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The decommissioning of the ASTRA research reactor at the Austrian Research Centres
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INTRODUCTION

Successful project delivery requires the system-
atic application of the practice and tools of project
management [1-3]. An important aspect of project im-
plementation is to ensure that information is available
to manage and understand performance. Performance
Indicators are one of the principal means of providing
this information to those parties with an interest or in-
fluence on the project — whether internal or external to
the project organization (see ref. 4, IAEA, Introduc-
tion to “Selection & Use of Performance Indicators in
Decommissioning”).

Austria, at the time of the ASTRA-MTR re-
search reactor decommissioning at the site
Seibersdorf, had no experience regarding to the dis-
mantling of nuclear facilities. The document starts
with a short reflection on the history of the reactor and
the goals, the structure and the implementation of the
decommissioning project. A suitable framework of
performance indicators as it was actually developed
and applied during the process is identified. The struc-
ture of the accompanying reporting system is ex-
plained and the results obtained in terms of schedule,
materials, manpower, and budget relative to the per-
formance indicators are analyzed.

* Author's e-mail: franz.meyer@nes.at

THE HISTORY OF THE REACTOR

In 1958 a federal agreement was reached in Aus-
tria to constructa 10 MW MTR multi purpose research
reactor of the American Machinery and Foundry
(AMF) design at a site approximately 30 km southeast
of Vienna near the village of Seibersdorf. On Septem-
ber 29 1960, the ASTRA reactor (Adapted Swim-
ming Tank Reactor Austria) reached first criticality.
After a period of initial operation, the average extent
of operation per year from 1966 on was in the range of
500 and 900 MWd.

After a people’s referendum held in Austria in
November 1978, generally rejecting the use of nuclear
power in Austria and preventing the already built nu-
clear power plant at Zwentendorf from becoming criti-
cal, the scientific use of the reactor subsequently de-
creased. After several modifications the commercial
possibilities of the reactor were extended. Neverthe-
less the income of the reactor by commercial use
hardly exceeded 50% of'the ever rising operating costs
of roughly EURO 1.300.000 per year in the late
1990’s.

In 1997 the management of the Austrian Re-
search Centres Seibersdorf (ARCS), responsible for
the operation of the reactor decided because of politi-
cal and financial reasons, to shut down the reactor per-
manently at the earliest possible date. A first deadline
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for the shut down was communicated with January 1%,
1998. Due to commitments and obligations to the us-
ers of the reactor and the date confirmed by the US De-
partment of Energy (DOE) to accept ASTRA’s spent
fuel by the end of 2000 at the earliest, this deadline was
extended to January 1%, 1999. The shut-down of the
reactor finally occurred on July 29, 1999.

GOALS, STRUCTURE AND
IMPLEMENTATION OF THE PROJECT

The goals of the project

Since the ASTRA reactor was the first of the
three research reactors in Austria undergoing decom-
missioning, no particular experience and regulations
in decommissioning of those facilities were estab-
lished. On the other hand, throughout reactor opera-
tions, the personnel of the reactor was directly respon-
sible for the modifications to the facility with an
outstanding experience in technical requirements and
handling procedures under operating conditions and
were familiar with the features of the reactor and the
necessary safety procedures.
In general, different strategies have been applied
for the decommissioning of research reactors, ranging
from immediate dismantling to defer dismantling in
stages separated by a few months and up to several de-
cades. Between April 1998 and April 1999 on behalf of
the Austrian government as the key-owner of the ARCS
and the facility, a comprehensive study was prepared by
ARCS to give a clear picture of the possibilities in de-
commissioning. Advantages and disadvantages were
compared under ASTRA circumstances leading to a de-
cision for immediate dismantling. The remaining oper-
ating time was partly dedicated to establish empirical
data related to e. g. the activation of the pool-alu-
mina-liner, the shielding concrete and of other major
components.
The goals for the decommissioning with refer-
ence to buildings, structures, and funds were defined to:
— remove activated and contaminated materials
from the reactor,

— keep the amount of radioactive waste to a reason-
able minimum,

— keep the costs of the decommissioning as low as
possible, and

— clear and preserve the building for further unre-
stricted re-use.
The goals for the decommissioning with refer-
ence to people and the environment were defined to:
— apply the necessary physical surveillance to per-
sonnel and environment,

