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At the Austrian Research Centers Seibersdorf, there are several facilities installed for
treatment of waste of low and intermediate radioactivity level (radwaste). A separate
company within Centers, Nuclear Engineering Seibersdorf, has been formed recently,
acting as a centralized facility for treatment, conditioning and storing of such waste
within the country. The relevant treatment technology is applied depending on the
waste category. In total about 6900 m3 of solid waste of low and intermediate radioac-
tivity level originating from Austria was treated in the period between 1976 and 2002.
Presently, there exists no final repository for radwaste in Austria. A study is under way
to identify the structure for a long term storage facility.
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INTRODUCTION

Austria had the intention to join the countries
using nuclear energy for electricity production.
Therefore, as the first step, a research organization,
Austrian Research Centers Seibersdorf (ARC), was
established in 1956 and a research reactor was built,
sited at Seibersdorf, about 35 km south of Vienna,
and put into operation in 1960. Tivo other research
reactors were built in Vienna and Graz and put in
operation a few years later. During the seventies, a
power reactor was built and was ready for use in
1978; however, as a result of a referendum, it was
never put in operation.

At about the same time, an agreement be-
tween the Ministry of health and environment and
ARC was signed with the aim to establish and oper-
ate a centralized facility for treatment, conditioning
and interim storage of radioactive waste. It was fi-
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nally built at the site of ARC and is operated now by
Nuclear Engineering Seibersdorf (NES), compris-
ing several facilities. They include a water treatment
facility, an incinerator for the treatment of burnable
radwaste, a high force compactor for non-burnable
material, cementing equipment for conditioning
and interim storage halls for unconditioned and
conditioned radwaste.

Not all facilities were erected at the same time,
tor example, the storage halls were built in the sev-
enties, the incinerator was put in operation in 1980
for a test phase and commissioned for radioactive
material in 1983, which was followed by routine
operations with radwaste, and the high force com-
paction unit started operation in 1995.

Planning, building and operation of all facili-
ties was carried out in accordance with the relevant
regulations and laws in close co-operation with the
authorities. In the absence of a nuclear industry in
Austria, only waste of low and intermediate radio-
activity level collected during medical, research, and
industrial use of radioactive material is treated, con-
ditioned and stored. Only Austrian waste is col-
lected and treated, with the exception of a project of
treating contaminated ion-exchange resins, which
came from a power plant in Italy. After treatment
and conditioning, the waste was sent back to Italy,
the originating country, for interim storage there.
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RADIOACTIVE WASTE
MANAGEMENT

The radwaste in Austria results from the for-
mer operation of research reactors, the application
of radioactive materials in medicine, research and
development (R&D), industry, IAEA laboratories
at Seibersdorf, and technically enhanced natural ra-
dioactive materials as by-products at industrial met-
allurgical and other processes. All such waste is
transferred to NES for treatment, conditioning and
interim storage.

The aim of treatment and conditioning is the safe
enclosure of radwaste by the use of barriers to surround
and isolate the waste and transform it to an insoluble
form. At the same time, it is important to reduce the
volume of the row waste by applying the appropriate
treatment technologies, in order to save space in the
storage facilities and, connected to that, to reduce costs.

As a pre-treatment measure, segregation of
different categories of radwaste is required and has
to be done by a waste producer. Requirements for
segregation are established by NES and are trans-
mitted to radwaste producers every year together
with the actual price list.

Main categories of radwaste where strict seg-
regation is required are:

— solid burnable,

— solid non-burnable
— liquid burnable,

- liquid non-burnable,
— sealed sources, and
— fissile material.

Additional information regarding radionuclides
has to be provided by the radwaste producer on their
physical and chemical state, and their infectious and
chemical hazards. This kind of information is required
by transport regulations and for the safe manipulation
of the radwaste at NES.

Transportation is carried out via railway or road
according to the international regulations as
ADR/RID which are integrated in national regula-
tions [1].

Collection of radwaste is carried out by using
100 liter steel drums, which are provided by NES.

The first step after arrival of radwaste drums at
NES is to label them and check their content by radia-
tion monitoring and visual inspection. If it is found
that the content of a drum violates requirements, the
price charged is doubled because additional work is
necessary. Unnecessary risk may be incurred during
additional segregation work (e. g. handling iwection
needles), so additional precautions must be taken.

Storage capacity is offered at NES for short lived
radwaste decay. Since only combustible waste of that
kind is stored at NES, polythene drums are used for its
collection, transport and storage. After the decay of
radionuclides (mainly 2T and %P) and appropriate
radiometric checks, the drums are transported to a

suitable incinerator facility accepting non-radioactive
waste. Strict monitoring ensures that radioactivity is
below the official release level before leaving NES to
be treated as non-radioactive waste.

