

Shut-down and service
operation include
decontamination and
radiological protection
activities

Recirculatory
decontamination method
will be used.

Estimate based on
segmentation of RPV.

Cost estimate based on
marginal cost only. Real
cost is carried by other
parts of the Swedish Waste
Management System.

Semi Green Field.
Underground building
structures are left intact.

Germany

Overall Planning
and Project
Management

Licensing

Operation

Decontamination
Radiological
protection

Dismantling

Waste Treatment

Demolition of
Buildings,
Earthwork

Estimate includes
planning and
manamgement

Only service operation
included in the German
cost estimates. Shut-
down operation
considered to be part of
the defuelling activities

Cost estimate foresees
extensive decon-
tamination of individual
components

Estimate based on
segmentation of RPV.

The German study
foresee more treatment
of waste to reduce the
final volume; such as
incineration, melting
and compacting

Green Field. Under-
ground structures are
removed.

US

Planning and
Preparation
Activities

Defuelling

Chemical
Decontamination

RPV Internals
Removal and
Packaging

RPV and Systems
Dismantlement

Radiological
Survey

Waste Treatment

Demolition of
Buildings and Site
Restoration

Included in the cost
estimate.

Defuelling takes 5
years due to cooling
requirements.

Recirculatory
decontamination
method will be
used.

Estimate based on
segmentation of
RPV.

Underground
building structures
are left intact.



The German estimates assume segmentation of the RPV prior to removal and packaging.

The PWR (Biblis-A) is a twin reactor power plant and the BWR (Brunsbiittel) is a single
unit plant. The German documentation does not make specific reference to the possible
impact of this on decommissioning costs.

Planning and Licensing

Cost estimates include conceptual planning, planning required for obtaining licenses and
detailed planning. Project management is also included for the entire duration of the project.

License documentation required in Germany comprises:

— A technical description of decommissioning and removal

— A description of the radiological state of the facility

— An operating manual for safe enclosure

— A plant protection manual

— A fire and radiological protection concept

— A dismantling manual

— A report on the pretesting of techniques, processes and equipment

The licensing costs include the costs incurred by the licensing authority in reviewing the
license application, supervision of decommissioning activities and release control of
dismantled components.

The licensing process could become complex and protracted if it involves extensive public
scrutiny, as it then would require that the licensing documents shall be understandable to
lay-persons. In this circumstance, licensing costs would increase significantly.

The German licensing procedure is expected to require substantial calender time, because
the steps are sequential; parallel processing of the different license applications is not
possible.

Detailed information on institutional factors in Germany is presented in section 3.
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2.1.2 United States

Schedule

The cost estimates for decommissioning nuclear reactors in the United States are based on
the WNP Unit 2 (BWR) and Trojan (PWR) plants. Three basic decommissioning strategies
have been analyzed:

• DECON (decommissioning directly after transfer of the spent fuel to dry
storage),

SAFSTOR (same as DECON except an extended storage period follows the
transfer of the spent fuel to dry storage, with decommissioning finished not
more than 60 years after shutdown)

• ENTOMB (RPV internals are sent to a disposal facility and the remainder of
the radioactive materials are sealed in the containment building until the
decay allows termination of the nuclear license).

In this report, the DECON case has been selected for the purpose of comparisons with the
Swedish estimates, for "immediate removal".

The US decommissioning programs are very similar to the Swedish program but with a
longer overall time period, due to the requirement to store the spent fuel in the reactor pool
for approximately five years prior to transfer to an independent spent fuel store. Reactor
dismantlement cannot begin until this is completed. The estimates project more than eight
years from shutdown to completed green-field site restoration.

Decommissioning is divided into nine categories as follows:

1. Planning and Preparation Activities (including D&D plan approval, license
modification and system lay-up operations')

2. Reactor core unloading
3. License and Construct an Independent Dry Storage Facility
4. Chemical Decontamination
5. RPV Internals Removal and Packaging
6. RPV and Systems Dismantlement
7. Waste Treatment
8. Radiological Survey
9. Demolition of Buildings and Site restoration

These categories are grouped into four periods during the D&D process as follows.

1 System lay-up operation involves preparation of plant in readiness for the start of decommissioning.
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Period 1 — Pre-Decornmissioning Engineering and Planning
Period 2 — Reactor Deactivation for Safe Storage
Period 3 — Safe Storage and Spent Fuel Management
Period 4 — Dismantlement

Periods 3 and 4 combined equate to shutdown and service operations in the Swedish case.

Basic Principles and Techniques Applied

The decommissioning objective for US nuclear reactors is to perform the activities
necessary in order to terminate the 10CFR50 license (nuclear license). The US NRC
obligation to protect the radiological health and safety of the public ends when the facility
has been decontaminated to unrestricted release levels. The NRC is currently considering
a regulation that would define the unrestricted release limit as 15 mrem per year (0.15 mSv
per year). Site restoration of the plant site may be required by other government authorities
but is not required by the NRC.

The decommissioning is assumed to take place after the plant has been retired after normal,
accident-free operation with most of the fuel in a standard (unfailed) condition. The plants
are assumed to operate for 30 effective-full-power years over a 40-calendar year operating
life.

The decommissioning activities occur at a single reactor site and so no economies of scale
are assumed in the performance of the work. The reactor pressure vessel is to be segmented,
stored in the same dry storage facility as for the spent fuel and eventually buried in a final
repository, the proposed site being Yucca Mountain, Nevada.

Equipment and methodologies used are assumed to be "available and proven", do not
depend on any breakthroughs or advances in current technology and the estimates therefore
do not include any R&D costs.

Planning and Licensing

The US D&D program begins with setting up a joint utility D&D contractor project team.
This happens about 2.5 years before electricity production stops. The decommissioning
process is projected to take another 8.3 years (11 years overall). Cost estimates include
conceptual planning, planning required for obtaining licenses and detailed project planning.
Project management is also included for the entire duration of the program.

The NRC must approve licensing documents addressing the following issues:

— Technical Specifications for a permanently defuelled reactor

— Decommissioning Funding Assurance



— Decommissioning Plan

— Nuclear Insurance Exemption

— Possession-Only license

— Containment Testing Exemption

— Criticality Accident Requirements Exemption

— Licensed Operator Staffing/Retraining

— Emergency Plan

— Fire Protection Plan

— Security Plan

— Quality Assurance Program

— Property Insurance Exemption

— Training Rules

— Radiological/Environmental Technical Specifications

In addition, licensing documents addressing the following issues do not require NRC
approval but must be submitted to the NRC for information.

— Final Safety Analysis Report.

— Maintenance Rules.

The licensing costs also include independent review of the licensing application by the
authority, supervision of decommissioning activities, release control of dismantled
components, expenditure incurred by the authority in processing the license.

The States of Oregon and Washington both have Energy Facility Siting Councils which
exercise review and approval authority over the sites and have jurisdiction in the following
licensing submittals.

— Decommissioning Plan

— Emergency Plan

— Fire Protection Plan
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- Security Plan

— Property Insurance Exemption

There clearly is potential for public intervention which, if protracted, could add significantly
to the licensing cost.

Due to the number of submittals, licensing efforts can and probably will be conducted in
parallel. This approach has been proven in the cases of the Rancho Seco, Trojan and
Yankee Rowe nuclear plants.

2.2 Timing and Phasing of Decommissioning Programs

Sweden

At the global level, the decommissioning schedule is very similar for both BWR and PWR.
In total, from termination of electricity generation to "semi green field" status, the Swedish
decommissioning schedule is 6.5 years, as shown in figure 2.1.

In the successive decommissioning alternative, the following schedule applies.

After a planning period of three to four years (while the reactor is still operating), a period
of up to 1.5 years for discharging and removing reactor fuel follows (shutdown operation).
The actual dismantling of systems is estimated to take about three years. Building
demolition including site restoration also takes about three years, overlapping the
dismantling phase by about one year.

Germany

In total, from the shutdown of the reactor, the site will return to green field status in
approximately 11.5 years, as shown in figure 2.2.
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Figure 2.1

Schedule for Decommissioning in Sweden

Activity

Project group

Termination of power generation

Shutdown operation

Service operation

System dismantlement

Building demolition and site restoration

Year

-4 -3 -2 -1 1
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2 3 4 5 6 7



Figure 2.2 Schedule for Decommissioning in Germany
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As in Sweden, at the global level there is little difference between the schedules for BWR
and PWR. Based on the immediate dismantling alternative, the following schedule applies.

Planning and licensing activities start about one year before termination of electricity
generation. After final shutdown cooling and removal of the fuel will take place, taking
about three years. Decontamination and the dismantling of components and systems spans
over slightly more than six years and building demolition will take slightly more than two
years including site restoration.

US

In contrast to the Swedish and German estimates, US schedules do differ significantly.

US BWR

In total, as measured from the shutdown of the reactor, the site will return to green field
status in approximately eight years in the US as shown in figure 2.3 and table 2.2.

After a planning and preparation period of 2 years while the reactor is still operating, the
reactor is shutdown; (planning continues for about 0.5 years after shutdown). The reactor
deactivation period of approximately 1.2 years follows which includes:

— Reactor core unloading

— D&D plan approval

— License modification

— Chemical decontamination

— RPV internals dismantling

— System lay-up operations

The actual dismantling of systems is estimated to take about 1.7 years in the US compared
with three years in Sweden. Building demolition and site restoration will take about 1.5
to 2 years.

The main difference between the Swedish and US schedules is the cooling time of the spent
fuel. In the US, the spent fuel must cool for 4.6 years before transfer to an on-site dry
storage facility. The cooling time after completion of deactivation therefore is 3.4 years. In
Sweden, the spent fuel is cooled for up to 1.5 years only before being transferred to CLAB.
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Figure 2.3

US BWR Decommissioning Schedule

Item
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Table 2.2
U.S. and Swedish Decommissioning

Activity

Decommissioning permit

Shutdown Operation

Removal of Final Core

Decontaminate RPV & Primary System

Procurement of Special Equipment

Service Operation

System Dismantlement Within:

Generator & Turbine Hall

Turbine Building

Intermediate Bldg/corres. Bldg

Reactor (Rx) Building

Reactor Containment

Wetwell

Reactor Hall Level

Tunnels & Waste Treatment
Building

Other Buildings

Segmentation of RPV Internals

RPV Disposal

Building Demolition: (Note 2)

Preparations

Unrestricted Release of Rooms

Reactor Building

Biological Shield

Fuel Storage Pools

Wetwell

Contaminated Concrete

Inactive Building Structures

Turbine & Waste Treatment
Buildings

Contaminated Concrete

Inactive Building Structures

Other Buildings

Earthmoving & Site Restoration

Swedish

0.00-1.25

0.00-0.75

0.75-1.25

0.25-1.25

0.00-1.25

1.25-4.25

1.25-2.50

2.50-3.50

1.25-2.00

2.00-3.00

1.25-2.75

2.75-3.50

1.25-3.25

3.25-4.50

3.25-4.50

1.25-2.25

2.25-3.25

3.25-3.50

3.75-4.50

3.25-3.50

3.75-4.00

4.00-4.25

4.00-4.25

4.25-5.50

4.00-4.25

4.50-5.75

4.50-5.75

5.75-6.25

Schedules

US BWR

-2.50-0.50

0.00-4.60

4.10-4.60

0.00-0.38

-2.50-0.00

4.60-6.30

4.60-5.60

see Generator

see Generator

4.60-6.15

see Rx Bldg.

see Rx Bldg.

see Rx Bldg.

see Other
Bldgs.

4.60-5.85

0.31-1.02

7.63-7.48

6.30-7.80/8.30
ti
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M

II
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n
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it

it

it
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USPWR

-2.50-0.50

0.00-6.90

6.40-6.90

0.00-0.42

-2.50-0.00

6.92-8.62

8.62-10.12

8.62-10.12

8.62-10.12

6.92-8.42

see Rx
Bldg.

7.07-8.27

0.19-0.42

6.95-7.11

8.62-
10.12/10.62
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Table 2.2
Continued

1. For both BWR and PWR, the RPV is cut and packaged over a six week period
during the reactor building dismantlement.

2. The US BWR estimate provides a cost estimate for building demolition and
site restoration but no schedule. R.I. Smith (Principal author of the US BWR
study) estimates that it would take one to two years following dismantlement
for demolition and site restoration.

3. Actual segmentation of the 03 and R2 RPV internals takes almost 5 months.

The significant differences between the Swedish and US estimates include:

• The overall time required to perform the task (Sweden - 6.25 years, US
BWR - 7.8-8.3 years and US PWR - 10.1-10.6 years).

• Shutdown operation (Sweden - 0.75 years, US BWR - 4.6 years and
US PWR - 6.90 years).

System Decontamination (Sweden - 1 year and US - 4.8 months).

• Overall time required to dismantle (Sweden - 3 years and US - 1.7
years).



US PWR

The timing and phasing for the US PWR case has the same structure as the US BWR case
but the schedules are slightly changed as noted below and as shown in figure 2.4 and table
2.3.

The reactor deactivation is 0.6 years

The subsequent spent fuel cooling time is 6.3 years, for a total cooling time
of 6.9 years (4.6 years in the US BWR case).

The time from reactor shutdown to completion of site restoration is
approximately 10.5 years versus 8 years in the BWR case.

Summary

The time duration (in years) of the main components of the schedules, may be summarized
and compared as follows.

Activity

Pre-shutdown

Shutdown
Operations

Decontamination
and Dismantling

Building Demolition
and Site Restoration

Table 2.3

Individual Activity Schedules

Sweden

3-4

1.5

Germany

1

3

6

2

US BWR

2

4.6

1.7

1.5-2

US PWR

2

6.9

1.7

1.5-2

With the exception of the longer spent fuel cooling time required in the US, all other
activities are estimated to take much less time than in Sweden; on average about 60 percent.
The German estimate exhibits no such systematic difference. Shutdown operations and
dismantling are projected to take twice as long as in Sweden, but building demolition and
site restoration will be completed in two-thirds of the time. Related cost differences are
discusses in later sections of this report.
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Figure 2.4

US PWP I'scommissioning Schedule
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2.3 General Techniques and Methodologies

2.3.1 Introduction

The choice of techniques and methodologies for decommissioning a nuclear reactor may
have a big impact on the total costs and time spent. The Fourth International Conference
on Decommissioning of Nuclear Facilities, London, February 14/15, 1995, highlighted areas
which are especially important, based on actual decommissioning experience.

• Water clarity. A lot of cutting work will most likely be carried out under
water and water clarity is always a problem. Major filtering efforts are
required to keep the water clear. It also poses a radiological problem as
particulates in the water gives additional dose to the personnel.

• Project planning and management is absolutely crucial, not only to optimize
the use of personnel, equipment and other resources but also to keep
licensing authorities, local authorities, the public and media informed. Several
speakers at the London conference remarked the importance of this area in
the past has been underestimated.

• The way contractors are dealt with and the type of contracts used.
Problematic relationships with contractors will affect costs as well as
schedules.

• Models and mock-ups. Extensive use of models and mock-ups to simulate
the work environment, before it is performed in the actual radioactive
environment, generally saves time and money.

Use of remote control equipment. Operator dose uptake can be reduced by
using remotely operated tools, but manual labor can be more efficient from
a schedule and money point-of-view.

• Appropriate lay-down areas for dismantled components awaiting radiological
assessment and packaging for transport has to be available, in order not to
create a bottle-neck.

The remainder of this section summarizes decommissioning techniques and methodologies
envisaged in the Swedish, German and US cost estimates.

2.3.2 Decontamination

Sweden

In Sweden active systems and the RPV will be decontaminated. The main decontamination
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method chosen is the use of a decontamination solution which will dissolve the oxide layer
containing activity on system surfaces. The solution is circulated in the system and the
activity is collected in filters. This method has been proven in connection with steam
generator replacement. A reduction of dose rate by a factor of 10 to 100 is expected after
decontamination.

Germany

The German study report emphasizes the rationale of balancing cost and benefit from
decontamination, with a view to minimizing the extent of the decontamination effort
overall. Ultimately however, the German cost estimates included a major manpower
component for decontamination. Two factors have driven the estimates in this direction.
First, the desire (of utilities) to minimize the volumes of waste that will have to be disposed
of in the Konrad repository. Secondly, at the time of preparing the European Commission
report, the German Atomic Law prescribed that recycle and reuse of materials should be
maximized, subject to technical feasibility.

In mid 1994 changes were made to the Atomic Law through an article law and disposal of
radioactive waste has become an equal alternative to recycling and reuse, in the same way
as direct disposal of spent fuel has been introduced as an alternative backend strategy to
reprocessing. Utilities will in future be able to decide on economics grounds as well,
whether to recycle or dispose radioactive wastes from decommissioning.

US

The US studies have concluded that there are no significant distinctions between the
decontamination of BWRs and PWRs. Decontamination is accomplished using the full-
system recirculatory method in which a dilute chemical solution is circulated in the reactor
coolant and attached systems for a period determined by the desired decontamination factor.
The dissolved radioactivity and chemicals are removed on ion exchange resins and the
water is treated prior to discharge.

The achieved decontamination factor is assumed to be 10. Approximately 84 mJ of
dewatered resin and 185 TBq of activity is estimated to result from the decontamination
program.

2.3.3 Dismantling of Contaminated Components

Sweden

Several cutting methods are mentioned in the Swedish reports as suitable for the
decommissioning work:

— Cutting with a circular pipe cutter
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- Shearing

- Sawing

- Plasma-arc cutting

The first three methods are categorized as "clean" methods which should be used where
radioactive spatter has to be minimized. For cutting concrete protective painting or plastic
coating will be needed to minimize the penetration of active water into concrete. There
could be occupational hazards from metal gases formed during cutting operations.

Large diameter pipes will be cut using a circular pipe cutter whilst hydraulic shears will be
used for smaller-bore and thin walled pipes. Thermal cutting will be employed but the
report does not define to what extent.

The most active components will be removed first, in order to minimize overall the dose
uptake. Subsequent dismantling of iess active, or non active systems, will take place in a
less active environment, giving a lower dose burden to personnel.

Large components, such as tanks, ion exchange vessels and overhead cranes, are planned
to be taken out intact or with as little segmentation as necessary.

Dismantled components will be taken to a scanning and packaging area and then transported
away in 15 m3 ISO containers, equipped with shielding when necessary. Some components,
such as reactor internals and the segmented RPV, will have to be transported in type B
containers. The turbine building has been identified as suitable to use as a lay-down area
for dismantled components prior to packaging.

It is foreseen that electricity supplies and compressed air will be available during the whole
dismantling phase, except for the last stage when mobile air compressors may have to be
used. Other service functions, such as workshops, laundry, surveillance will be retained as
necessary.

PWR steam generators will have to be cut into at least two pieces, as they are too big to
be transported to and stored in SFR intact.

Large BWR components such as turbines, generators, pre-heaters and steam
dryers/reheaters, are expected to be cleared for unrestricted release with only limited
decontamination efforts of, for example, turbine blades.

Germany

Dismantling of the German plants will start with non-contaminated or low-contaminated
structures on the plant periphery and then will proceed to the more highly contaminated
areas in the reactor building. As in the Swedish plan, in order to minimize personnel dose,
high activity components in a given area or room will be dismantled first.
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Mechanical as well as thermal processes will be used in the cutting work. Components first
will be reduced in size in situ, and then transferred to cutting and/or decontamination
stations by means of transfer casks.

The need for container storage areas has been identified.

US

Unless otherwise noted, the dismantling information in this section is the same for both
BWR and PWR. The technologies for cutting and segmenting major contaminated systems
and components for both BWR and PWR are listed below.

— Circular pipe cutter

— Shearing

— Diamond Rope Saw

— Plasma-arc

— Oxy-acetylene gas

The reactor coolant piping is cut into sections which are 4.5 to 5.5 m (BWR) and 4.5 m
(PWR) in length using plasma-arc technology. The piping is placed in containers and
buried. Other system piping (both steam and water) ranging between 0.019 to 0.36 m in
diameter are cut into 4.5 to 5.0 m lengths, using shearing for the smaller diameter pipe and
pipe cutters for the larger diameter pipe.

Valves up to 76 mm in diameter will be left intact on the piping while larger diameter
valves will be removed from the piping and disposed of separately. As in the case with
piping, the technology for dismantling valves depends on the associated piping diameter.

Large component disposal is based on intact removal if at all possible.

In the BWR case, the steam system components (turbine, condenser,
feedwater heaters, turbines and pumps, moisture separator reheaters and
drywell structure are assumed to be internally contaminated.
Decontamination may reduce the amount of waste from these components.
When cutting is required, the components are sectioned into pieces that can
fit into standard containers.

The sacrificial shield is cut into 60 segments using a diamond rope saw and
packaged into form-fitting containers.

In the PWR case, the steam generators, reactor coolant pumps and motors
and pressurizer are removed intact and buried. The pressurizer relief tank is
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segmented and packaged into standard containers.

Other large components, such as tanks, ion exchange vessels and overhead cranes, are
planned to be removed intact or with as little segmentation as necessary.

As with the Swedish case, electrical supplies, compressed air, demineralized water and other
service systems, will be available for the dismantling work. Such systems will be
dismantled only when it is no longer possible to operate the systems due to the progress of
dismantling. During the last stages, mobile air compressors may have to be used. Other
service functions, such as workshops, laundry, surveillance are retained as necessary.

