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This paper presents the current radioactive waste management practices at the Paul
Scherrer Institute (PSI). The PSI contributes to waste related problems in two as-
pects, namely to the scientific basis of waste management and disposal, and to the prac-
tical treatment and storage of radioactive waste. In addition to the tasks of treating
on-site generated waste, PSI manages the wastes from medicine, industry, and re-
search throughout Switzerland on behalf of the government. Therefore the Disman-
tling and Waste Management Section is a part of the Logistics Department at PSI.
Proved and accepted methods have to be developed for the safe conditioning and stor-
age of radioactive waste. Various waste treatment facilities exist at PSI. The condition-
ing facility is dedicated to sorting, compaction by a 120 t press, solidification with spe-
cial cement, and embedding in concrete. Specialised facilities were constructed for
waste from the decommissioning of research reactors. Activated aluminum and its al-
loys were melted in crucibles and embedded in concrete in a concrete container. After
dismantling the structural material of the reactors, it was embedded in concrete in the
same manner. For the conditioning of activated reactor graphite, a dedicated method
was developed. Graphite was crushed to replace sand in the grout, for embedding ra-
dioactive waste in concrete containers.

For accelerator waste, a walk-in hot cell equipped with an electrically driven manipula-
tor is available where the highly activated large components (targets, beam dump) can
be cut into pieces and embedded in concrete in containers.

To guarantee the fulfilment of the demands of the regulators, the Dismantling and
Waste Management Section applies an accredited quality management system for the
safe collection, conditioning, and storage of radioactive waste.

Key words: waste management, dismantling, conditioning, research reactor,
“medicine, industry, and research”

INTRODUCTION

The Paul Scherrer Institute (PSI, fig. 1) is the
largest national research centre in Switzerland. Its
multidisciplinary research is dedicated to natural sci-
ence and technology, i. e. solid state physics and mate-
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Figure 1. Bird eye view of the PSI with the round
structure of the Swiss light source in the foreground
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rials sciences, life sciences, elementary particle phys-
ics, nuclear and non-nuclear energy research, and
energy-related ecology. PSI is the centre of national
and international collaboration among universities, in-
dustry and other research centres. PSI’s priorities lie in
the development and operation of complex research
installations which are beyond the possibilities of sin-
gle university departments. As a user laboratory, PSI
deals with the design, construction and operation of
large, complex research facilities for the national and
international scientific community. In close collabora-
tion with universities, PSI contributes to education and
training. In partnership with industry, research results
are transferred for application to new products and
processes. The emphasis of the research has been
shifted during the last decade from nuclear energy re-
search and particle physics towards materials sci-
ences, general energy research, life sciences and envi-
ronmental sciences. With the implementation of the
neutron spallation source (SINQ) and the Swiss light
source (SLS), a further strong shift to the study of the
structure of materials has been undertaken.

PSI contributes in two aspects to waste related
problems, namely to the scientific basis of waste man-
agement and disposal, and to the practical treatment
and storage of radioactive waste [1].

Its scientific work is directed towards the safety
analysis of repositories by developing and testing
models and by acquiring selected data to support per-
formance assessments of radioactive waste reposito-
ries.

PSI operates facilities dedicated to research in
nuclear fields and uses nuclear methods in materials
and life sciences. These unavoidably produce radioac-
tive wastes which have to be treated, stored and even-
tually disposed of. In addition to the tasks of treating
on-site generated waste, PSI manages the wastes from
medicine, industry, and research (MIR) throughout
Switzerland on behalf of the government. Therefore,
the Waste management section exists including the de-
commissioning projects for old installations (i. e. the
DIORIT and the SAPHIR reactors).

Obviously, the shift of research emphasis at PSI
away from nuclear energy research generates a certain
amount of spent radioactive materials which has to be

Table 1. On-site generated waste

managed. In addition, new scientific programmes using
nuclear methods are considered with respect to future
waste production. Proved and accepted methods have
to be developed for safe conditioning and storage.