— protect the staff from unnecessary exposure
(ALARA-principle),

— take appropriate measures to prevent contamina-
tions and the spreading of contaminations, and

— protect the environment from hazards imple-
mented by the decommissioning process

The structure of the project

Forreasons of licensing, legalization and admin-
istration the project was structured into four phases:

Phase 0 removal and disposition of  Aug. 1999-Dec. 2000
the fuel elements
preparation of data

Phase 1 recovering and treating of Jan. 2001-Jan. 2003

remote handled waste
(RHW),

recovering and treatment of
RHW from the vicinity of
the core,

handling and conditioning
of neutron exposed graphite,
phase-1 conditioning work
at Hot-Cell-Laboratory

continued until Dec. 2005

Phase 2 recovering and treating of Feb. 2003-Jan. 2005

contact handled waste,
“fingerprinting”
contamination of the
primary water systems,
dismantling of the primary
water systems,

processing of contaminated
and activated metals,
“fingerprinting” activation
of Barite concrete,
dismantling of the
biological shield,
radiological clearance of the
surface of the concrete

Phase 3 radiological clearance of the Feb. 2005-Dec. 2005
reactor building

The implementation of the project

Based on the obtained data of the comprehensive
study a rather clear picture of the tasks to be per-
formed, the timetable of the project and the costs to be
expected could be drawn with the following results.
—  First possible shipping date for the transfer of the

54 spent fuel elements was established with DOE
in the fall o 2000. To cover the costs of the dispo-
sition, EUR 1,800,000 were accumulated over
years of operation for this purpose.

— Estimated 160 tons activated and contaminated
materials had to be expected at estimated averag-
ing costs of EUR 4,000,000 for the conditioning
and intermediate storage.

— The work should be performed with remaining
qualified reactor staff but with the option to use
external labour when applying specialized tech-
niques.

— 90 years of manpower for dismantling including
the conditioning of the intermediate and low level
waste, the establishment of the necessary radio-
logical parameters, clearance of the buildings, ra-
diation protection measures and documentation
were calculated.
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— Based on an average of 15 operational staff mem-
bers that amounted to 6 years of project duration
with estimated costs of EUR 9,000,000, not taking
into account unforeseen delays.

Total costs of the decommissioning were there-
fore estimated with EUR 13,000,000 covering all ex-
penses including the conditioning and temporary stor-
age of the waste but with the exemption of the costs for
the disposition of the spent fuel and the considerable
reserve funds which are requested under Austrian law
for an eventual later final storage of radioactive waste.

According to Austrian legislation, the operation
of nuclear facilities is under federal supervision. Tasks
similar to those already performed during the opera-
tional period of the reactor, e. g. disposition of the
spent fuel or modifications to the reactor internals and
experiments were therefore considered operational
work and could be performed on already established
rules. The return of the spent fuel elements to DOE and
the removal and conditioning of remote handled waste
(RHW) from the vicinity of the core and beam-tube in-
ternals was therefore permitted under the operational
license (phase 0 and phase 1).

The decommissioning of nuclear facilities on the
other hand is under supervision of the federal state of
Lower Austria. To continue the project into phase 2 and
phase 3 a decommissioning license by way of an Envi-
ronmental Impact Assessment (EIA) had to be obtained
while performing the work up to phase 1. In advance to
the EIA, EURATOM had to be informed according Arti-
cle 37 about the intentions to decommission the ASTRA.

After discussions of the implements of the com-
prehensive Decommissioning study with the responsi-
ble stakeholders, the project was finally presented to
Parliament and appropriated in June 1999. The fund-
ing to run the project was granted in six equal parts
over the years 2000 to 2005. In December 1999 the
budget was formally approved by the Austrian federal
ministry of finance. Now with the necessary funds
guaranteed and the expectation of a positive statement
according Article 37, EURATOM and by obtaining a
decommissioning license following an EIA in due
course, work on the project could commence immedi-
ately in January 2000.