2.3.4 Dismantling Reactor Internals and RPV (Activated Components)

Sweden

As stated, SKB has analyzed lifting the RPV out and transporting it away in one piece, as
well as the alternative of segmenting it into smaller pieces. The one-piece solution is less
expensive but, for cost estimating purposes, SKB chose to include costs relating to a
segmented dismantling of the RPV. Segmenting of the RPV will take place under water in
order to obtain sufficient shielding. A final decision on which cutting method will be
applied has not been taken. The potential difficulty of water clarity in connection with
plasma arc cutting has been identified. Mechanical, spark erosion and high-pressure jet
cutting methods are mentioned as potential alternatives.

In some reactors a support structure will have to be added in order to provide support
during the dismantling work.

A Core Component Cask (CCC) which is a type B container, will be used to ship reactor
internals and possibly cut-up parts of the reactor vessel. The CCC already exists and
transport of activated core components to CLAB has taken place several times already.

Germany

The German study assumes that the RPV will be dismantled and cut into smaller parts.
Underwater plasma-arc cutting is the method currently foreseen. The need for special
ventilation above the water surface to evacuate and clean the air is recognized but nothing
is mentioned about the need for extra water cleaning efforts.

A so called "compensating cylinder" will be connected to the top of the PWR reactor vessel
and filled with water, to provide extra shielding without having to fill the reactor well with
water during the removal/dismantling of the RPV internals. Once the internals have been
removed the compensating cylinder is no longer needed.

As the Biblis A RPV is suspended, a bottom-to-top dismantling approach will be applied.
The RPV will be cut into square pieces which fit into the final storage casks.
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In the BWR, the RPV has to be removed from the containment before the active systems
within the containment can be dismantled. The BWR RPV is standing and the dismantling
will be carried out beginning at the top.

US

For both BWR and PWR, the RPV will be segmented using an oxy-acetylene torch, with
the segments packaged for burial in steel boxes. A temporary support structure will be
needed for support of the RPV during the dismantling work.

The resulting waste is classified as Class C waste or below which means that it can be
buried in a low level waste site.

The BWR and PWR reactor internals are significantly different and require different
approaches. In addition, the handling of the internals is considerably different than in the
Swedish case. The reactor internals from Swedish reactors can be packaged in canisters
and transferred to the existing CLAB facility. In the US, portions of the reactor internals
are considered greater-than-Ciass C (GTCC), which will preclude disposal in a LLW
facility. All internals will be dismantled under water using plasma-arc technology.

BWR

The internals include the core shroud, top fuel guide, core support plate and associated
structures, steam separator and dryer assemblies.

The upper and central portions of the core shroud and top fuel guide will probably be
classified as GTCC waste, which means that disposal in the same final repository as the
fuel will be required. Such components will be segmented into sections that fit into
canisters the same size as fuel assemblies, so that the canisters can be stored first in the
spent fuel pool and then in the dry spent fuel storage facility.

Depending on shielding needs, the remaining reactor internals will be segmented and placed
in modified or standard containers.

PWR

The internals include the upper core support and lower core assemblies.

The upper core plate, core shroud, core baffle and portions of the lower core support
structure, including the lower grid plate, will probably be GTCC waste and will be handled
like the BWR GTCC waste. The remaining internals will be segmented and buried in a
LLW site.
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2.3.5 Demolition of Buildings and Site Restoration

Sweden

Demolition work on the biological shield and fuel pool concrete structure (behind the pool
steel lining) will be carried out using an electro-hydraulically powered pavement breaker
(chisel).

Roofing, roof beams and building cranes will be removed using cranes. Walls will be
broken into 2 x 3m pieces and lowered to the ground. The same procedure will be used for
the floor structure. The reactor containment will be segmented into blocks using thermic
lances. The blocks will be disposed of in the under ground levels of the reactor building,
which it is envisaged will be left in situ.

The PWR plants have pre-tensioned cables in the containment structure, which will have
to be removed before demolition can begin.

Germany

The biological shield will be demolished either by using a rope saw or by blasting.

Building structures will be demolished using wrecking balls and hydraulic rock-chisels.
Some blasting also is foreseen.

Foundation structures will all be removed. Foundation slabs will be blasted and the
remaining debris processed (crushed) on site, to separate the concrete rubble from
reinforcement bars. The crushed rubble subsequently will be used as back-fill in the
foundation void.

Gravel will be used to fill up the void and finally a top soil layer will be applied and
greened.

US

The US decommissioning reports mention the use of diamond rope saws, hydraulic
hammers and explosives for the building demolition.

Building structures are to be removed to 1 m below ground. Under-ground structures are
not removed; holes are drilled in remaining concrete to provide drainage and subsequently
refilled with concrete rubble.

2.3.6 Personnel Dose Rates

The Oskarshamn 3 systems dismantling study has estimated a collective personnel dose of
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about 12 manSv for the dismantling of active systems over three years on the assumption
that dismantling starts one year after reactor shutdown. The collective personnel dose for
dismantling the RPV and internals is estimated at 2 manSv.

The dose to power plant personnel in Sweden is reported to have been 1-6 manSv per unit
per year over the last five years. Assuming that the operating staff in the decommissioning
phase will be about half the size of the staff during normal operation, the average yearly
personnel dose to the operation staff during decommissioning is 0.5-3 manSv per year for
a collective dose of 2-12 manSv over the first four years (until active systems have been
dismantled and removed). Taking into account that dismantling activities start one year after
shutdown and that the active parts are successively removed during dismantling, and that
the staff is reduced as the dismantling starts, the collective dose to the operating staff over
the shutdown and service operation period should be at the lower end of the 2-12 range,
probably not more than 2-4 manSv.

Thus, the total dose to personnel in the Swedish estimate is 16-18 manSv.

The German study estimates the personnel dose to be 15 manSv for the Brunsbiittel BWR.
This number compares well with the Swedish. Bearing in mind that the Oskarshamn 3
reactor is significantly larger than Brunsbuttel and that the period between shutdown of the
reactor and beginning of dismantling is longer (two years), a larger difference could have
been expected. However, this difference may be balanced by the fact that the Swedish
dismantling foresees more parts to be taken out intact, which is expected to decrease the
personnel dose.

The conclusion is that the Swedish and German estimates are very similar and no
significant difference can be identified.

The Swedish and US estimated doses are compared in table 2.4.

Swedish

RPV Internals Dismantling

Systems Dismantling

Total

Table 2.4

and US Radiation Exposures
(manSv)

Oskarshamn 3

2

12

16-18

WNP-2

2

6

9-10

The difference is explained by the different times estimated for dismantling; 3 years for
Sweden and 1.7 years for the US In addition, WNP-2 dismantling is scheduled to begin
4.6 years after shutdown while the Swedish schedule indicates that dismantling begins 1-1.5
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years after shutdown. The time difference will allow for additional decay of radioactive
source terms.

2.3.7 Conclusions

There are differences in the techniques and methodologies applied for the decommissioning
in Germany and Sweden which could lead to differences in schedule, manpower and cost.

In some cases the assumptions made are unrealistic and may need to be reassessed. One
example is the lay-down areas for dismantled system parts. The Swedish report mentions
the turbine/generator hall as a possible area. However, the dismantling of the turbines and
generator will take place at the same time as the area around it will be needed as a lay-
down area, so this appears to be an intrinsic incompatibility. NAC believes that the turbine
hall will not suffice and an additional, roofed building most likely will be needed.

Although the Swedish plans also call for substantial decontamination efforts to be
employed, it is NAC's perception that the German estimates are based on significantly more
decontamination taking place prior to dismantling. The US decontamination efforts are
probably similar or even less than the Swedish. This conclusion is supported by the amount
of active waste estimated in the US BWR cost analysis (see section 2.5.1).

The building demolition plans differ substantially. The German plans are to blast and
demolish the building structures into rubble. The Swedish plans are to segment the building
structures into blocks which will be carefully lowered to the ground with lifting cranes.

In the German case, all concrete must be removed before the crushed concrete is filled back
in the voids. In Sweden and the US, under-ground concrete is allowed to remain below a
depth of 1 m.

2.4 Manpower Resources

2.4.1 Comparisons Sweden/Germany

A large portion of the costs for decommissioning a nuclear plant will be spent on
manpower resources. In the Swedish estimates roughly 50%, and in the German estimates,
about 64% of the total decommissioning cost is payroll cost.

The following analyses concentrate on BWR cost estimates, as the most detailed
information is available for the BWR's.

The required manpower resources projected in the Swedish and German estimates are
summarized in table 2.5.
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Comparison
Nuclear

BWR

Licensing, planning etc.

Table 2.5

of Manpower
Power Plants

Shutdown and service operation

Dismantling of systems,
internals

Decontamination

Building demolition

Transports and disposal

Totals

PWR

Total

RPV and

of waste

Used for Decommissioning of
• in Germany and Sweden

Oskarshamn

100'

620

640

0

80

O2

1,440

Ringhals 2

l,2403

Manyears

3 Brunsbuttel

339

635

236

381

241

227

2,059

Biblis A"1

1,740

1 NAC estimate for the period prior to shutdown.

2 A service charge applies for this element (see section 2.5).

3 Including an additional 100 manyears for licensing, planning, etc., as estimated ny NAC for the
period prior to shutdown.

4 Only total number is available for the Biblis estimate.

The breakdown of the BWR data requires explanation in order to enable meaningful
comparison, as follows. For Oskarshamn 3, manpower requirements for decontamination
are not specified separately because they are assumed to take place during shutdown and
service operation, performed by normal operation staff in available spare time. For
Brunsbuttel, the shutdown and service operation period is believed to include some
unspecified decontamination work. However, the quoted manpower requirement does not
include shutdown operation manpower requirements. NAC estimates that about 200
manyears equivalent may be omitted (65 manyears per year for three years).

Taking into account these factors, a more meaningful comparison for BWR would be as
follows:
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Licensing, planning, etc.

Shutdown and service operation
plus decontamination

Dismantling of systems, RPV
and internals

Building Demolition

Transports and disposal

Totals

Oskarshamn 3

100

620

640

80

0

1,440

Brunsbuttel

339

1,216

236

241

227

2,259

However, as explained in section 2.4.1.3, an allowance for additional decontamination time
in the Oskarshamn 3 case may be required, potentially about 200 manyears in addition to
about 50 manyears estimated to be already within the 620 manyear subtotal.

NAC does not have access to the detailed PWR information for the German case. The
analyses discuss the differences in table 2.5 and draw conclusions as to the reasonableness
of the estimates.

2.4.1.1 Licensing, Planning, Shutdown and Service Operations

The following tables summarize estimated breakdowns of personnel requirements for the
different components of the shutdown and service operation periods, to enable comparison
of requirements on a more detailed level than is available in the Swedish and German
reports.

The total number of manyears for shutdown and service operation of Oskarshamn-3 in the
successive case is estimated by NAC to be about 570 manyears; 50 manyears
(corresponding to NAC's estimate of decontamination manpower efforts) less than the
nominal 620 manyears quoted by SKB. The staffing foreseen in the simultaneous
decommissioning alternative is approximately 500 persons for the whole Oskarshamn
station (three units) during shutdown operation. Staff is then reduced by 50% during service
operation and further reduced when building demolition starts. On this basis for
Oskarshamn 3 alone in successive decommissioning, the shutdown operation staff would
be about 170 persons; during the service operation phase the staff will be about 80 persons:
further reduced to about 40 persons during the first year of building dismantling.

Taking the defined durations from the Swedish report and normalizing to the total of 570
manyears gives an approximate staffing level breakdown as shown in table 2.6.
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Estimated

Activity

Shutdown operation

Service operation

Service operation
during building demolition

Sub-Total

Planning

Total

Table 2.6

Oskarshamn-3 Operating Staff Breakdown

Staff level

170

80

40

25

-

Duration (years)

1.5

3.0

2.0

4.0

-

Manyears

250

240

80

570

100

670

Analysis of detailed Stillko-listing for Brunsbuttel, which has been made available to NAC,
shows that in the German estimate for shutdown and service operation requires 635
manyears, and 340 manyears is required for licensing and planning. Assuming a break-
down of staffing similar to the Oskarshamn 3 case but normalized to give totals respectively
of 635 (835 including 200 manyears for shutdown operation that is omitted in the German
report) and 340 manyears, gives the results shown in table 2.7.

Estimated

Activity

Shutdown operation

Service operation

Service operation
during building demolition

Sub-Total

Licensing*

Planning

Sub-Total

Total

Table 2.7

Brunsbuttel Operating Staff Breakdown

Staff level

140

65

30

-

8

21

-

-

Duration (years)

3.0

5.3

2.4

-

9.0

12.9

-

-

Manyears

420

345

70

835

70

270

340

1,175

* External personnel belonging to the licensing authority

Of the 340 manyears budgeted for licensing and planning at Brunsbiittel. about 70 manyears
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are included for the work performed by the licensing authority, which in Germany is paid
directly by the utility.

Conclusion

The estimated total manpower resources required for planning, licensing, shutdown and
service operation in the Brunsbiittel case nominally are about 75 percent higher than for
Oskarshamn 3 (1,175 manyears compared with 670 manyears).

The estimated staffing levels of Brunsbiittel and Oskarshamn-3 during this phase are quite
close and within a plausible range of difference. The difference in estimated total manpower
requirements, about 500 manyears, can be explained as follows:

— The German estimate includes significantly more
manpower for planning and (external) licensing 240 manyears

— The shutdown and service operation period in Germany
is longer, mainly due to the longer time needed to
remove spent fuel offsite. 260 manyears

2.4.1.2 Dismantling of Systems Including RPV and Internals

Oskarshamn-3

The manpower required for the dismantling of systems except RPV and internals has been
estimated to about 225 persons during the first 9 months and about 150 persons for the
remaining 24 months. In total 5,625 man-months or about 470 manyears. The Swedish
estimates are based on an "efficiency factor" for the dismantling work of only 40%. This
means that a net of 200 manyears are spent on the actual dismantling work. The rest is
spent on walking to and from work-places, radiological screening, training etc.

SKB's overall manpower budget including RPV and internals and an unspecified amount
of active concrete dismantling is 640 manyears. Assuming the same efficiency factor as for
the systems dismantling for all items, NAC estimates a break-down of dismantling
manpower as follows:
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Item

RPV + Internals

Systems

Active building dismantlement

Total

Approximate
Net Manyears

50

190

20

260

Efficiency
Factor

0.4

0.4

0.4

-

Gross Manyears

120

470

50

640

Brunsbiittel

The German estimate includes about 253 manyears for dismantling of the RPV and
internals, systems and active buildings. Although not specifically pointed out in the German
report, an efficiency factor has been used in the estimates for Brunsbuttel as well. An
average daily net working hours of about 5.5 hours is quoted which, assuming a 35-hour
week in Germany, would result in an efficiency factor close to 80 percent. Using the
Stillko-listing breakdown for gross manyears, the following staffing levels would apply:

Item

RPV + Internals

Systems

Biological shield dismantlement

Total

Approximate
Net Manyears

28

160

14

202

Efficiency
Factor

0.80

0.80

0.80

-

Gross Manyears

35

200

18

253

Conclusion

The major difference between the Swedish and German estimates relates to the assumed
efficiency of manpower utilization. Once this is factored out, the residual difference is only
about 25 percent. This difference could be explained by a number of factors including, for
example, relative plant size. The Brunsbuttel reactor is smaller than Oskarshamn 3 and,
which will be discussed in section 2.5, the German study foresees that dismantled parts will
be cut into smaller pieces than what is the case in Sweden. In any event, the estimates are
subject to a number of uncertainties and the 25 percent difference falls within a plausible
uncertainty band.
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2.4.1.3 Decontamination

Oskarshamn-3

The Swedish estimate does not separately specify manpower for decontamination, on the
basis that decontamination will be carried out by the operation staff during shutdown
operation. However, the Oskarshamn estimates, as they are calculated by SKB, are based
on simultaneous shutdown of reactors, whereby shutdown period of 5 years applies. NAC's
comparisons are based on the assumption of sequential shutdowns, whereby dismantling
starts within 1.5 years after shutdown. It is then reasonable to assume that, for this scenario,
the integrated operating staff time available for decontamination activities will be less.
Accordingly, extra manpower should be budgeted for this type of work in the Swedish
estimates. In the simultaneous shutdown alternative, SKB has budgeted about 500 manyears
for shutdown operation. It is estimated that, of this, about 50%, or 250 manyears could be
made available for decontamination work.

In the successive shutdown alternative with a 1-1.5 year shutdown operation period, the
corresponding allocation to decontamination would be proportionally less, as it is likely that
the major thrust of decontamination work can start only after the fuel has been removed.
Thus, the amount of manyears available for decontamination in this case is unlikely to
exceed about 50 manyears, leaving about 200 manyears to be budgeted separately to
compensate for the differences in schedule.

SKB's report does not address this important difference between the simultaneous and
sequential decommissioning alternatives.

Brunsbuttel

The German estimates include a separate man-power budget for decontamination of about
380 manyears.

Conclusion

The German estimates contain a much higher budget for decontamination work, about 380
manyears to be compared with an NAC estimate of about 250 in the Swedish case. The
difference of 130 manyears most likely reflects a more comprehensive scope of
decontamination in the German case.

Based on available information, NAC perceives that this is an area worthy of additional
consideration by SKB. In particular, the amount of decontamination work that the operating
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staff can perform, if the shutdown operation period is only 1.5 years should be carefully
evaluated.

2.4.1.4 Building Demolition and Site Restoration

The projected manpower for this area is:

Manyears

Oskarshamn-3 Brunsbiittel

80 241

The time schedules are similar for these activities in Germany and Sweden but and the
German estimate foresees a larger work-force.

In terms of techniques used, it might be expected that the German project would be less
labor intensive. The German study foresees a more general use of blasting/wrecking-ball
methods in the demolition, whereas the Swedish study implies extensive use of manual
labor for cutting concrete into pieces and lowering them to the ground. However, there are
two areas where the Swedish approach will save on man-power:

The Swedish decommissioning project will end at a "semi green-field" status
whereas the German project will go to full green-field restoration. The Swedish
decommissioning plans foresee re-use of some buildings which will reduce the
overall scope of building demolition.

In Sweden, the foundations will be left intact, as they are more than one meter
below ground. In Germany, all foundation concrete will have to be removed,
crushed and then used to re-fill the hole in the ground.

2.4.1.5 Transports, Conditioning and Disposal of Waste

The German estimate has included 227 manyears for the waste management part of
decommissioning. These activities take place over more than five years, implying a work-
force of not more than about 45 persons on average.

The Swedish estimates do not separately specify any manpower requirements for this work.
NAC's understanding is that, in part at least, this work will be covered by external services.
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However, there are indications that SKB has assumed that operations staff also will be
available to perform some of this waste management work.

It could be expected that the German decommissioning programs require more manpower
for this type of activity because dismantled parts are being cut into smaller pieces and
smaller waste containers are used. However, NAC believes that SKB may have
overestimated the availability of operating staff for other assignments. It is NAC's
perception that the assumptions made by SKB for transport and waste disposal would
benefit from further evaluation.

2.4.1.6 Manpower Costs

Sweden

The Swedish decommissioning report refers to an average manpower cost of SEK 450,000
per manyear, which includes some materials costs. SKB representatives have stated that,
although not evident from the decommissioning report itself, for active systems a higher
cost is used. Specifically, the SEK 690,000 per man-year used in ABB-Atom's cost estimate
for active systems have been used in SKB's total cost estimate. The systems
decommissioning comprise about 640 manyears out of 1,440, so the implied weighted
average manpower cost is about SEK 560,000 per manyear.

However, the Ringhals shutdown and service operation report (SKB 94-29) has used the
internal cost of manpower used within the Ringhals organisation. This number is 40%
higher than SKB's SEK 450,000 figure, or about SEK 629,000 per man-year in 1992
money. SKB says that the 450,000 per man-year was chosen because it represents an
internal price for the power plant personnel, and that the higher ABB number is more
representative of contractors' price levels. Available evidence suggests that SKB
assumptions are not representative.

NAC has compared the manpower costs with information in the annual reports of the
Swedish utilities. The results are:

Utility Payroll Cost (SEK/Manyear)

Sydkraft 1993* 290,000

Forsmark 1993 300,000

OKG 1993 313,000

Annual report 1993, manpower costs pertaining to 1992.
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The Forsmark and OKG numbers are representative of the operating staff of a nuclear
power plant, whereas the Sydkraft cost is an average of the staff of the Sydkraft Group
(5,800 people) of which about 350 persons work in the nuclear power plant organisation
of Barsebäck. The labor rates above represent only the salary cost plus the social security
fee and do not include overhead costs. Overhead costs include electricity, telephone,
heating, computers, protective clothing, canteen, allowances, materials, pension schemes,
insurances etc.

In order to verify the overhead costs, NAC has contacted organisations in the nuclear and
construction industries in Sweden to compare and contrast the SKB estimates.

Barsebäck NPP

The Barsebäck Nuclear Power Plant, owned and operated by Sydkraft, uses a system for
determining its internal costs whereby all staff has an internal hourly rate, including
overheads. The current hourly rates range between SEK 350 and 700 for an unskilled
worker and an engineer respectively. On a manyear basis, this is equivalent to about SEK
600,000 to 1,200,000. The overhead factor applied is 2-2.5. The average cost at Barsebäck
is around SEK 750,000.

Öresund Bridge

The consortium building a bridge between Denmark and Sweden (Öresund Bridge) applies
the following rates for its Swedish workforce.

Salary (SEK/month) Social Security Cost Overhead Total

(SEK/Manyear)

Construction 19,000 +41% factor 2 640,000
worker

Engineer 30,000 +41% minimum factor 2 1,200,000

Both the Barsebäck and Öresund Bridge estimates are consistent with the Ringhals cost
estimate taking into account that the Ringhals number is an average in August 1992 money
and if escalated to early 1995 money is close to SEK 700,000 per year.