Drums with radwaste awaiting treatment are
stored in separate storage halls according to their cate-
gory before the relevant treatment steps are carried
out.

Conditioning method at NES is cementation
where the 200 liter steel drum conceptisin use, i. e.,
conditioned waste is placed in such drums. Then, all
drums with conditioned radwaste are transferred in
dry engineered storage halls for interim storage.
The interim storage facility will be in operation till
2030 in accordance with the contract with the rele-
vant ministry.

During the treatment, a quality assurance pro-
gram for characterizing waste and the quality of con-
ditioning is applied. A comprehensive documentation
is set up, following all steps from the arrival of
radwaste at NES via treatment and conditioning to
the interim storage, including all data provided by the
waste producer. The record keeping is computerized.

Presently, there is no final repository for
radwaste in Austria. There are intentions to identify a
suitable site where the repository could be built and
design criteria studies are being carried out.

Figure 1 shows a flow sheet of radwaste man-
agement.
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SOURCES, CATEGORIES AND
QUANTITIES

Austria does not use nuclear power for genera-
tion of electricity. There are two research reactors
still in operation and one research reactor (ASTRA,
reactor at ARC Seibersdorf) is in the state of decom-
missioning. Radioactive material is widely used in
the fields of medicine, R&D and industry. These ac-
tivities are the sources of radwaste to be dealt with in
Austria.

All types of radwaste are present in the coun-
try, i. e,. radwaste of high, intermediate and low ra-
dioactivity level, but only radwaste of intermediate
and low radioactivity level has to be treated, condi-
tioned and stored in Austria. Used fuel elements
trom research reactors, i. e., waste of high radioac-
tivity level, are transferred out of the country for
treatment and disposal under international agree-
ments.

In comparison to countries using nuclear
power, only very small quantities of radwaste are
produced, but all categories of waste are produced
(liquid and solid waste, sealed sources, efc.) and
have to be handled, treated and stored applying the
same safety standards and techniques used for larger
quantities of waste. Therefore, the fixed costs of
waste treatment are especially high.

Up to the end of 2002, the following quanti-
ties of low and intermediate radwaste were pro-
duced in Austria:

— solid radwaste 6 900 m3, and
- liquid radwaste 50 000 m3.

Since NES acts as the centralized facility for
Austrian radwaste, all the waste has been treated,
conditioned and stored in the interim storage facil-
ity.

The dominant quantity of solid radwaste is
combustible waste from hospitals.

Liquid waste originates mainly from reactor
operations and the incinerator (wet scrubber) oper-
ation itself. Only a small fraction of liquid waste
originates from medical facilities and universities.

Sealed sources are widely used for industrial
purposes. Radionuclides as $°Co, 137Cs, 2! Am, and
others are in use. Some sealed sources as %°Co and
137Cs are used for medical application as radiation
sources for high dose treatments. Such sources are
tew in number but their level of radioactivity domi-
nates the total activity in the NES radwaste facilities
as soon as they are declared as spent sources and
transferred to NES for interim storage.

Spent sealed sources may need shielding be-
tore conditioning and storage. A special category of
sources includes radium sources for which a special
conditioning method is applied.

A special category of sources comprises radium
sources used from around 1900 to about 1960 for

medical treatment. They were produced in different
qualities and showed tendencies for leaking. Due to
the high radiotoxicity of radium, their usage was
stopped and radium was replaced by safer sources as
soon as they were available. More than 13 g of radium
are conditioned by a special method and stored at the
interim storage at ARC. This special conditioning
method has been developed at NES and is adopted
now by IAEA for the application in developing coun-
tries [2].

There are small quantities of fissile materials
stored at NES Seibersdorf:
— enriched uranium from R&D,
— Pu-Be neutron sources,
— natural uranium, and
— depleted uranium.

TREATMENT FACILITIES AT NES

For the radwaste management in practice,
equipment and facilities are available for reducing
the quantity of row waste by various appropriate
treatment techniques. In order to isolate the waste,
a conditioning process is applied, and the packages
obtained by that process are transferred into interim
storage facilities. All pieces of equipment and instal-
lations are designed and operated with the aim to
protect the staft, the community and the environ-
ment from unacceptable exposure to ionising radia-
tion.

The following facilities are available at NES:
— water treatment facility,

— incinerator for solid and liquid burnable
radwaste,

- high force compactor,

— cementation equipment, and

— interim storage facility.