IDENTIFICATION OF THE KEY FACTORS

Stakeholders

Facility owner ARCS (until March 2003)
Nuclear Engineering Seibersdorf
Ltd - NES (from April 2003)
represented by the ministry of
science

represented by the federal

ministry of finance

Government

Fund provider

Regulators represented by the federal ministry

of environment, work under oper-

ating license,

represented by the government of

Lower Austria, work under decom-

missioning license

via EURATOM according to the

Article 37 procedure

via Environmental Impact

Assessment (EIA)

ARCS, division Nuclear Services

(until March 2003); NES, De-

commissioning Department

(from April 2003)

Radioactive waste NES, Radioactive Waste Man-
agement Department (RWMD)

Special materials NES, Hot Cell Department (HZL)

Neighbouring
countries
General public

Project
management

Radioactive inventory

The majority of the radionuclides identified for
the ASTRA possessed half-lives up to 80 days decay-
ing sufficiently fast to allow immediate dismantling
after the unavoidable time needed for the fuel disposi-
tion, or half-lives of more than 50 years until a substan-
tial reduction of dose rates were achieved. Immediate
dismantling with traces of e. g. Co-60 still present even
in low level activated or contaminated areas assisted in
the definition of reliable radionuclide relationships
and simplified detection and clearance procedures.

The conditioning of contact handled materials
and special materials (e. g. the annealing of the graph-
ite and the remote handled sealing of the Beryllium el-
ements) had to be carried out by the project staff sup-
ported by the colleagues and facilities of the Hot Cell
Department in order to fulfil the acceptance criteria at
the storage facility.

Available manpower and experience

The experience of the reactor operators in han-
dling and cutting procedures under operating condi-
tions and it’s familiarity with the technical features of
the reactor and the necessary safety procedures. Due to
the experience, personal exposure has always been at
comparably very low levels.

Safety and environment

Since decommissioning work could be per-
formed within the closed containment of the reactor
building with ventilation, under pressure and drainage
still fully in operation, sufficient safety standards
could be guaranteed. Virtually no possibility for a re-
lease of activity to the environment during the whole
decommissioning process would exist.
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Based on the radioactive inventory, the available
manpower and experience and with a maximum priority
to safety and environmental compatibility the immediate
dismantling was recommended as the most viable option.

Estimation of the costs

A table of the different tasks necessary to dis-
mantle the ASTRA was prepared. The work was di-
vided into legal procedures, preliminary efforts, actual
undertakings, the establishment of radiological data,
and the conditioning and documentation. In compari-
son to other tasks performed at the reactor under oper-
ation, work-times were estimated. All single tasks
were drawn against the available manpower. An over-
all period for the decommissioning could be calcu-
lated and the costs estimated.

A comprehensive catalogue of all significant
parts of the reactor was prepared, including technical
data like materials, weight, size of contaminated sur-
face and calculated levels of contamination or activa-
tion with a basic characterization of possible nuclides.
The amount of radioactive waste and of materials with
potential clearance probabilities was defined and
again the costs calculated. Contacts with other known
decommissioning projects in Europe were established
and estimated and actual data were compared with the
figures of the ASTRA.

IDENTIFICATION OF THE
PERFORMANCE INDICATORS

Timescale

Within the structure of the project, progress over
the time was defined via the four phases (see structure
of the project). Each of the phases was detailed into
tasks with estimated working times attached. Due to
the release of the money in equal batches over the
years, it was essential to plan the tasks and apply man-
power accordantly.

Tasks and materials flow

The comprehensive catalogue of parts was pro-
viding data on a continuous basis. Interlocking this
data with the list of tasks allowed for a follow up of the
progress and the definition of milestones.

Cost analysis

The implemented SAP system in ARCS facili-
tated the necessary means. Due to the fact that the bud-
get was distributed on a constant yearly basis it was es-
sential, that by the planning of tasks e. g. involving

additional costs like employing external contractors,
the financial possibilities had to be kept in view.

THE DOCUMENTARY SYSTEM

The scope of the project, the decommissioning
strategies and tasks defined and the calculated costs es-
tablished on the one side and the stakeholders with their
responsibilities on the other side can be seen as a net-
work connected via documented information drawn
from the actual progress within the project. The strict
obligation to identify each part/component, active or in-
active, from the dismantling procedures until the final
disposition as radioactive waste or to the release for
re-use or disposal was also calling for extensive docu-
mentation.

Due to limited management resources the report-
ing system had to be easy for handling, but informative
enough to fulfil the needs of stakeholders at different
levels (e. g. government, regulators, experts, manage-
ment, staff). Therefore a bottom up system was con-
ceived, interconnecting the incoming data with the
framework of the related tasks and matching the data
against the guidelines as defined during the planning
and legalising of the project (top-down documentation
system). The procedures were handled flexible with
possibilities for extensions and alterations when
needed. Usually the project was reviewed on a yearly
basis.