Germany

The German decommissioning report has taken into account the differences in cost between
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the internal power plant staff and contracted personnel. Labor rates are the actual used at
Brunsbiittel and Biblis respectively for internal, external and licensing authority personnel.
The payroll costs have been divided into 26 different categories ranging from project leader
to unskilled worker.

Based on the STILLKO print-outs, the average cost per manyear is estimated to be about
SEK 870,000. However, the level differs very much between the different work packages
as different combinations of personnel categories are involved in different activities. Costs
range from about SEK 600,000 to SEK 1.4M per manyear.

Comparison

The different labor rates generate significant differences in the total cost estimates. SKB
estimates a manpower requirement for Oskarshamn 3 of a total of 1,440 manyears1.
Applying the different labor rates gives the following:

SKB Rate (450k x 800

ABB Rate (690k x 640

Total SKB:

Ringhals Rate (630k):

Barsebäck Rate (750k):

Brunsbuttel Rate (870k)

manyears):

manyears):

SEK

SEK

SEK

SEK

SEK

SEK

360 million

442 million

802 million

907 million

1,080 million2

1,253 million

' Including NAC's estimate of 100 manyears for planning and project management.

2 This cost is in early 1995 money value and should be deflated to Jan 1994 (minus 2.4%).

The difference in Oskarshamn 3 decommissioning cost by applying German and Swedish
labor rates is about SEK 450 million.

NAC believes that the labor rates in the Swedish estimates have been underestimated and
that an average rate similar to the Barsebäck rate above should be applied for internal costs.
External, contractor costs could be even higher, possibly as much as 30%.
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2.4.2 Comparisons Sweden/US

The US estimates indicate that approximately 67 to 75 percent of the decommissioning
costs are for manpower. Table 2.S presents the US and Swedish manpower estimates.

Table 2.8

Manpower Estimates for Decommissioning
(manyears)

Engineering & License

Shutdown

Service Operation

System Dismantlement

Decontamination &
Internals

Building Demolition

Totals

Engineering & License

Shutdown

Service Operation

System Dismantlement

Decontamination &
Internals

Building Demolition

Totals

Oskarshamn 3

100*

420

200

640

0

80

1,440

Ringhals 2

100*

420

180

410

0

60

1,240

in Sweden and the US

WNP-2

55

406

86

245

22

80

894

Trojan

55

455

86

197

15

60

868

* NAC estimate for the period prior to shutdown.

As explained in section 2.4.1, the Swedish data requires careful interpretation. Specifically,
NAC estimates that the shutdown and service operation provisions include about 50
manyears for decontamination work; also NAC believes that an additional provision of
about 200 manyears should be included for decontamination work.

The following sections concentrate on comparisons BWR cost estimates, because the
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information available for Ringhals is not as detailed as for Oskarshamn 3. Less detailed
comparisons of the PWR estimates are included however.

2.4.2.1 Engineering & Licensing

The value for the US estimate is reasonable considering that a portion of the utility staff
and the Decommissioning Contractor (DOC) will begin this phase about 2.5 years before
shutdown. The SKB report did not provide an estimate for this phase and NAC estimated
about 100 manyears based on the German evaluation.

2.4.2.2 Shutdown Operation

Even though the manyear totals are almost equal, the Oskarshamn 3 and WNP-2 shutdown
periods differ by about three years. In the case of WNP-2, it is assumed that defueling,
decontamination of the reactor coolant system and RPV internals segmentation requires 1.2
years and 183 people, after which the utility and DOC staffs are reduced to only 52 people,
while the fuel cools in preparation for removal to on-site dry storage.

The shutdown operating staff for Oskarshamn 3 is about the same as for WNP-2 during the
initial stages of the shutdown period. The Oskarshamn 3 shutdown staff is approximately
170 people for the entire period. Based on this staffing level and the estimated length of
the shutdown period, the shutdown manyears should be about 250 manyears instead of 420
as given in the SKB report. On this basis, the estimates of staffing levels in Sweden and
the US are more consistent.

2.4.2.3 Service Operations and System Dismantlement

Table 2.7 indicates 840 and 331 manyears for Oskarshamn 3 and WNP-2, respectively.
This appears to be a significant disparity but can be accounted for as follows.

1. Efficiency rates: The Swedish estimate assumes 3.5 hours of productive work out
of an eight hour shift, the US estimate assumes 5.0 hours. As a result, the Swedish
estimate requires 43 percent more manyears than the US estimate. The difference
is 252 manyears.

2. Contractor Planning: The US manpower estimates include planning, procedure
preparation, licensing and other administrative type functions for the utility and
DOC staffs. However, the manpower estimates do not include the hours spent on
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such activities by the project contractors. Contractors would be involved in
training, mobilization and demobilization efforts, procedure preparation for specific
activities and other administrative functions. NAC estimates that these
unaccounted for efforts require 50 manyears.

Swedish Estimates: Table 8.2 of the SKB report indicates that 840 manyears are
required for service operation and system dismantlement; however, Figure 8.1
suggests that 280 personnel are required for two years and about 170 for one year.
The text indicates that it may be possible to complete this phase of the work in less
than three years. Collectively, there would then be 730 manyears for service
operation and system dismantlement. The difference is 110 manyears.

4. Segmentation of RPV Internals: The segmentation is performed during shutdown
operations in the US case and during dismantling in the Swedish estimate.
Therefore, to correctly compare the manyears for service operation and
dismantling, seven manyears must be subtracted from the Swedish estimate.

The sum of these differences, 419 manyears, accounts for 82 percent of the difference
between Oskarshamn 3 and WNP-2.

2.4.2.4 Decontamination

The US estimates are very low compared to NAC's estimate of about 250 manyears for
successive shutdown in Sweden. The US estimate allowed 16 weeks with a utility staff of
42 plus a specialized contractor staff of 18, which together translates into 18.5 manyears.
An additional 8 manyears results from the difference in efficiency assumptions. As
mentioned above, the US manpower estimates are low for contractor's and so at least 3 to
4 manyears should be added for contractor support.

2.4.2.5 Manpower Costs

The Swedish manpower costs are analyzed in section 2.4.1.6. The US manpower cost
estimates are summarized in table 2.9.
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us

Staff

Utility

DOC

Contractors (Average)

Overall Weighted Average

Table 2.9

Labor Rate Estimates
(kSEK)

Salary per Year Including Overhead

486.0

859.3

725.5

671.8

The overhead for the utility is 42 percent and for DOC 110 percent. Labor rates have not
changed appreciably since 1993 and so the salary estimates are sound.

Comparison

The labor rates generate significant differences in the total cost estimates. SKB estimates
a total manpower requirement for Oskarshamn 3 of 1,440 manyears. Applying the different
labor rates gives the following:

SKB (800 manyears @ 450k):

ABB Rate (640 manyears @ 690k):

Total SKB:

Ringhals Rate (630k):

US (672k):

Barsebäck (750k):

MSEK 360 million

MSEK 442 million

MSEK 802 million

MSEK 907 million

MSEK 968 million

MSEK 1,080 million

Applying US labor rates to the Swedish manpower requirements generates a cost difference
of about 20 percent, or MSEK 166.

As stated in section 2.4.1.6, NAC believes that the labor rates in the Swedish estimates have
been underestimated and that an average rate similar to the Barsebäck rate above should be
applied for the Swedish internal costs, and a range of MSEK 725 to 860 for Swedish
external contractors.
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2.5 Waste Management

2.5.1 Volumes and Masses

Comparisons Germany/Sweden

The total waste masses (in tons) in the Swedish and German BWR cases are:

Component

RPV

Internals

Equipment & Systems

Electrical Materials

Steel & Cranes

Turbines & Generator

Active Concrete

Inactive Concrete

Total excluding Inactive Concrete

Total

Oskarshamn 3

700

233

5,733

2,228

1,517

5,834

1,410

318,570

17,655

336,200

Tons

Brunsbiittel

709

203

9,467

1,632

2,845

2,845

799

196,530

18,500

215,000

The German BWR estimates specifies that 4,618 tons need to be emplaced in a repository
and that the remaining 210,400 tons including concrete can be reused/released either
directly or through a melting or decontamination operation.

The Swedish Oskarshamn-3 study estimates that 9,660 tons will be emplaced in a repository
and 7,852 tons are non-active.

The differences in concrete masses can be explained by differences in design and size of
Oskarshamn and Brunsbiittel. Oskarshamn-3 is about 45% bigger than Brunsbuttel in
generating capacity and it is not unreasonable to assume that this fact is reflected in the
amount of concrete used. The difference in containment design of the two reactors also has
an influence on the amount of concrete. Oskarshamn 3 has a prestressed concrete
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containment and Brunsbiittel a spherical steel containment. Also, Brunsbuttel is 10 years
older than Oskarshamn-3. Design differences may impact quantities and radioactivity levels.

The difference in the amount of material that needs to be emplaced in a repository is
consistent with the perceived difference in decontamination efforts between the two
decommissioning programs, with the German program putting more emphasis on
decontamination.

On the basis of the available information, it is concluded that the differences in the mass
estimates are explained by differences in reactor size and design.

Comparisons US/Sweden

The contaminated waste volumes and masses from the Swedish and US studies are as
follows:

Sweden

US

Ratio Sweden/US

Masses

BWR

9,660

12,644

0.76

(Tons)

PWR

5,245

4,805

1.09

Volumes

BWR

11,944

14,282

0.84

(m3)

PWR

7,497

6,992

1.07

PWR

The PWR estimates are in close agreement and agree almost exactly if an operational waste
estimate of 400 MT is added to the US estimate. Such wastes were not included in the US
calculation. As a further comparison, the volume of waste calculated in the recently
completed Trojan Decommissioning Plan was 8,860 m3. This is about 20 percent more than
the Ringhals and US PWR estimate, which may be because Trojan experienced fuel failures
that probably increased the surface contamination of the plant.

BWR

The BWR estimates are not as close. The major differences are as follows:

65



Component

Turbine Components

RPV & Internals

Biological Shield

Other Concrete

Systems

Totals

Sweden

4,573

760

555

855

2,917

9,660

Tons

US

3,645

1,075

980

378

6,566

12,644

The 30 percent difference is explained in part by plant size and design influences. The large
difference in systems masses can be explained by differences in the extent of
decontamination efforts.

2.5.2 Transport Containers

Comparisons Germany/Sweden

Waste volumes to be transported and container requirements are reported for Oskarshamn
3. For Ringhals 2 only the number of various containers is reported. In order to estimate
Ringhals 2 waste volumes for transport, the available Oskarshamn 3 data has been used to
determine applicable container volumes.

The ABB systems dismantling report quotes 11,944m3 of waste for transport from
Oskarshamn 3, using ISO, ATB, special and CCC containers in different numbers.

Reported information and NAC estimates of container volumes (where not reported) are as
follows:

Container Type

ISO

ATB

Special

CCC

Volume Estimate
(m3)

15-20

20

50

7

Basis

Swedish Decommissioning Report

Plan-93, SKB

NAC estimate

Plan-93, SKB
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Combining these volumes with the reported numbers of the various containers gives a total
volume of about 12,000m3. This is very close to the ABB number of 11,944m3 and supports
the above assumptions for container volumes.

Applying this base data to Ringhals 2, the total volume of PWR waste to be transported in
Sweden is estimated by NAC to be about 7,500m3. The following table summarizes the data
for the Swedish BWR and PWR estimates.

Detailed information on German waste transports is not available. The applicable totals are
compared with the Swedish data in the following table:

Total number of

Volume of waste
(m3)

containers

transported

BWR

Germany

1,942

6,229

Sweden

653

11,944

PWR

Germany

1,392

4,862

Sweden

521

7,497

The lower German waste volumes in part will be due to more extensive decontamination
efforts (see section 2.4.1.3) and also due to the use of waste management methods that
reduce volume, such as incineration and melting for reuse. Also, the use of smaller
containers requires that waste pieces have to be smaller, which should lead to a higher
packing density. This is consistent with the differences in the ratios between masses and
volumes for the German and Swedish estimates.

Containers

ISO

ATB

Special

Core comp.

Total number of
containers

Volume of waste
transported (mJ)

Swedish Waste

m3

15

20

50

7

-

-

Transports

Oskarshamn 3

516

6

75

56

653

11,944

Ringhals 2

372

6

26

71

521

7,497
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Comparisons US/Sweden

No information was available in the US reports on containers for transport of
decommissioning wastes.

2.5.3 Transport and Disposal Costs

The Swedish decommissioning cost estimate does not include the costs for transports and
disposal of waste. Costs are carried by the Swedish Waste Management system however,
funded by a levy on utility electricity production. The costs for transport and disposal of
decommissioning wastes, excluding reactor internals, are reported in the Swedish
decommissioning report as SEK 60M for Ringhals 2 and SEK 100M for Oskarshamn 3.

The SKB Waste Management Plan (1993) defines a unit cost for transporting
decommissioning waste to SFR and the deep repository, of SEK 9,600/m3. The full cost
for disposal at SFR is SEK 6,900/m3. However, SKB has advised NAC that the unit cost
used in the Swedish decommissioning report is the marginal cost of only SEK 4,400/m3,
on the assumption that SFR3 is an existing, separately funded facility. The marginal cost
for transport is SEK 600/m3. This assumption is correct for the purpose of Swedish internal
costing. However, this comparison is only meaningful if the full cost is used.

The combined transport and disposal costs for active waste in Germany can be calculated
based on data presented in tables 6-1.2, 6-2.2, 6-3.1 and 6-4.1 of the European Commission
study. The following table summarizes the Swedish and German costs for transport and
disposal of decommissioning wastes.

BWR

Oskarshamn 3

Brunsbuttel

PWR

Ringhals 2

Biblis

Transports

114.7

28.2

72.0

21.5

Containers

14.0

246.0

11.0

167.1

MSEK

Disposal

82.4

210.4

51.8

164.2

Others*

-

184.0

-

94.0

Total

211.1

668.6

134.7

446.8

The "Others" column includes other waste management methods, such as
incineration or reuse.
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The average per-unit costs for transports, containers and disposal are:

BWR

Oskarshamn 3

Brunsbiittel

PWR

Ringhals 2

Biblis

Table

Transport, Container

Transports
SEK/m3

9,600

4,420

9,600

4,420

Containers
SEK/Cont

21,400

120,000

21,100

125,000

2.10

and Disposal

MSEK

Containers
SEK/m3

1,200

38,400

1,500

33,300

Cost

Disposal
SEK/m3

6,900

33,800

6,900

33,800

Total
SEK/m3

17,700

76,600

18,000

71,500

The very large differences in container and disposal costs can be explained by the extensive
use of ordinary ISO containers in Sweden, which makes the average container cost much
lower. The German containers must meet the requirements of the future KONRAD
repository:

Maximum weight of package: 20 tons

Maximum dimension:

Maximum dose rate:

1 x 2 x 3.2 m

cylindrical containers 0.1 Msv/h at 1 m from
surface rectangular containers 0.1 Msv/h at 2 m
from surface

The higher German disposal cost may also reflect the more costly institutional environment
in Germany (see also section 3). The Swedish disposal costs are based on an existing plant
with fixed costs shared by other waste categories from the nuclear program in Sweden.

Comparisons US/Sweden

A comparison of the waste costs between the US and Swedish cases highlights significant
differences as follows:
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Oskarshamn 3

WNP-2

Ringhals 2

Trojan

Transports

114.7

11.8

72.0

34.8

Containers

14.0

35.0

11.0

16.8

MSEK

Disposal

82.4

369.3

51.7

181.0

Total

211.1

416.1

134.7

232.6

The costs for Oskarshamn and Ringhals above refer to the full cost. The Swedish study
only quotes the marginal costs, equivalent to SEK 100 and 60 million in the Oskarshamn
and Ringhals cases.

The transportation costs for the WNP-2 and Trojan are different due to the relative locations
of the reference plants compared to the LLW repository. In the WNP-2 case, the LLW
repository is within a couple of kilometres distance. From the Trojan location, the LLW
facility can be reached via the Columbia river which enables barge transports. The distance
is approximately 450 km. More generally, these benefits will not apply and US costs are
likely to be higher in most cases.

The corresponding unit costs for transports, containers and disposal are:

Oskarshamn 3

WNP-2

Ringhals 2

Trojan

Transports
(SEK/m3)

9,600

820

9,600

4,968

Containers
(SEK/m3)

1,200

2,453

1,500

2,453

Disposal
(SEK/m3)

6,900

25,851

6,900

25,851

Total
(SEK/m3)

17,700

29,124

18,000

33,272

The Swedish disposal costs are based on an existing plant (SFR) with fixed costs shared
by the nuclear program in Sweden.

Although institutional costs are likely to be higher in the US than in Sweden, the overall
scale of the US nuclear program helps to reduce unit costs, which are much closer to the
Swedish values than are the German estimates.
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2.5.4 Release Limits/Classification

Sweden

The general release limits for material are:

Free use:

Disposal as non-radioactive:

100 Bq/kg

5 kBq/kg

A maximum of 1 GBq/yr is the total allowable limit to be taken out of from a reactor site.
The Swedish report also discusses an increase of the limit for free use to 1,000 Bq/kg.

Germany

Release limits for materials in Germany are:

Free use

Re-use after melting

Controlled re-use

100 Bq/kg

1 Kbq/kg

1,000 Kbq/kg

The release limits for free use of radioactive material are the same in Sweden and Germany.

US

Release limits for materials are listed in the following table:

Nuclide Average Maximum

Beta-gamma emitters and Uranium

Transuranics

83 Bq/100 cm2

1.7 Bq/100 cm2

250 Bq/100 cm2

5 Bq/100 cm2

Below the values above, the material is considered to be non-contaminated.
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A replacement for the above limits is being considered by the NRC. A new free release
exposure level of 0.15 Msv per year is anticipated. The exposure to the general public
resulting from reactor decommissioning should not exceed the limit.

Based on discussions with a representative of the Swedish Radiation Protection Institute,
the Swedish limit of 0.1 Bq per gram is more restrictive than both the current and the
proposed US limits.

2.5.5 Conclusion

Waste volumes and masses in Sweden and the US are similar and differences are within
a reasonable span. However, the higher US costs for disposal, containers and transportation
create a difference of SEK 302 million in the BWR comparison and SEK 162 million in
the PWR case.

Waste volumes and masses in Sweden and Germany are similar and differences are within
a reasonable span. However, the costs for transports, disposal and containers, even when
balanced by a lower transport cost in Germany, add up to a difference of SEK 568 million
in the BWR comparison and more than SEK 387 million in the PWR case.

2.6 Total Cost Summaries and Comparisons

2.6.1 Total Cost for Decommissioning in Sweden, Germany and the US

Sweden

For the purpose of this study, as stated earlier, NAC has chosen to use the lower Swedish
value for successive shutdown in order to enable meaningful comparisons with estimates
for German and US reactors. The Swedish total cost estimates have been modified
accordingly (table 2.11).

The resulting overall costs in the Swedish case, are SEK 1,258 million for Oskarshamn 3
and SEK 902 million for Ringhals 2 as outlined in table 2.11. Costs for licensing and
planning and transports of active waste have been added to SKB's total by NAC to enable
a comparison with the German estimates. Transport costs are mentioned in the Swedish
decommissioning report at SEK 100 million and 60 million for BWR and PWR respectively
but are not included in the overall cost tables in the SKB decommissioning report.
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Table 2.11

Estimated Total Costs for Decommissioning in

Decommissioning cost

Licensing, planning

Shutdown operation

Transports and disposal

Total

(SEK million)

Oskarshamn

according to SKB 937

45

176

of active waste 100

1,258

Sweden

3 Ringhals 2

637

45

160

60

902

Germany

The December 1991 total costs for decommissioning the Brunsbuttel and Biblis-A plants
in Germany are SEK 3,051 million and SEK 2,457 million respectively in January 1994
money. Inflation rates of 4.0% in 1992 and 4.1% in 1993 (total aggregate index 8.3%) were
applied to normalize the German cost estimates from Dec 1991 to Jan 1994 money values.
A currency exchange rate of SEK/DEM=4.80, reflecting the rate at January 1, 1994 has
been used. Currency exchange and inflation rates have been taken from the Union Bank of
Switzerland publication "International Economic Outlook, 1st Quarter 1995". The
normalized estimates include an NAC estimated allowance for shutdown operatior».

The estimated total costs for decommissioning reactors in Germany are presented in table
2.12.

Table 2.12

Total Cost for Decommissioning in Germany

Brunsbuttel

Total cost according to NIS MDM 587

Normalized to Jan 1994 money value MSEK 3,051

Shutdown Operation MSEK 174

Total Decommissioning Cost MSEK 3,225

Biblis-A

MDM 472

MSEK 2,457

MSEK 174

MSEK 2,631
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us

The cost estimates for the DECON option are used so that direct comparisons with the
Swedish successive shutdown case can be made. The US estimates include 25 percent for
contingency. The estimated total costs for decommissioning the US BWR and the US PWR
are presented in table 2.13.

Table 2.13

Estimated Total Costs for Decommissioning in the

Dismantling and service

Licensing, planning

Shutdown operation

Transports and disposal
waste *

Total

(SEK million)

US BWR (WNP-2)

operations 889

64

429

of active 381

1,763

United States

US PWR (Trojan)

819

62

328

216

1,425

* excluding transport containers which are included in the SEK 889 million.

Trojan demolition costs were estimated by NAC for the purpose of overall comparison with
the Swedish and US total estimates. The US estimates were calculated in 1993 dollars and
so a 2.9 percent inflation rate was applied to adjust the US estimates to the same reference
point as the Swedish estimates (January 1994).