Near PSI, a new interim storage facility,
ZWILAG (Zwischenlager Wiirenlingen AG), a joint
effort of the Swiss nuclear power plants, has been con-
structed. New waste treatment facilities are included
in this project. After its completion in 2002, ZWILAG
took over waste incineration from PSI [2].

WASTE MANAGEMENT

With respect to its origin, the wastes handled by
PSI generally can be divided into on-site generated
waste, combustible low level waste, and waste from
medicine, industry, and research. They differ widely in
their nuclide and material composition and will be
therefore discussed separately.

On-site generated waste

At PSI there are several main sources of waste.

The reactors to be decommissioned yield several
types of fuel, irradiated and non-irradiated, that have
to be reprocessed or stored in collaboration with for-
eign partners. In addition, past and active research ac-
tivities result in liquid and solid materials containing
a-emitters and in the case of post irradiation examina-
tions [/y-emitters as well [3]. Highly activated mate-
rial from the accelerator [4] facility, i. e. the beam
dump, also had to be conditioned.

An overview of this on-site generated material is
given in tab. 1.

Whereas the dismantling of the research reactor
SAPHIR has already been completed (fig. 2), the re-
search reactor DIORIT (fig. 3) is close to the end of its
dismantling [5, 6]. The dismantling of both research
reactors [7,8,9, 10] has givenrise to large quantities of
activated or contaminated materials. Depending on the
reactor type, the material differs with respect to the
composition and extent of activation or contamina-
tion. An overview is given in tab. 2.

Origin Type of waste

Main nuclides Material composition

Fuels development Liquid, solid

Actinides HNO;, metals, oxides

Post irradiation examinations (PIE) | Liquid, solid (scrap)

Actinides, activation and fission

products HNO;, metals, oxides

Beam dump, targets,

Accelerator facilities shieldings

Activation and spallation products | Cu, Al, C, steel, concrete

SINQ Targets

Activation and spallation products | Pb, zircalloy

Radiation sources, small

Life scien teaching activiti e
e sciences, teaching activities quantities

60, 137, 90, 226 241 .
Co, 7'Cs, "Sr, “"Ra, “" Am Steel, ceramics, glass

Processing waste Weakly active

Different nuclides

Organics, mixtures
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Figure 2. View into the empty reactor hall of SAPHIR
after the removal of the reactor

Figure 3. View onto the remaining lower part of the
shielding of DIORIT reactor

Radioactive waste from medicine,
industry, and research
Responsibilities

The federal government is by law responsible for
the collection, treatment, interim and final storage of ra-

dioactive waste from medicine, industry, and research.
The overall responsibility is delegated to BAG
(Bundesamt fiir Gesundheit), the Swiss Federal Office
of Public Health. The government charged PSI with the
collection, treatment and interim storage of that waste in
accordance with the Swiss legislation on radiological
protection and the ordinance on radioactive waste. PSI
staff consults with the producers on waste related ques-
tions. In collaboration with BAG, waste collection is or-
ganised, including the inspection of the waste before
shipment and its preparation for shipment according to
the ADR/SDR rules. The waste producers have to de-
clare their waste in advance. The waste is conditioned at
PSI and, after the final conditioning, waste packages are
stored on-site in a dedicated interim storage facility
(BZL, Bundeszwischenlager). BZL was constructed by
PSI with government funding. It is an interim storage
facility for finally conditioned waste for which the gov-
ernment is responsible. Documentation of the waste
when finally conditioned is done by PSI staff and PSI is
also responsible for fee assessment.

General description of the waste
management

Each waste collection is an individual task be-
cause there is little consistency among wastes with re-
spect to the nuclide and material composition. Waste
has to be sorted by the producers into types and
classes. Seven types of waste are distinguished based
on their radionuclide contents as shown in tab. 3.

In addition, the waste is sorted into classes ac-
cording to its material properties as shown in tab. 4.