The bottom-up reporting system

To relay information to the stakeholders on a
regular basis and to gain data suitable for reviewing
the project, a reporting system was initiated. As over-
all indicator on project performance and project deliv-
ery the information was based on key-performance in-
dicators. Reasons for changes in the planning and
consequences due to the changes and due to unfore-
seen matters were analyzed. The regular bottom-up re-
porting system consisted of eight items.

Daily journal

Data usually established by project members on
a handwritten daily basis. The main tasks performed
were continuously added into an Excel-table stating
date, component- or task number, and task performed.

Monthly reports

Compiled from the daily data and the data on
materials flow and connected to the tasks- and timeta-
ble. The reported tasks were linked to the personnel in-
volved and statements about difficulties or advance-
ment added. The report was extended to cover topical
matters and included the planning of the forthcoming
month(s). The next monthly report was based on the
previous, so current matters could be followed up. The
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Word-file was made available to the directors of the
Nuclear Services (NS), later to the executives of Nu-
clear Engineering Seibersdorf (NES) as well as to ev-
ery staff member.

Quarterly reports

Compilation of the monthly reports: It empha-
sized on the timetable and the current costs and dealt
with irregularities. The report was also extended to
cover topical matters and difficulties and included the
planning of the forthcoming period. The following
quarterly report was again based on the previous for
reasons of follow up. The Word-file was made avail-
able to the directors of the NS/NES, the contents in-
cluded into the obligatory quarterly reports from
NS/NES to the directors on the board of the ARCS and
the scientific board.

Yearly reports

Based on the monthly and quarterly reports with
extensive reflections on status-quo, review and statis-
tics in reference to the key-performance indicators,
cost-development and development in personnel and
planning. Distribution was similar to the quarterly re-
ports.

Materials flow

Basic data provided by project members, contin-
uously extended by the documentation of transfer to
the RWMD, acting as central facility for the collection,
conditioning and intermediate storage of radioactive
wastes arising in the country, or the final release. Excel
file based on the component number with basic identi-
fications of the parts, links to the original documents
stemming either from the transfer to the RWMD or to
the documents arising throughout the clearance proce-
dures.

Waste-, clearance- and release reports

Precise data were obtained while material and
components were handled. Each item from the moment
of disassembling to either the place in the ready condi-
tioned barrel in the intermediate storage or the way of
cleared items to re-use, recycling, or disposal had to be
followed at all times. The established number-based
overall identification system was duly extended through-
out the process. Via this system all data as for example
within the daily journal, the probes and samples, the
CAD-drawings, the extensive photo-documentation and
the legal clarification documents were interlocking.
Hard-copies were collected into a filing system.

Health and safety reports

A standardized monthly data collection follow-
ing radiation protection is a general routine within all
departments of the ARCS dealing with radioactivity.
Additionally personnel on the job were equipped with
electronic dosimeters providing instant information

for the worker. The readings of the electronic dosime-
ters were regularly collected on a daily basis. In the
case readings above the expected levels, the daily jour-
nal covering the undertakings allowed for immediate
identification of tasks responsible. Official health and
safety reports comparing actual and calculated values
were usually prepared on a yearly basis or on request.

Status reports

Apart from the regular reports, status reports had
to be prepared on request.

The top-down documentation system

The top-down communication covering techni-
cal, administrative and legal matters at different levels.

Decommissioning study

Before the initiation of the project a comprehen-
sive Decommissioning study was prepared. The autho-
rization of the project and the tasks as well as the legal-
ization of the work was based and linked on the
contents.

Reactor decommissioning
meetings

During the planning stages of the project and
throughout the operational phases 0 and 1 of the pro-
ject, meetings with responsible stakeholders were held
onregular schedules. The meetings were documented,
decisions authorized, and continuing steps agreed
with. In the later stages of the project after the granting
of the decommissioning license following the EIA the
meetings were held on occasion, usually to co-ordi-
nate work within the departments RWMD and HZL of
NES.

Application for the environmental
impact assessment (EIA)

Extension of the Decommissioning study em-
phasizing on tasks to dismantle the reactor further, e. g.
bioshield, cooling system and clearance of the build-
ing (decommissioning license).

Information of EURATOM according
article 37 of the treaty

Information contents similar to the application
for the EIA, but restructured to meet EURATOM-pref-
erences.