A currency exchange rate of SEK/US=8.3, reflecting the rate at January 1, 1994 has been
used. Currency exchange and inflation rates have been taken from the Union Bank of
Switzerland publication "International Economic Outlook, 1st Quarter 1995".

2.6.2 Basic Comparisons of Total Costs

Comparisons Sweden/Germany

In order to study the impact of differences in schedule on the total costs, NAC has analyzed
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and compared the Net Present Values (NPV) of the decommissioning costs for the
Ringhals-2 and Biblis-A, and for Oskarshamn 3 and Brunsbuttel. The various cost
components were discounted back to the project start-up date (in order to include also the
planning phase) normalized to January 1994 kronor, using a 2,5% discount rate. The basic
expenditure profiles have been developed with reference to the plans in the respective
reports, assuming that the costs are evenly distributed over the defined respective periods
for each cost component (figures 2.5 and 2.6). The results of the NPV calculations are
summarized in table 2.14.

Comparison

BWR

Brunsbuttel

Oskarshamn 3

Difference

Difference Brbtl/O3

PWR

Biblis-A

Ringhals 2

Difference

Difference Biblis/R2

Table 2.14

of Net Present Values of Total Decommissioning Costs
SEK million (1994 money values)

Outturn Expenditure

3,225

1,258

1,967

(%) 156

2,631

902

1,555

(%) 192

NPV

2,746

1,083

1,489

154

2,234

776

1,458

188

The Swedish and German expenditure profiles are quite similar. The relatively smaller
differences in the NPV case illustrate the slightly longer project period in Germany, which
lowers the NPV of the German cost estimates more than the Swedish. The resulting
difference in absolute terms amounts to about SEK 36 million and SEK 25 million of the
original cost estimates in the PWR and BWR cases respectively.

Comparisons Sweden/US

The schedules for decommissioning in the US and Sweden show significant differences.
Due to US constraints on spent fuel removal, the shutdown operation period is much longer
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The impact of the differences in schedule on the total costs, has been analyzed and
compared using NPV analysis of the decommissioning costs for Ringhals-2 and Trojan, and
for the Oskarshamn 3 and WNP-2 reactors. The various cost components have been
discounted back to the project start-up date (in order to include also the planning phase)
normalized to January 1994 SEK, using a 2.5% discount rate. US cost numbers were
normalized using a currency exchange rate of USD/SEK=8.30 and an index Jan93-Jan94
of 2.9%. The base expenditure profile has been developed with reference to the plans in the
respective reports, assuming that the costs are evenly distributed over the respective defined
periods for each cost component (figures 2.5 and 2.6). The results are presented in table
2.15.

Table 2.15

Comparison of Net Present Values of Total Decommissioning Costs.
SEK million (1994 money values)

WNP-2

Oskarshamn 3

Difference

Difference WNP-2/03 (%)

Trojan

Ringhals 2

Difference

Difference Trojan/R2 (%)

Outturn Expenditure

1,763

1,258

505

40

1,425

902

523

58

NPV

1,619

1,125

494

44

1,303

805

498

62
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Figure 2.5

Expenditure Profile Comparisons BWR
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Figure 2.6

Expenditure Profile Comparison PWR
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Despite the significant detailed differences in expenditure profiles, the percentage difference
between NPV totals is not very different from the percentage difference in outturn
expenditures; a relative change of only five to ten percent.

2.6.3 Currency Exchange Rates

Sweden/Germany

Comparisons between Swedish and German cost estimates are based on a currency
exchange of DEM/SEK = 4.8 which was the actual currency exchange rate at January 1,
1994. However, this rate level is taken at a point in time which followed a period of major
fluctuations in currency exchange rates, notably the devaluation of the Swedish Krona. Until
the autumn of 1992, the Swedish Krona was closely linked to the Deutschmark. An
exchange rate of about DEM/SEK 3.6-3.8 prevailed through the second half of the 1980's
and until late 1992.

Thus, the difference between 1992 and 1994 is about 20-25% in currency exchange and the
corresponding difference in decommissioning cost would have been 20-25% lower if the
Swedish decommissioning cost estimate had been carried out in 1992 money value instead
of 1994, reducing the difference between the Swedish and German cost estimates to about
SEK 1,500 million in the BWR case and 1,300 for the PWR's.

NAC believes that currency exchange rates represent a "grey area" which can easily lead
to misinterpretation unless due caution is exercised. Cost comparisons can vary significantly
as a function of exchange rates, without corresponding changes in basic cost structures.

Since 1994, the Swedish Krona has been further devalued against the Deutschmark, which
would increase the decommissioning cost difference based on today's exchange rates.
Sweden has become a low-cost country compared to Germany and this affects estimates of
decommissioning costs.

In conclusion currency exchange rates effectively create a "scatter band" within which the
fundamental difference between the Swedish and German cost estimates can vary. Based
on recent exchange rate movements, the "scatter band" can easily be as high as + 20%.

Sweden/US

Comparisons between Swedish and US cost estimates are based on a currency exchange of
SEK/US = 8.3 which was the actual currency exchange rate at January 1, 1994. The rate
at the beginning of 1993 was SEK/US = 7.2 which means that a 15 percent increase in the
$ value occurred in just one year.
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Thus, the US cost estimate would have been 15 percent lower if the Swedish
decommissioning cost estimate had been carried out in 1993 money value instead of 1994,
reducing the difference between the Swedish and US cost estimates by 47 percent for the
BWR comparison and 34 percent for the PWR comparison.

The current SEK/US rate is close to the 1993 rate listed above, which means that the
estimates also would have been closer if normalized in 1995 currency.

2.6.4 Conservatism and Uncertainty Factors

Sweden

The Swedish cost estimates have used the following contingency allowances:

— 25% for the building demolition parts

— 20% for everything else.

Germany

The German study has not included any specific contingency factors. However, NIS
representatives have mentioned that conservatism is added in the calculations for instance
by using higher than necessary labor rates. Clear information on what was included is not
available to NAC. Based on general discussions with NIS staff, NAC estimates that the
overall result of the German conservatisms is approximately the same as for the Swedish
and US estimates; i.e. about 20-25% contingency.

US

The US estimates used a 25 percent contingency allowance which has been included in
table 2.13.

2.6.5 Insurances

Provisions for insurances are not made in the Swedish decommissioning cost estimate. In
the German and US cases nuclear and other insurances have been included within the
various cost elements, at levels shown in table 2.16.
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Germany

US

Table 2.16

Insurance Costs
(MSEK)

Brunsbuttel

66

WNP-2

78

Biblis

66

Trojan

80

2.6.6 Analysis of Cost Differences

Sweden/Germany

To prepare a meaningful basis for comparison between the German and Swedish cost
estimates, NAC has normalized the decommissioning costs in a number of ways. This
normalization includes adding the transport and disposal costs as mentioned in the Swedish
report, adding SEK 45 million for the planning and project management prior to final
shutdown and assuming the successive shutdown alternative which gives a lower shutdown
operation cost. The nominal costs of decommissioning the Swedish reactors are then SEK
1,258 million and SEK 902 million for Oskarshamn-3 and Ringhals 2 respectively (table
2.10). SEK 174 million has been added to the German estimates to compensate for the
shutdown operation costs, which are not included in the German study. The nominal costs
for decommissioning German reactors then become SEK 3,225 million in the BWR case
and SEK 2,631 million in the PWR case.

The difference in decommissioning cost between the German and Swedish estimates is
made up of several contributing factors of which the most important are:

Differences in manpower assumptions.

• Differences in waste transport and disposal costs.

• Labor rate differences.

• Insurances.

Table 2.17 summarizes the cost differences.
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Item

Total Cost Difference
(MSEK)

Cost difference
categories

Manpower differences at
Swedish rates

Labor rate difference
applied to Swedish
manhours

Combined Manpower
and Labor rate difference

Waste transport and
disposal

Waste transport and
disposal

Containers

Insurances

Sub-Total

Other Factors

Brunsbiittel -
Oskarshamn 3

1,967

458

446

254

97

226

232

66

1,779

188

Cost Difference

Biblis -
Ringhals 2

1,729

392

384

217

70

150

156

66

1,435

294

Table 2.17

Sweden/Germany (MSEK)

Comments

Nominal difference between the German and Swedish cost estimates after
SEK 45 million has been added to Swedish estimate. The SHK 100/60
million were also added to the Swedish BWR/PWR numbers for
transports and disposal. 200 manyears have been added to the German
estimates for shutdown operation. Manyear rate SEK 870,000 gives SEK
174 million.

(2059+200-1440) manyears x 560k/manyear
(1740+200-1240) manyears x 560k/manyear

Based on an average cost of SEK 560k in the Swedish estimate and SEK
870k in the German. Labor rate difference applied to 1440/1240
manyears.

The additional difference in cost if the higher German labor rates are used
on the higher (German) number of manyears.
BWR: 819 manyears x SEK310k. PWR: 700 manyears x SL-K310k.

Difference between SKB's number and NAC's estimate of transport and
disposal costs. (Marginal vs. full cost; excluding containers)

The difference between the German estimate and NAC's estimate of
transport and disposal costs.

Nuclear and other insurances as included in the German estimate.



Sweden/US

The difference in decommissioning cost between the Swedish and US estimates is made up
of several contributing factors of which the most important are:

• Manpower differences.

• Transport and disposal cost differences.

• Waste disposal quantity and cost differences.

• Labor rate differences.

• Difference in cost estimate for building demolition.

• Nuclear Insurance.

Table 2.18 summarizes the cost differences.
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Item

Total Cost Difference
(MSEK)

Cost difference
categories

Manpower differences at
Swedish rates

Labor rate difference
applied to Swedish
manhours

Combined Manpower
and Labor rate difference

Building Demolition

Waste transport and
disposal

Waste containers

Nuclear insurance

Total

Other Factors

WNP-2 -
Oskarshamn 3

505

_

-306

161

-61

179

281

21

78

353

152

Table 2.18

Cost Difference Sweden/US (MSEK)

Trojan -
Ringhals 2

523

_

-208

139

-42

201

156

5

80

331

192

Comments

Nominal difference between the US and Swedish cost estimates after SEK
45 million ha^ been added to Swedish estimate. The SEK 100/60 million
were also added to the Swedish BWR/PWR numbers for transports and
disposal.

_

BWR: (894-1440) x SEK 560k
PWR: (868-1240) x SEK 560k

Labor rate difference SEK671.8k-SEK560k applied on 1440/1240
manyears

The additional difference in cost if the Iiigher US labor rates are used on
the difference in number of manyears.
BWR: -546 manyears x SEK 112k. PWR: -372 manyears x SEK112k.

Total difference is 188/208 MSEK in the BWR/PWR cases. 9/7 MSEK is
subtracted to compensate for labor rate and manpower difference which
are included above.

BWR PWR
Marginal vs. full rates in the Swedish case: 97.1 79.6 MSEK
Swedish vs. US rates: 121 76.4
Quantity difference: 38.6 0
Higher quantity and rate: 23.8 0
Total (including 25% contingency): 281 156

-

Nuclear insurances as included in the US estimate.



2.6.7 Conclusions

The differences in decommissioning cost estimates for reactors in Sweden, Germany and
the United States are composed of:

• Real scope differences, such as the ultimate goal of green field vs. semi-green field
site restoration, extent of decontamination deemed necessary to meet waste disposal
criteria, etc.

Differences in assumed cost structures, due to, for example, assumptions on labor
rates and efficiency of manpower utilization, some of which maybe real but
potentially are incorrectly estimated. Assumed currency exchange rates also have
a major influence on results when comparing estimates in two countries.

Infrastructure and institutional differences which have an impact on, for instance,
the decommissioning schedules. The outstanding example of this is the existing
availability of an Away From Reactor interim storage facility in Sweden, which
decreases the length of parts of the decommissioning schedules in Sweden
dramatically compared to the US and, to a lesser extent in Germany.

As demonstrated in tables 2.16 and 2.17, NAC analyses are able to explain between about
two thirds and 90 percent of the nominal differences between the individual B WR and PWR
decommissioning cost estimates for Sweden compared to Germany and the US.

Depending on which specific comparison is being made, up to 40 percent is due to real
differences in basic scope and infrastructure; up to 60 percent is related to assumptions on
manpower utilization and related costs; up to 20 percent could be an artificial difference due
to assumed exchange rates, but this is less easy to be firm about. The remaining differences
come from a combination of factors, not least of which relates to uncertainties in the
individual cost estimate report descriptions themselves. Scope and assumptions are not
always clear and, in some instances, appear to be contradictory.

The main issues having an impact on the differences in decommissioning costs between the
Swedish, German and US estimates have been determined as:

Access to existing low cost storage facilities for spent fuel and other wastes. In
Sweden the CLAB and SFR facilities provide these services for significantly lower
cost than what is possible in the US and Germany. The fact that CLAB and SFR
are already operating is important from the schedule point of view. In the US for
instance, the absence of a centralized spent fuel storage facility forces utilities to
construct individual dry storage facilities, which increases the period during which
fuel has to be stored in reactor pools and delays the start of dismantling activities.
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A more cooperative licensing environment in Sweden enables extensive use of
standard, low-cost, containers. This has not only a direct impact on costs but also
affects dismantling, as the standard containers can accommodate larger pieces. It
also reduces the extent of decontamination necessary, as higher surface dose rates
for containers are allowed in Sweden, both during transport and in storage.

Manpower differences; the differences identified are mainly dependent on
differences in decommissioning schedule. The possibility to remove spent fuel from
the reactor building quickly in Sweden reduces the number of manyears needed for
shutdown operation, for instance.

Labor rates are different in the three countries and have a direct impact on the
costs associated with manpower. Sweden has the lowest costs in every comparison.

Currency exchange rates. The analyses in this report were made with real currency
exchange rates at the time when the Swedish report was prepared (early 1994).
Rapid changes in currency exchange rates can make international cost comparisons
difficult. Depending on whether the currency exchange rate changes reflect a long-
term trend or short-term fluctuations, labor and investments costs for instance, may
not compare well between countries. Assuming that the fall of the Swedish Krona
will be followed by a period of inflation, the cost level in Sweden will increase in
the long term and a future comparison of decommissioning costs between Sweden
and other countries will most likely differ compared with this analysis.

NAC believes that a large portion of the unaccounted for difference in the
respective comparisons of this report is due to this factor.
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3.0 Selected Detailed Analyses

3.1 Decontamination Manpower

The April 1995 NAC report1 identified the manpower use for decontamination as an area
where the German and Swedish estimates differed considerably. Two aspects in particular
of the Swedish (SKB) estimate were identified as being inadequately explained:

a) the manhours necessary to complete decontamination was not addressed in detail and
not quantified

b) the extent to which regular operations staff could handle decontamination in the
simultaneous and successive decommissioning alternatives respectively.

In order to better understand and to estimate the realistic manpower requirements for
decontamination, NAC visited OKG in June 1995. NAC obtained pertinent information
regarding recently completed decontamination efforts at OKG, carried out as part of the
very comprehensive refurbishing project at the Oskarshamn 1 reactor.

3.1.1 Oskarshamn 1 Decontamination 1993/1994

The Oskarshamn 1 reactor has gone through a full primary system decontamination in
preparation for repair work on the Reactor Pressure Vessel (RPV) and primary systems of
the reactor. The decontamination project is described in Appendix A. Siemens was
contracted to employ its CORD (Chemical Oxidation Reduction Decontamination) process
for decontamination. The results are reported to be extremely good with quoted
decontamination factors well above what was expected. In the RPV, a decontamination
factor of 200 was achieved. A directly comparable number is not quoted in SKB's
decommissioning report.

The decontamination project used a combination of Siemens and OKG personnel and was
staffed as shown in Table 3.1.

1 In this section, NAC's April 1995 report is referred to as "the Stage 2 report" and is included
in this report as section 2.
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Table 3.1
Oskarshamn 1 Decontamination Staffing Levels

Company:

Siemens

(Shift Supervisor
Technician
Project Group)

OKG

Chemistry

Operations

Foreman

Health Physics

Sanitizing

(Project Group
Electricians
Instrument Technicians)

Total Persons

Number of Shifts

4

4

5

4

Electricians and instrument technicians
on the project. For simplicity, NAC has

Persons per Shift

2

2

*>

2

2

are on call and may not
assumed 100% for this

Total

6

8

12

10

8

9'

57

be working 100%
evaluation.

The project group spent 3-4 months of planning and preparation before the actual
decontamination work started. This work would correspond to about 3.5 months x 9 persons
= 3 manyears.2

The time and manpower spent on decontamination of active primary systems was as shown
in Table 3.2:

The average annual working time at OKG is 1,590 hours per year, corresponding to about
200 working days per year.
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Table 3.2
Primary System Decontamination

System

Shutdown cooling (321) +
Reactor water clean-up (331)

Main circulation (313) +
RPV (211)

Condensate (462) +
Feedwater (463)

Time

3 days

10 days

5 days

Staffing

57

57

57

Total:

Mandays

171

570

285

5.2 Manyears

In addition, some components were decontaminated individually, resulting in the total time
for Oskarshamn 1 decontamination activities as follows:

Activity
Project Planning

Major Systems

Other Components

Total

Manyears
3

5.2

1.8

10.0

for an approximate total cost of about SEK 7 million at SEK 683,000 per manyear.

3.1.2 Implications for SKB Estimates

The foregoing analysis suggests that 10 manyears is a reasonable base estimate for the
decontamination required for a Swedish BWR reactor plant to be decommissioned.
Significant effort may be required however for special efforts to decontaminate individual
plant items or components. If so, a "decontamination work-shop" will be needed. Based on
OKG advice, the staffing of a permanent decontamination work-shop wouki be:

Operations Personnel 10

Chemistry and Health
Physics
Transports

Sanitizing

Total

10
20

10

50
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If operated on a continuous basis throughout the dismantling part of the decommissioning
project (typically three to four years), a total of 150-200 manyears would be invested,
corresponding to SEK 100-140 million at SEK 683,000 per manyear.

SKB has expressed the view to NAC that the need for significant efforts on individual
component decontamination is highly questionable. SKB justifies this on the basis that the
Swedish waste transport and management system is able to accommodate active parts to an
extent sufficient that it may not make sense to engage in large scale decontamination of
individual components. The reasonableness of SKB's cost estimate in this regard depends
on the validity of these assumptions. If valid, the required decontamination effort could be
as little as 10 manyears. If not, it could be up to 200 manyears.

SKB's decommissioning cost estimate does not quantify manhours required for
decontamination work. The analysis is qualitative only based on two assumptions:

a) The amount of decontamination required is very small.

b) The operating staff will have spare time sufficient to perform the necessary
decontamination activities.

These assumptions are vulnerable on the following grounds:

• Future ionizing radiation regulations and their application to transport activities may
not allow the acceptance of wastes without prior decontamination. It can be argued
that it is unnecessary to base a decommissioning cost estimate on future regulations,
but, as a comparison, NAC has noted that BNFL has designed its recently
constructed facilities at Sellafield to achieve occupational dose uptake levels far
below what is currently recommended by ICRP.

• SKB assumptions on the availability of operations staff for decontamination
activities relate to the simultaneous shutdown scenario. In the successive shutdown
scenario, which NAC believes is more realistic, operations staff resources will be
significantly reduced.

In financial terms, the issues to be resolved could equate to as much as SEK 140 million
for one reactor or up to SEK 1.7 billion for the whole Swedish program.

3.1.3 Recommendation

SKI should request SKB to develop a qualitative estimate of manpower requirements for
decontamination activities, taking into account the implications of possible more stringent
future ionizing radiation regulations applicable to waste transportation.

90



3.2 Labor Rates and Worker Productivity

The Stage 2 report identified labor rates as an aspect of SKB's decommissioning cost
estimate that did not reflect typical market conditions. In all comparisons made by NAC,
SKB came out low. An additional comparison has now been made, between SKB estimates
and the real labor rates at OKG, including over-heads.

OKG labor rates were discussed at a June 1995 meeting in Oskarshamn, between NAC and
OKG Senior Staff.

3.2.1 OKG Internal Labor Rates

OKG and the other Swedish nuclear power utilities have an internal accounting system for
charging manhours between the utilities and/or power plants. According to OKG staff, the
transfer prices applied represent fully loaded labor rates excluding profit.

The prices are:

Category

A

B

C

D

Table 3.3
OKG Labor Rates

Description

Manager, person with university
degree

Senior technician or younger
engineer

Technician

Operation and Maintenance
Personnel

1995

Hourly Rate
(SEK/hour)

700

585

440

300

Yearly rate
(SEK/year)
1,590
hours/year

1,113,000

930,150

699,600

477,000

Overtime rates, shift premiums, and travel cost allowances are not included in the above
rates. These items are handled separately and charged at cost. NAC assumes that the
decommissioning project is well planned and managed, and that very little overtime, shift
premiums and travel allowance is needed and in this evaluation these items are considered
to be negligible and labor rates without premiums and allowances are used throughout the
analysis. An evaluation of the impact of premiums and allowances is shown in Table 3.5.
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It was recommended by OKG that, to establish a weighted average representative of the
normal operations staff at OKG, the following distribution of personnel categories should
be used:

Breakdown of Personnel Category
Distribution During Normal Operation

A
B
C
D

10%
35%
35%
20%

During a decommissioning phase, the distribution most likely will be different. OKG
recommended the following revised breakdown:

Breakdown of Personnel
During Decommissioning

A
B
C
D

Categories

5%
30%
30%
35%

The resulting weighted averages are shown in Table 3.4:

Table 3.4
Average Manhour and Manyear

Excluding Overtime and Other

Regime

Normal Reactor
Operations

Decommissioning

Manhour Rate
(SEK/Hour)

488.75

447.50

Labor Rates
Premiums

Manyear Rate
(SEK/Year)

777,100

711,500

Regarding the size of the overhead factor, it is possible that the over-heads will decrease
during the decommissioning phase. OKG staff has pointed out to NAC that insurances for
instance, will go down sharply from about SEK 40 million per year to about 20 million
when the Oskarshamn station is shut down. Property tax is also likely to disappear
altogether as the Swedish property tax is based on the commercial value of the property and
as the power plant is shut down permanently, OKG believes that the value of the plant can
be reduced to zero and along with it the property tax.
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These factors warrant a reduction in the fully loaded labor rates. However, in the
decommissioning phase, the work-force will be reduced, leaving fewer individuals to carry
over-head costs such as insurances or taxes. The work force of Oskarshamn is reduced by
about 50% on average during decommissioning compared with normal operation. A 50%
reduction of the overhead costs would therefore be balanced out. Other overhead factors
may remain the same in absolute numbers causing the per capita overhead rate to go up.