This waste as well as waste from PSI is condi-
tioned in the waste treatment facilities of PSI. Yearly,
30 to 60 producers deliver between 6 and 16 m? of
waste. The main nuclides are *H (500 TBg/year),
241 Am (400 GBg/year), '“C (60 GBq/year), and '*’Cs
(30 GBg/year). The largest quantities are delivered by
industry and are well defined with respect to their ma-
terial properties. Smaller quantities, but with complex

Table 2. Radioactive waste from the decommissioning of the research reactors DIORIT and SAPHIR

Origin Material Total amount [t] Treatment

Al, -alloys 5.4 Melting, imbedding in concrete
Steel 250 Imbedding in concrete

Reasearch reactor P

DIORIT Concrete 120 Imbedding in concrete

: Interim storage, imbedding in concrete or incineration (not yet

Graphite 45 decided)
Al, contaminated 1.8 Etching
Al, activated 0.5 Melting, imbedding in concrete
Steel, contaminated 1.3 Etching

Research reactor - —

SAPHIR Steel, activated 1 Imbedding in concrete
Concrete 482.3 Imbedding in concrete
gzggrg;reﬂector 0.126 Welding in storage cans, MOSAIK cask
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Table 3. Types of MIR waste
T

e Description
2R,

241Am

Other a-emitters
*H
s

P/y-emitters with life >60 d
including f3/y-sources

m O Qlw >|S

G Neutron-sources

Table 4. Classes of MIR waste

Class Description

—_

Gaseous

Liquid organic

Liquid aqueous

Solid organic
Metallic

Solid non-metallic (mineral)

Solid mixed
Sludge
Bulky goods

O |0 | Q||| | W[IN

Biologic (infectious, rotting,
etc.)

—_
(=

—
—

Sealed sources

material properties, are passed from the universities to
PSI. In total, the waste contains over 15 different
nuclides.

It must be stressed that technically intact sources
from hospitals and industry are not included in this to-
tal because they are recycled. Recycling allows reduc-
tion in the final conditioned waste volume and there-
fore saves interim and final storage capacity. In
addition, recycling appears as an intelligent manage-
ment of resources and should be further developed for
other waste forms.

Conditioning procedures

Based on the waste declaration of the producers
and the results of an inspection, the waste is sorted at
PSI into groups for further treatment.

Industrial producers, regularly shipping large
and uniform quantities of waste, precondition the
waste into a safe form. Normally, that waste is welded
in steel cylinders after compaction or solidification.

In the same way, research units at PSI precondi-
tion their regular waste streams using their knowledge
of the waste properties and hazards.

After being sorted or preconditioned, the waste
is treated in the waste management facilities when
needed.

Homogeneously miscible waste is solidified
with cement. Irregular solid waste and pellets of com-
pacted waste are imbedded in concrete. Burnable
waste without az-emitters is incinerated. In the case of
volatile nuclides such as *H, '“C, and ??°Ra (**’Rn),
waste is put into in steel cylinders that are welded
gas-tight before being imbedded in concrete.

In general, 200 I drums are used as waste pack-
ages for finally conditioned waste but concrete con-
tainers with a capacity of 20 t are also available. The
latter are mainly used to condition dismantling waste
from research reactors and for larger components from
the accelerator.

In general, the surface dose rate of a final condi-
tioned waste package is limited to 2 mSv/h.

The relation by volume between the different
sources of waste is as follows: 94.3% of the waste to be
conditioned comes from PSI and only 5.7% from med-
icine, industry, and research. It is interesting that the
administrative effort is in the opposite ratio.

Waste management facilities

The conditioning facility, finished in 1970, is
dedicated to sorting (fig. 4), compaction with a 120 t
press, solidification with special cement and imbed-
ding in concrete. Specialised facilities were con-
structed for the waste from the decommissioning of re-
search reactors. Activated aluminum and its alloys,
after being cut into pieces, will be melted in crucibles
by an inductively coupled furnace. Afterwards, the
aluminum reguli within the crucibles will be imbedded
in concrete in a concrete container. After dismantling
the structural material of the reactors, i.e. the thermal
and biological shielding, the activated material will be
imbedded in concrete in the same manner.

For accelerator waste, a walk-in hot cell
equipped with an electrically driven manipulator is
available where the highly activated large components

Figure 4. Waste sorting in the walk in cell



216

Nuclear Technology & Radiation Protection — 3/2009

(targets, beam dump) can be cut into pieces and imbed-
ded in concrete in containers.