Working instructions

Since the working instructions for the reactor in
operation including work during phase 0 and phase 1
were not applicable for the work under the decommis-
sioning license, new working instructions had to be es-
tablished, authorized, and released. Alterations in the
course of the decommissioning work were usually
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also put into working instructions before applying to
the regulators.

Final report

After the successful clearance of the reactor
building and in order to terminate the project a final re-
port with a description of the tasks performed was re-
quested by the authorities. The report included a copy
of the daily journal and of the Excel-file on materials
flow. The final report serves also as a key to the exten-
sive overall hard-copy documentation of the reactor
during decommissioning.

The overall project documentation

Since there is no guarantee, that digital copies
are still usable/readable after long years of storage (for
some items 30 years and more) it was decided to col-
lect important information and originals preferably in
hard copy. To accommodate the extensive documenta-
tion from the decommissioning period as well as from
the operating period of the reactor, a room on the
top-floor of the NES administration building was
adopted. It was furnished with steel cabinets for
long-time preservation of the documents.

The documentation on the subject of decommis-
sioning contains:

— complete documentation of the decommissioning
process, planning, operating, evaluation,

— monthly, quarterly an yearly reports on decom-
missioning,

— technical and legal documentation on decommis-
sioning,

— extensive documentation about radiological clear-
ance measurement and materials flow,

— the extensive photo-documentation,

— collection of working instructions valid for de-
commissioning, and

—  papers, publications, and books released in con-
nection with the decommissioning

The documentation on the subject of 40 years of
reactor operation contains:

— detailed information about the fuel cycle and dis-
posal over the full operating period,

— reactor operating logbooks and the logbooks of ra-
diological surveillance,

— continuous records on exhaust air and surveil-
lance of the surrounding,

— operating handbook and records of continuous
survey by the regulators,

— theoretical and technical information concerning
experiments,

— acomplete set of technical drawings of the reactor,

— administrative communication and picture docu-
mentation during reactor operation, and

— personal documentation of the former reactor
management

SUMMERIZING THE PROJECT IN
RELATIONSHIP TO THE PERFORMANCE
INDICATORS

The final goal of the project was the release of
the buildings for re-use. Immediate dismantling was
chosen to be the optimum decommissioning strategy.
Decommissioning work started with the disposition of
spent fuel. It was immediately continued with the re-
moval of remote handled waste, followed by the re-
moval of contact handled waste and finalized with the
decontamination of the reactor building to achieve the
clearance level for unrestricted re-use. With the re-
lease of the reactor building from regulatory control
the decommissioning of the ASTRA was terminated in
October 2006, approximately 10 months behind
schedule. In the following the development of the pro-
jectalong the timescale, the materials flow, and the ac-
tual costs in relationship to the performance indicators
on a task-related basis are analyzed.

Analyzing the performance of the
project with reference to the timescale

In order to cope with delays usually caused by
administrative difficulties outside the competence of
the decommissioning management, e. g. unexpected
waiting for licenses, it was decided to enforce the pro-
ject-team by co-workers leased from an outside com-
pany and to run tasks parallel where possible (disman-
tling the biological shield in the reactor building and
the primary water-systems in the independent under-
ground pump-room). To engage external labour for
specialized tasks, e. g. the cutting of concrete, was al-
ready decided during the planning for decommission-
ing. Table 1 summarizes the ASTRA project by detail-
ing main tasks over time.

Analyzing the materials flow in
relationship with the tasks

The obligation to reduce radioactive waste has
been followed ambitiously. For example, under Aus-
trian conditions there are no established routes to in-
troduce metals into the market, even though the
radionuclide content is well below the clearance levels
for unrestricted re-use. Such metals would have had to
be considered “radioactive” waste. Germany has es-
tablished routes for the recycling of cleared metals. In
co-operation with a German company licensed for the
melting of those metals, 42 metric tons of cleared
ASTRA metals were recycled for re-use. Further as-
sets were the extensive characterization efforts and the
introduction of diamond wire cutting to dismantle the
biological shield. It resulted in a considerable reduc-
tion of radioactive waste in comparison to the original
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Table 1. ASTRA decommissioning — tasks and time