As mentioned above, the labor rate estimate assumes very little or no overtime and shift
premiums and travel cost allowances. If significant amount of overtime or shift work is
required, the labor rates will go up. NAC has calculated an example to illustrate this based
on the assumption that the overtime premium is 50% and shift premium is 30%. The result
is shown in Table 3.5.

Table 3.5
Shift and Overtime Premiums Impact

OKG Internal Labor Rate

Item Rate Increase

Shift Premium (30%)

Overtime Premium
(50%)

Total

Base Labor Rate

Alternative Labor Rate

Amount of Time
(% of Total)

20

20

on

Labor Rate
Difference

43,000

71,000

114,000

711,500

825,500

As can be seen in table 3.5, a relatively modest usage of overtime and shift work will cause
the labor rate to increase by about 15%.

3.2.2 External Contractor Labor Rates

OKG staff advised that the average contractor labor rates will be somewhat lower than the
average labor rate of the internal utility staff. The reason is that the utility generally will
assign its own staff to supervisory and management positions. Overall therefore, external
contract staff on average will be less qualified.

The 1995 labor rates currently paid by OKG for contractors are summarized in Table 3.6:
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Table 3.6
OKG Contractor

Category

Engineer (approximately
corresponding to category B in table
3.3)

Operations Personnel (corresponding
to category D in table 3.3)

Labor Rates 1995

Hourly Rate
(SEK/Hour)

500

325

Yearly Rate
(SEK/Year)

1,590 Hours/Year

795,000

517,000

The weighted average based on 2/3 Operations Personnel and 1/3 Engineers is SEK
610,000,
approximately 12 percent lower than the rates proposed by ABB Atom in the systems
decommissioning report, which used an average rate of SEK 690,000/year. The reason for
this discrepancy is that the contractor labor rates used by OKG are indicative of local
Oskarshamn contractors. Rates for ABB Atom staff contracted out are generally
acknowledged to be at the high end of the Swedish nuclear contractor market.

It is likely that a mixture of local, less qualified and more experienced and better qualified
contractors will be required for the decommissioning work, and the average applicable rate
probably will be between the OKG and ABB estimates. The following analyses assume an
average NAC assumes an average of SEK 650,000 for contractor labor rates.

3.2.3 Summary of Labor Rates

NAC believes that the original labor rate used by SKB (SEK 450,000 per manyear) for
internal utility staff is non-conservative. The labor rates used by SKB for contractor work
appears to have been slightly conservative which offsets the difference. A more reasonable
number should be around SEK 710,000 per year and for contractors around SEK 650,000.
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Internal Rate
(800 manyears)

Contractor Rate
(640 Manyears)

Total
Decommissioning

Cost

Average Rate

Table 3.7
Labor Rate Comparisons

Implications on Total Cost

SKB SKB Cost
Rate (MSEK)

450,000 360

690,000 442

802

SKB (SEK/Manyear)

557,000

OKG
Rate

710,000

650,000

OKG

OKG Cost
(MSEK)

568

416

984

(SEK/Manyear)

683,000

Using the OKG average labor rate of 683,000 increases the total decommissioning cost by
SEK 182 million.

3.2.4 Worker Productivity

The Stage 2 report of the decommissioning cost comparison project identified significant
differences in assumed worker efficiencies. A Swedish worker is assumed to spend only
40% of an eight-hour day actually working in comparison to a German worker who is
expected to achieve 80% effective work in an eight-hour day.

Discussions with OKG staff indicate that the Swedish 40% net working time represents a
realistic value for the lower limit of the plausible range. Experience at Oskarshamn 1
suggests that up to six hours is the maximum achievable and three the minimum.

In order to validate these estimates by OKG, a typical working day schedule has been
developed based on NAC experience and understanding of working practices at a reactor
site in Sweden as shown in Table 3.8.
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Typical Working

Time

0700-0715

0715-0730

0730-0745

0745-0900

0900-0945

0945-1115

1115-1130

1130-1230

1230-1245

1245-1300

1300-1400

1400-1500

1500-1530

1530-1600

Total Hours

Table 3.8
Day for Swedish Reactor Maintenance Personnel

Activity

Putting on protective clothing

Getting instructions and
work-sheets

Walking to work-place

Work

Coffee break (exit and
re-entry of controlled area)

Work

Exit controlled area for lunch

Lunch

Re-entry of controlled area

Walking to work-place

Work

Coffee break (exit and re-
entry)

Work

Walking back to dressing
room, shower etc.

Productive Work

0

0

0

1.25

0

1.5

0

not included in
work-hours

0

0

1.0

0

0.5

0

4.25 (Gross 8.0)

This schedule does not take into account other items which are likely to reduce net working
hours even further, such as:

• Finding the actual system or component to work on. According to OKG staff, this
is a common problem.
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Waiting for someone else to finish his job. Could be either preparatory work or that
someone else's equipment is blocking access to the system or component to be
worked on or that health physics personnel presence is required.

3.2.5 Summary of Worker Productivity

The worker efficiency in SKB's estimate is within the expected and reasonable range
although at the very low end and SKB's worker productivity assumptions are most likely
conservative. An increase in worker productivity from 40% to 60% would constitute a
decrease in the number of manhours needed for the work by 50% and the related cost for
manpower in the decommissioning cost estimate would go down accordingly, from SEK
984 million to SEK 656 million for one reactor as is shown in table 3.9. The corresponding
cost decrease for twelve reactors would be SEK 3.9 billion.

Efficiency

40%

60%

Impact on
(With

Table 3.9
Total Decommissioning Cost of Worker
assumed Average Labor Rate of SEK

Net Manyears Gross

576

576

Manyears

1,440

960

Productivity
683,000)

Cost (One
Reactor) (MSEK)

984

656

It can be assumed that worker efficiencies will improve as the decommissioning work
proceeds, requirements on radiological control decreases and access to individual
components is made easier. If so, the total manpower cost will decrease even further in the
Swedish estimate.

3.3 Transport System Analysis

3.3.1 Introduction

The availability of an adequate transport infrastructure for the timely removal of spent fuel
and other wastes to conditioning plants and/or repositories, is essential for minimizing
decommissioning costs. Inadequacy of or disturbances to the transport system could extend
the decommissioning period significantly, thereby adding to the overall decommissioning
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program costs.

The importance of the transport system was identified in the Stage 2 report. The remainder
of this section quantifies SKB's assumptions on transport system capacity and compares
overall capabilities with the waste volumes generated during decommissioning and other
requirements for transports.

3.3.2 SKB's Transport System Description

The transport system described in SKB's decommissioning report is basically the same as
the system currently used for transporting operating wastes away from the reactor sites. It
comprises:

One ship (M/S Sigyn)

• Terminal vehicles for transferring casks from reactor site harbor to facilities
at the reactor site

• Transport containers

All of Sweden's nuclear facilities are located on the coast and no rail/road transport is
foreseen, with the possible exception of transports to the final spent fuel repository. This
may be located inland, in which case a combination of sea and land transport will occur.

The maximum capacity of the transport system is dictated by the Sigyn ship, which will be
used for all waste transports between the Swedish nuclear plants and the intermediate spent
fuel storage facility, CLAB, the repository for low- and intermediate-level waste, SFR and,
eventually, the final repository for spent fuel.

M/S Sigyn is a roll-on/roll-off ship with the following basic data:

Length

Breadth

Depth

Dead Weight

Payload

Service Speed

90 m

18 m

6.7 m

2,044 tons

1,400 tons

11 knots
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The journey between Oskarshamn (CLAB) and any of the Swedish reactor sites is similar.
Barsebäck, for example, is about 220 nautical miles from CLAB. With a speed of 11 knots,
the journey takes about 20 hours.

The location of the repository is not yet determined. If near to CLAB, there would be no
additional burden on M/S Sigyn. In SKB's report, the more conservative assumption of a
repository location in the north of Sweden is assumed. The sea journey in this case would
likely be about 500 nautical miles.

Sigyn is used for about 30-35 trips/year at the moment, spending approximately 170 days
per year at sea including loading and unloading. SKB claims that this could be increased
to give a maximum capacity of about 50-55 trips per year of the same length, i.e. close to
300 days per year.

Loading/unloading turnaround times are very short as the ro-ro concept allows quick
handling of goods. Normally, sufficient casks are available so that empty casks are
delivered at a reactor site for later pick-up when loaded.

3.3.3 System Transport Evaluation

The transport system capability has been evaluated for two decommissioning alternatives;
simultaneous and successive decommissioning. Waste generation during decommissioning
has been estimated based on information in SKB's decommissioning report. Related
transport requirements have been compared with the system capacity.

The groundrules used in the analysis are as follows:

Transport Types

The following five types of waste transports will occur during the decommissioning period:

• Operational waste from reactor sites to SFR

• Spent fuel from reactor sites to CLAB

Decommissioning waste from reactor sites to SFR

High-level decommissioning waste from reactor sites to CLAB

• Encapsulated spent fuel from CLAB (Encapsulation plant) to repository
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Capacities Per Shipment

LLW in ISO Containers 64 + 12 = 76 Containers

Spent Fuel 10 Casks

Core Components 10 Casks

ILW in ATB Casks 10 Casks

Special Transport 4 Containers (or pieces) on average

- Different types of waste can be shipped in the same transport

- Capacity of M/S Sigyn is used up to maximum payload

General Assumptions

• Waste is shipped off site as generated by dismantling, without delay i.e., there is no
interim storage of waste at the reactor site pending future shipment

• Shipment of waste commences only after all spent fuel from a specific reactor has been
shipped to CLAB

• At the beginning of the shutdown period, there is, in addition to the full core of spent
fuel, the equivalent of one annual reload in the spent fuel pool for each reactor

• Spent fuel shipments from Oskarshamn to CLAB do not require M/S Sigyn

• Waste (ILW and LLW) transfers from Forsmark to SFR do not require M/S Sigyn

• Special transports from Forsmark do require M/S Sigyn

• There are sufficient casks available for spent fuel and core components to allow shipment
from the reactor site in the year specified in the decommissioning plan

• The number of containers/casks required for waste and spent fuel transport are consistent
with SKB data in report 94-20, table 6.5 which include a 10 percent contingency for
waste containers.
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Operational wastes arising during the initial shutdown period, when spent fuel is still at
the reactor site, is included in the SKB estimate of required containers/casks

Specific Assumptions for the Case of Successive Decommissioning

• Year 1 in the decommissioning schedule commences on 1st January 2012

• M/S Sigyn continues routine shipments of spent fuel and operational waste in addition
to any decommissioning shipments

• Annual operational shipments per reactor still in operation involve

- 7 ILW ATB containers
- 4 LLW ISO containers
- Spent fuel containers equivalent to one annual reload

Specific Assumptions for the Case of Simultaneous Decommissioning

• Year 1 in the decommissioning schedule commences on 1st January 2010

• There is no remaining operational waste; spent fuel discharged after the second last cycle
of operation will still be at the reactor site, in addition to the full core

Timescale/Quantities for Repository Shipments

Shipments of encapsulated fuel
from CLAB to repository.
Assumptions:

2009 - 2012: 800 MTHM

2020 - 2042: 7200 MTHM

Capacity of one canister 2 MTHM

M/S Sigyn can take up to 10 canisters per journey.

The resulting transport requirements are:

2009 - 2012: 400 canisters to be shipped over 4 years
10 journeys of M/S Sigyn per year

2020 - 2042: 3600 canisters to be shipped over 23 years
16 journeys of M/S Sigyn per year
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3.3.4 Results and Conclusions

NAC's base analyses compare the M/S Sigyn capability with the estimated number of
shipments required, excluding possible shipments to a repository in the north of Sweden.
Repository shipments are dealt with separately because the journey length would be much
longer.

The results of these base analyses are shown in Figures 3.1 and 3.2.

In the successive decommissioning case (fig. 3.1), the maximum annual number of
shipments is 43, with an average of about 30 in the main period of transports from year 6
to year 17. The transport system should be able to accommodate this comfortably, barring
unforeseen circumstances, since it is typical of current achieved performance by the M/S
Sigyn. Even the peak years probably can be managed if SKB is correct in its assertion that
M/S Sigyn could make up to 55 journeys per year, corresponding to about 300 days at sea.

In the simultaneous decommissioning alternative (fig. 3.2), the situation is less comfortable.
The average system demand in years 2 through 8 is 44 shipments per year, with a
maximum of 63 in year 4.

Shipments of encapsulated fuel to a harbor in northern Sweden, Umeå or Skellefteå for
instance, would reduce the availability of Sigyn by about 50 days/year in the years 2009-12
and about 80 days in the years 2020-2042. This corresponds to roughly about 20 and 30
percent of Sigyn's total capacity in the respective cases and reduces the capacity for
"ordinary" journeys to and from the reactor sites. The capacity is reduced to 44 journeys
during the first three years in the simultaneous case and in the first year in the successive.
Capacity is reduced to 39 in the last two years in the simultaneous case and from year nine
through year 22 in the successive case.

When taking into account also the encapsulated fuel shipments, there will be a number of
years, in particular in the simultaneous decommissioning case, when the transport system
will be running at full capacity or even above.

SKB representatives have mentioned to NAC that if the transport system does not have
enough capacity, there are several solutions at hand. One is to contract with a shipping line
to provide a second vessel for parts of the low level transports. Another is to postpone the
decommissioning slightly of one or two reactors. NAC agrees that both these solutions
appear to be reasonable and should not pose a problem, technically. But, from the
decommissioning cost estimate point-of-view, any additional investment in the transport
system or deferral of the decommissioning will add cost to the decommissioning project.

The fact that the transport system is running at its theoretical capacity level, or above in
some cases, makes the whole decommissioning project sensitive and vulnerable to any
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Figure 3.1

Projected Utilization of M/S Sigyn
Successive Decommissioning Excluding Repository Shipments
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Figure 3.2

Projected Utilization of M/S Sigyn
Simultaneous Decommissioning Excluding Repository Shipments
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disturbance of the sea transports. There are several plausible scenarios under which there
will be severe limitations to the sea transport capacity. Cold winters with frozen waters in
the Baltic or the Gulf of Bothnia, technical problems with Sigyn which takes her out of
operation for some time etc. If Sigyn sinks, it would most likely take considerable time to
find a replacement ship. Sigyn is a critical path element which constitutes a considerable
risk for the decommissioning program as well as other parts of the Swedish waste
management program. The problem is that without Sigyn the transport capacity is reduced
to zero immediately.

The assumptions in this analysis assumes unlimited access to all kinds of casks. It appears
to NAC that the emptying of final cores in particular will require more than ten casks in
order to transport the fuel away as fast as the decommissioning schedules require. The
additional cost for purchasing an extra couple of TN-17 spent fuel casks is probably
insignificant in the context but should nevertheless be reported by SKB.

3.4 Contingencies in the German Decommissioning Cost
Estimates

The European Commission Decommissioning report, prepared by NIS Ingenieurgesellschaft
(NIS)3, did not provide any information about contingencies applied to the German
decommissioning cost estimates. NAC discussed the issue with representatives of NIS in
Hanau, Germany, in June 1995. Based on the information obtained, NAC has developed
quantitative estimates of contingencies in the German decommissioning estimates.

The basic approach of the NIS cost calculations was not to apply contingencies in the form
of a fixed percentage on top of a base estimate. Instead, conservative base figures were
used. For example, where a range of potentially applicable values existed, NIS would select
a pessimistic value. How this was applied in specific cases is explained in the remainder
of this section.

3.4.1 Labor Costs

The total labor costs in the German decommissioning cost estimate are based on estimates
of times required for individual tasks and specific manhour rates for the personnel involved.
NIS claims that manhour estimates are derived from experience with previous and current
decommissioning projects. They are based on fact and NIS therefore adopts them without
adding a contingency.

3 NIS has prepared decommissioning cost estimates for all German reactors.
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Some conservatism has been applied in the manhour rate figures. For each pertinent grade
of staff, cost figures have been collected throughout industry and through NIS's specific
involvement in projects with other engineering companies (Noell. Siemens. ABB, Henschel
etc.). NIS claims that for almost all levels of personnel, there is a significant scatter band,
with the maximum rate being almost twice the minimum. When choosing the applicable
rate for a decommissioning study, NIS takes a number "close to" the upper end of the scale,
thereby incorporating contingency in the estimate. As an example, the applicable hourly rate
for an engineer may be between DEM 130 and 200. In this case, NIS would use a value
of about DEM 190, approximately 15 percent higher than the arithmetic average of DEM
165.

3.4.2 Casks

NIS collects information on cask prices from the German utilities. The prices are
representative of offers made to the utilities by Gesellschaft fur Nuklear-Service (GNS) and
other cask suppliers. NIS claims that GNS, the main vendor, in the past has quoted different
prices to different utilities. Among other things, the unit price can vary according to size
of the order. Consequently there is a scatter band also for casks prices. NIS was not
prepared to divulge specific price information. NAC estimates that the low end of the range
would unlikely be less than about two-thirds of the highest value. NIS would select a value
towards the high end of the range, similar to the approach adopted for labor rates.

3.4.3 Waste Management

Unpackaged waste volume estimates are based on NIS experience in actual
decommissioning projects and represent a best estimate. NIS expressed confidence that
waste volumes can be estimated with "high precision".

3.4.4 Transport

Conservative assumptions have been made with respect to realistically achievable packing
density of waste in containers. Depending on the geometry of the waste objects, only a
portion of the waste container volume will be effectively utilized. NIS says that the
estimates in the German decommissioning report were based on a waste container
utilization factor of only 10-25%. NIS believes that higher figures generally are achieved,
implying that contingencies have been built in to the cost estimate in this way. NIS was
unable to quantify the likely achieved level.

Costs for final disposal in the Konrad repository are generated by GNS. NIS adopted the
GNS values without assessing whether or not they are realistic. NIS did not add any
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contingency to the base GNS cost number.

3.4.5 Overall Contingency Estimate

NAC has attempted to quantify the overall contingencies applied in the German
decommissioning cost estimates based on the above information.

Contingency has been applied to the labor rates, casks and transport costs only. These items
make up 70% of the total costs in the Brunsbuttel case (total decommissioning cost SEK
3,225 million).

Item

Labor (2,259 manyears (c

Transports

Waste Containers

% SEK 870,000)

Cost
(MSEK)

1,965

28

246

Percentage
of Total

61

1

8

As stated in 5.1, the method used for incorporating conservatism described by NIS implies
that about 15% contingency has been added. Assuming the same level of contingency for
the other components (which in any case are relatively less important) yields a total of
about 15% x 70% = 10%, for the total contingency in the German decommissioning cost
estimate.

This number is significantly lower than the Swedish and US contingency factors which are:

Sweden - Building 25%

Demolition

- All Other 20%

US - All 25%

The lower level of conservatism in the German case implies that the difference between the
Swedish and German decommissioning cost estimates would have been higher by
approximately SEK 293 million if the German cost estimate had used a contingency factor
of 20% as shown in table 3.10.
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Nominal Case

Base Cost

Contingency

Total Cost

Variation

Base Cost

Contingency

Total Cost

Difference
Increase

Table 3.10
Contingencies in Sweden and Germany

Impact on Cost Difference (MSEK)

Brunsbuttel Oskarshamn 3

2,932

10%

3,225

2,932

20%

3,518

1,048

20%

1,258

1,048

20%

1,258

Difference
(One
Reactor)

1,967

2,260

293

3.5 Detailed Analyses

To support the Stage 2 report analyses, comparing US and German decommissioning cost
estimates, NAC has performed detailed analyses of individual reactor systems to benchmark
SKB's and ABB Atom's cost estimates against real utility dismantling experience.

For this purpose, NAC visited in June 1995 OKG to study the recent dismantling
experiences at the Oskarshamn 1 reactor which has been subject to a major overhaul/repair
programme.

SKI chose three systems for the detailed analyses:

• 211, Reactor Pressure Vessel

• 331, Reactor Water Clean-up System

• 313, Main Circulation System
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The following sections review the dismantling cost estimates for these three systems in
detail to the extent possible with the available data. Wherever possible, comparisons have
been performed between the SKB analyses and the cost estimates prepared for NAC by
OKG.

3.5.1 System 211 - Reactor Pressure Vessel

3.5.1.1 Siemens Study

The SKB decommissioning report references two possible methods for the dismantling of
the RPV:

• Segmentation of the RPV into pieces with subsequent packaging and transport to final
repository.

• Lifting the RPV out and transporting it to the final repository intact.