Water treatment facility

The water treatment facility was the first
radwaste treatment plant in operation. Due to the
reactor start up and other laboratory activities, it
was necessary to operate such a unit right from the
beginning. The reactor operating and handling the
radioactive materials produce large quantities of liq-
uid waste which can be stored only in very limited
quantities. The plant started with very simple
equipment in 1960; it has been rebuilt and techni-
cally improved several times since, thus keeping up
with the technical standards and the regulations im-
posed by the authorities.

Presently, the plant includes a number of tanks
and basins, equipment for chemical precipitation
and filtration with very high efficiency, having a ca-
pacity of about 100 m? per week. Residues from fil-
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tration have been conditioned by cementing or, as it
is done now, by drying and high force compaction.

In total about 50 000 m? of liquid radwaste re-
sulting from all relevant activities in Austria has been
treated in this facility. The solid content of all the liquid
waste has been very low. Effluents from laboratory, in-
cinerator and reactor operations have been dominant.
Only about 300 m3 of contaminated liquid have ar-
rived from outside ARC over the years.

Short lived radwaste in the form of effluents
produced mainly in medical facilities were decay
tanks are directly attached to such facilities is not in-
cluded.

The special equipment is in operation at NES serv-
ing only for potentially alpha bearing liquid radwaste.

The resulting number of 200 liter drums con-
taining conditioned solids, resulting from water
treatment, is about 500.

Figure 2 shows a simplified flow sheet of the
plant.

Incinerator

The shaft incinerator of the “Karlsruhe” type
is an excess air unit having a capacity of about 40 kg
per hour and a combustion chamber with the vol-
ume of about 4 m3. Feeding is carried out batchwise
trom the top. The off-gas cleaning system consists
of a set of ceramic hot gas filters, quench, two stage
wet scrubber and HEPA filters.

Over the years, a number of modifications to
the original design have been carried out in order to
improve safety, to keep up with the technical stan-
dards and to meet requirements of the changing
regulations. Especially the off-gas cleaning system
has been improved considerably compared to the
original design.

In addition, modifications of the shaft have also
been carried out; for example, the additional openings
have been introduced in order to facilitate the inciner-
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ation of powdery material. The largest single project

was the incineration of about 1600 m? of dried ion-ex-

change resins, where the material was transferred into

the combustion chamber via a screw and a blowing

system [3].

Technical data of the incinerator are:

e Excess air incinerator

e Shaft type, single chamber combustion:1 m in
diameter, 5 m high,

e Combustion temperatire: 1000 °C

o Capacity: ~40 kg/h solid burnable waste (calorific
value: average 21 - 10° J/kg = 5000 kcal/kg)

e Underpressure in combustion chamber: 103 Pa =
= 10 mbar

e Air flow: 300-600 m? variable, depending on
underpressure in combustion chamber

e Feeding from top batchwise (2-3 kg) through
airlock, liquids through burner,

e Feeding of powdery material by blowing system
into combustion chamber,

o Hot gas filter, in brick-lined filter box, silicon-carbide
candles, mean porosity: 20 um,

e Quench, spray cooler with nozzles, decreases
off-gas temperature from 700 to 70 °C,

e Tivo stage scrubber (one trickle flow, one spray)
using caustic soda solution to pH 8.1,

e Heater, raises off-gas temperature to ~100 °C

o HEPA filters,

o Oft-gas draft fan, radial blower, regulated by
underpressure of combustion chamber,

e Mixing chamber, and

e Stack, 35 m high.

Figure 3 shows a simplified flow sheet of the
plant.

High force compactor
Non-burnable solid radwaste can be treated us-
ing the high force compactor. This unit is of horizon-

tal design. Hundred liter steel drums containing solid
radwaste are fed through a top opening into the chan-
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Figure 3. Simplified diagram
of the exess air incinerator at
Seibersdorf
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nel of the ram. When the ram is in operation, the con-
tent in the channel is compressed into the compaction
station with a compaction force of 12 MN. Pellets
tormed in this way are ejected after opening the com-
paction station and transferred into a 200 liter drums
for storing.

Depending on the kind of waste a volume re-
duction factor of 2 to 10 can be reached.

Up to the end of 2002, about 800 drums con-
taining pellets with radwaste from about 800 m3 of
row waste were produced.

Cementation equipment

For immobilizing radwaste the method of ce-
menting is applied for conditioning.

With one exception, only 200 liter steel drums
are in use. The exception is a small number of
pre-cemented containers used for storing radwaste
of intermediate radioactivity level which needs ad-
ditional shielding. These containers offer a wall
thick 20 cm of concrete and can take up one 200 li-
ter drum each.

Cementing is carried out by in-drum cement-
ing in 200 liter steel drums or by mixing waste with
cement and water in a separate equipment to be
filled into 200 liter drums. In such cases the
radwaste must be mixable.