Work under o

perating license

| Work under decommissioning license

ASTRA-decommissioning

main-taskas and time il \19“99 ‘ |“20|(‘)|O 1

2001
[T

2002 | 2003 2004 2005 2006
L O A T T

Phase 0

Removing high-level-waste — HLW SEniEE

(disposition of fuel-elements)

Actua

=

Installation free of HLW
1
| —1

Phase 1

Removing intermed.-level-waste — ILW
(shielding preparations essential)
Phase 2a Work by project staff

Removing low-level-waste — LLW
(shielding not necessarily required)

|
et
|

g proje

Phase 2b Work supported by contractors
Removing low-level-waste - LLW
(shielding definitely not required)

Phase 3
Radiological clearance of the building
(100% of the surface)

— Start of chommissionin

Petition Art. 37 EURATOM

Transfer of s

Last operation of the reactor

pent fuel ———

Projected
Actual

Installatifn free of [LW

Projected |

AERE] | nstallation
tee of LLW

Projected
Actual |
Projected|

y EURATOM:

Petition for ETIA

Termination of ASTRA decommissionig project

EIA dECO]nLl. 1cense ._

—Positive comment by

| Actual | :

Note: Dark hatched areas indicate times lost through delays outside the power of the project management

planning (83 tons actually vs. 160 tons estimated), see
tab. 2 for details.

Analyzing the costs in relationship
with the tasks and the budget

After the decision to dismantle the reactor imme-
diately after the final shut down, using the expertise of
the reactor staff, a swift continuation of the work was
essential (time is money!). Due to retirement only two
out of ten members of the original staff remained until
the end of the project. Replacements had to be con-
tracted.

The costs of manpower (project staff, personnel
leased and specialists employed) are dominating the
budget with 72% of the total costs. The costs for condi-
tioning and storage of radioactive waste amounted to
18% of the total costs. The considerable costs of an
eventual final storage of the waste were not part of the
projects budget.

Realistic early planning, preventing delays and
flexibility in the implementation of the project were
crucial. In order to keep the project within the financial
limits it was necessary to apply a continuous trade off
between decontamination efforts (expenditures in
terms of man-hours) vs. minimization of radioactive
waste (savings in storage and disposal costs).

The preparations of the fuel transfer and the
loading of the transport containers with the 54 spent
fuel elements were within the projects cost. The costs
of the disposition of the spent fuel were expected to be
entirely covered by funds collected on a continuous
rate during reactor operation. Due to unfavourable ex-
change rates between the US-$ and the EUR around
2001 an additional 0.207 million EUR were needed to
cover the disposition. The costs exceeding the provi-
sions as well as the purchase of a whole-body monitor
were subject to special approval by the authorities but

covered out of project-funds at the time. The money
was reimbursed in 2006 when additional funds were
needed to close the project. Table 3 highlights costs as-
sociated with the phases of ASTRA decommissioning.
Note: The figures in tab. 3 are represented under a dif-
ferent point of view compared to the similar figures
within the cost analysis as presented in 2008; see tab. 4
of ref. 3.

The estimated costs of the decommissioning
project were calculated based on the price-index of
1999 with a budget of 13.080 million EUR. The
money was equally distributed at a rate of 2.180 mil-
lion EUR per year over the period 2000 to 2005. A
compensation for the annual inflation was agreed in
1999. The average inflation rate in Austria during the
years of 2000 to 2006 was 2.5% annually. To compen-
sate for the inflation rate and to cope with unexpected
delays and expenditures, another 0.673 million-EUR
were approved in 2006 to finish the project. The pro-
ject was finally terminated 10 months later than sched-
uled with an overdraft of actually 4.7%, see tab. 4 for
more detail.

Analyzing manpower in
relationship with the tasks

In tab. 5 manpower related to the tasks and the
function within the project is analyzed. Summarizing
the functions involved, 50% of the total manpower
was directly applied to the tasks, supported by roughly
32% in characterization, safety, and health protection
against 18% directed into management functions.