SKB's final cost estimate is based on the segmentation alternative. The estimated cost for
dismantling of the RPV and internals in the SKB report is based on a Siemens report (ref.
23). The report comprises work sequence, planning and cost estimation for segmentation
of the Forsmark 1 RPV.

Dismantling Methodology

The Siemens study assumes that RPV dismantling is performed by mechanical cutting in
air. Underwater coverage is considered too complicated. The RPV will be decontaminated
before dismantling using Siemens' CORD method (as applied recently in the overhaul
programme at Oskarshamn 1).

Remote control cutting is foreseen due to estimated high dose rates. Big pieces will be cut
out by the remote control equipment. Subsequently, they will be cut into smaller pieces in
the core component pool where a lay-down and cutting area will be provided.

The remote control cutting device consists of a horizontally rotating table mounted onto a
fixation ring which is elevated on support rods inside the RPV. The table can travel
circumferentially around the RPV and move radially on a sliding carriage.
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Packaging and Transportation

ATB containers will be used for transporting the RPV parts away. A total of 17.5 ATB
containers are required for one reactor pressure vessel.

Schedule

Siemens' schedule for the dismantling of RPV and internals, including planning and testing
activities through completion of the dismantling is estimated to last about five years.

The actual RPV dismantling work including modification of the work area and final work
(dismantling of cutting equipment, shielding etc), but excluding RPV internals dismantling,
takes about 1.5 years (fig 3.3).

In the SKB report the RPV disposal is projected to take one year only (fig 3.4), which is
30% less time than the dismantling time foreseen by Siemens. SKB states that RPV
dismantling is on the critical path and consequently a longer period for the RPV dismantling
would result in an extended overall schedule for the decommissioning project. The
integrated manpower requirement for RPV dismantling should not change significantly.
However, due to the schedule change, the service operation period would be longer and
there would be additional service operation personnel requirements. The difference between
the Siemens and SKB schedules is six months. With a service operation staff level of about
80 persons at an average rate of SEK 683,000, this corresponds to an extra cost of about
SEK 27 million.

The dismantling period for the reactor internals, including preparation, in the SKB report
is approximately one year which is consistent with the Siemens study.

The Siemens study assumes an 80% net working efficiency, but the way this is incorporated
in the estimate may not be valid, because it appears to ignore the real time extension and
costs of maintaining other staff teams for a longer period.
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Siemens Forsmark 1 RPV Dismantling Time Schedule



Figure 3.4

SKB Overall Dismantling Time Schedule
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Manpower Resources Required

Siemens estimated the following dismantling staff requirements (table 3.11):

Project Manager

Service Center

Crane

Transportation

Electrical Systems

Decontamination

Repair

Documentation

QA

Other

Totals:

Table 3.11
RPV Dismantling

Dismantling Staff

4

1

2

2

2

2

1

14

Staff

Experts

1

1

1

1

4

Health Physics Staff

2

2

4

Labor Rates and Worker Productivity

Labor rates according to table 3.12 were used for the cost calculations in the Siemens
report. As the Siemens report was prepared in late 1993, NAC has chosen to use the same
exchange rate as was used in the Stage 2 report, 1 DM = 4.8 SEK which is the Jan 1, 1994
exchange rate.

Laboi

Expert

Table 3.12
<• Rates for Dismantling

DM 205/hour

Dismantling Staff DM 97/hour

Health Physics DM 110/hour

of RPV

SEK

SEK

SEK

984/hour

467/hour

528/hour
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The distribution of different personnel categories is not known, but the average labor rate
in the Siemens report is most likely higher than the Swedish rates applied in the ABB Atom
report and Section 3 of this report.

The systems dismantling report prepared by ABB Atom used a worker efficiency factor of
0.4 (see section 3.4) which reflects the actual working conditions at a Swedish nuclear
plant. The dismantling of the RPV is not a special case and SKB should retain its general
assumption for worker efficiency. Consequently, the 0.4 efficiency factor as applied in the
ABB Atom systems dismantling report should be used instead of 0.8 as used by Siemens.

The personnel cost is about 60% of the total cost and consequently the total RPV
dismantling cost should be corrected accordingly. This has been quantified in the cost
section below.

Costs

The total cost for the dismantling of the RPV in the Siemens report with 1 DEM = 4.8 SEK
is as follows:

Item

Project Work and Testing

Installation of Equipment
Etc.

Modification of Work
Area to Perform RPV
Dismantling

Dismantling of RPV

Final Work

Total

Excluding Project Work
and Testing

Cost
(MSEK)

65.8

2.9

4.2

40.7

1.7

115.3

49.5

SKB has stated in its decommissioning report that the cost for dismantling and
segmentation of an RPV is approximately MSEK 50. Depending on the DEM/SEK
exchange rate applied by SKB it appears that SKB has excluded totally or in part project
work and testing. The project work and testing part may have been regarded as a non-
recurring engineering exercise which will be done once only for all twelve reactors.
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However, NAC believes that parts of the planning and licensing procedure would have to
be repeated for each reactor, for the following reasons:

• There are substantial design differences between the reactors with regards to RPVs. For
instance, the RPV in an internal pump BWR is suspended by a flange just underneath the
vessel head flange, whereas the RPV in an external pump plant is located in a structure
near to its base. This will influence the need for support structures during dismantling.

In this respect, the Swedish reactors form three main groups:

1. Internal jet-pump BWRs (all Forsmark 1-3 and Oskarshamn 3 reactors).

2. External pump BWRs (Barsebäck 1 and 2, Ringhals 1 and Oskarshamn 1-2).

3. The Ringhals 2-4 PWRs.

In terms of RPV design and dimensions, the Swedish nuclear reactors can be grouped as
follows:

1. Oskarshamn 1

2. Oskarshamn 2, Barsebäck 1 and 2

3. Ringhals 1

4. Forsmark 1 and 2

5. Forsmark 3 and Oskarshamn 3

6. Ringhals 2

7. Ringhals 3 and 4

NAC believes that in order to qualify the cutting methods and techniques applied, much
of the testing work will have to be done at least once for each of the above groups.

Costs in the Siemens study are not broken down into the detailed work steps. Exactly how
much of the project work and testing costs is a one-time cost and how much of the costs
should be allocated to individual reactors, consequently is not visible. Based on the above
grouping of the Swedish reactors, a possible distribution of work steps is:
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Work Step Frequency

Preliminary Planning

Preparation of Licensing Documents

Detailed Planning and Handling of Licensing
Procedure

Development of Specific Cutting Methods and/or
Cutting Equipment

Set-up of Test Stand

Test of Cutting Method and Personnel Training

3 (All Three Main Reactor
Groups)

3 (All Three Main Reactor
Groups)

12 (All Reactors)

Once only

(All Seven Reactor
Groups)

(All Seven Reactor
Groups)

NAC has estimated an average RPV dismantling cost value for the Swedish reactors based
on the Siemens report and the following assumptions:

• Fifty percent of the planning, licensing and test activities will be performed for each
reactor. The corresponding cost is SEK 30 million. Because of the uncertainties
regarding the detailed break-down of cost in the Siemen's study, an uncertainty of +
20% is assumed which gives a cost range of SEK 24-36 million.

• Siemen's personnel costs increased to account for a worker productivity factor of 0.4
instead of 0.8. The personnel portion of the Siemens report is 60% of MSEK 49.5 =
MSEK 29.7. The total adjusted dismantling cost is then:

Personnel portion 0.8/0.4 x MSEK 29.7
Non-personnel portion 40% of MSEK 49.5

Dismantling Total

MSEK 59.4
MSEK 19.8

MSEK 79.2

Adding in planning, licensing and testing, the resulting average total RPV dismantling cost
is SEK 103-115 million, which is more than a factor two higher than what SKB has
reported.
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3.5.1.2 OKG Estimate

OKG has estimated the cost for dismantling the Oskarshamn 1 reactor pressure vessel. The
technology foreseen by OKG is remote controlled gas-torch cutting after a thorough
decontamination of the RPV. The cut-out pieces will be cut into even smaller pieces in
order to minimize waste volumes and facilitate handling.

The work force OKG estimates is required for the dismantling task is shown in table 3.13.

Table 3.13
OKG RPV Dismantling Work-force

per shift

Project Management

Operation Staff

Cutting Station

Transport

Health Physics

Total

2

8-10

4

6

25

OKG assumes four shifts over a period of six months and the resulting number of manyears
is approximately 50. At SEK 683,000 per manyear, the cost is SEK 34 million. This
number should be compared with the adjusted manpower cost of the Siemens estimate. SEK
59.4 million, as described in 6.1.1 above.

The difference between the OKG and Siemens RPV dismantling cost estimates can be
explained by the following factors

• The Siemens estimate is based on a higher labor rate, possibly up to 20% higher.
Applying Swedish rates to the Siemens manhour estimate reduces the difference by about
MSEK 10.

• The OKG estimate was based on worker efficiency rate higher than 40%. OKG has not
specified its efficiency rate but OKG representatives mentioned to NAC that it is in the
order of 50%. Using 50% instead of 40% in the adjusted Siemens estimate decreases the
cost another 20%.

• The Oskarshamn 1 RPV is smaller and, being of the external pump type, does not need
the extra support structure during dismantling that is needed in the Forsmark 1 case. This
should warrant a slightly lower decommissioning cost.
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The result if Swedish labor rates and efficiency factors are used in the Siemens estimate is
about SEK 40 million. The remaining difference of SEK 6 million can be explained, at least
in part, by the third item above.

3.5.1.3 Conclusion

NAC believes that SKB has underestimated the RPV dismantling cost. The reasons are
twofold:

• The worker efficiency factor used in the Siemens study (as adopted by SKB) was
representative of German working conditions and is not consistent with normal working
practise in Sweden, as assumed in the ABB Atom systems dismantling study and used
throughout the rest of the SKB studies.

• SKB has underestimated the amount of testing, licensing and planning required for each
individual reactor for the RPV dismantling.

NAC's independent analysis of the Siemens report shows that the total RPV dismantling
cost for the twelve Swedish reactors can be up to SEK 900 million higher than the SEK
616 that SKB has estimated as shown in table 3.144. This conclusion is partially supported
by OKG's Oskarshamn 1 RPV dismantling cost estimate which is in good agreement with
Siemens' cost estimate for the dismantling portion of the Forsmark 1 RPV if a worker
efficiency rate of about 50% is applied instead of the 80% originally applied in the Siemens
report and if a lower (Swedish) labor rate is used.

NAC believes that similar principal differences may apply to the estimate of cost for the
dismantling of reactor internals which were part of the same Siemens report as the RPV
analysis. Since the reactor internals were not a part of this project, NAC has not attempted
to confirm or quantify this assumption.
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Item

Schedule Change
(section 6.1.3)

Worker Efficiency
(80-40%)

Swedish Labor Rates

Planning, licensing etc

Total Difference

SKB Cost Estimate

Total Adjusted RPV

Table 3.14
RPV Dismantling Cost Analysis

(MSEK)

Itemized Cost Difference
for 1 Reactor

27

29.7

-16

24-36

64.7-76.7

Dismantling Cost

Cost Difference
for 12 Reactors

324

356

-192

288-432

776-920

616

1,392-1,536

3.5.2 System 331 - Reactor Water Clean-up System

3.5.2.1 Introduction

A schematic description of the system 331 is shown in figure 3.5. The purpose of system
331 is to provide a chemically proper water environment in the reactor. This is done by
removing corrosion products and exchanging chloride ions in ion exchangers.

NAC visited the Oskarshamn 1 plant in June 1995 to study the 331 system in order to
better judge the reasonableness of the Oskarshamn 3 decommissioning cost estimates. The
difference in size between the Oskarshamn 1 and 3 reactors is not reflected in system 331.
Both in basic design and component size, the 331 system has not changed significantly
between Oskarshamn 1 and 3. Oskarshamn 1 was designed with considerable conservatism
and 331 components in Oskarshamn 1 and 3 are of similar size. In some cases, the pipe
dimensions in the 331 system at Oskarshamn 1 are even somewhat larger than in
Oskarshamn 3, although the water flow through the 331 system in Oskarshamn 3 is about
three times that of Oskarshamn 1.

OKG does not have information on weights and volumes of components of the Oskarshamn
331 system.

At Oskarshamn 1, the main parts of the 331 system are located in two rooms. The large
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heat exchangers (331 El and E2) are located in the same room as the 3215 system. Most
of the other equipment is in one other room. At Oskarshamn 3, the 331 system is spread
out in more rooms and all the heat exchangers for instance, are located in separate rooms.

3.5.2.2 ABB Atom Estimate

The systems dismantling part of the Swedish decommissioning cost estimate was based on
an ABB report (ref 13). The ABB report did not provide detailed break-down of individual
reactor systems. Therefore, ABB has provided NAC with the individual 331 data needed
to conduct the analysis.

The result of the ABB study is shown in table 3.15. The total number of manhours are
9,905 corresponding to about 6.2 manyears.

In the ABB Atom estimate, parts of the 321 system are included in the 331
decommissioning analysis. ABB has defined the 331 system as the 331 system itself
including the parts of the 321 system needed for the 331 function. The most significant
and important of which are the two 321 pumps which provide the water flow through the
331 system.

5 The 321 system is the shut-down cooling system, which is interconnected with the 331.
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Component

Tubes (932 m active and 267m non-
active)

Pumps (3 pcs)

Large heat exchangers (5 pcs)

Ion exchangers (6 pcs)

Flow meters (>30 kg, 6 pcs)

Valves etc.

Insulation

Work-place set-up

Transport

Total

ABB

Active

21302

563

27234

7820

267

17920

75106

Table 3.15

System 331 Dismantling Estimate

kg Volume
m3

13.38

2.14

30.13

9.38

.10

8.33

63.46

Non-active
kg

544

8274

3416

12234

Volume
m3

0.34

4.0

12.16

16.6

Manhours

3174

45

89

174

33

1433

included in
the above

4934

23

9905



The balance between 331 and 321 components in the ABB analysis is shown in Table 3.16.

System

321

331

Total

Systems

Active

26,380

48,726

75,106

Table 3.16
331 and 321,

(kg)

Inactive

7,017

5,216

12,233

Weights

Total

33,397

53,942

87,339

Total %

38.2

61.8

The 331 total makes up 62 percent of the overall total included in the ABB estimate.

3.5.2.3 OKG Estimate

OKG has estimated the manpower requirements for the dismantling of system 331
independently of ABB Atom. The estimate is based on OKG's experiences from component
replacement and maintenance.
For the 331 system, OKG estimates a total of approximately 8,000 manhours for the
planning, dismantling and finishing up. In addition there would be 2-4,000 manhours for
the packaging and transportation of the dismantled parts. In total, 10-12,000 manhours or
6.3-7.5 manyears.

3.5.2.4 Comparison and Conclusion

The nature of the 331 and 321 systems has led ABB to include a relatively large portion
of the 321 system in the decommissioning estimate which makes a direct one-to-one
comparison less straight-forward. It may for instance be difficult to say if a pipe connecting
the two systems belongs to one or the other. The OKG estimate is also likely to have
included some parts of the 321 as the system border is diffuse. OKG has not quantified this
but NAC estimates that 5-10% of the OKG analysis relates to system 321. The resulting
OKG 331 dismantling estimate is 9,000 - 11,400 manhours.

In the following comparison, NAC assumes that the number of manhours required for a
certain dismantling activity is proportional to the weight of the material/component
dismantled. Thereby, the weight ratio between the 321 and 331 systems as calculated in
Table 3.16 above will be applied to the total manhours for the ABB estimate in accordance
with Table 3.17. Work-place set-up work remains 100% to the 331 system.
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Component
Dismantling

Work-place set

Total

Table
ABB Atom 331 System

Total Manhours

4971

up 4934

9905

3.17
Dismantling Estimate

331 part

61.8% =

100 % =

3072

4934

8006

The ABB and OKG analyses are based on different worker efficiency rates. In the ABB
analysis, a 40% efficiency rate has been used, whereas OKG has used an unspecified, but
higher level. Using OKG's indicated likely level of around 50%, the end comparison
between the ABB and OKG analyses is:

System

Manhours Required Gross

Worker Efficiency

Manhours Required Net

Associated cost1

(MSEK)
1 Based on 1590 manhours per

331

year

Table 3.18
Dismantling Comparison

ABB

8,000

40%

3,200

3.4

and SEK 683,000 yearly labor

9,

4

rate.

OKG

000-11,400

50%

,500-5,700

3.9-4.9

ABB Atom's system 331 net dismantling manhours estimate is 29-44% lower than OKG's.
The OKG estimate is not as detailed as ABB's which is based on a full bottom up analysis
and consequently is more precise. However, even a relatively large error in the OKG
estimate cannot fully balance the difference in Table 3.18 above and NAC believes that
ABB has underestimated the manhours required for dismantling the 331 system by
approximately one third, corresponding to about SEK 500,000 for one reactor or SEK 6
million for twelve reactors.

3.5.3 System 313 - Main Circulation System

The main circulation systems in the Swedish BWR's are of two types. One is the external
pump type used in the older generation of BWR's, in which the water is circulated in an
external pipe system through the main circulation pumps. The second is the internal pump
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system where the pumps are attached directly to the reactor pressure vessel and the water
is pumped from the downcomer to the lower plenum of the reactor pressure vessel by
impellers connected to the pump motors.

Oskarshamn 3, used as the basis for SKB's BWR cost estimate, uses internal pumps.
Oskarshamn 1, which NAC visited in June 1995, is of the external pump type. Therefore,
a one-to-one detailed comparison between the two reactors is not meaningful.

However, after studying the dismantling of the 313 system in the Oskarshamn 1 and 3
reactors, NAC has made a number of general observations and findings which are important
in evaluating the reasonableness of SKB's the decommissioning cost estimate.

A schematic description of a system 313 of the external pump type is shown in figure 3.6.

3.5.3.1 Oskarshamn 3

ABB Atom performed the systems dismantling part of the Swedish decommissioning cost
estimate study, based on Oskarshamn 3. However, the study did not comprise the internal
pumps of the 313 system. ABB Atom assumed that these pumps could be dismantled by
the operating personnel during shut-down operation and dealt with separately.

Pump Motors and Wheels

The Finnish utility TVO, who operates two ABB Atom BWR's of similar design to
Oskarshamn 3, has estimated the time required to dismantle and replace pumps and pump
motors. The work consists of the following work steps.

1. Open the motor housing bottom lid

2. Disconnect the pump shaft/motor connector

3. Unfasten the motor and replace it

4. Close the motor housing

5. Lift the pump wheel to the reactor internals pool

6. Mount a new pump wheel

7. Open the motor housing bottom lid and connect the pump
wheel shaft to the motor

8. Close the motor housing
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This work takes about 6 hours according to TVO. Two persons are required to replace the
motors and one person to replace the pump wheel. The two persons working on the motor
will be there continuously whereas the person replacing the pump wheel is only needed for
one hour.The dismantling of a pump requires less worksteps. The motor is replaced by a
flange on the housing and the pumpwheel is replaced by a plug to cut off the
communication of reactor water between the reactor and the motor housing, allowing the
motor housing and its cooling circuit to be decontaminated and drained. The cooling circuit
can then be dismantled.

The work steps at decommissioning are:

1. Open the motor housing bottom lid

2. Disconnect the pump shaft/motor connector

3. Unfasten the motor and replace it with a flange

4. Lift the pump wheel to the reactor internals pool

5. Mount a plug in the pump housing hole

This work is estimated to take about five hours for two persons at the motor and one hour
for one person at the reactor hall level to handle the pump wheel and the plug. Eleven
hours in total.

Oskarshamn 3 is equipped with 8 pumps. Thus, the total manhours effort required is 88
manhours, corresponding to about SEK 38,000 based on a manhour rate of SEK
683,000/year.

NAC estimates that some additional manpower is required for radiation protection,
transports etc. If the manpower thus spent is similar to the dismantling work manpower, the
resulting total cost is SEK 76,000.

The waste generated is not specified but NAC estimates that about 10 m3 would be
generated, which adds about SEK 177,000 to the cost (waste management cost including
container, transport and disposal is SEK 17,700/m3 as specified in the Stage 2 report).

The total cost for dismantling the eight main circulation pumps at Oskarshamn 3 is about
SEK 250,000.

Pump Motor Cooling Circuit

The cooling circuits were omitted in the SKB/ABB decommissioning study. The
dismantling of the piping belonging to this system was included however.

The following data on the cooling circuit were estimated by ABB and should be added to
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the decommissioning cost estimate.

Weight

Volume

Manpower

Dose

Table 3.19
Dismantling of 313 Motor Cooling Circuit

Total for Eight Pumps

7 tons

7.5 m3

300 Manhours

5 mmanSv

The total decommissioning cost for this subsystem based on manhour rates of SEK
683,000/year, and waste management cost including container, transport and disposal of
SEK 17,700/m3 is about SEK 250,000 for the Oskarshamn 3 reactor.

3.5.3.2 Oskarshamn 1

The Oskarshamn 1 313 system is made up of four loops, each loop consisting of piping,
pumps, pump motors and auxiliary equipment (power supply, coolers). The pump and
motor are approximately six meters tall. The inner pipe diameter of the circuits is 600 mm.

OKG does not have detailed information about weight and volumes. A comparison with the
Oskarshamn 3 data therefore is not practical. It is clear, however, that a 313 system of the
Oskarshamn 1 type is several times as heavy and voluminous as the Oskarshamn 3 system.
The pump housing cannot be dismantled and lifted out intact, but needs to be sectioned in
situ.

A detailed estimate of waste quantities is not available. NAC's rough estimate of the
volumes ius that in total, approximately 25 mJ of waste per loop is generated6 which,
applying the waste rate of SEK 17,700/m3, adds approximately SEK 1.5-2 million to the
cost estimate.