Decay storage

In the Swiss Radiation Protection Act, as well as
in the Nuclear Energy Act, the minimisation of radio-
active waste is demanded. For that purpose the Nu-
clear Energy Ordinance demands decay storage for 30
years if the radioactive material has an activation
which will decay in that time span below the recent
limits of clearance. The PSI fulfils this demand by op-
erating two decay storage facilities, one for accelerator
material and one for material stemming from the dis-
mantling of the two research reactors. In addition, the
time span for decay storage has been expanded to 75
years.

Measurement for free release

Measurement for free release is an important
means to reduce the amount of radioactive waste. The
Federal Nuclear Safety Inspectorate issued a guideline
R-13 to regulate the measurement for free release and
the consequently following clearance of the material.
Large amounts of homogenous materials are measured
[11, 12] by means of a device for measuring material
below the exemption limits for free release (RTM 644
LNC, RADOS, fig. 5). Solid material in big blocks is
checked by means of hand held instruments. Both
means are calibrated in advance and the calibration has
to be accepted by the authority.

Quality assurance in waste management

In addition to the operations and tasks intro-
duced above, PSl is subjected to the regulatory proce-

Figure 5. Free release measurement facility

dures established and controlled by the Swiss Nuclear
Safety Inspectorate, ENSI (Eidgendssisches Nuklea-
res Sicherheitsinspektorat). Based on guideline B-05
by ENSI, the final conditioned waste has to be de-
scribed in a so called specification for each package
type and subtype. In this specification, the waste com-
position, with respect to nuclides, materials, and origin
of the waste, has to be described in detail. In the same
manner, a description of the production procedure and
the construction of the final waste package is included.
The corresponding data are managed by the program
and data base ISRAM (Informationssystem fiir
radioaktive Materialien) which is used co-operatively
by the nuclear power plants, PSI and NAGRA
(Nationale Genossenschaft fiir die Lagerung
radioaktiver Abfille) to assure the uniform handling
of the waste related data. The preparation of the speci-
fication is done in close collaboration between PSI and
NAGRA. After adetailed analysis of the specification,
NAGRA issues a certificate for final storage. This cer-
tificate, together with the specification, is the basis on
which ENSI issues permission to apply the condition-
ing process.

An important contribution to assuring the qual-
ity of waste treatment is the organisation of these tasks
at PSI. The waste treatment, together with the two de-
commissioning projects DIORIT and SAPHIR, is or-
ganised as a section. This section is responsible to the
logistics department of PSI. The Dismantling and
Waste management section consists of three groups:
the permits/documentation group, the cement chemis-
try group, and the facilities group, and the two disman-
tling projects: SAPHIR and DIORIT.

This section is charged with the planning and co-
ordination of the waste treatment at PSI. It defines the
acceptance criteria for radioactive waste and manages
the interim storage facility (fig. 6), as well as the facil-
ity to stack rough waste before conditioning. Finally,
this section organises the collaboration with ZWILAG
and the authorities. In addition, each large waste pro-

Figure 6. View into the interim radioactive waste storage
facility
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ducer at PSI has a person responsible for the waste re-
lated tasks of their division. This person collaborates
closely with the Dismantling and Waste Management
Section.

Quality management in waste
management

To fulfil the above described tasks, the Disman-
tling and Waste Management Section operates a qual-
ity management system according to ISO/IEC 17020
and EN/ISO 9001. Since January 2008, this Section
has been accredited as an inspection office for radioac-
tive waste.