Analyzing manpower over the years

Table 6 analyzes manpower against the years.
Following the budgetary demands and due to the dom-
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Table 2. ASTRA decommissioning — tasks and materials
Operating license | Decommissioning license
o _ 2000 | 2001 } 2002 | 2003 | 2004 | 2005 | 2006 |2000 to 2006
ASTRA decommisioning — tasks and materials AR A AN NI NRTHN
Phase 0 Phase | Phase 2 Phase 3| [t]  [%]

High level waste — spent fuel (special treatment required) (1

Intermed. level waste — metals (shielding required,

5 mosail container) 3 3 01
2| Low level waste — metals (no shielding required, '
g | Konrad type 2 cont.) 9 9 04
»| Low level waste — graphite (no shielding required, 1 ’
-Z| Konrad type 2) 7 7 03
§ Low level waste — concrete (no shielding required, 3 :
5| Konrad type 2)

&| Low level waste — solid unburnable (no shielding = 25 12
required 200-L-drums) 4 U 16
Low level waste — solid burnable (no shielding :
required, to incinerator) 5 5 02
Total radioactive waste 83 3.8

o Waste (cleared for conventional disposal) 7 137 144 6.6

Z| Metals (cleasred for re-use through melting process) 42 42 19
5 Materials (cleared for unrestricted re-use) 91 1521 70.1
= Materials (removed from building after clearance) 1430
é for re-use on site) 384 | 384 17.6
Total inactive waste 2091 96.2
TOTAL AMOUNT OF WASTE [t] 0 198 1592 384 | 2174
[%o] 0 9.1 73.3 17.6 100
Table 3. ASTRA decommissioning — tasks and costs
Operating license | Decommissioning license
o 2000 | 2001 | 2002 | 2003 | 2004 | 2005 2006 2000 to 2006
ASTRA decommissioning — tasks and costs [T [ [T AT PO O e e v
Phase 0 Phase 1 Phase 2 Phase 3 |[milion EUR] ~ [%]
Management, engineering, administration,
documentation 0.317 0.528 0.883 0.330 | 2.058 135
Characterisation, radiation protection,
g‘ safety engineer 0.747 0.820 1.446 0.381  3.394 223
&0 Personnel (project staff and contractors) 1.078 1.287 2.611 0512 5.488 36.0
5 Equipment and materials procured 0.194 0.489 0.407 0.195| 1.285 8.5
Conditioning and intermediate storage of
radioactive waste 0.568 0.518 1.011 0.694 2.791 183
Additional funds required for fuel disposition 0.207 0207 14
[million EUR] 3.111 3.642 6.358 2,112 15.223
TOTAL [%0] 20.4 239 41.8 13.9 100

ination of the costs of manpower, it was essential to
keep the staff employed on an even level. It can be ob-
served that the average of slightly more than 11
man-years per year was only exceeded throughout the
years 2004 and 2005, mainly because of employing
external specialists for the diamond-wire cutting of the
biological shield.

CONCLUSIONS AND
LESSONS LEARNED

It is the function of the project management to plan
and prepare the decommissioning tasks on the technical,

administrative and legal levels properly and well in ad-
vance. Flexibility in coping with unforeseen difficulties
or delays is another important obligation. Therefore all
technical and administrative skills necessary to plan and
execute the tasks must be represented within the project
to react and cope immediately with unexpected occur-
rences. Regular contacts and open co-operation with reg-
ulators and authorities is an asset.