OKG has estimated the manpower requirement for the dismantling of system 313 as 10-
15,000 manhours (6.3-9.4 manyears) which equates to SEK 4.3-6.4 million.

The total dismantling cost in the OKG estimate including waste management is SEK 5.8-8.4
million.

6 Based on approximately 30 meter 600 mm piping per loop (appr. 8-10 m3). Motor,
pump, auxiliary systems and segmented pump housing make up the rest.
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3.5.3.3 Conclusion

The difference in design between Oskarshamn 1 and 3 makes it difficult, probably even
meaningless, to validate the Oskarshamn 3 cost estimates based on Oskarshamn 1
experiences. The major part of the cost for dismantling the Oskarshamn 1 313 system is
cutting the primary system piping and the pump housing, which do not exist at all in
Oskarsham 3.

Both cost estimates appear to NAC to be reasonable and are based on utility experience.

For completeness, the dismantling of the 313 system including the motor cooling circuits
should be included in the SKB/ABB Atom systems dismantling cost estimate.

Dismantling of the 313 system is only about 0.1-1% of the total decommissioning cost and
is relatively unimportant from a cost estimate point-of-view. However, this comparison
shows that there may be principal differences between the Swedish BWR's which may
warrant a more individual approach to cost estimate analyses.
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Appendix A

Institutional Factors in Germany and the United States

Licensing

Germany

The Legal Framework for Decommissioning of Nuclear Reactors

In Germany the decommissioning of a nuclear power station is subject to laws, legal
regulations, safety codes and guides, recommendations and technical specifications in the
same way as construction and operation are. The legal framework is the German Atomic
Law with its subordinate legal regulations, of which the most important ones are

StrlSchV Strahlenschutzverordnung
(Radiation protection regulation)

AtVfV Atomrechtliche Verfahrensordnung
(Regulation for the nuclear licensing procedure)

AtDeckV Atomrechtliche Deckungsvorsorge-Verordnung
(Nuclear liability regulation)

Amongst the safety codes and guides, recommendations and technical specifications of most
interest are; the preliminary acceptance specification for radioactive waste at the Konrad
repository; guidelines for radiation protection of personnel on site; recommendations for
clearance and release of waste.

Paragraph 7, section 3, of the German Atomic Law states that the decommissioning of any
nuclear reactor in Germany requires a license. Until such license has been granted, the
operating license will remain in force. The utilities in Germany regard the final shut-down
of the reactor as the beginning of the decommissioning phase, but in the legal interpretation
according to the Atomic Law the need for a new separate decommissioning license arises
at a later point in time, namely when the actual dismantling commences. This means that
the initial phase of the technical decommissioning work is covered by the existing operating
license for this reactor. The Atomic Law only requires a separate decommissioning license
for all activities and processes on site which are not already covered by the operating
license. As a result of this



• emptying the core and transfer of the fuel assemblies to the spent fuel storage pool

• transporting spent fuel off-site to an AFR storage facility or reprocessing site

• disposal of radioactive waste arising from operation

are activities covered already by the operating license and can be performed under this
operating license even if the reactor is shut down. Also, assessment of the overall technical
status of the whole plant, which is necessary for the application of a decommissioning
license, can be carried out under the operating license.

The Process for Applying for a Decommissioning License

The legal regulation for the nuclear licensing procedure ('Atomrechtliche
Verfahrensordnung') outlines the process for applying for any license for a nuclear facility
and is therefore the valid guideline for a decommissioning license. The application has to
be made by the utility or reactor operating company and has to be addressed to the state
licensing authorities.

The most relevant paperwork to be submitted as part of the application is as follows:

• safety report

• description and drawings of the plant and its components

• decommissioning plan

• report on security measures and preventive measures in the case of incidents

• report on staff competence

• environmental impact study (water, air, ground)

• proof of sufficient liability cover for facilities and activities

The completeness of the information provided is decided by the licensing authorities and
during the evaluation of the documentation further data/reports may be requested.

Any license application for construction and operation of a nuclear power station has to be
publically announced, followed by a public hearing, which is arranged by the licensing
authorities. According to the Atomic Law and the legal regulations there is strictly no need
for public announcement and public hearing in the case of decommissioning. Historically



only in the case of KKN (Niederaichbach) was a public announcement made and a public
hearing held. This was justified on the grounds that KKN was the first power reactor to be
decommissioned and dismantled in Germany.

Relevant Organizations Involved

Paragraph 7, section 4 of the German Atomic Law specifies that in any licensing of a

nuclear facility all those authorities at federal, state, and community level have to be
involved, whose usual responsibilities are affected. This also includes many authorities
whose responsibilities normally concern only non-nuclear matters. For example, demolition
of buildings requires permission of the local building authorities ('Baubehörde') and release
of effluents from the site into a sewage system or into the groundwater system is subject
to approval by the local water authorities ('Wasserbauamt'). It is almost impossible to give
a complete list of all authorities which would have to become involved in the licensing for
decommissioning, or at any later point in the supervision of the whole decommissioning and
dismantling work. This will depend on the individual project and its location, and the
relevant regulations may somewhat differ from state to state and between local
communities. They will include the following:

BMU

Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit (BMU) (federal ministry
for environment nature protection and reactor safety): this is the most superior organisation
involved, because it has the final responsibility for all facilities and all aspects related to
nuclear materials and their use.

State Licensing Authorities

The prime organisations in the licensing process for decommissioning of a nuclear power
station (and any other nuclear facility) are the licensing authorities
('Genehmigungsbehd'rden') of the state in which the power station is situated. Licensing
authorities are state level organisations. Usually a department within a state ministry will
take over these responsibilities and thus represent the state licensing authorities. The state
government will select the relevant ministry. The ministry involved may vary between the
individual states. For example, in the state of Northrhine Westfalia, the ministry assigned
to be responsible for nuclear matters is the ministry for economy, small businesses and
technology. In other states rather than a single ministry, several ministries (up to three) are
involved. In the latter case this will lead to the situation that licensing of one nuclear
facility in a state will be the responsibility of one ministry, while licensing of another



nuclear facility in the same state will be the responsibility of a different ministry.

The department acting as 'licensing authority' is the prime contact for the utility or reactor
operating company applying for a decommissioning license. All paperwork and
correspondence forming part of the decommissioning application has to be addressed to that
department. Responsibilities of the department comprise the involving of any subordinate
organisations necessary, public announcement of the decommissioning project, preparation
and organisation of any public hearing and arranging the evaluation of the decommissioning
project by appropriate technical authorities.

Once the license for decommissioning or phases thereof has been granted, the actual
decommissioning phase commences. At this point in time the 'supervisory authorities'
('Aufsichtsbeho'rde') will become involved. As with the 'licensing authorities', these usually
are state level organisations and usually a department of a state ministry. In some states the
supervisory responsibility has been delegated to the same ministry as for licensing.
However, in all these cases a different department with different staff will be involved. In
those states where licensing is the joint responsibility of various ministries, usually a
department from a different ministry than the one responsible for licensing will take over
the role as supervisory authority. The responsibilities of the supervisory authorities concern
monitoring of the decommissioning process and ensuring that all rules, obligations, etc.
specified in the license are being obeyed.

BfS

Bundesamt fur Strahlenschutz (BfS) (federal office for radiation protection): This office
supports the BMU by taking over administrative tasks, giving advice and recommendations
on specific technical issues and establishing codes and guidelines. It has specific
responsibilities in the area of transport and interim storage of radioactive waste as well as
providing repositories for the final disposal of the waste.

Others

Strahlenschutzkommission (SSK) (radiation protection advisory board) and
Reaktorsicherheits-kommission (RSK) (reactor safety commission) are expert groups acting
as advisors to the BMU.

Evaluation of the paperwork and decommissioning plans submitted to the licensing
authorities is done by technical consulting organisations, mainly the various TUV
(Technische Ueberwachungsverein) companies, nominated by the licensing authorities.



Time-scale for Obtaining a License

The current assumption by the German utilities regarding the timescale for obtaining a
decommissioning license is 36 to 40 months following the shutdown of the reactor. This
applies to a planned shutdown, where some of the preparatory paperwork for the application
for a decommissioning license can be compiled prior to the scheduled shutdown. The
estimate for the evaluation of the license application by the licensing authorities and the
technical consultants is approximately 24 months. This timescale allows a smooth transition
from the operational phase to the decommissioning phase, as discharged spent fuel,
depending on burnup, could remain for more than one year at the reactor site prior to
shipment off-site for interim storage or reprocessing. If the decision for reactor shutdown
and decommissioning comes unexpectedly, e.g. due to an incident, the interval between
shutdown and granting a decommissioning license will be longer.

All costs arising from the licensing process have to be borne in full by the utility or reactor
operating company.

Problem Areas

All technical aspects of decommissioning and handling of radioactive materials are well
known and the necessary techniques have been developed and are available.

During the planning and construction phase delays could occur due to intervention by
anti-nuclear groups and individuals. The opportunity is mainly given through the public
hearing required by the AtVfV. As stated, in the case of decommissioning a public
announcement and public hearing is not mandatory. It is left to the licensing authorities to
decide whether a public hearing should be held or not, but for future decommissioning of
nuclear facilities in Germany it is expected that no such hearings will be requested by the
licensing authorities. This will eliminate a major potential delaying factor in the application
process. The goal of politically motivated anti-nuclear state governments is the shutdown
and decommissioning of nuclear facilities, so it is unlikely that such state governments will
impose any delay tactics on the licensing authorities. Formally, this anyway is illegal.

Overview

There is at the moment a legal framework, but no precisely defined guideline available to
the utilities in Germany with respect to all licensing aspects for the decommissioning of a
nuclear facility. The decommissioning of a reactor is not a general process, but a specific
one which depends on the individual reactor concerned. There are efforts undertaken to
establish a unique procedure for decommissioning and a comprehensive set of guidelines
and recommendations for the decommissioning of nuclear facilities in Germany is being



prepared by the BfS.

United States

Overview

There are two basic guidelines for decommissioning; the "Annual Requirements for
Decommissioning Nuclear Facilities," dated June 27, 1988 (Decommissioning Rule) and
Regulatory Guide 1.86, "Termination of operating business for Nuclear Reactors" (dated
June 1974). The U.S. Nuclear Regulatory Commission (NRC) is currently reviewing the
free release limits contained in the Regulatory Guide 1.86 to establish a new limit for
decommissioning power reactors.

There are two offices within the NRC which have jurisdiction over the decommissioning
of power reactors; the Office of Nuclear Reactor Regulation (NRR) and the Office of
Nuclear Material Safety and Safeguards (NMSS). The regulatory aspects of
decommissioning are separated up to three phases; planning and preparations; active
decommissioning; continuing care (SAFSTOR and ENTOMB options only).

Planning and Preparation

During this phase, the licensee decides and plans for the final disposition of the plant. Such
decisions require NRC approval. The major activities include,

1. submitting an application for a "permission only license" (POL), which allows the
licensee to only possess nuclear fuel and,

2. obtaining an NRC decommissioning order.

The major considerations during this phase are licensing requirements, decommissioning
plan requirements, licensing costs, financial assurance (assurance of funding), and Internal
Revenue Service involvement in decommissioning funding.

Appendix B contains an outline of licensing activities required for the decommissioning of
Trojan.

Licensing Requirements

About five years before shutdown the licensee submits a preliminary decommissioning plan
(ref: 10CFR50.75 (f)). The decommissioning plan is submitted at about the time of



shutdown (ref: 10CFR50.82 (a)). Both plans contain a description of planned
decommissioning activities and plans for the protection of workers and the environment.

Decommissioning Plan Requirements

The license terminations and decommissioning requirements are contained in various
sections of 10CFR50 and particularly in 10CFR50.82. An application for license termination
must be accompanied by a proposed decommissioning plan. The following regulations and
regulatory guides control the documentation for the license termination application and
decommissioning plan.

1. Standard Format and Content For Decommissioning Plans for Nuclear Reactors",
([Draft]) Regulatory Guide DG-1005 contains the following requirements:

• Format requirements for decommissioning plan

• Information requirements for decommissioning plan

• 10CFR 20, 50 and 70 provide regulatory basis for DG-1005

• NRC approval required for decommissioning plans

• "Supplement to the Applicants Environmental Report"

• New information or significant environmental change associated with
decommissioning

Decommissioning plan may require 1-2 years to prepare and one year for NRC review and
approval.

The NRC reviews the decommissioning plan to insure that it is based on the applicable
portions of 10CFR 20, 50, 61, 70, 71 and 73.

2. Radioactive Waste Management Plan

Radioactive waste will be accumulated, treated, packaged, stored and transported. The
decommissioning plan must address all of these aspects of radioactive waste management.
Removal and disposal of non-radioactive structures and materials beyond that necessary to
terminate the 10CFR50 license do not constitute decommissioning activities and are not
included in the decommissioning plan.



If waste disposal facilities are not available, 10CFR50.82 permits a delay in
decommissioning in order to permit temporary safe storage of decommissioning waste.
Non-radioactive waste disposal is not covered by NRC regulations. Other agencies have the
jurisdiction.

3. Quality Assurance Plan

The decommissioning rule specifies that QA provisions must be described in the
decommissioning plan, including

• Record keeping requirements per Draft Regulatory Guide DG-1006 and Regulatory
Guide 1.88

• QA Program requirements per Draft Regulatory Guide DG-1005

The American Nuclear Insurance Group applies a risk assessment based on an engineering
assessment of the nuclear safety, quality assurance and documentation of the
decommissioning activities. The results of this evaluation can affect the level of premium
assessed during decommissioning. Therefore, a good QA plan can save insurance premiums.

4. Security and Safeguards Plan

These plans should be submitted as part of the POL request or decommissioning plan. The
regulations for security and safeguards are applicable to operating plants and plants
undergoing decommissioning as long as conditions require such measures. For example,
when all spent fuel is a removed from a site most if not all safeguards regulations would
no longer apply and security would be significantly reduced. More regulatory guidance
documents concerning safeguards requirements during decommissioning are expected.

5. Environmental Plans

The environmental information supplied with the decommissioning plan should satisfy the
requirements of 10CFR51, "Environmental Protection Regulations for Domestic Licensing
and Related Regulatory Functions". This is the plan required to be submitted with the
decommissioning plan as refereed in draft regulatory guide DG-1005, mentioned above. The
NRC must prepare an environmental assessment on decommissioning which will review
decommissioning activities in relation to preview environmental reviews. The NRC will not
prepare an environmental impact statement, which is a much more detailed evaluating
because the NRC has determined that the impact of decommissioning is expected to be
small.



Licensing Costs

Public Law 101-508 requires the NRC to collect 100 percent of its budget from fees paid
by licensees, with few exceptions. The fees are to be assessed based on the amount of NRC
resources that are devoted to a licensee, with distinction also by class of licensees, e.g.,
nuclear power reactor operators. The NRC charges the licensee for services and inspections.
Beginning with the first fiscal year after a POL is received, a licensee is no longer required
to pay the annual power reactor license fees. However, the licensee will still be charged for
plant-specific licensing actions and for the license to store spent nuclear fuel, either wet or
dry.

Financial Assurance

Various sections of 10CFR50 require a licensee to submit information providing reasonable
assurance that funds will be available for decommissioning. Section 10 CFR 50.75 requires
the licensee to specify the required final, updated information on the "methods to be used
for assuring funds", i.e., collection mechanism. Insurance to pay for property damage and
clean-up is a separate funding requirement (10CFR50.54 (W)). The NRC has
commissioning four studies regarding premature shutdown and the need for funding and,
based on the results of these studies, the NRC has determined that the market value of U.S.
utilities is significantly more than the decommissioning funding requirements. A licensee
may request relief from the (10CFR 50.54(a)) insurance requirements once a reactor has
been permanently defueled (ref. 10CFR50.12(a)(2)(ii)). In addition, 10CFR50.54(bb)
requires the licensee to submit to the NRC a program for managing and funding the storage
of spent fuel after shutdown. This program is to be submitted at least five years before the
operating license expires. For reactors which have been prematurely shutdown, this program
must be submitted not later than two years after shutdown.

IRS Involvement in Decommissioning Funding

Section 468A, "Special Rules for Nuclear Decommissioning Costs" (Tax Reform Act of
1984) defines the rules for operating and managing decommissioning funds.

The rule specifies the tax rate on the funds, types of investments allowed and restrictions.
Cash from the fund can only be used for decommissioning activities and fund
administrative costs. The fund is subject to the tax laws of corporations and such items as
estimated tax payments and tax investments restrictions are required. The fund is subject
to IRS audits.



Active Decommissioning

Many of the aspects of decommissioning are similar to plant operation. Accordingly, many
regulations, regulatory guides and material standards are common to both operations and
decommissioning. The major considerations during this phase are licensing, occupational
radiation safety, public radiation safety, special nuclear material (SNM) management,
radioactive waste management, industrial safety and license termination and facility release.

Licensing

An application for termination of license must be made not later than two years after
shutdown. Regulatory guide 1.86 specifies the procedures for amending an operating license
to a "possession-only license" which allows considerable relief from the requirements of an
operating license. It also specifies the procedures for obtaining a dismantling order which
is required for DECON, SAFSTOR or ENTOMB.

The POL must remain in effect during safe storage of spent nuclear fuel and authorizes the
authority to possess and handle SNM and other radioactive materials.

Occupational Radiation Safety

Because of the need to handle highly radioactive materials and work in contaminated areas,
occupational exposure is a major concern during decommissioning. The "Standards for
Protection Against Radiation" (10CFR 20) and Regulatory guides 8.8. and 8.10 provide the
limits for such exposure. As of January 1, 1994 the more restrictive dose limits specified
in 10CFR 20 were implemented by U.S. licenses. These regulations invoke the current dose
recommendations of the International Commission on Radiological Protection. The basic
premise for the more restrictive regulations is that external dose is equivalent to internal
dose for exposure limit accounting.

Public Radiation Safety

Section 10 CFR 20 Subpart D regulates exposure to the public from external and internal
sources. Environmental Protection Agency (EPA) regulations also apply to exposure of the
public from the management and storage of spent nuclear fuels, providing the EPA has
jurisdiction, which is a matter of controversy between the NRC and EPA.
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SNM Management

Security and Safeguards for SNM must be provided while such materials are located on-
site. Sections 10CFR 70 and 10CFR73 provide for the licensing and physical protection of
SNM.

Radioactive Waste

Regulations governing packaging and transportation are the responsibility, first, of the
Department of Transportation (DOT) and, second, the NRC.

1. Packaging and Transportation

DOT is responsible for safety standards, labelling, classifications, and marking of packaging
and shipping containers. The NRC develops performance standards and reviews designs for
Type B (fissile) and large-quantity containers. NRC approval is required for the use of such
containers. DOT also sets and implements safety standards for the conditions of carrier
equipment and personnel qualifications. The Federal Aviation Administration, Interstate
Commerce Commission, the U.S. Coast Guard and U.S. Postal Service also have some
authority regarding radioactive shipments.

2. Land Disposal Regulations

The: "Licensing Requirements for Land Disposal of Radioactive Waste (10CFR61) governs
land disposal of low level radioactive waste. This regulation defines the three classes (A,B
and C) of low level Waste (LLW) and intermediate level waste (ILW), minimum waste
forms and stability requirements. The GTCC (greater than class C) wastes must be disposed
ofin a geologic repository (ref. 10CFR 61.55).

The availability of LLW sites is critical if a licensee selects the immediate dismantlement
plan for decommissioning. Technical requirements for siting have evolved (ref. 10CFR61)
and two such requirements could impact decommissioning costs. First, LLW sites must
have characteristics which maximize stability and isolation. Site characteristics and
performance will be monitored for 500 years. Second, to reduce subsidence of the earth cap
over an LLW site, waste must be buried such that the integrity of the waste package is
maintained and voids in the site are filled. The latter could apply to large component burial
especially.
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Industrial Safety

Safety and work conditions are regulated by the Occupational Safety and Health
Administration (OSHA) under 29CFR 1900-END. These regulations include hazardous
material management programs and training certifications, and experience requirements.

The EPA has jurisdiction under no less than six acts that deal with atomic energy, air,
water, safe-drinking water and environmental responsibility. The EPA and NRC have
largely duplicative regulations regarding mixed waste and both agencies are attempting to
address the situation. The EPA can delegate regulatory authority to the states.

License Termination and Facility Release

Section 10CFR 50.82 indicates that the NRC will terminate a license if

1. decommissioning has been performed in accordance with the decommissioning plan
and order, and

2. the terminal radiation survey and documentation demonstrate that the facility and site
can be released for unrestricted use.

The criteria for residual radioactive contamination are currently being developed as part of
a major NRC rulemaking exercise.

Continuing Care

If the SAFSTOR decommissioning method is selected, then surveillance and maintenance
of the plant is required. The principal concerns are public and occupational safely, licensing,
safeguards and security; all of which have been discussed previously.

Premature Shutdown of Nuclear Plants

Since several nuclear plants have closed prematurely and there is significant regulatory
ambiguity associated with such closures, the NRC and the Nuclear Management and
Resources Council (NUMARC) have decided that a uniform nuclear plant closure and
decommissioning policy is needed. The NUMARC 92-02 draft report provides a plan for
a smooth transition from operating to shutdown reactor and a detailed NRC/licensee action
plan for decommissioning. Appendix B summarizes the actions taken by Portland General
Electric (PGE) and the NRC during the first two years after shutdown of the Trojan Nuclear
Power Plant. Guidance regarding POLs is also given. The PGE efforts for this action plan
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required 24.5 man-years.