SUMMARY

Because of its experience in handling radioac-
tive materials, including waste generated on-site, PSI
has been charged with managing the treatment and in-
terim storage of the radioactive waste from medicine,
industry, and research in Switzerland. Because of the
decommissioning of old facilities provoked by the
change in the research priorities at PSI, temporarily, an
additional amount of waste is released on-site to be
treated. PSI possesses the facilities and the organisa-
tional structure to fulfil the tasks it has been charged
with.
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Xanc-®punep GEP

YIIPAB/bAILE PAJIMOAKTUBHUM OTIIAAOM Y MHCTUTYTY
IMAYJI NEPEP - HAJBEREM HBAJHAPCKOM MUCTPAXKMBAYKOM HEHTPY

Y papay cy npuka3aHu [OCJIOBH yIpaBbakbha PAJUOAKTUBHIM OTHAOM KOju Cy Y TOKy y [layn
Ilepep maCTHTYTY. THCTHTYT TONPHHOCK HA ABA HAUMHA pelllaBamy MpobiemMa OTNaja: HayIHOj OCHOBH
yIpaBJbama M OjIarama oTmaja u MpakKTHYHAM ITOCTYIIIMA U CMEIIITajy pagnoakTuBHOT otnana. [lopen
ob6aBe3a fa ce 6aBM OTMAJOM HACTaJUM Ha caMoj JIOKalwju, MHCTHTYT ca [p>KaBHUM OBIaITherhuMa
yIpaB/ba MEIUIMHCKAM, MHIYCTPUjCKAM U UCTpaskMBaykuMm ortmagoM ceyaa y llBajuapckoj. Otyna je
CekTOp 32 yKllamkame 1 ypaBbamke OTIajoM jefaH neo Opceka 3a noructuky MucrutyTta. Pagu curypror
KOHJIMIIMOHNpPamka M CMEITaja pafloaKTHBHOT OTIajfa, MOpajy ce pa3BUTH MPOBEPEHNU U MPHUXBATIHIBH
noctymu. Y WHCTATYTY TOCTOje pa3nmuuTa MOCTpojera 3a paj ca oTmagoM. [locTpojeme 3a
KOHJIUIIMOHNpame OaBU Ce COpTHUpameM OTHaja, cabujameM mpecoM o 120 Tona, ouBpinhaBameM
noceOHUM I[EMEHTOM M 3almBambeM y 6eToH. [ToceGHa mocTpojema m3rpabeHa cy 3a oTmaj HacTao
JEKOMHCHjOM UCTPasKNBAYKHX PEakTOpa. AKTUBUPAHU aJIyMIHHU)YM U HETOBE JIETYpe MEIbY CE M YIaXKy Y
6eTOH GETOHCKHUX KOHTejHepa. Ha mcTn HaumH, o pacxooBamy peakKTOpCKe CTPYKTYpe MaTepHjajia ce
3anuBajy y 6eToH. Paju KOHIMIMOHWpama aKTUBHPAHOT PEaKTOPCKOr rpadura pas3BHjeH je mocebaH
nocrynak. I'paur ce npobu u ynorpebibaBa fa 3aMEHHU IecaK Yy LEMEHTHOM TeCTy IIpU 3aTalamby
PaINOAaKTHBHOT OTMaja y 6E€TOHCKE KOHTEjHEpe. 3a aKIeIepaTOPCKU OTIAaj paclojaxke ce MPOCTPaHOM
BpyhoM henujoM onmpeMIbeHOM €NeKTPUYHIM MaHHITYJIATOPOM, Y KOjoj Ce BUCOKO aKTHBHPAHU KPYITHH
IeToBY (METe W MaTePHjaiu KOji Cy OWJIM M3JIOKESHH CHOTIOBAMA YeCTHIla) CeKy Ha KoMaje u yrpabyjy y
OGETOHCKE KOHTEjHEpe.

Pagu ocurypama WCIyHEHOCTH 3aXTeBa perylaTopHuX oprana, CekTop 3a yKIamame U
yIpaBjbalkbe OTMNAfioM MpUMEHYyje AaKpPEeINTOBAaHM CHUCTEM KBAJIHWTETa Y VIPaBbalky CUTYPHUM
OPUKYIUbaheM, KOHIUIMOHAPAHEM U CMEIITajeM PaJUOaKTUBHOT OTIAfIA.

Kwyune peuu: ylipasmwarbe otiiladom, pacxo008arbe, KOHOUUUOHUPArbe, UCTUPaAXCUBAYKU PeaKiiop,
MeOUUUHA, UHOYCIIPUJA U UCTIPANCUBAE