It is of utmost importance to continuously up-
grade project data and carry out proper surveys before
and during the work to ensure a smooth execution.
Good quality of the established data is essential for
quick and reliable decisions and procedures, the re-
duction of hazards and the minimization of waste.
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Table 4. ASTRA decommissioning — budget development
ASTRA Decommissionig — budget development 2000 2001 2002 2003 2004 2005 2006 | Total
Project budget as estimated in 1999 (not validated) [million EUR]| 2180 2180 2180 2180 2180 2180 13080
gﬂ Project budget-average annual inflation-rate of 2.5% considered | 2.235  2.290  2.348 2.406 2466 2.528 14273
2 | Costs exceeding provisions for fuel-transfer (due to exchange rate EUR / US$ - not calculated in 1999) ' 0.207
Purchase of a whole-body monitor (further use after decommissioning — not foreseen in 1999) | 0.070
Additional funding in 2006, necessary to finish the project additional expenditure + 4.7% 0.673 | 0.673
Actual costs of the decommissioning of the ASTRA  [million EUR] 15223
Table 5. ASTRA decommissioning — manpower and tasks
Operating license | Decommissioning license |
S 2000 | 2001 | 2002 | 2003 | 2004 | 2005 2006 2000
" S and tasks to 2006
ASTRA decomissioning —manpower and tasks | T T IAH0ELE0 D 0
Phase 0 Phase 1 Phase 2 Phase 3 | [million-EUR]  [%]
Management, engineering, administration,
=| documentation 24 4.0 6.7 2.5 15.6 18
2 Characterisation, radiation protection,
3| safety engineer 3.6 4.6 8.8 22 19.1 22
‘5] Decommissioning tasks and waste treatment
& by project staff 43 5.8 il 1.8 19.5 22
Support by hot cell department 38 3.9 3.0 10.7 12
g Physicists (radiation protection and reactor) 2.7 2.1 28 0.9 85 9.7
‘g Personnel replacing retirees 5.8 2.8 5.6 98
©| Specialists for concrete cutting 58 5.8 6.6
TOTAL [million EUR]  16.7 20.5 40.5 102 | 879
(27 individual persons involved) [%6] 20.0 233 46.1 11.5 100
Table 6. ASTRA decommissining — manpower and time
ASTRA decommissioning — analysis of manpower 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2000 to 2006
Management, engineering, administration, documentation| 1.6 1.9 2.0 2.6 2.6 2.1 2.8 156 17.7
Physicists (radiation protection and reactor) 2.0 1.7 0.8 1.0 1.0 1.0 1.0 8.5 9.7
? Characterisation, radiation protection, safety engineer 2.6 23 2.3 3.0 3.3 33 | 24 19.1 217
%D Workforce on the project-team 3.0 3.0 3.0 | 3.0 2.8 2.7 | 20 19.5 223
©| Support by hot cell department 2.6 3.0 1.7 1.6 0.9 1.1 10.7 122
Workforce leased externally 2.6 3.0 3.0 8.6 9.8
Specialists for concrete cutting 33 2.6 5.8 6.6
] [million-EUR]| 11.8 | 11.9 98 |11.2 |164 | 157 | 11.1 | 879
TOTAL (27 persons involved) [%] 134 135 | 111 [ 127 |188 | 179 |12:6 100

Early recognition of e. g. the fatal influence of
impeding delays and decisions to take counteractions
by investing into clearance efforts resulted on the one
hand in the profitable reduction of radioactive waste
and on the other hand by improving the flexibility to
cover part of the additional costs in manpower, allow-
ing for uninterrupted continuation of the work with a
tendency to level the projects balance.

The establishment and the proper application of
suitable indicators together with the implementation
of a comprehensive documentation process are reli-
able means to assess the projects performance, to vali-
date the effect of measures and to communicate the

status of the project equally to staff, management, and
stakeholder.
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®panny MAJEP

JEKOMUCHUJA NCTPAXKUNBAYKOI' PEAKTOPA ACTPA - IINIAHUPAIBE,
N3BOBEBE N KPATAK INIPUKA3 ITPOJEKTA

Jlekomucuja ucrpaxkupaukor peaktopa ACTPA, koju ce Hama3sw y ayCTpHjCKOM
ucTpaxkuBaukoM neHTpy y Cajoepcropdy, nesom je Beh npeacraBmbena y Tpu pajja 00jaBibeHa y 4YacoIucy
Nuclear Technology & Radiation Protection — rogmue 2003, 2006, n 2008. Cnemehm npenopyky
MebyHnapoyHe areH1yja 3a aTOMCKY €Heprujy, IpojeKar je ClipoBObeH 1 MOIITO ¢y IOKYMEHTA CKJIOIJbEHa,
Ipe U3 AAIMUHUCTPATUBHUX HETO TEXHIUUKHX PA3JIora, 3anounibyhi ca IpojeKTHUM HAaJIOTOM, O0jalllhEeHhEeM
CTPYKTYpe IIpojeKTa, AepuHucambeM KIbYUYHUX YMHIIALA U KIbYYHUX [TOKa3aTe/ba U3Bohemwa. OnucaH je
CHCTEM HETPEeKHUJHOT JAOKYMEHTOBalma WM HM3BElITaBama KOjU je YBEACH fa 3af0BOJbH HOTpede 3a
uH(popmanMjamMa BIacHUKa, ypaBe U 0co0Jba Ha MpojekTy. Ha Kpajy, mpojekart je yKpaTKo NpHKa3aH y
Be3H ca NN0Ka3aTelbuMa U3Bohema.

Kmwyune peuu: oexomucuja, uciupaxusauxu peaxitiop ACTPA, kawyuHu wunuoyu, doxasaitiesu
uzgobersa, Ooxymeniiayuja