The NRC would have to establish regulations in order to institutionalize the NUMARC
report. In order to establish the NUMARC report as a binding set of regulation, the NRC
would have to conduct a federal rule-making process.

Waste Categorization and Handling Regulations

Germany

During the actual dismantling of nuclear installations radioactive and non-radioactive waste
will arise. Paragraph 9a of the Atomic Law requires that all this waste has to be disposed
of, either by appropriate treatment to allow re-use and recycling, or by disposal in a suitable
repository. Prior to the introduction of the article law in 1994, the Atomic Law put
emphasis on maximising the re-use and recycling of the radioactive waste material. Disposal
was only acceptable if no technically viable treatment route existed. The article law now
establishes disposal of radioactive waste as an equal alternative to recycling of the waste.

Limits for Declassification and Release of Contaminated Material

German limits for declassification and release of residue material from decommissioning
and dismantling of nuclear facilities currently are not embodied in laws or legal regulations
and requirements. There are only recommendations by the SSK and guidelines issued by
the BMU and BMI. The practise is that for each individual decommissioning project the
clearance and release limits will be defined by the licensing authorities and form part of the
decommissioning license issued. The processes and techniques for clearance and release of
material are described in the German industrial standard DIN 25457.

In the past the licensing authorities have based the release limits on values quoted in the
radiation protection regulation (StrlSchV). Annex 4 (Anlage IV in Appendix B), table 4
specifies limits for specific activities of chemical elements, to be applied for distinguishing
between materials which have to be subject to the StrlSchV, or which can be handled
without a license. In order to determine if a license for handling active material is needed,
a limit which is 10'4 times the values in table 4 has been used. In absence of specific release
limits, the 10'4 reduction is currently also used as a release limit guideline for
decommissioning waste. In a similar way the limits for surface activity, which are specified
in annex 9, table 9, column 4 of StrlSchV, have been chosen as clearance limits of materials
to be released from the plant side.



United States

The regulations that define waste categories for near-surface disposal are located in the U.S.
code of federal regulations section 10CFR61.55. The wastes are generally classified into
three groups designated A, B or C. There are five criteria which determine the category
of radioactive waste including

1. Physical form and characteristics.

2. Stability.

3. Long-lived radionuclides.

4. Short-lived radionuclides.

5. Combination of long and short-lived radionuclides.

Physical Form

The criteria governing physical form and characteristics are set to facilitate handling at the
disposal site and protect the site workers. The following requirements apply.

1. No cardboard or fiberboard containers.

2. Liquid waste must be solidified or packed in absorbent material equal to twice the
volume of the liquid.

3. Liquid waste that is mixed with solid waste will be less than 1.0 percent of the total
volume.

4. Waste must not be capable of explosive reaction with water, explosive decomposition
or detonation.

5. Waste must not contain or be capable of generating toxic gases, vapors or fumes
harmful to persons transporting, handling or disposing of the wastes.

6. Waste must be non-pyrophoric.

7. Gaseous waste packaged in containers must be at pressures less than 1.5 atmospheres
at 20 degrees C. The total activity of the containers must be less than 3.7 x 1012 Bq
(100 Curies).
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8. Waste containing biological, hazardous, pathogenic or infectious material must be
treated to reduce to the maximum extent possible the potential hazard.

Class A waste must meet these requirements.

Stability

The overall stability of the low level waste site has to be guaranteed. The following
requirements apply.

1. The waste must have structural stability.

2. Void spaces within the waste and between waste and package must be minimized.

3. Liquid wastes or wastes that contain liquid waste must be converted to a form that
contains as little free-standing and noncorrosive liquid as possible but in no case will
the liquid exceed 1.0 percent of the volume.

Class B and C wastes must meet both the physical form and stability requirements. In
addition, Class C waste requires measures at the disposal site for protecting against
inadvertent intrusion.

Long-lived Radionuclides

Table 1 contains the limits for various long-lived nuclides.

Radionuclide

C-14

C-14 in activated metal

Ni-59 in activated metal

Nb-94 in activated metal

Tc-99

1-129

Alpha-emitting transuranic nuclides
half-lives less than five years

Pu-241

Cm-242

Table 1

Concentration (1010 Bq/m3)

29.6

296.0

814.0

0.74

11.1

0.222

Concentration (103 Bq/gm)

with 3.7

129.5

740.0
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Class A waste must be less than 0.1 times the values in table 1. If the concentration is
greater than 0.1 but does not exceed 1.0 times the values in table 1, the waste is designated
Class C. If the concentration(s) in table 1 are exceeded, the waste is not acceptable for
near-surface disposal.

For wastes that contain more than one of the nuclides in table 1, for each nuclide the actual
concentration is divided by the table 1 limit for that radionuclide and the resulting fractions
are summed. The sum must total less than 1.0.

Short-lived Radionuclides

Table 2 contains the limits for various short-lived radionuclides.

Radionuclide

Total of all nuclides with
< 5 years half-life

H-3

Co-60

Ni-63

Ni-63 in activated metal

Sr-90

Cs-137

Table 2

Concentration (1010 Bq/m3)

Col. 1

2,590

148

2,590

12.95

129.5

0.148

3.7

Col. 2

Note 1

Note 1

Note 1

259

2,590

555

162.8

Col. 3

Note 1

Note 1

Note 1

2,590

25,900

25,900

17,020

Note 1: There are no limits established in the nuclides for Class B or C wastes.
These shall be Class B unless concentrations of nuclides in table 1
designate the waste as Class C.

If the concentration does not exceed Column 1 (table 2), the waste is designated Class A.

If the waste exceeds Column 1 but does not exceed Column 2 (table 2), the waste is
designated Class B. If the waste exceeds Column 2 but does not exceed Column 3 (table
2), the waste is designated Class C.

If the .:oi-.centration(s) in table 2 are exceeded, the waste is not acceptable for near-surface
dispel
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If waste contains nuclides not listed in either table 1 or 2, the waste is designated Class A.

If more than one nuclide from table 2 is present, then the sum of the fractions method
described above must be used.

Combination of Long and Short-lived Radionuclides

If the concentration of a nuclide in table 1 does not exceed 0.1 times the value in table 1,
the class shall be determined by table 2. If the concentration in table 1 is greater than 0.1
but does not exceed 1.0 times the value in table 1, the waste is designated Class C provided
the concentrations of Column 3, table 2 are not exceeded.

For waste containing multiple nuclides, the sum of the fractions method described above
must be used.
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Appendix B
PORTLAND GEKEB&LELECTBIC

TBOIåN liOCU&BFL&RT
[ACTIONS

PGE NRC

Permanently Deluded Technical Specifications

PGE Submhtal [O3/16/93JJ
Operational Requirements for
Defueled Condition

PG3E Submhtal lO7/31/93j|
Pennanently Defiided Technical Specifications •—«—•J

Federal Register Notice

PDTS Supplemental Information [03/08/94||

Response to Dresden Issues [02/08/95fcj

NRC Approval

12/27/93

03/27/95

March 14,1995 Page I of8

Completed



PORTLAND GENEBAL ELECTHIC
TROIAN NDCLEAR PLANT

Acntms

NRC

Other P e g

Decommissioning Funding Assurance per
10 CFR 50.75 & 50.82 & 50.54(bb)

PGE Submittal

NRC Approval

Decommissioning Plan

ODOE Initial Rulemaking Work&hop »(09/10/93

ODOE Rulemaking Completion - 02/28/94

PGE Submirtal

EFSC Technical Approval -10/31/95

NRC Technical Approval

Final NRC Approval

Maintenance Rule

PGE Submittal

Price Anderson Insurance Exemption 10 CFR 140

PGE Submittal

Primary & Secondary Financial
Liability Protection

NRC Approval

01/26/95

05/30/96

01/26/95

10/31/95

05/30/96

06/09/95

03/30/95

09/28/95

March 14,1995 Page 2 of8

Completed



TROJAN NUCLEAR PLANT
UCEMSPifi ACTIONS

PGE NRC

Possession Only License

PGE Submittal
Cessation of Operation

PCX Submittal made

Order Prohibiting Fuel in Containment

Federal Register Notice

NRC Approval

PGE Submittal

Letter Certifying Dcfueled

Letter Prohibiting Fuel in Containment

PGE Submittal
Letter listing 10 CFR sections excluded

Containment Testing per Appendix J Exemptioii
10 CFR SO Appendix J

PGE Submittal

NRC Approval

Criticality Accident Requirements Exemption
10 CKR 70.24

PGE Submittal

NRC Letter
Exemption not required

01/27/93

01/27/93

102/02/93

02/17/93

03/15/93

02/16/93

02/16/93

[03/24/93

03/25/93

[05/05/93

04/12/93

03/24/93k

March 14,199S

Completed B
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POSTLåND GENEBAL ELEC7BIC
TBOIÅN NBGUttS PUKT

I1CENSING ACTIONS

PGE Submittal
Exemption for 1992 Exercise

NRC Approval

Licensed Operator Staffing/Retraining

PGE Submittals mad© 101/27/93
Certified Fuel Handler Training Program
Technical Specification Changes
10 CFR 50.54 Exemptions

PGE Respond to 03/23/93 RAI oo Training Program

Federal Register Notice

NRC CFH Program Approval

NRC Amendment Approval

PGE Request for 10 CFR 50.54(y) Exemption 105/20/93)

NRC Approval of 10 CFR 50,5.4(y) Exemption

PGE Notify NRC [06/24/931
Operator Licenses Terminated ^ M M M

Annual Operating Fee

PGE Submittal j 04/15/93

NRC Letter Denying 1993 Exemption

Defueled FSAR

PGE Submittal [T0/Ö7/93]

Emergency Plan

02/15/93

03/31/93

04/27/93

[0S7Ö6793

06/23/93

[08/24/93

03/29/93

March 14,1995

Completed §

Page 4 of 8



POSXLAHD CBNBHAL ELBCIBIC
THOIAN NTJCXEAB PLANT

LICENSING ACTIONS

NÄC

Emergency Plan (continued)

PGE Submhtal
Defueled Emergency Plan
Exemption Requests

NRC RAI on Defiieled Emergency Plan

PGE Response to RAI on Emergency Plan

EFSC Presentation - [03/11/93

ODOE Public Meeting - (04/19/93

EFSC Follow-up Presentation »|04/22/93

ODOE Comments on Plan - [05/28/93

PGE Response to ODOE Comments -(Ö7/l#93]

PGE Submit Revision to Proposed Plan

PGE Letter Forwarding EAL Technical Bases

PGE Forwarded Ingestion Calcs. to ODOE -[08/19/93 i

ODOE Director Approval

03/09/93

06/17/93

108/18/93

PGE Submit Additional Information on Exemptions

PGE Response to NRC Plan Observations

NRC Approval of Defiieled Plan and FEMA Notification

PGE Letter to Oregon and Washington
Terminating Off-site Planning

Implement Defueled Emergency Plan

FEMA Letter Terminating Off-site Planning -[10/15/93

09/30/931

109/30/93

March 14,1995

Completed

Page 5 of 8

05/18/91

09/30/931



POHTLAND GBNEHåLELECIBIC
TROJ&NNOCZXARPLåNT

UCBMSIHfi ACTIONS

PGE NRC

Fire Protection Program

PGE Submittal
Technical Specification Change to Relocate
Fire Protection to FSAR/License Condition

EFSC Presentation - P4/22/93

Federal Register Notice

NRC Approval

PGE Forward Defuelcd Fire Protection Plan

Security Plan

PCE Submittal
Defueled Security Plan/Potential
Exemption Requests

EFSC Presentation -Pgjg/gJ|

Submit Revised Plan Responding to
NRC and ODOE/EFSC comments

EFSC Approval -108/13/93

ODOE Director Approval -J09/01/93

NRC Approval

Implement Defueled Security Plan

PGE Submit Amendment to License

03/16793

10/18/93

06/17/93

07/29/93

09/30/93]

IQ72W3\

06/23/93

09/22/93

09/30/93

March 14,1995 Page 6 of8

Completed



PORTLAND GENSBåt ELECTRIC
TROIANNUCLBABPLåNT

LSC1NSSNGÅCTIOHS

Quality Assurance Program

PGE Submittal
Initial Changes Because Defueled (not
a reduction in commitments)

PGE S-ibmhtal

Final Defueled Program

NRC Request for Additional Information (RAI)

PGE Response to RAI

NRC Approval

Property Insurance Exemption 10 CFR 5O.S4(W)

EFSC Presentation -K>3/11/93

Reduce Property Insurance to $1.06 Billion -[06/02/931

PGE Submittal

NRC Approval

Training Rule

NRC Information Request on Training Rule

PGE Response to Information Request

PGE Supplemental Information

NRC Exemption to Training Rule

PGE

07/06793

09/28/93

07/08/93

08/10/93

10/21/931

NRC

KI9/03/93

10/28/93

11/17/931

06/25/93

H/197931

March 14,199S Page 7 of8

Completed



PORTLAND GENEBAL ELECTRIC
TROJAN NUCLEAB P U N T

IICBWSIMfl ACTIONS

PGE

Radiological/Environmental Technical Spedficatioiu

PGE Submittal 104/01/93fc
Technical Specification Change to relocate
RETStoODCM

PGE Supplemental Subraittal

Federal Register Notice 107/07/931

NRC Approval' 112/06/931

March 14,1995 Page 8 of 8

Completed |



Appendix C

A FULL SYSTEM DECONTAMINATION OF
THE OSKARSHAMN 1 BWR

by
Johan Lejon and Åsa Hermansson

OKG AKTIEBOLAG, Oskarshamn NPP, Sweden
and

Horst-Otto Benholdt
Siemens, Germany

1. INTRODUCTION

Due to environmetally assisted cracking in cold-worked bends in the primary piping,
approximately 600 meters were subject to pipe replacement. The collective dose budget for
the entire work was estimated to 6.5 manSv with traditional lead shielding. With a decon-
tamination factor of five, the collective dose was estimated to approximately 3.4 manSv. It
was decided that a decontamination would be cost effective.

Because of up-coming inspection and repair work inside the reactor pressure vessel a
decontamination of the lower part of the vessel and the main recirculation loops was de-
manded.

A chemical system decontamination with the CORD-meihod was performed. The
systems involved in the first phase were the residual heat removal system, the reactor water
clean up system, pipe connections to the auxiliary condenser and a minor part of the final
feedwater system. In the second phase, the four main recirculation loops and the lower part
of the reactor pressure vessel were involved.

For the first time ever, during a large decontamination, a major part of the decontami-
nation chemicals were decomposed in-situ and the final waste volume was significantly
reduced.

2. THE CORD-METHOD

The CORD (Chemical Oxidation Reduction Decontamination) decontamination proc-
ess uses permanganic acid and oxalic acid as the main decontamination chemicals. The
process is applied at 95°C and at an initial pH of 2. Each CORD-cycle consists of the
following steps:

A. Preoxidation

Permanganic acid is added (about 300 ppm), whereby chromium (III) which exists as
insoluble chromium oxides is oxidized to chromium (VI) and becomes soluble as chromate
ions:

6 HMnO4+ 5 Cr,O3+ 12 H,O' > 6 Mn : '+ 10 H,CrOa+ 11 H,O



In the first decontamination cycle, the preoxidation step is excluded, mainly to save
time and waste volume, because the oxide film has already been exposed to normal BWR
environment which is assumed to be oxidizing enough.

B. Reduction

An excess of oxalic acid is added (about 2000 ppm). The permanganic acid left from
the preoxidation step is reduced according to:

2 HMnO, + 5 H,C204 + 4 H30* > 2 Mn2*+ 10 CO, + 12 Rp

C. Decontamination

When all permanganic acid is consumed, the remaining oxalic acid causes the decon-
tamination. The positive metal ions, mainly Fe2\ Mn2*, Ni2* and Co2* are trapped on a
cation exchange resin.

D. Decomposition

As long as there is oxalic acid left, there will also be complexes such as iron oxalates
[FeCCjOJj]3- and chromium oxalates [CriCfi^]3-. As they are negative, they cannot be
trapped on a cation exchange resin, and because of waste treatment, it was not recom-
mended to use anion exchange resin. Therefore the remaining oxalic acid must be decom-
posed. There are several ways to perform this.

a) Permanganic acid could be added again. Then the oxalic acid decomposes to carbon
dioxide and water by the same reaction as in the reduction step.

b) The oxalic acid could be thermally destroyed by increasing the temperature to above
120 °C.

c) A third, and better, alternative is to use a UV-light source for decomposition of the
remaining oxalic acid together with a stoichiometric amount of hydrogen jjeroxide.

3. DECONTAMINATION OF PRIMARY SYSTEM

The residual heat removal system (RHR), the reactor water clean up system (RWCU),
pipe connections to the auxiliary condenser and a minor pan of the final feedwater system
(FFW) were connected to the decontamination equipment and decontaminated simultane-
ously. The decontamination was carried out in June 1993.

Volumes and areas for each system are given in the table below.

System

Residual Heat Removal
Reactor Water Clean up
Final Feedwater
Auxiliary Condenser
Decontamination equipment

14.5 m3 895 m2

The total primary system area treated was 895 m2 consisting of 520 m2 pipes, valves
and pumps exposed to full BWR temperature and 375 m2 heat exchanger tubes exposed to
a temperature in the range of 60 °C to 270 °C. The total volume was 14.5 m\

Volume
6.5
2.5
4.5
0.5
0.5

m3

m3

m3
m3

m3

Area
395
450
40
10

m2

m2

m2
m2



The decontamination equipment consisted of several skid mounted panels. The main
components were pumps, heaters, chemical injection system and UV-Hght reactors.

The decontamination equipment was connected to the residual heat removal system
and to provide connection back to the decontamination equipment, plugs and temporary
hoses were connected to the six final feedwater pipes close to the reactor pressure vessel
inlet, see figure 1.

MAIN STEAM OUTLET

TEMPORARY
HOSES FINAL FEEDUATER INLET

DECONTAMINATION
EQUIPMENT

The filled lines were subject
to the decontamination

Figure 1. Oskarshamn 1 - System Decontamination

The total amount of decontamination chemicals used was 85 kg of oxalic acid and 9
kg of permanganic acid. A stoichiometric amount of hydrogen peroxide (32 kg) was also
added in order to decompose the oxalic acid in combination with a UV-light source.

All the oxalic acid was decomposed to carbon dioxide and water and the permanganic
acid was decomposed to approximately 4 kg of manganese ions. The manganese ions con-
tributed to approximately 30 per cent of die theoretical waste volume.

The duration of the total decontamination pro= %ss including final rinsing was 72
hours.
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10. DECONTAMINATION OF THE LOWER PART OF THE REACTOR
PRESSURE VESSEL AND THE MAIN RECIRCULATION LOOPS

In January 1994 the lower part of the reactor pressure vessel (RPV) and the main
recirculauon loops were decontaminated in a similar manner compared to the primary sys-
tem decontamination.

The RPV was filled up to the lower part of the core region and all RPV internals were
removed. Circulation was obtained by running all four recirculauon pumps. The total area
treated was 1350 m2 but approximately 900 m2 had already been subject to decontamination
or pipe replacement. The total volume was 156 m3.

The total activity removal was estimated to 2-3 TBq based on nuclide specific meas-
urements and previous decontaminations.

Four CORD-cycles were performed and the total activity removal was 2300 GBq.
This is in good agreement with the expected value. The removed nuclides were Co-60
(1100 GBq), Zn-65 (110 GBq), Mn-54 (11 GBq) and Sb-125 (34 GBq), see figure 5.

2000

1500

1000

500

Mn-54 Co-60 Zrr65 Sb-125

Figure 5. Decontamination of RPV and Recirculation Loops
Release of Activity

A total of 27.5 kg metals corresponding to 39 kg of metal oxides were removed. The
composition of the metals removed was iron (16.9 kg), chromium (5.1 kg), nickel (3.1 kg),
zinc (1.8 kg), copper (0.4 kg) and manganese (0.08 kg), see figure 6.

Based on dose rate measurements at 16 previously defined points on the main
recirculation loops, the average decontamination factor obtained was 33, S2.

The total waste volume was calculated to 1.9 m' -Due to the filter vessel design, the
actual final waste volume was 3.4 m3 cation resin and 0.3 m3 anion resin.

The duration of the total decontamination process, including final rinsing was ap-
proximately 200 hours.
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10.0 (

Figure 6. Decontamination ofRPV and Recirculation Loops
Release of Metals

11. CONCLUSIONS

In phase one a major part of the primary system was decontaminated with the CORD-
method. The total area treated was 895 m2 with a volume of 10.5 m3. The total activity
removal was 350 GBq, mainly Co-60 (73 per cent). The total metal oxide removal was 10
kg. The final waste volume was calculated to 0.23 m3. Due to the filter vessel design the
actual volume was 1.2 m3. The average decontamination factor obtained was 17 and the
estimated collective dose reduction was 3.1 manSv.

In phase two, the lower part of the reactor pressure vessel and the main recirculation
loops were decontaminated with the CORD-method. The area treated was 450 m2 with a
volume of 156 m3. The total activity removal was 2300 GBq, mainly Co-60 (93 per cent).
The total metal oxide removal was 39 kg. The final waste volume was calculated to 1.9 m3.
The actual waste volume was 3.7 m3. Based on dose rate measurements the average decon-
tamination factor obtained was 22. It has not been possible to estimate the collective dose
reduction but the inspection and repair work in the recirculation loops and the nozzles in
the bottom of the vessel would not be possible to perform without a decontamination. The
measured dose rates in the lower part of the vessel before decontamination was approxi-
mately 30 mSv/h.
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