If radwaste can not be mixed, 100 liter drums
are used for taking it up; they are centred in 200 liter
drums and surrounded with mortar.

Pellets are conditioned in the analogue way.

Interim storage

All conditioned radwaste is stored in two dry
engineered construction storage halls. The capacity
is limited to 15,000 drums of 200 liters of volume.
At present 9500 drums are stored. It can be esti-
mated that the capacity is sufficient till 2015.

Hot gas
ceramic filters

Building
exhaust air.’

Heater

Wet scrubber HEPA-filters

Liquid waste drum

Only radwaste from Austrian facilities to be
decommissioned and Austrian users of radioactive
materials is stored at the ARC facility.

Figure 4 shows the interim storage with
drums containing conditioned radioactive waste.

Figure 4. Interior view of the hall 12A of Austrian in-
terim storage for low and intermediate level radioac-
tive waste in ARC Seibersdorf

CONCLUSIONS

Most radionuclides used in nuclear applica-
tion, especially those used for diagnostic purposes
in hospitals, have relatively short half lives allowing
disposal as non-radioactive waste after a suitable de-
cay period.

Other radwaste consisting of longer lived
radionuclides produced in Austria is collected,
treated, conditioned and stored in the relevant facil-
ities at NES. With those facilities and together with
the Austrian regulatory framework an effective
radwaste management infrastructure is provided
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for the country and a closed cycle for radionuclides
trom the production to the interim storage of con-
ditioned material is achieved.

A comprehensive quality assurance program
together with regulatory authority controls ensures
a high safety standard in this field.

Presently, all contaminated organic material is
chemically stabilized by combustion. The resulting
ash is conditioned by cementing or compacting and
is stored in the interim storage in this form.

In order to further improve the stability and
leaching resistance, an R&D project for vitrifying
ashes and other materials has been started at a small
scale. Improvement of leaching resistance will be in-
vestigated. It is expected that vitrified products will
offer significantly better characteristics for contin-
ued interim storage and at the same time for final
disposal. Relevant investigations should reveal to
what extent different radionuclides can be fixed into
the glass matrix. Only radwaste of low and interme-
diate radioactivity level is considered for investiga-
tion.

In spite of the small quantities of radwaste in
Austria and efforts to further minimize this amount,
volume reduction by different treatment methods is
still an important option due to limited space for in-
terim storage and future need of long term storage
[4]. Changes in volumes of radwaste are reflected in
the price structures. Costs for the present radwaste
services in Austria have to be paid by radwaste pro-
ducers.

Within an agreement between NES and the
Austrian state for the time period until 2030, the

tasks of both partners are regulated. In this agree-
ment the Austrian government asserts that by 2030
there will be a repository for conditioned radwaste
identified, built and put in operation.

Since the amount of radwaste produced in
countries that do not use nuclear energy for electric-
ity production is by at least two orders of magnitude
lower than radwaste produced in countries using
nuclear power, it should be discussed whether the
construction of final repositories in every country is
the best solution. From a technical, economical and
ecologlcal point of view, a common European re-
pository for countries not using nuclear power
would certainly have preference, even if the political
acceptance is not given at present.
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Jozedp HOJBAYEP

YIIPAB/LAILE PAJIMOAKTUBHUM OTIIAAOM Y AYCTPUIN

Y Aycrpujckum ucrpaxkupaukum nentpuma (ARC) y Cajéepcnopdy nmocroju Behu 6poj
u3rpabeHnx mocTpojera 3a 00pajly OTIHaja HUCKOT M CPeiker HuBoa paguoaktusHocTd. HepasHo je y
ARC-y odopmmeno npenyzehe Hykmeapuu MHXKCHCPUHT Caj6epcnopd Koje fmenyje Kao IEeHTpajiHa
aycTpmjcKa yCTaHOBa 3a OOpajy, O[Iarame W CMEINTaj OBAKBOI OTHAfa. Y HeEMy je NpHMEHeHA
TEXHOJIOTHja TIpepajie MpuMepeHa KaTeropuju otnaja. ¥ mepuoay oa 1976. rogune go 2002. ropuxe,
yKyIHO je o6pabeno oko 6900 m> YBPCTOT OTHAaJ{a HUCKOT U CPEAbEer HUBOA Palu0aKTUBHOCTH, JoMaher
nopekya. Y Aycrpuju, y KOjoj 3a cajja He TOCTOj KOHAYHO Of|JIarajIuIITe, yIIPaBo je y TOKY U3pajia CTyauje
3a yTBpbuBame CTPYKType MOCTpOjerba 3a AYTOTPAjHO O[Iarame PaJioakTUBHOT OTHAJA.



